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Summary 

 Breast cancer is the most common cancer among women with almost 56,000 new 

cases every year in the UK. Most of the new cases are diagnosed as early breast cancer 

(EBC) which is potentially curable. However, metastatic disease is the main cause of death in 

advanced breast cancer. Bone has been identified as the most common site of metastasis in 

breast cancer and is present in 70% of the patients with metastatic disease.  

The bone targeted agents bisphosphonates (BPs) have been extensively investigated 

for their role in early and metastatic disease. Currently, they have been approved for the 

following settings: 

1) Prevent bone metastasis. 

2) Prevention and treatment of cancer treatment-induced bone loss (CTIBL). 

3) Management of established bone metastasis.  

 

The main aim of this MD thesis is to describe the role of BPs in EBC and give a better 

understanding of their use within the UK. Multiple studies have shown that if BPs are given 

after breast cancer surgery offer anticancer benefits. Nevertheless, these are only in 

postmenopausal women (natural or induced). The ZOLMENO study, a single centre proof of 

concept study, was set up with the aim to provide further data for the mechanism responsible 

for these differential effects of adjuvant BPs. Additionally, the use of these agents in EBC has 

only recently been approved in the UK, providing the opportunity to track their journey within 

the UK breast cancer practice. Two surveys (breast cancer oncologists and oncology 

pharmacists) were conducted with plan to describe the use of adjuvant BPs in the UK. An 

international collaboration was formed between our team and Australian colleagues where the 

UK physicians’ adjuvant BPs survey was compared to the Australian physicians’ survey, with 

the aim to support the adoption of these agents in Australia but also pave the way for other 

nations to follow the UK example. Also, with the support of Breast Cancer Now (BCN),  a UK 

breast cancer charity, a patients’ survey was performed to gather information about the 

experience of patients receiving adjuvant BPs. 

Early breast cancer therapies are known for their effects on bone health. In particular, 

antioestrogen treatment with aromatase inhibitors (AIs) have been shown to lead to bone loss 

and increase the risk of fractures. Subsequently, fragility fractures increase mortality and 

significantly affect quality of life. Therefore, prevention of CTIBL is crucial, to minimise the risk 

of fractures among breast cancer patients. This is highly important for older (>70 years) EBC 

patients where bone density is already negatively affected by age and menopause. With the 

aim to determine the management of bone health of older women receiving AIs for EBC in the 
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UK, bone health data were collected from the participants of the large multicentre Bridging the 

Age Gap (BTAG) study . 
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1. Introduction 

1.1  General background of breast cancer 

Breast cancer is the most common cancer in the UK, with around 56,000 new cases  

diagnosed every year (1). Over the last decade, breast cancer incidence has increased by 

around 4%, with 82% of the cases to be in women over the age of 50 (1). Although breast 

cancer survival is improving and has doubled over the last 40 years, there are around 11,400 

breast cancer deaths every year making it the 4th most common cause of cancer death (1). 

Despite the UK 5-year breast cancer survival being below the European average, data from 

2010-11 showed that about two-thirds of women with breast cancer survive their disease for 

more than twenty years (1).   

New breast cancer cases are diagnosed mainly through breast cancer screening or 

after self-detection by the patient. In the UK, breast cancer screening programme calls all 

women aged 50 to 70 for a mammogram every 3 years. Tumours detected by screening tend 

to have more favourable characteristics and better prognosis compared to the ones that are 

self-detected (2, 3). All primary tumours should be assessed with triple assessment, physical 

examination, mammography and breast/axillary ultrasound (US). In some cases, such as 

familiar breast cancer with BRCA (breast cancer gene) mutation or dense breasts, breast MRI 

(magnetic resonance imaging) scan is advisable. Biopsy of the suspicious tumour is performed 

to determine its biology [histological type, grade, expression of ER (oestrogen receptor), PR 

(progesterone receptor) and HER2 (human epidermal growth factor 2) and Ki67 (proliferation 

marker)] and guide further management.   

Almost all breast cancers are adenocarcinomas with invasive ductal carcinoma and 

lobular carcinoma (15%) the 2 most common types. There are 4 main molecular subtypes of 

breast cancer (luminal A, luminal B, HER2 positive, basal like), which assist with prognosis 

and treatment decision making (Table 1.1) (4). Overall, luminal A cancers have the best 

prognosis and with luminal B cancers require antioestrogen treatment as they are both 

oestrogen receptor positive (ER+ve). Oestrogen receptor positive cancers are diagnosed in 

75% of postmenopausal women and in less than half of premenopausal women. HER2 is 

expressed in 15-25% of breast cancers and HER2+ve tumours have worse prognosis than 

luminal and require antiHER2 therapy. HER2 positive tumours are those with HER2 protein 

overexpression on immunohistochemistry  (IHC 3+ score) or ERBB2 gene amplification on in 

situ hybridization (ISH) (5). Despite being classed as HER2 negative, these tumours still have 

detectable HER2 protein, with HER2 IHC 1+ or 2+ with ISH not amplified to be defined as 

HER2 low (6).  
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Triple negative breast cancers (TNBC) constitute 20% of all breast cancers. They are 

most common in younger women (<40 years) and among all subtypes they are the most 

aggressive with the worst prognosis. 

 

 

 

 

 

 

 

 

 

 

Table 1.1: Definition and characteristics of the main breast cancer subtypes (4). 

 

Familial breast cancer accounts for about 10% of breast cancers (7, 8). The most 

common inherited mutations are in BRCA1 and BRCA2 genes, responsible for 4-6% of all new 

cases and for the 20-50% of the familial cases (9, 10). BRCA1 and BRCA2 mutations appear 

in 1 in 400 to 1 in 800 individuals in the general population (11, 12). Genetic counselling and 

testing are recommended for women with breast cancer diagnosis if they have a strong family 

history of breast or ovarian cancer, or they have been diagnosed with TNBC before the age of 

50 (13). 

Staging of disease is currently performed according to the American Joint Committee 

on Cancer (AJCC) tumour, node, metastasis (TNM) staging system (8th edition) (14). Stages 

start from 0 which is the carcinoma in situ, followed by stages I to III the invasive breast cancer 

and Stage IV the metastatic disease when the cancer has spread outside of the breast and 

the axillary lymph nodes. The 4 stages of the invasive disease (I - IV) are based on the tumour 

size (T), the axillary lymph nodes involvement (N) and distal metastasis (M). The AJCC TNM 

staging system is comprehensive with some of the stages further divided into A, B or C stages. 

This is not discussed in detail here as it is outside of the scope of this thesis. A simple version 

of the current disease staging system is described in figure 1.1. 
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Figure 1.1: Breast cancer staging. 

 

In combination with the staging system, the Nottingham Prognostic Index (NPI) is 

widely used in breast cancer MDT (multidisciplinary team) meetings to determine prognosis 

following surgery (15, 16). The NPI calculation is based on the tumour size, grade and the 

number of axillary lymph nodes involved. There are 4 different categories according to the NPI 

score, category I – excellent ≤2.4, category II – good >2.4, category III – moderate >3.4 and 

category IV – poor >5.4. Five year survival based on the NPI score ranges between 97% for 

category I patients and 88% for category IV (17).  

The main part of early disease management is breast cancer surgery, combined with 

neoadjuvant (before surgery) and/or adjuvant (after surgery) treatments to improve mortality 

and reduce the risk of recurrence. Treatment options for primary disease include 

chemotherapy, radiotherapy, endocrine therapy (aromatase inhibitors or Tamoxifen), targeted 

molecular therapies [HER2, poly(ADP-ribose) polymerase (PARP), cyclin-dependent kinases 

(CDK) 4/6 and immune inhibitors] and bisphosphonates (BPs), and they are recommended 

based on tumour biology and the individual’s risk of recurrence. Breast cancer oncologists are 

advised to use the prognostic tool PREDICT, which provides information about the benefit that 

patients could receive with each type of adjuvant treatment (18, 19). 

Recently, new therapies have been introduced in the neo-adjuvant/adjuvant setting 

and have received approval for their use in the UK (20-22). These include CDK4/6, PARP and 

immune inhibitors. More specifically, 5637 patients with high risk ER+ve, HER-ve early disease 

were randomised to standard endocrine therapy +/- abemaciclib (CDK4/6 inhibitor, oral 150mg 

twice daily) for 2 years. The patients that were considered high risk were those who had 4 

positive nodes, or 1-3 positive nodes and either 5cm tumour, or grade 3 disease, or Ki-
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6720%. Participants had already completed neoadjuvant/adjuvant treatment (surgery, 

radiotherapy, chemotherapy). The results demonstrated that the addition of abemaciclib to 

standard endocrine therapy improved invasive disease free survival (IDFS) compared to 

placebo (92.2% versus 88.7% respectively) (23). Abemaciclib with endocrine therapy is 

currently recommended by National Institute of Health and Care Excellence (NICE) in the 

adjuvant setting for patients with high risk ER+ve, HER2-ve, node positive EBC (high risk: ≥4 

positive axillary lymph nodes or 1-3 positive axillary lymph nodes and grade 3 disease or 1-3 

positive axillary lymph nodes and tumour size ≥5cm) (20). 

For the aggressive TNBC disease, treatment options have been so far limited to 

chemotherapy, due to the lack of expression of targetable receptors. However, a recent large 

multicentre phase 3 study (n=1174) has presented promising results for these patients (24). 

Participants were randomised into 2 groups, the chemotherapy and immunotherapy or 

chemotherapy only group, with the first group to receive neo-adjuvant 3 weekly 

pembrolizumab (200mg, 8 cycles) with carboplatin/paclitaxel (4 cycles) followed by 

doxorubicin or epirubicin and cyclophosphamide (4 cycles), and the second group to receive 

3 weekly carboplatin/paclitaxel (4 cycles) followed by doxorubicin or epirubicin and 

cyclophosphamide (4 cycles). Both groups underwent breast cancer surgery followed by 

adjuvant treatment which was 3 weekly pembrolizumab (9 cycles) for the first and placebo for 

the second group. Analysis showed that more patients in the immunotherapy/chemotherapy 

arm (64.8%) had pathological complete response compared to chemotherapy only arm 

(51.2%), and  the difference in event-free survival rate was 6%, favouring the immunotherapy 

plus chemotherapy arm (immunotherapy/chemotherapy 91.3% vs placebo/chemotherapy 

85.3%). Additionally, final overall survival (OS) results showed that OS at 60 months was 

86.6% in the pembrolizumab/chemotherapy group compared to 81.7% in the 

placebo/chemotherapy group (25). Therefore, pembrolizumab has been established as the 

new neo-adjuvant and adjuvant treatment option for TNBC (22). 

In terms of the PARP inhibitors, these were assessed for their role in adjuvant 

treatment in BRCA positive patients with positive results (26). Participants with BRCA (BRCA 

1 and BRCA 2) mutated and HER2-ve early disease were randomised to olaparib (oral 300mg 

twice daily) or placebo for 1 year, following standard neo-adjuvant/adjuvant therapy. After 3 

years, DFS (invasive and distant) was found to be improved in the olaparib group compared 

to control (IDFS 85.9% and 77.1%, distant DFS 87.5% and 80.4%, respectively). Additionally, 

with 3,5 years of median follow up, OS was significantly improved in the Olaparib group 

compared to placebo, with OS at 4 years of 89.8% and 86.4% respectively (27). NICE 

recommends Olaparib in BRCA positive patients after neo-adjuvant or adjuvant 

chemotherapy, as a monotherapy in TNBC or in combination  with endocrine therapy in ER+ve 

HER2-ve high risk of recurrence disease (21).   
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In HER2+ve early disease, trastuzumab, a monoclonal antibody, has traditionally been 

the adjuvant treatment choice (28-30). More recently, the addition of pertuzumab to 

trastuzumab and the use of conjugate trastuzumab emtansine in patients with residual disease 

after neoadjuvant therapy, demonstrated improvement in disease free survival (31-33). The 

ExteNET trial randomised 2840 patients with HER2+ve EBC to oral neratinib (irreversible pan-

HER tyrosine kinase inhibitor) 240mg daily or placebo, after neoadjuvant/adjuvant 

trastuzumab-based treatment (34). Results showed the absolute 5 year invasive DFS benefit 

was 5.1% and the 8 year OS benefit was 2.1% in the neratinib group compared to placebo 

(35, 36). Benefit from addition of neratinib was even higher in the group of patients who did 

not have pathological complete response after neoadjuvant therapy. In this population 5 year 

invasive DFS benefit, and 8 year OS were 7.4% and 9.1% respectively.  

Multiple studies failed to demonstrate any clinical benefit of antiHER2 therapy in 

patients with low expression of HER2 (37, 38). However, the recent development of potent 

anti-HER2 antibody- drug conjugates (ADCs) has allowed the effective targeting of breast 

cancer with low HER2 expression, with the clinical relevance of HER2 low expression to be 

established with the publication of the DESTINY-Breast04 trial (39, 40). The phase 3 study 

randomised 557 patients with HER2 low metastatic breast cancer who had received one or 

two previous lines of chemotherapy (HER2 low: IHC score of 1+ or 2+ and negative ISH 

results) to receive trastuzumab deruxtecan or the physician’s choice of chemotherapy. 

Analysis showed OS of 23.4 months in trastuzumab deruxtecan group, compared to 16.8 

months in physician’s choice group. Currently, trastuzumab deruxtecan is only NICE approved 

for use as second line in metastatic HER2+ve disease (41, 42). Nevertheless, the relevance 

of the low expression of HER2 in early breast cancer disease is still unclear and more evidence 

is required to clarify the role of anti-HER2 therapy in this population.  

In metastatic breast cancer the disease has spread outside of the breast and the axilla, 

and the aim of the treatment changes as the cancer is no longer considered curable. The 

management of metastatic disease mainly includes chemotherapy, radiotherapy, targeted 

therapies [e.g. anti-HER2, antioestrogen therapy, immunotherapy, PARP inhibitors, CDK4/6 

inhibitors and bone targeted treatments (BPs or denosumab)] and focuses on palliation of 

symptoms, disease control and prolonging survival. 

 

1.2 General background of bone targeted agents 

 Bisphosphonates are chemically stable pyrophosphate analogues that are 

characterised by a PCP (phosphorus–carbon–phosphorus) bond that gives them their high 

affinity to bone. They were initially synthesised in 1800s, but their first clinical use was only 

reported in 1969 (43). Bisphosphonates inhibit osteoclast-mediated bone resorption after they 

enter mature osteoclasts at the bone surface, especially in areas with high activity of bone 
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resorption. They are classified into two groups, depending on their site chains, known as R1 

and R2 chains (Figure 1.2). The non-nitrogen containing BPs with no nitrogen site chain, such 

as clodronate and etidronate, are the most similar to pyrophosphate and are converted 

intracellularly into non-hydrolysable ATP (adenosine triphosphate) analogues that inhibit ATP-

dependant enzymes, leading to osteoclasts apoptosis. In contrast, the more potent nitrogen 

containing BPs with nitrogen site chains, such as alendronic acid, zoledronic acid (ZOL) and 

Ibandronic acid, inhibit enzymes of the mevalonate pathway which steers the cholesterol and 

other sterols production (Figure 1.2). The main target of nitrogen BPs is farnesyl 

pyrophosphate synthase (FPPS) which is important for the prenylation of small GTPases (e.g. 

Ras, Rab, Rho) required for the function and survival of osteoclasts.  

 Bisphosphonates have very long-lasting effects, supported by the fact that they rapidly 

bind to bone with high affinity and can be traced in serum and urine of patients many months 

after their administration. There are also differences in action between BP agents, with 

alendronate and ZOL shown to have better and more prolonged effects compared to 

etidronate and risedronate (43). This is explained by the differences in potency and their ability 

to bind to hydroxyapatite. Additionally, it has been shown that the effects of BPs are strongly 

dose-dependent, with some BPs to be given in small and frequent doses (e.g. oral daily 

ibandronate) and others to be given once or twice a year in much higher doses (e.g. ZOL) (44, 

45). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2: Structure of Bisphosphonates and molecular pathway of nitrogen bisphosphonates.  
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 In clinical practice, BPs were first used to inhibit calcification and as agents in bone 

spinthrorography. Their use in bone scanning is still applicable today where they are linked to 

an isotope (Technetium-99m) to help identify bone lesions and metastasis. Additionally, BPs 

are the main treatment agents for Paget’s disease and since the 1990s they have an 

established role in the prevention and management of osteoporosis (43, 46). Although, their 

role in osteoporosis is one of their most widely recognised and apparent clinical applications, 

their use in this field was introduced well after their other clinical practice uses.  

 In oncology, BPs have extended and well-established roles in the management of bone 

metastatic disease and malignant hypercalcaemia, irrespective of the primary cancer site (47). 

Most specifically, in breast cancer, where this thesis focuses, the use of BPs has been 

extensively researched and approved for 3 indications (47, 48) (Figure 1.3): 

 

1) To prevent skeletal related events (SREs) such as fractures and spinal cord 

compression and also to relief bone pain and prevent and/or treat hypercalcemia, in 

established bone metastasis.  

2) To prevent and/or treat cancer treatment induced bone loss (CTIBL), mainly due to 

systemic anticancer treatment and antioestrogen therapy.  

3) To prevent metastasis in early breast cancer.  

 

All the above 3 breast cancer indications of BPs will be described in more detail in the following 

sections of this introduction. 
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Figure 1.3: Role of bisphosphonates (BPs) in breast cancer. 



10 
 

 Denosumab, a monoclonal human antibody, is another widely used bone targeted 

agent in similar clinical situations to BPs. It is a RANKL [receptor activator of Nuclear Factor 

Kappa-Β (NF-κB) ligand] inhibitor, and therefore it blocks the development, activation, and 

survival of osteoclasts (49). In the case of BPs, they affect osteoclast recruitment, 

differentiation, and resorptive activity, and cause apoptosis. In comparison to BPs, denosumab 

has stronger anti-resorptive effects which ceased upon discontinuation of its use. 

Bisphosphonates continue to act long after they have been stopped as they remain in the 

bones. Patients receiving denosumab are advised to switch to a short course or even a single 

dose of BPs after the discontinuation of denosumab to avoid worsening of symptoms (e.g. 

bone loss), the so called rebound phenomenon (50). 

 The use of denosumab in breast cancer is similar to BPs and it is an approved agent 

for the treatment of established bone metastasis and the prevention of fractures in CTIBL (51). 

Denosumab has been found to be superior in preventing SREs in known metastatic breast 

cancer and also in preventing fractures in postmenopausal EBC treated with aromatase 

inhibitors (AIs) (52-54). However, denosumab has failed to show any meaningful anti-

metastatic activity, suggesting that its strong osteoclastic inhibition and the resulting bone 

microenvironment changes, could potentially compromise its effectiveness in reducing breast 

cancer relapse. Therefore, denosumab is not recommended in the EBC adjuvant setting. In 

terms of side effects, BPs and denosumab are fairly well tolerated treatments, regardless of 

their indication or form of administration (54-57). Nitrogen containing BPs such as ZOL, are 

known to cause acute phase reaction with patients reporting flu-like symptoms and 

generalised aches and pains which resolved within a few days following administration (56, 

58). Additionally, rare cases of renal impairment secondary to ZOL have been reported, 

especially in patients with pre-existing renal issues. A retrospective cohort study (n=221) in 

bone metastatic breast cancer reported that in almost 60% of the patients who had renal failure 

due to BPs, baseline renal function recovered on cessation of therapy (56). Oral BPs, such as 

ibandronic acid and alendronic acid, are known to cause gastrointestinal toxicity and this is 

perhaps one of the main reasons why patients stop the oral agents and switch to intravenous 

alternatives (55). Hypocalcemia (defined as adjusted serum calcium <2.1mmol/L ) is another 

adverse event (AE) reported for both BP and denosumab (54). However, hypocalcemia is 

preventable by close monitoring of patients’ calcium levels. In current clinical practice, patients 

receiving bone agents are prescribed prophylactic calcium supplements to prevent future 

hypocalcemia.  

 Serious but rare AEs that have been described in patients receiving BPs and 

denosumab are osteonecrosis of the jaw (ONJ) and atypical femoral fractures (AFFs) (54, 59). 

The AZURE trial which randomised 3360 women with EBC to receive standard adjuvant 

chemotherapy with or without ZOL 4mg for 19 doses over 5 years, reported incidence of ONJ 
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in the ZOL group only 2.1% (60). Similarly, a study compared denosumab (n=1020, 

subcutaneous 120mg/4weekly) and ZOL (n=1013, intravenous 4mg/4 weekly) in metastatic 

breast cancer (confirmed bone metastasis), showed an incidence of ONJ 2% and 1.3% 

respectively, after 3 years of treatment (54). Atypical femoral fractures were found in the 

general population, women and men receiving BPs, to be approximately 3 to 5 per 1000 hip 

fractures (61, 62). Incidence of AFFs was noted to be higher in long term BP therapies, 

especially after 5 years (59). Although a concern for patients, the risk of ONJ can be minimised 

by careful dental examination prior to treatment and the avoidance of invasive dental 

procedures.  

 In general, side effects of bone targeted agents tend to resolve on cessation of therapy 

with benefits for breast cancer patients to outweigh the risk of AEs, especially now that 

oncologists are well aware of how to minimise the risks.   

 

1.3 Improve breast cancer outcomes and prevent bone metastasis  

1.3.1 Anticancer effects of bisphosphonates in breast cancer  

Mechanism of action of adjuvant bisphosphonates 

The role of BPs in EBC has been extensively investigated in pre-clinical and clinical 

studies, demonstrating anticancer benefits. However, the mechanisms by which BPs lead to 

anticancer effects in early disease is still unknown.   

Daubine and colleagues in 2007 showed in an in vivo model that ZOL and clodronate 

have the ability to reduce tumour growth in bone (63). Mice were treated with equivalent to 

clinical doses of ZOL (98-100 µg/kg, daily, weekly or single dose) or clodronate (530 µg/kg, 

daily) or vehicle, either before or after injection of human breast cancer cells (B02/GFP.2). 

When BPs were given in treatment protocols (after the injection of tumour cells), ZOL reduced 

bone tumour burden by 87% (daily) and 90% (weekly) and clodronate (daily) by 53%. When 

they were given prior to tumour cells (preventive protocols), reduction of bone tumour burden 

was 83% and 63% with daily and weekly ZOL respectively and 49% with daily clodronate. 

Single dose of ZOL did not show any benefit in both of the protocols. Similarly, in another 

animal study, ibandronate (10 μg/kg, daily) was found to reduce skeletal lesions when was 

given either prior or after the injection of cancer cells (MDA-MB-231) (64).  

Ibandronate was also examined in a different murine model where it was given alone 

or in combination with osteoprotegerin (OPG) (65). Breast cancer cells (MDA-MB-231) were 

injected in the animals and 10 days later mice received OPG (1mg/kg/day), ibandronate 

(160μg/kg/day), combination of both or vehicle. Ibandronate and OPG, alone or in 

combination, prevented progression of the skeletal lesions, reduced cancer cells proliferation 

and induced their death.  
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Ottewell et al. treated sham operated (mimics the premenopausal setting) and 

ovariectomised (OVX) (mimics the postmenopausal setting) mice who had disseminated 

breast cancer cells (MDA-MB-231) in bone with weekly ZOL (100ug/kg) or saline (66). 

Zoledronic acid treated OVX animals had no tumour growth suggesting that the disseminated 

cancer cells remained inactive in postmenopausal conditions. However, this was not observed 

in the sham operated ZOL treated animals. Further in vivo studies from the same group 

investigated the anti-tumour effects of BPs when combined with conventional chemotherapy 

(67). Mice with established bone metastases received control, ZOL (100mcg/kg), doxorubicin 

(2mg/kg), combination of ZOL and doxorubicin or doxorubicin followed by ZOL 24hrs later. All 

the combinations of BP/chemotherapy led to reduction of skeletal metastases, through 

reduction of proliferation and increase of apoptosis of tumour cells, but did not affect any extra 

skeletal tumour sites, suggesting that even the sequential combination offers bone anticancer 

benefits.  

The anti-tumour effects of BPs and chemotherapy combination were also investigated 

in animal models in the absence of bone metastases (only subcutaneous breast tumours were 

present) (68). Mice injected with human breast cancer cells (MDA-MB-436) received weekly 

control, doxorubicin (2mg/kg), ZOL (100mcg/kg), doxorubicin and ZOL or doxorubicin followed 

by ZOL 24 hrs later or vice versa for 6 weeks. Treatment with single agents or the ZOL followed 

by doxorubicin combination did not show any significant reduction in the tumour size compared 

to controls. However, tumour size was smaller by 50% in the doxorubicin and ZOL group when 

compared to the doxorubicin only treated animals and complete resolution of tumour was 

observed in the doxorubicin followed by ZOL animals, suggesting the extraosseous anticancer 

benefits of BPs/chemotherapy combination. 

The outcomes of the pre-clinical studies were supported by early phase clinical studies 

confirming the anti-metastatic effects of BPs. More specifically, a phase 2 study recruited 120 

breast cancer patients to receive chemotherapy (neoadjuvant epirubicin and docetaxel x4 and 

adjuvant epirubicin and docetaxel x2) and to have ZOL (4mg/3weekly, intravenous) or no ZOL 

for 1 year (69). Bone marrow biopsies were performed at baseline and at 3 months with 

detectable tumour cells to be present at 3 months in less ZOL treated patients compared to 

those who did not have ZOL. Additionally, in another clinical study, 172 patients with EBC and 

known isolated tumour cells in bone marrow, 31 of them received ZOL (4mg/4 weekly, 

intravenous) for 6 months and 141 received no extra treatment after the completion of breast 

cancer surgery and adjuvant chemotherapy (70). Results showed that tumour cells were found 

in only 13% of the ZOL group compared to 27% of the control group.  

The synergistic effects of BPs and chemotherapy were clinically demonstrated by a 

retrospective analysis of 205 patients who were treated with chemotherapy +/-ZOL prior to 

their breast cancer surgery (71). At completion of treatment the remaining tumour size was 
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12mm  bigger in the chemotherapy only group in comparison to the ZOL group and, more 

patients reached pathological complete response with ZOL compared to no ZOL patients 

(6.9% vs 11.7% respectively).  

Overall, a review published by Holen and Coleman in 2010 considering all the available 

pre-clinical data, suggested that anticancer effects of BPs were separated in 2 groups, the 

skeletal and extra skeletal effects (72). Although, nitrogen BPs can potentially affect all types 

of cells as they inhibit the cholesterol synthesis pathway, their rapid binding to bone limits their 

uptake from other cells to those with phagocytic effects. The review described the following 

mechanisms as potential for the anti-tumour effects of BPs: 

 

1) Anti-angiogenic effects in tumour and bone 

2) Activate immune cells 

3) Affect cells in bone and tumour microenvironment  

4) Direct effects on tumour cells in bone and outside 

5) Modify levels of circulating and bone growth factors 

6) Reduce tumour macrophage infiltration  

 

Additionally, a European panel summarised the potential effects of adjuvant BPs in 

2016 as (Figure 2.1 in chapter 2):  

 

1) Preclude tumour cells from homing to bone (63, 64, 73). 

2) In vivo combination with chemotherapy can directly cause tumour cell death in bone 

(74). 

3) Preserve tumour cells quiescence in bone (66, 69). 

4) Disrupt the bone metastasis vicious cycle and stop the release of bone-derived tumour 

growth factors  (65, 72, 75-77). 

 

Despite the available pre-clinical and clinical evidence, further research is essential to 

clarify the mechanism of action through which BPs lead to prevention of breast cancer 

metastasis.  

 

Clinical trials of adjuvant bisphosphonates 

 The first breast cancer randomised clinical trials that provided data for the use of BPs 

in the adjuvant setting were investigated clodronate and ZOL (78-81). In 2006, an international 

multicentre study randomised 1069 women with EBC to have oral clodronate (1.6g/daily) or 

not for 2 years in addition to standard therapy (78). Results demonstrated the anticancer 

effects of clodronate, with bone metastasis risk to be less in BP patients compared to non-BP 
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patients over 5 years (51 vs 73 patients with bone metastasis respectively). In addition, the 

benefit was observed to be more marked in patients with higher grade disease. Similarly, 

another clodronate study which randomised 302 patients (adjuvant treatment +/- clodronate 

1.6g/daily for 2 years) showed reduction in skeletal and extra-skeletal lesions and 

improvement in DFS and OS in clodronate arm at 36 and 55 months analysis (79). However, 

long term analysis (103 +/- 12 months) demonstrated that only clodronate benefits in relation 

to OS were maintained. 

Three studies with the same design, Z-FAST (n=602), ZO-FAST (n=1065) and E-ZO-

FAST (n=527 ), researched the potent ZOL in ER+ve EBC patients who were randomised to 

adjuvant endocrine therapy with immediate or delayed ZOL (4mg/6monthly) for 5 years (81-

85). Although they were primarily designed to assess the effects of ZOL on AI-related bone 

loss, the trials assessed disease recurrence as a secondary endpoint. The largest of the three 

trials, ZO-FAST,  demonstrated reduction of the risk of DFS events in the upfront ZOL group 

by 41% and 34% at 3 and 5 years, respectively. In contrast, in Z-FAST the difference in local 

and distant recurrence between the 2 arms were minimal (2.3% in favour of upfront ZOL) at 3 

years and were not significantly different at the final 5 year analysis (similar rates of DFS and 

death). The E-ZO-FAST failed to show any differences in disease recurrence due to the low 

incidence of events (only 29).  

Oral ibandronate was evaluated by a German group in a phase 3 randomised study 

(GAIN - German Adjuvant Intergroup Node-Positive study) of 3023 participants with node 

positive EBC (86). Patients were randomised to 2 different doses of chemotherapy [ 2 weekly 

epirubicin 150mg/m2 x3 followed by paclitaxel 225mg/m2 x3 followed by cyclophosphamide 

2,500 mg/m2 x3 (reduced to 2,000 mg/m2 after recruitment of approximately 1,200 patients) 

or epirubicin 112.5 mg/m2 and cyclophosphamide 600 mg/m2 x4 followed by weekly paclitaxel 

67.5 mg/m2 with capecitabine 2,000 mg/m2 given daily for 14 days x10 every 3 weeks] with or 

without ibandronate (oral, 50mg daily) for 2 years. Analysis of DFS and OS in BP and no BP 

groups found no difference, however DFS was longer in younger (<40 years) and older 

patients (>60 years).  

Zoledronic acid was also assessed for its anti-metastatic effects in a premenopausal 

population in the ABCSG-12 study which recruited 1803 premenopausal women to receive 

adjuvant goserelin with endocrine treatment (oral tamoxifen 20mg/day or anastrozole 

1mg/day), with or without ZOL (intravenous, 4mg/6 months) for 3 years (87). Long term 

analysis (94.4 months of median follow up) showed that the relative risks of disease 

progression were reduced in the ZOL arm compared to control (DFS absolute risk reduction 

of 3.4%, OS absolute risk reduction of 2.2%), suggesting that adjuvant ZOL is beneficial for 

this group of patients when combined with standard of care. However, patients were receiving 
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ovarian suppression with goserelin and were therefore technically in induced menopause, 

something that should be carefully considered when interpreting the data from this study.  

Another large multicentre international trial, the AZURE trial, randomised 3360 women 

(pre- and post-menopausal) to receive standard adjuvant systemic treatment with or without 

ZOL  (intravenous 4mg 3-4 weekly x6, then 3 monthly x8,  followed by 6 monthly x5) for 5 

years (88). The overall results showed that DFS and OS were similar in both the ZOL and 

control groups. Nevertheless, women who were 5 years into menopause appeared to benefit, 

with IDFS of 78.2% in the ZOL arm compared to 71% in the control arm, and OS at 5-year of 

84.6% and 78.7% in ZOL and the control group, respectively (88).  These results were the first 

to identify a differential benefit from adjuvant BPs in pre- and post-menopausal women, but 

as it was a subgroup analysis this required further confirmation.  

In 2015,  the Early Breast Cancer Trial Collaborative Group (EBCTGC) published a 

meta-analysis of 26 randomised trials of adjuvant BPs in EBC which included data from 18766 

women (89). In the combined meta-analysis, the most apparent effect of BPs was a reduction 

in bone recurrence, irrespective of menopausal status. However, subgroup analysis confirmed 

the AZURE findings, showing a clear benefit in postmenopausal women with 3% reduction in 

breast cancer recurrence, 2.2% reduction in bone recurrence and 3.3% reduction in breast 

cancer mortality in overall 10-year risk. In contrast, in premenopausal women no benefit was 

found in bone recurrence or survival, and extra skeletal recurrence was somehow worse in 

the BP group (17%) compared to control (15.9%). The benefit in postmenopausal women was 

independent of the oestrogen receptor status, nodal status, tumour grade, or concomitant 

chemotherapy and with the exception of oral pamidronate, all the other BPs (clodronate, ZOL 

ibandronate) produced similar benefit in disease outcomes. A 10 year update meta-analysis 

form the EBCTGC group is currently under way (personal communication with Prof. Coleman). 

No differences in anti-metastatic effects between 3 years of ZOL (intravenous 4mg 

monthly for 6 months, then 3 monthly), clodronate (oral, 1.6g daily) and ibandronate (oral, 

50mg daily) were also reported by an American/Canadian group (n=6097) (90). 

Overall, data that are presented here suggest that adjuvant BPs have differential 

effects based on the menopausal status of the patients. The anticancer benefit of these agents 

in postmenopausal women is clear and comparable to that seen with the addition of taxanes 

to anthracycline schedules, or with the use of AIs versus tamoxifen (91, 92). Despite that, in 

premenopausal patients benefit from adjuvant BPs demonstrated only in patients on ovarian 

suppression at the start of their adjuvant therapy. The differential effects of adjuvant BPs will 

be discussed in more detail in the next section.  

Another bone modifying agent, the RANKL (receptor activator of nuclear factor kappa-

Β) inhibitor denosumab was investigated in the same setting. In the phase 3 multicentre 

ABCSG-18 study, 3425 postmenopausal women with ER+ve EBC treated with AIs were 
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randomised to denosumab (subcutaneous, 60mg/6 monthly) or placebo for the duration of 

antioestrogen therapy (52, 93). Final analysis revealed a 9 year DFS benefit with denosumab 

of 3.5% and a very minimal OS benefit of only 1%. Correspondingly, the D-CARE study 

recruited 4509 EBC patients from 389 centres in 39 countries to have denosumab 

(subcutaneous 120mg 3-4 weekly with standard neo-adjuvant or adjuvant therapy for 6 

months followed by 12 weekly) for 5 years or placebo (94). The trial failed to show any benefit 

from adjuvant denosumab in EBC and therefore, this agent is not currently recommended in 

this setting.  

 

1.3.2 Menopausal status modifies response to adjuvant bisphosphonates, pre-

clinical and clinical evidence  

The results of the ABCSG-12 and AZURE trials (discussed above) (87, 88) gave the 

first indications that BPs have different anticancer benefits in pre- and post-menopausal 

women. This was also supported by the GAIN study (discussed above) which showed longer 

DFS with BPs in older postmenopausal women (>60 years) (86). Similarly, the NSABP B-34 

study (n=3323) which randomised patients post breast cancer surgery to clodronate (oral, 

1.6mg daily) or placebo for 3 years reported improved recurrence free interval and skeletal 

and non-skeletal metastasis free interval in BP participants older than 50 (95).   

The large EBCTCG meta-analysis (discussed above) confirmed that menopausal 

status modifies response to adjuvant BPs, with anticancer effects to only benefit 

postmenopausal women by reducing risk of recurrence (bone, local, distant and overall) and 

improve survival (89). However, premenopausal EBC women could also benefit from adjuvant 

BPs if they were deemed postmenopausal [induced postmenopausal by ovarian suppression 

with gonadotrophin releasing hormone (GnRH) analogues] at the start of their adjuvant 

therapy.  

These results were supported by early clinical results reporting that premenopausal 

bone marrow might be less attractive to cancer cells compared to postmenopausal. Braun et 

al. recruited 4703 breast cancer women from 9 studies and found that risk of bone 

micrometastasis was higher in younger participants (96). In particular, this was 33.3% in 

women aged 36-50 and 27.8% in those older than 65 and 32.7% and 29.5% in pre- and post-

menopausal respectively. Another early clinical trial of 3141 patients who underwent bone 

marrow biopsy at the time of breast cancer surgery with the aim to isolate disseminated tumour 

cells  (DTCs), found that although all women (pre- and post-menopausal) with bone marrow 

DTCs had greater DFS with adjuvant BPs, only DTC positive postmenopausal patients 

showed improved OS after adjuvant BP therapy (97). 
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The differential effects of adjuvant BPs have also been described in a number of  pre-

clinical studies. In a mouse model with breast cancer cells (MDA-MB-231) present in bone, 

animals underwent sham operation (to mimic the premenopausal environment) or OVX (to 

mimic the postmenopausal environment) and treated with ZOL (100μg/kg weekly) or saline. 

Analysis showed that ZOL impeded tumour growth only in OVX mice and had no effect on 

sham operated mice (66). A further animal study treated OVX mice with pre, peri and 

postmenopausal doses of oestradiol and ZOL (100μg/kg weekly) or saline (98). Animals were 

also injected with cancer cells (of MDA-MB-231, 4T1, or E0771). The incidence of extra 

skeletal metastasis was higher in the premenopausal models, even if they received ZOL, 

compared to the significant reduction of it in ZOL-treated postmenopausal models.  

Despite the robust evidence from clinical and pre-clinical studies supporting the 

differential effects (depending on menopausal status) of BPs in the adjuvant setting, the 

mechanism responsible for these effects is still unknown. It is hypothesised that potentially 

high oestrogen environments inhibit the antitumour effects of BPs and also BPs interact with 

endocrine and practice factors in the bone microenvironment, leading to impaired survival of 

breast cancer cells (99, 100). However, further studies are crucial to clarify this hypothesis.  

The bone microenvironment differs based on the menopausal status, with endocrine 

and paracrine factors to be in opposite levels in pre- and post-menopausal women. More 

specifically, due to the increased levels of oestrogen, progesterone and inhibin in 

premenopausal patients, the action of paracrine factors activin and TGF-β (transforming 

growth factor-beta) is reduced, in contrast to postmenopausal women where activin and TGF-

β are highly active (99). Activin and TGF-β are paracrine factors which share the same 

intracellular pathway and have been extensively studied for their role in malignant process. 

Activin stimulates the production of FSH (follicle-stimulating hormone) and LH (luteinising 

hormone) hormones from pituitary and the expression of the GnRH gene (101). Transforming 

growth factor-beta belongs to a family of proteins that regulate many aspects of the cell cycle 

(102). Both activin and TGF-β are known to compete with inhibit, hence their different activity 

in pre- and post-menopausal environments.  

The intracellular pathway of activin and TGF-β (most commonly Smad 2 and Smad 3) 

has been shown to have tumour suppressor abilities, as loss of its function has been 

connected with poor prognosis and reduction in DFS in breast cancer patients (103, 104). 

Additionally, activin has been found to be an inhibitor of angiogenesis, function which is crucial 

for tumour growth, and to stimulate the production of macrophages with antitumour structure 

(M1 macrophages) (99, 105). Transforming growth factor-beta plays an important role in the 

activation of fibroblasts, with its signalling in this cell type to prevent formation of tumours (99). 

Taken together, the actions of both activin and TGF-β suggest that they have anticancer 

benefits. Nevertheless, TGF-β has been also shown to increase factors responsible for the 
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homing of breast cancer cells in bone and both paracrine factors promote bone turnover, by 

different mechanism, which subsequently increases the production of bone growth factors 

supporting the tumour process (106-109).   

Overall, the effects of activin and TGF-β described here, in addition to treatment with 

adjuvant BPs, might partially explain the differential effects of this therapy in EBC although 

this remains to be determined.  

The immune system and its role in breast cancer has been extensively studied, 

demonstrating that it is crucial for the development and maintenance of neoplastic tumours. 

Their mechanism of action is complicated and not completely understood in relation to the 

malignant process. For instance, NK (natural killer) cells, macrophages and T cells have been 

found to have anticancer properties. The action of NK cells was investigated in a small breast 

cancer study (n=18) which found that their activity was much higher in healthy women 

compared to breast cancer participants (62.5% and 24.4% respectively) (110). Regulatory T 

cells (Tregs) are type of T cells which have a role in regulating or supressing other immune 

cells. In cancer, Tregs demonstrated neoplastic role by affecting antitumour T cells such as 

CD8+ and CD4+, leading to more aggressive and with poor prognosis malignancies (111). T 

cell CD8+ and CD4+ appear to have protective roles against breast cancer cells, with CD8+ 

to be related with better survival in established breast cancer (112). Macrophages, another 

important immune cells based on their stimulation they can differentiate in 2 different 

phenotypes, the macrophages with antitumor activities and the tumour associated 

macrophages (TAMs) (113, 114). 

As described earlier in this introduction, BPs have been found to have effects on the 

immune system with studies suggesting that potentially their anticancer effects derive through 

their immune system interactions. Some of their effects described in pre-clinical and clinical 

studies are as follows: 

 

1) Enhance antitumour immunity (115). 

2) Activate γδ T cells leading to cancer cells death (116, 117).  

3) Increase polarisation of macrophages towards the antitumour phenotype (118).  

4) Reduce Tregs and their polarisation (119, 120). 

 

Oestrogens are known for their immunogenic effects with multiple actions on different 

immune cells as these express ER receptors (such as T cells and macrophages). Currently 

available evidence indicate the oestrogen effects on immune system as follows: 

 

1) Increase immune suppression in tumour microenvironment (100). 

2) Promote Tregs activation (100, 121). 
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3) Preclude activation of CD8+ (122). 

4) Support polarisation of macrophages towards TAMs (123). 

 

The immune effects of BPs and oestrogens appear to be contradictory, suggesting that it 

is very likely the differential effects of BPs in pre- and post-menopausal women are driven (at 

least in part) by these opposing immune abilities. Low oestrogen levels in postmenopausal 

women lead to enhancement of BPs anti-metastatic action on immune cells, as opposed to 

the high oestrogen levels of premenopausal women which promote overlapping immune 

cancer effects with those of BPs’. This is a working hypothesis and further evidence is 

required.  

 Moreover, BPs for prevention of metastasis in the adjuvant setting are only currently 

recommended for EBC patients. Studies failed to show any benefit in other cancer types such 

as lung or prostate (124, 125), indicating that breast cancer cells interact differently with BPs. 

It is possible that breast cancer specific factors, in combination with menopausal status, might 

contribute to the differential effects of BPs. 

 

1.3.3 Current clinical consensus of adjuvant bisphosphonates in early breast 

cancer 

Adjuvant BPs have been adopted by national and international bodies who 

recommend their use in postmenopausal women (natural or induced ) with EBC (13, 51, 126, 

127). National and international guidelines, recent and updated versions, are described in 

detail in chapter 3 of this thesis. This includes patients’ characteristics which deem them 

suitable for this therapy as well as recommended agents and regimes. Table 1.2 shows the 

national and updated international recommendations for the use of adjuvant BPs for 

prevention of metastases in EBC. Of note and in view of the Australian international 

collaboration (chapter 3), no guidelines were available in Australia for the use of adjuvant BPs 

during the period of interest of this thesis.  
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Table 1.2: Updated guidelines for the use of adjuvant bisphosphonates in early breast cancer.  

 

 Nevertheless, optimal duration of adjuvant BPs and better selection of patients 

continues to be debated between breast cancer specialists. In an attempt to support de-

scalation of adjuvant BPs courses, the SUCCESS trial, which was published in 2021, 

compared 5 years to 2 years of adjuvant ZOL (128). This phase 3 study randomised 2987 

EBC patients who received adjuvant chemotherapy to ZOL for 5 years (4mg intravenous 

3monthly for 2 years and then 6 monthly for the remaining 3 years) or ZOL for 2 years (4mg 

intravenous 3 monthly for 2 years). Results demonstrated that shorter 2 year therapy in not 

inferior to longer 5 year therapy, with DFS, OS and distant DFS to be similar in the 2 groups. 

Therefore, SUCCESS study could encourage the change in current standard of care in 

adjuvant management of high risk EBC which suggest adjuvant BPs for 3-5 years.  

 In addition, identification of the best group of EBC patients that benefit from adjuvant 

BPs will avoid overtreatment or even undertreatment. Adjuvant BPs are currently only 

recommended for women with high risk of recurrence, a population of patients who are usually 

heavily treated with chemotherapy and targeted therapies with the aim of improving their 

survival. Efforts are ongoing to identify biomarkers that will predict the group of patients who 

will benefit the most from adjuvant bone therapies. Currently, MAF amplification (at 16q23) 

which is associated with increased risk of breast cancer bone metastases, is under 

investigation (129). Tumour samples from 1739 AZURE trial patients (standard chemo +/- 

adjuvant ZOL) were tested for the MAF amplification with 21% found to be MAF positive 

according to the scoring criteria used (130). Invasive DFS was found to have improved only 

in patents with non-amplified MAF gene who had ZOL, with ZOL MAF positive patients (non-

postmenopausal) to have worse invasive DFS. Further study from Paterson et al., confirmed 

these findings (131).  MAF gene status was assessed in 1833 patients who had adjuvant 
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chemotherapy with oral clodronate (1.6gr/daily) or placebo for 3 years. Assessment at 5 years 

demonstrated that MAF negative population who were treated with BPs had better OS and 

DFS (improved by 30%) and MAF positive patients showed no benefit from BPs. 

 Despite these intriguing findings, MAF testing is not currently in clinical use to 

determine which EBC patients would benefit from adjuvant ZOL, with further studies urgently 

required. 

 

1.4  Cancer Treatment Induced Bone Loss  

1.4.1 General background 

Bone is a dynamic and active tissue which undergoes lifelong remodelling. 

Physiological bone remodelling is the balance between bone formation by osteoblasts and 

bone resorption by osteoclasts which is responsible for the maintenance of mineral integrity 

and homeostasis. This process is affected by internal factors such as hormones (e.g. 

oestrogen, parathyroid, calcitonin), growth factors and cytokines and by external factors such 

exercise and daily activities (132, 133). When the normal bone remodelling is impaired, bone 

health is interrupted leading to multiple skeletal pathologies, most commonly osteoporosis.  

In women, oestrogen is critical for the maintenance of normal bone integrity and mass, 

with the main role being reduction of bone resorption. Oestrogen receptors (ER-α and ER-β) 

are found in both osteoblasts and osteoclasts but also on T-cells (134). The functions of the 2 

oestrogen receptors are different based on how they affect the RANKL/RANK/OPG pathway 

(receptor activator of NF-kB ligand/receptor activator of NF-kB/osteoprotegerin). This system 

is known for its regulatory function on bone resorption, with interactions between RANKL and 

RANK promoting osteoclast differentiation and activation, leading to bone turnover and OPG 

blocking osteoclast formation by inhibiting RANKL binding to RANK (135). Therefore, 

activation of ER-α receptors induce osteoclastic apoptosis (increases RANKL and reduces 

OPG), as opposed to activation of ER-β receptors which stimulate osteoblastic activity by 

decreasing RANKL and increasing OPG (136). Reduction in normal oestrogen levels by 

physiological, pharmacological or pathological factors (e.g. menopause, hormonal treatments, 

cancer) will alter bone balance and lead to excessive bone turnover .  

Women achieve 90% of their adult bone mass by the age of 20 and reach maximum 

bone mass in their late 20’s/early 30’s. After that, bone formation gradually slows down with 

age leading to bone loss. However, the bone loss process is accelerated after menopause 

when the dramatic reduction of oestrogen levels interrupts the bone remodelling balance. 

Bone resorption outweighs bone formation, precipitating menopausal bone loss which is fast 

the first 3 years of menopause, 2-5% per year, and it slows down to 0.5-1% per year thereafter 

(137). Figure 1.4 illustrates the alteration of female bone density over time. 
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Figure 1.4: Female bone density alterations over time. 

 

In the general female population, bone mass is not only affected by age and 

menopause. Modifiable (nutrition, lifestyle, daily exercise, smoking) and non-modifiable (race, 

personal and family history of non-traumatic fractures) factors play a crucial role in the 

maintenance of bone mineral density (BMD). Additionally, many medications and diseases 

have been shown to affect bone health, with the most apparent example being breast cancer 

and its treatments. As discussed elsewhere in this chapter, breast cancer is the most common 

cancer among women, with the majority requiring treatment aimed either at reduction of 

recurrence risk or to improve survival and control cancer symptoms. The impact of breast 

cancer treatment on bone health will be discussed in the next section.  

 

1.4.2 Bone effects of anticancer treatment  

Recent advantages in breast cancer management and therapies have led to 

improvements in cancer outcomes and survival. As a consequence, late effects of anticancer 

treatments have increasingly become a concern within the breast cancer communities. 
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Treatment-related adverse effects affect quality of life of patients who might otherwise be 

cancer free and are a considerable economic burden for the health and social systems.  

One of the main long-term effects of anticancer treatments is their impact on bone 

health. Chemotherapy, targeted and hormone treatments have been shown to cause 

osteopenia and osteoporosis with patients’ risk of fractures significantly increased. Many 

women require close monitoring of their BMD and for some treatment with bone targeted 

agents to preserve normal bone health is required.  

 

Chemotherapy and Targeted Therapies 

 The type of chemotherapy agent, duration and frequency of the treatment course are 

selected based on the histopathology of the breast cancer. Chemotherapy reduces bone mass 

through indirect and direct effects. Mainly, agents have been described to affect skeletal 

integrity by causing premature menopause (resulting in reduction of oestrogen levels), but 

also due to direct effects on bone turnover (138).  

 Platinum based chemotherapies (e.g. cisplatin) are therapeutic options for TNBC. 

Among their other documented side effects, nephrotoxicity and hypomagnesaemia are the 

most well described, with patients requiring good hydration and strict monitoring of their kidney 

function and magnesium levels prior and after the administration of treatment. Nevertheless, 

some will still experience issues with low magnesium levels and require replacement, in some 

cases long term. In relation to bone health, magnesium has a pivotal role. Low magnesium 

has shown to alter skeletal structure and affect bone cells (reduce osteoblast, increase 

osteoclasts), but also it has indirect bone effects as interferes with the secretion of PTH and 

subsequently the synthesis and activation of vitamin D (139). 

 Other breast cancer chemotherapy agents that have been found to affect BMD are 

cyclophosphamide and doxorubicin. Cyclophosphamide causes premature ovarian failure in 

premenopausal women by acting on ovarian follicles, an effect which is dose-dependent, 

meaning that ovarian function should return soon after the completion of the chemotherapy 

course (140). It also interferes with the physiological bone remodelling by stopping the 

differentiation and activation of both osteoclasts and osteoblasts (141). Similarly, doxorubicin 

have shown to affect bone cells, leading to increase bone resorption (increase osteoclast 

differentiation and reduce formation of osteoblasts), and has been demonstrated to cause 

ovarian failure in animal studies (142).  

 The negative impact on bone caused by chemotherapy has been confirmed in clinical 

trials. In premenopausal EBC, BMD of 49 women was assessed at 3 time points (4 weeks, 6 

months and 1 year) after commencing adjuvant chemotherapy (143). The study results 

showed a reduction in spine BMD at 6 months which worsened a year after chemotherapy, 

but only in patients who experienced ovarian failure. Another small study of 41 premenopausal 
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patients who had chemotherapy for EBC demonstrated reduction in BMD (spine and hip) at 6 

months, but this was independent of patient’s age, type of chemotherapy, amenorrhoea or 

oestradiol levels (144). However, 6 months post chemotherapy, bone mass was further 

reduced only in those women who reported amenorrhoea (during first 6 months of treatment) 

and had low oestradiol.  

 Long-term bone effects of breast cancer chemotherapy were investigated by 

Vehmanen et al. who assessed BMD of 73 premenopausal patients after 5 years of 

cyclophosphamide, methotrexate, 5-fluoroucil (145). Lumbar spine BMD was +0.6 and -1.3% 

at 3 and 5 years respectively in the group that maintained menses, compared to -7.5 and -

10.4% in the amenorrhoeic group. At 3 and 5 yeas the femoral BMD was +1.7 and -0.3% in 

the menstruating group, compared to -3.5 and -5.8% in the amenorrhoeic group, respectively. 

The authors concluded that even after 5 years of chemotherapy, patients’ bone health is better 

in those who preserved menstruation compared to those women who experienced ovarian 

failure.  

In the metastatic setting, Everolimus, a biological targeted therapy, has been shown to 

be beneficial in ER+ve, HER2-ve disease that has progressed after prior endocrine therapy 

(146). Resistance to endocrine therapy in breast cancer is associated with activation of the 

mammalian target of rapamycin (mTOR) intracellular signalling pathway, and therefore 

Everolimus, an mTOR inhibitor has shown to improve survival. It is given alongside 

exemestane, and unlike other anticancer agents, it has been shown to have positive bone 

effects. The  phase 3 randomised BOLERO-2 trial (n=724, everolimus and exemestane versus 

exemestane and placebo) demonstrated that the mTOR inhibitor reduces bone resorption, 

with the everolimus/placebo group having increased bone markers (formation and resorption 

markers) at 6 and 12 weeks, in contrast to the combination group which had reduction in bone 

markers (formation and resorption markers) (146, 147).   

Additionally, from the new breast cancer therapies, immunotherapy has been found to 

affect bone health with patients treated with this therapy to have increased incidence of 

fractures after 1 year of treatment (148). This is a new reported adverse effect of 

immunotherapy, with the mechanism responsible to be unclear. Some of this may be related 

to the high dosage and long steroid courses that immunotherapy patients receive to treat 

immune related toxicities and/or due to endocrine deficiencies such as development of 

hypothyroidism secondary to immune inhibitors. However, in vivo studies demonstrated that 

blockage of PD1 affects bone mass by inhibiting osteoclast formation (149, 150). Therefore, 

further data are needed to clarify the effects of immune inhibitors on skeletal health.  
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Ovarian Suppression 

 For younger (premenopausal) women with functioning ovaries who have been 

diagnosed with primary ER+ve breast cancer, the addition of GnRH analogues to standard 

chemotherapy is shown to improve survival but also (and most importantly) provide ovarian 

protection (151). Ovarian protection is crucial to preserve fertility for future pregnancies 

(childbearing population) and also minimises the risk of permanent early menopause caused 

by chemotherapy. 

 Gonadotrophin releasing hormone analogues provide a persistent activation of GnRH 

which eventually lead to reduction of pituitary gonadotropins (LH and FSH), which in turn lead 

to decrease in oestrogen production from the ovaries. These effects are temporary and 

reversible, with menses to resume within a few weeks post discontinuation of the analogues. 

However, during the course of therapy, hypogonadism affect bone health by reducing skeletal 

mass.  

  A sub-study of the original Zoladex Early Breast Cancer Research Association study 

(n=1640) where EBC patients (<50 years) were randomised to Goserelin (GnRH analogue, 

3.6mg/28 days for 2 years) or cyclophosphamide, methotrexate, 5- fluorouracil chemotherapy 

(6 cycles every 28 days), assessed the participants spine and femoral BMD at different time 

points (baseline, 12, 24 and 36 months). The sub-study involved 96 patients, with BMD at 24 

months showing a reduction in spine and femur (-10.5% and -6.4%, respectively) in the 

goserelin group compared to -6.5% and -4.5% in the chemotherapy group. Further 

assessment at 36 months demonstrated improvement in BMD only in patients treated with 

goserelin (152).  

 

Endocrine Treatment  

 Endocrine therapies are a therapeutic options for the management of ER+ve EBC; 

current available options are tamoxifen and AIs. Endocrine treatments are explained in detail 

in chapter 5 of this thesis.  

Tamoxifen, a selective oestrogen receptor modulator (SERM), has a protective role in 

postmenopausal bone health, but reduces bone mineral density in premenopausal women, 

although not to a clinically significant level and therefore does not warrant any monitoring or 

treatment (153). Unlike Tamoxifen, AIs have significant negative effects on bone density, 

leading to bone loss and increased fracture risk, which in some large breast cancer trials, was 

over 50% higher than with Tamoxifen (154, 155). 

Table 1.3 summarises the clinical trials that investigated the effects of AIs on bone health 

and shows the difference in fracture risk between experimental and control arms. 

 



26 
 

 

 

 

 

Table 1.3: Clinical trials investigating the effects of aromatase inhibitors on bone health and the 

incidence of fractures.  

 

A sub-study of the Anastrozole, Tamoxifen, Alone or in Combination (ATAC) trial (original 

study n=9366) assessed the bone effects of endocrine therapy. Postmenopausal patients who 

had received either adjuvant anastrozole (1mg/day) or tamoxifen (20mg/day) alone for 5 years 

were included in the sub-study (n=197, n=108 in final analysis) (156). Bone mineral density 

(lumbar spine and hip) was assessed at baseline, at 1, 2 and 5 years. At the completion of 

endocrine treatment (5 years), BMD of patients in the anastrozole group was reduced in both 

spine and hip, in contrast to the tamoxifen group where BMD was found to be increased. 

Further analysis, 1 and 2 years post anastrozole, demonstrated some recovery of lumbar 

spine BMD and no further hip bone loss (157). In addition, a 100-month analysis of the original 

trial reported higher annual fracture risk in patients receiving anastrozole (2.93%), compared 

to the tamoxifen group (1.9%) (158).  

The MA-17 study recruited 5187 postmenopausal women with breast cancer to either 5 

years of letrozole or placebo, following completion of 5 years of tamoxifen (159). Bone health 

analysis showed higher incidence of osteoporosis among letrozole patients [5.8%, in contrast 

to placebo patients (4.5%)], but found no difference in the reported fractures between the two 

groups. Direct comparison of 5 years of tamoxifen versus letrozole (BIG 1-98 study, n=4895) 

demonstrated 9.3% letrozole related and 6.5% tamoxifen related overall fracture rates (160). 

Also, more cases of multiple fractures were documented in the letrozole group (0.9%) 

compared to the tamoxifen group (0.4%).  

In 2007, Coleman et al. published the results of the Intergroup Exemestane Study (IES) 

(n=4724) which randomised women who had received 2-3 years of adjuvant tamoxifen to 

continue tamoxifen (20mg/day) or switch to exemestane (25mg/day) to complete 5 years 

(161). Skeletal effects analysis (n=206) reported 2.7% and 1.4% reduction in BMD in lumbar 

spine and hip respectively, after 6 months of exemestane. However, bone loss in both spine 

and hip slowed down after 2 years of exemestane (1% reduction in lumbar spine, 0.8% 

reduction in hip). Fracture risk was assessed in the whole IES population and after 58 months 

was found to be greater in the exemestane (7%) compared to the tamoxifen group (5%). 

Collectively, these studies demonstrate that in the breast cancer setting, AIs cause loss of 

bone density which subsequently lead to higher rates of osteoporosis and fragility fractures.  
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1.4.3 Prevention and Management of Cancer Treatment Induced Bone Loss 

Assessment of CTIBL 

All breast cancer patients, pre- and post-menopausal, who are eligible for any 

anticancer therapy which can potentially affect bone health should undergo a bone health 

assessment. Obtaining a thorough patient and family history is important to identify any 

additional risk of osteoporosis such as alcohol use, smoking, previous fracture after the age 

of 50, parental history of fracture, low body mass index (BMI), oral steroid use and history of 

other diseases known to cause osteoporosis (rheumatoid arthritis, ankylosing spondylitis, 

immobility, diabetes mellitus type 1 or 2) (51, 153, 162). Biochemical blood tests to investigate 

secondary causes of osteoporosis are also performed [e.g. full blood count (FBC), renal and 

liver function tests, calcium, phosphate, alkaline phosphate, thyroid function tests, parathyroid 

hormone]. General osteoporosis prevention advice and lifestyle changes apply to cancer 

patients with cessation of smoking, limiting alcohol intake and regular weight-bearing and 

resistance exercise to be encouraged (163). 

  In addition, maintaining good levels of vitamin D and calcium, either through an 

enriched diet or supplements, prevent osteoporosis and fractures. More specifically, a National 

Osteoporosis Foundation meta-analysis (n=970) demonstrated a 15% risk reduction of 

fractures in a population of non-cancer patients receiving these supplements (164). Calcium 

1gr and vitamin D 800 IU a day are recommended (153).  

Baseline (within 6 months of commencing endocrine therapy and/or ovarian 

suppression) dual energy x-ray absorptiometry (DEXA) scanning is crucial to identify a 

preexisting bone loss (13, 51, 153, 162). As discussed in chapter 5 of this thesis, DEXA 

scanning is the "gold standard" for measuring and monitoring BMD. It is mainly used to 

diagnose and monitor osteoporosis. It is cost-effective, non-invasive, requires minimal 

preparation from the patient and is performed in an outpatient setting and therefore it has 

become the examination of choice for prevention and management of CTIBL.  

Dual energy x-ray absorptiometry scanners use two different X-ray energies with the 

radiation source to aim at the radiation detector placed directly opposite to the site to be 

measured. At the time of the DEXA scanning, patient is lying on a table where the radiation 

beam will pass through. The source and detector are then scanned the body area in the 

presence of bone and soft tissue. The different in total attenuation between the two X-ray 

energies is related to bone density, after subtracting out the absorption by soft tissues and 

only focusing on the absorption by bone.  

Dual energy x-ray absorptiometry technology can potentially measure any skeletal site, 

but clinical use has been concentrated on the lumbar spine (L1-L4) and the femoral head 

where osteoporotic fractures are most likely to happen. Other sites such as the forearm might 
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be used in cases where BMD cannot be assessed in the spine or femur (e.g. due to spine or 

femoral operation). Dual energy x-ray absorptiometry systems are available as full table 

systems for multiple skeletal measurements or peripheral systems which are limited in 

measuring the peripheral skeleton. In current clinical practice, full table DEXA scanner is the 

preferred choice.  

Results of the DEXA investigation are quoted as T-scores, which represent the 

standard deviation (SD) of the mean BMD of a healthy young adult. The T-score is calculated 

using the formula: (patient's BMD − young normal mean)/SD of young normal. The clinical 

interpretation of T-scores, according to the World Health Organisation (WHO) are as follows: 

 

• T-score within ≥-1 SD of the mean indicates a normal BMD. 

• T-score between -1 to -2.5 SD from the mean indicates osteopenia. 

• T-score below -2.5 SD from the mean indicates osteoporosis. 

 

 Along with DEXA scan, vertebrae fracture assessment is part of the CTIBL 

screening and follow up in breast cancer patients. Lateral radiograms of thoracic and lumbar 

spine are performed to rule out any asymptomatic vertebrae fractures (165).  

 The University of Sheffield FRAX® tool is a validated and widely used fracture-risk 

assessment tool (166). It is mainly used in osteoporotic patients over the age of 40 and 

provides the 10-year probability of a hip fracture and major osteoporotic fracture (clinical spine, 

forearm, hip or shoulder fracture) (166, 167). Although the FRAX® tool was not built to assess 

the fracture risk in cancer patients receiving hormone therapy, its validity has been assessed 

in cancer clinical trials (168-170). Results are still limited and unclear and therefore FRAX® is 

not currently recommended for this group of patients.  

 

Bone Targeted Agents  

 Bisphosphonates and denosumab are the currently approved bone targeted agents 

for the prevention and treatment of CTIBL in all patients with EBC. Table 1.4 describes the 

clinical trials that investigated the effects of antiresorptive treatment on breast cancer 

treatment induced bone loss.  
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Table 1.4: Clinical trials investigating the effects of bisphosphonates and denosumab on CTIBL in 

women with early breast cancer. 

 

 Oral BPs were the first to be researched for this indication, with small studies 

showing that clodronate, risedronate and ibandronate improved BMD when given to patients 

who were receiving ET for ER+ve EBC (171-173). More specifically, clodronate was tested in 

patients receiving tamoxifen (20mg/day) or toremifene (60mg/day) whilst both risedronate and 

ibandronate were given to patients receiving AIs.  

 Risedronate was further investigated in a large international double-blinded 

randomised study (IBIS-II) which recruited 3864 postmenopausal breast cancer patients to 

receive either anastrozole (1mg/day) or placebo (174). Thirty six percent of the participants 

(n=1410) included in a bone sub-study were separated into 3 groups based on their baseline 

DEXA scan T-score (174). Group 1 was women with normal DEXA scan (T-score ≥-1) who 

were not given any risedronate. Group 2 was women with osteopenia (T-score between -1 to 

-2.5) who were randomised to either risedronate (35mg/week) or placebo. Group 3 was the 

osteoporotic group (T-score between -2.5 and -4) in which all patients were prescribed 

risedronate. The IBIS-II sub-study had a further bone assessment at 3 years, showing that 

group 2 risedronate patients had improvement in lumbar spine BMD (+1.1%) and stable hip 

BMD (-0.7%), compared to placebo patients who experienced bone loss in both lumbar spine 

(-2.6%) and hip (-3.5%). Results also showed that patients with normal BMD had significant 

bone loss in spine and hip (-4% in both), demonstrating the negative effects of anastrozole on 

bone health. Subsequent assessment after 5 years found no major changes in the lumbar 

spine BMD (-0.4%) of those who treated with risedronate (group 2) but showed further 

reduction in the lumbar spine BMD (-4.2%) of the placebo arm. In terms of fracture rates, these 

were not different between the 2 arms of the osteopenic group after 5 years (175).  
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 Nevertheless, beneficial effects of oral BP agents in preventing AI related fractures 

were reported by Pineda-Moncusi et al. in 2020 (176). The observational cohort study of 36472 

patients with EBC treated with AIs or tamoxifen showed that after 10 years of follow up, 

patients on AIs who were treated with BPs had a 30% reduction in fracture risk compared to 

those who did not receive BPs.  

 Zoledronic Acid is an intravenous and very potent agent which currently is the most 

widely used and extensively researched BP in pre- and post-menopausal EBC. The bone sub-

protocol of the ABCSG-12 study randomised 404 premenopausal women to receive goserelin 

(3.6mg/28 days) combined with antioestrogen therapy (anastrozole or tamoxifen) with or 

without ZOL (4mg/6months) for 3 years (177). Participants had DEXA assessments at 

baseline, 6, 12, 36 and 60 months with BMD of the ZOL group remaining stable whilst on 

treatment and to continue improving after the discontinuation of ZOL (BMD: 3 years +0.4% 

lumbar spine and +0.8% hip, 60 months +4.1% lumbar spine and +3.9% hip). In contrast, 

patients who did not receive ZOL had reduction of their bone mass throughout (BMD: 3 years 

-11.3% lumbar spine and -7.3% hip, 60 months -6.3% lumbar spine and -4.1% hip). 

 The large international multicentre phase 3 AZURE trial (n=3360) was mainly 

investigating the anticancer effects of adjuvant ZOL (standard adjuvant therapy with or without 

ZOL 4mg for 5 years 3-4weekly x6, 3monthly x8 and 6monhtly x5) (88). However, in 2018 

Wilson et al. published that ZOL also reduced the time to first fracture in breast cancer patients 

with a 5-year fracture incidence 3.8% for the AZURE ZOL group compared to 5.9% for those 

who did not receive ZOL (178).  

 The differences between commencing ZOL the same time as AIs, or delay until after 

documented bone loss or facture, were explored by Z-FAST (n=602) and ZO-FAST (n=1065) 

trials (83, 84). Both studies demonstrated that upfront ZOL was superior to delayed ZOL in 

reducing fractures and also improving and maintaining skeletal density (Table 1.4). 

Additionally, upfront ZOL was found to be beneficial, even for patients with normal baseline 

bone assessment compared to delayed ZOL, suggesting that AIs could lead to skeletal loss 

even in this population (BMD lumbar spine +3.9% vs -7.1% upfront and delayed ZOL 

respectively). 

 Denosumab was investigated by a few small studies, but only in the 

postmenopausal setting (85-87). ABCSG-18 was the largest study to demonstrate the benefits 

of denosumab on CTIBL on breast patients (52, 179-181). Postmenopausal women (n=3425) 

were randomised to subcutaneous denosumab (60mg/6 months) or placebo during their 

adjuvant AI therapy. Initial analysis revealed that denosumab significantly delayed the 

presentation of the first fracture in this cohort with an overall fracture reduction of 50%. 

Moreover, long term analysis published at the end of 2022, demonstrated a fracture rate of 

15.9% in the denosumab group compared to 19.2% in the placebo group, 11 years post 
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randomisation (93). Although the long-term overall fracture reduction dropped to 30%, this was 

still high, which could be partially explained by the rebound effects of denosumab. However, 

the study did not report any rebound in fracture risk after discontinuation of denosumab.  

 

Current guidelines – postmenopausal setting 

Currently, for postmenopausal EBC patients both denosumab (60mg/6monthly 

subcutaneous) and BPs (alendronate 70mg/weekly oral, zoledronic acid 4mg/6monthly or 

5mg/12monthly intravenous) are the antiresorptive treatment of choice for the prevention or 

treatment of CTIBL. However, in view of their oncological benefit (discussed in this chapter), 

BPs (adjuvant BPs: zoledronic acid 4mg/6monthly, oral clodronate 1,600 mg daily or oral 

ibandronate 50 mg daily) are generally the preferred option for women with high recurrence 

risk, hormone receptor positive breast cancer. Denosumab is more suitable for patients whose 

risk of AI-induced fractures outweighs the (low) risk of breast cancer recurrence. In addition, 

patients who commenced denosumab but discontinued it prior to the completion of AI therapy 

are advised to be switched to a BP until the end of their antioestrogen therapy. This is in view 

of the rebound phenomenon of accelerated bone loss that occurs with the discontinuation of 

denosumab (50, 162). 

Prior to starting any bone therapy, all postmenopausal women commencing endocrine 

treatment with AIs are advised to have a baseline bone DEXA assessment  within the first 6 

months of treatment initiation (13, 51, 153, 162). These assessments should be repeated 

every 1-2 years during the course of endocrine therapy (13, 51, 153, 162). However, UK 

guidelines suggest that if both spine and hip baseline T-scores are above -1, then further 

assessment is not needed unless clinically indicated (153). In general, the frequency of follow-

up DEXA scans should always be decided based on the individuals’ bone loss risk and the 

use or not of bone protective therapy. 

Treatment with a bone targeted agent, Vitamin D and calcium supplementation should be 

started in all AI patients with a T-score <-2 (13, 51, 153, 162). UK patients older than 75 with 

at least 1 risk factor for bone loss, such as previous low-trauma fracture after age 50, parental 

history of hip fracture, alcohol intake of >4 units/day, diseases associated with secondary 

osteoporosis, prior corticosteroids for >6 months, low BMI (<22), are also advised to 

commence bone protection therapy with the start of their antioestrogen therapy (153).  All 

other UK postmenopausal ages are advised to receive a bone targeted agent if the baseline 

T-score is <-2, or they have a vertebrae fracture. Patients with osteopenic T-score (<-1 but >-

2) are given lifestyle advice, vitamin D and calcium supplements with plan to have a follow up 

bone assessment in 2 years. If their BMD drops below -2 or they have annual bone loss >4%, 

they are commenced on bone antiresorptive therapy (153).  
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 In contrast, the international consensus was initially suggesting bone protection therapy 

for women older than 65 with 1 additional risk factor for bone loss (T-score <1.5, smoking, 

BMI<24, family history of hip fracture, history of fragility fracture above age 50, oral 

glucocorticoid use for >6 months) (51). However, these recommendations have since been 

updated, advising antiresorptive therapy for all postmenopausal women receiving AIs with 2 

risk factors or 1 risk factor and T-score<-1 (risk factors: previous fragility fractures, parental 

hip fracture, recurrence falls 2 in last year, diabetes (type 1 or 2), rheumatoid arthritis, 

BMI<20, glucocorticoid use >3 months and >7.5mg/day, current smoking, alcohol >2units/day) 

(162).  

 

Current guidelines - premenopausal setting 

 According to UK guidelines, all premenopausal breast cancer patients due to start 

ovarian suppression therapy or any other therapy that can potentially induced menopause are 

recommended to have a baseline DEXA scan within 3 months of commencing treatment (153). 

Treatment with BPs (alendronate 70 mg per week, risedronate 35 mg per week, ibandronate 

150 mg oral monthly or 3 mg iv 3-monthly or zoledronic acid 4 mg iv 6-monthly) is advised for 

those who have been prescribed an AI and their baseline T-score is <-1 or have known 

vertebrae fracture. For those not receiving AIs, BPs are initiated if the baseline T-score is <-2 

or have known vertebrae fracture. In the cases where T-score is >-1 with an AI or between -1 

and -2 without an AI, DEXA assessment is repeated in 2 years, and they follow the same 

medium risk pathway as the postmenopausal women (described above).  

 For the international consensus, all premenopausal women initiated on AIs +/- 

ovarian suppression therapy or tamoxifen with ovarian suppression therapy follow the same 

pathway and risk assessment as the postmenopausal patients (described above) (162). 

However, ZOL is the only treatment option for this population receiving endocrine therapy, as 

currently no evidence is available for the use of oral BPs or denosumab. 

 

1.5  Established bone metastasis in breast cancer 

1.5.1 General background 

Bone metastasis is very common event in breast cancer, up to 70% of the patients with 

metastatic disease reported to have skeletal involvement (182). Additionally, bone is the most 

common place of breast cancer relapse with 50% of the recurrences to present in bone (183). 

Oestrogen receptor positive, HER2-ve disease is the subtype associated with the highest 

incidence of bone metastasis (184). 

Bone metastatic disease, regardless of the primary tumour site, leads to complications 

called skeletal related events, which dramatically increases mortality and morbidity, patients 



33 
 

have poor quality of life and cancer outcomes, and health care costs rise (185). Breast cancer 

has the highest rates of SREs among all the cancer types that can potentially metastasise to 

bones (186). Skeletal related events involve fractures, pain, need for radiotherapy and/or 

surgery, malignant spinal cord compression and hypercalcemia. However, pain is the most 

common SRE and pathological fractures (fractures due to bone metastases) in metastatic 

breast cancer have annual rate of 20-40% (186, 187).  

When metastasis occurs in bone then bone metabolism and normal remodelling are 

disrupted. The actual bone metastasis process is very complex and not completely 

understood; multiple pre-clinical and clinical studies have been performed in an attempt to 

clarify the pathophysiology of skeletal metastasis. For the development of any metastatic site 

(not only bone), cancer cells need to escape the primary cancer side and enter the blood 

and/or lymphatic circulation. Only a very small percentage (0.02%)  of disseminated cancer 

cells is thought to be able to form metastasis (188).  

So far, the bone metastatic process and the events supporting the multiplex action of 

cancer cells movement to skeleton have been described as below (189):  

 

• Primary tumours secrete growth factors (GFs) and exosomes that induce the formation 

of appropriate environment for distal metastasis to occur, the so called premetastatic 

niche (190-192). 

• Disseminated tumour cells interact with the haemopoietic stem cell (HSC) mechanism 

[e.g. E-selectin, IL-1β (interleukin-1β)] which help their homing in bone marrow.  

• When cancer cells arrive in bone they bind to extracellular matrix proteins that aid the 

attachment of cancer cells to bone in specific bone niches.  

• Inside the bone microenvironment, disseminated cancer cells can stay inactive (in 

dormancy) for many years, especially breast and prostate cancer cells. Cancer cells 

remain in dormancy with the help of the vascular and endosteal niches. Some cancer 

cells will never become active to establish bone metastasis whereas cancer cells that 

exit dormancy grow to form bone metastasis when the microenvironment is 

appropriate.  

• Circulating cancer cells reactivated from dormancy due to osteoclastic bone resorption 

that naturally occur in bones. These cells are able to survive and grow in bone due to 

osteomimicry. 

• Active cancer cells disrupt bone balance. They stimulate osteoclasts and subsequently 

increase bone resorption, and the same time reduce the action of osteoblasts. This 

process is also supported by bone marrow immune cells. 
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•  Progression of bone metastasis is encouraged by GFs released by the bone matrix 

such as TGF-β, IGFs (insulin-like growth factors) and PDGF (platelet derived growth 

factor).  

 

More studies are needed to clarify the mechanism of bone metastasis and subsequently 

encourage the development of more targeted therapies for the prevention and treatment of 

malignant bone disease. In particular, the interactions between cancer cells and the bone 

microenvironment that maintain or trigger escape from dormancy remain to be fully 

understood. 

Bone metastasis is mainly diagnosed through medical imaging, whereas in a small number 

of patients diagnosis of bone metastasis is only achievable by bone biopsy, an invasive and 

not always easy procedure. It is only performed from accessible bone sides and mainly in 

patients with isolated bone disease where the primary cancer diagnosis in unknown.  

Plain x-ray is the preferred imaging in patients with pain as it is easy, cost effective, quick 

and available in all the hospitals. X-rays give information about the size and location of bone 

metastatic foci and most importantly can rule out bone fractures within a few minutes. 

Nevertheless, they have poor sensitivity and bone lesions need to be at least 1 cm and/or 

cause 50% loss of bone mineral content in order to be visible in plain films (193). Computer 

tomography (CT) has better sensitivity (74%) than x-rays and helps to assess level of bone 

destruction, structure of the lesion and the volume of the metastatic bone disease (194). 

Computer tomography is a staging investigation where the whole cancer disease is assessed. 

In the cases where bone surgery is planned, CT is the imaging modality of choice in 

preparation for the intervention. Magnetic resonance imaging (MRI) has 95% sensitivity and 

90% specificity, and it is particularly useful in detecting spine lesions and bone marrow 

infiltration (194).  

Nuclear medicine also plays an important role in the diagnosis of bone metastasis. Bone 

scintigraphy, more widely known as bone scan, is the most commonly used radionuclide 

imaging. It has high sensitivity (78%) in detection of bone metastasis, but its specificity is very 

low (194). It uses Tc-99m (Technetium -99) in combination with another agent, usually 

methylene diphosphonate (MDP) and it provides planar images of the whole skeleton. Areas 

with active bone turnover release more radioactive material and are shown as areas of 

increase uptake, also known as hot spots. Similarly, SPECT (single photon emission 

computed tomography) uses Tc-99m-MDP and provide cross-sectional images of the skeleton 

with better sensitivity than bone scan. However, the most accurate and with better resolution 

nuclear medicine imaging is positron emission tomography (PET) which uses radiotracers 
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(18F FDG or 18FNaF) and identifies bone metastasis based on the high glucose metabolism 

of cancer cells. Position emission tomography can also be combined with CT scan (PET-CT). 

During bone formation and resorption, bone turnover molecules are naturally released into 

the circulation and can be detected in serum and urine (195). Examples of bone formation 

markers are P1NP (N-terminal propeptide of type 1 procollagen), P1CP (C-terminal propeptide 

of type 1 procollagen ) and BALP (bone specific alkaline phosphatase), whilst CTX and NTX 

(C- and N- terminal telopeptide) are bone resorption markers (195, 196).The role of bone 

biomarkers in detection of bone metastasis, prognosis and monitor of bone disease post 

initiation of treatment, has been extensively studied (196, 197). However, their clinical role is 

still unclear. To support the use of bone biomarkers in diagnosis of solid tumours bone 

metastasis, a large meta-analysis (n=3268) demonstrated that BALP was much higher in 

patients with bone metastasis compared to those without (198). Also, a different meta-analysis 

(n=1279) showed that NTX was increased in patients with bone lesions (199). Same 

biomarkers have been found to be associated with poor prognosis in cancer patients. Studies 

in patients who were treated with BPs for their bone disease showed that incidence of SREs 

was higher in participants with high BALP and NTX levels (200, 201).  

Although research results are promising, the use of bone biomarkers in clinical practice 

has been challenging and they are currently not recommended in routine use in any aspects 

of bone metastatic disease (51). This is mainly due to limitations and accuracy of their levels 

which are affected by factors such as patient’s age, sex, food and medication intake and liver 

and kidney problems (195). In breast cancer patients, treatments with bone effects, such as 

antioestrogen therapies, can lead to inaccurate levels of bone biomarkers (195). Additionally, 

bone turnover markers have seasonal fluctuations making their clinical use even more 

complicated (202). Clearly, further research is needed to clarify the role of bone turnover 

markers and potentially open new doors in the diagnosis and management of malignant bone 

disease.   

 

1.5.2 Treatment of established bone metastasis in breast cancer 

1.5.2.1 Local Treatments 

Treatment of SREs in patients with known bone metastasis is focused on symptom 

control and prevention of further SREs. Pain, one of the main SREs, can be difficult to control 

and therefore lead to poor quality of life which subsequently can affect patients’ performance 

status. Adequate analgesia is crucial in the cases of symptomatic bone disease. This can be 

initiated by the oncology team and escalated to the palliative or local pain teams, in the cases 

where pain is complicated or regular monitoring is required. Bone pain can also be treated 

with radiotherapy, either with one single fraction or multiple. Radiotherapy can relieve pain in 
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one third of the cases, suggesting that good pain control with analgesia is very important for 

the majority of the patients (51). Even in the cases where radiotherapy will eventually benefit 

bone pain, analgesia needs to be continued throughout the course of radiotherapy and for 

short period afterwards, as the effects of radiotherapy will take from days to weeks to be fully 

achieved. The decision to offer one or multiple fractions of palliative radiotherapy is taken 

based on the general performance status of the patient and their tolerability. Although longer 

regimes tend to be more toxic and require more hospital visits or longer hospitalisation, a 

meta-analysis of 29 studies (n=6099) showed no difference in pain benefit between the two 

radiotherapy options (203). In severe pain cases where other pain management techniques 

failed, bone surgery might be offered.  

Malignant spinal cord compression (MSCC) is an oncological emergency. It is 

diagnosed with a spinal MRI, and it is crucial for patients to be started on high dose of oral 

steroids (e.g. dexamethasone 16mg/daily) as soon as the diagnosis is confirmed. Treatment 

options are radiotherapy and/or surgery. Surgery is offered to those with limited metastatic 

bone disease, good performance status and better prognosis. Multiple fractions of spine 

radiotherapy are given to patients not suitable for surgery (e.g. extensive spine disease) but 

fit enough to undergo multiple sessions of treatment, whereas single palliative radiotherapy is 

for those frail and with very poor prognosis patients.  

Pathological fractures are managed surgically, whenever possible, to preserve mobility 

and minimise complications (e.g. pain). In the cases where surgery is not feasible (e.g. 

extensive bone metastatic disease), life expectancy is very short or any intervention carries 

multiple peri- and post-operative risks, the fractures are managed conservative. Impending 

fractures will be treated surgically if the risk of fracture is imminent, otherwise they remain 

under close monitoring.  

 

1.5.2.2 Bone Targeted Agents  

The current standard of care of the management of established bone metastasis in 

solid tumours, including breast cancer, are BPs and denosumab (51, 204, 205). The 

occurrence of one SRE significantly increases the risk for further SREs, making their 

prevention crucial. Both BPs and denosumab have been shown to prevent SREs (185, 206). 

The role of BPs in cancer bone disease was demonstrated well before the 

development of denosumab. Their first indication in bone metastasis was in the treatment of 

malignant hypercalcaemia, and up until today, they are the only approved bone targeted 

agents for the management of this pathology. Clodronate, was the first BP to show reduction 

in SREs in breast cancer patients (oral 1600mg/day, n=173) (207), followed by pamidronate 

(intravenous, 90mg/day). Two randomised controlled trials demonstrated that addition of 

pamidronate in the standard of care (chemotherapy, antioestrogen therapy) of metastatic 
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breast cancer with at least one bone lesion, can reduce SREs and also increase the time to 

first SRE by 50% (208, 209). Other BPs such as ibandronate, oral and intravenous, have been 

found to be effective in malignant bone disease (210, 211). 

However, the most effective BP in the treatment of bone metastasis is the potent 

intravenous agent ZOL. When ZOL was compared to placebo in patients with metastatic 

breast cancer, it reduced SREs by almost 40% (n=228, ZOL 4mg intravenous for 1 year) (212). 

Direct comparison with pamidronate and ibandronate showed that ZOL is superior. Patients 

with bone metastatic breast cancer or multiple myeloma (n=1648) were randomly selected to 

have either ZOL (4mg) or pamidronate (90mg) 3-4 weekly for 2 years (213). Results 

demonstrated extra 20% reduction in SREs in breast cancer patients receiving ZOL, compared 

to those who had pamidronate. In a phase 3 multicentre UK study, 1404 women with 

metastatic breast cancer were assigned to receive ZOL (4mg, every 3-4 weeks, intravenous) 

or ibandronate (50mg, daily, oral) for 96 weeks, with ZOL to be greater in preventing skeletal 

morbidity (214). These results were also confirmed by a meta-analysis (n=2806) of 9 studies 

(BPs versus placebo versus no BPs), showing that BPs in breast cancer decreased bone 

metastasis complications by 15%, with ZOL (4mg, intravenous) being the most active agent 

(215).  

The optimal duration of ZOL was assessed in several studies in an attempt to de-

escalate treatment and minimise hospital visits for patients with metastatic disease who 

perhaps have already been on multiple lines of palliative systemic treatments and have spent 

considerable amount of their time in cancer units. Two studies, the ZOOM and OPTIMIZE-2 

examined whether 12 weekly ZOL was inferior to 4 weekly ZOL in the treatment of breast 

cancer-induced bone disease. Breast cancer patients with established bone metastases were 

treated with ZOL for at least 12 months prior to their enrolment to the studies. Both trials 

confirmed the non-inferiority of 3 monthly intravenous ZOL for this cohort of patients (216, 

217). Additionally, a large study (n=1822) which recruited patients with metastatic breast and 

prostate cancer and multiple myeloma demonstrated similar results, showing that 3 monthly 

ZOL has equal effects to monthly ZOL in preventing SREs (218).  

When the monoclonal antibody RANKL inhibitor denosumab became available, it was 

tested against ZOL. In large, randomised trial of breast cancer with bone metastases, patients 

were randomised to receive either ZOL (4mg, intravenous) (n=1020) or denosumab (120mg, 

subcutaneous) (n=1026) monthly (219). Data demonstrated the superiority of denosumab in 

preventing SREs and delaying the time to the first SRE, making this agent another option for 

the treatment of malignant bone disease. Additionally, an analysis of three phase 3 

randomised studies of metastatic solid tumours and multiple myeloma, in which patients had 

denosumab (120mg, subcutaneous) or ZOL (4mg, intravenous) for their bone disease (breast 

cancer patients n=2049), showed again that ZOL was inferior to denosumab in managing 
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skeletal metastasis (220). Time to first SRE was delayed by a median 8.21 months and risk of 

SREs was reduced by 17% with denosumab. In terms of side effects, denosumab and ZOL 

have been demonstrated to have similar profiles and in particular, no differences were found 

in the rates of ONJ between the two (185, 219). However, acute phase reaction and renal 

impairment are associated with ZOL treatment (220).  

Overall, denosumab has been found superior to ZOL in treatment of bone metastasis 

and prevention of skeletal morbidity (185, 187, 206). It is also more convenient for patients 

and oncologists, as it can be given in an outpatient setting (subcutaneous injection), in contrast 

to ZOL which require chair time in chemotherapy wards (intravenous infusion). In some cancer 

centres, trials of self-administration of denosumab at home are currently ongoing. 

Nevertheless, denosumab has been found to be less cost-effective compared to ZOL, but 

further health economic evaluation for its use in the metastatic breast cancer setting in the UK 

is needed (221-223). 

National and international guidelines for the management of breast cancer bone 

metastatic disease are currently recommending both BPs (ZOL, clodronate or ibandronate) 

and denosumab. Factors that could affect the choice of bone targeted agent is local cancer 

unit capacity, preferred route of administration, patient’s wishes and preferences and 

contraindications such as renal impairment. For patients with known renal issues, denosumab 

is the preferred choice. Bone targeted agents should be started as soon as bone metastases 

are diagnosed, even if the patient is asymptomatic. The duration of treatment is indefinite 

unless issues with tolerability and serious side effects occur. In the UK, NICE advises the use 

of either denosumab (120mg, 4 weekly subcutaneous) or BPs, with the choice of BP agent to 

be left with the breast oncologist (204, 224). The European guidelines suggest that 

oligometastatic bone disease should be treated with 3monthly ZOL (4mg, intravenous), unless 

life expectancy is less than 3 months. In these cases, use of bone targeted agents should be 

assessed carefully. Only in oligometastatic bone disease and if good response to treatment is 

achieved, treatment with bone modifying agents could be interrupted after 2 years. However, 

bone agents should be restarted soon after disease progression is confirmed. For the breast 

cancer patients with multiple bone lesions, ESMO (European Society of Medical Oncology) 

recommends BPs (mainly intravenous ZOL 4mg/3monthly but oral daily ibandronate 50mg or 

clodronate 1600mg could be used) or denosumab (subcutaneous, 120mg/monthly) (51). 

Furthermore, the American Society of Clinical Oncology and Cancer Care Ontario (CCO) 

recommendations for the use of bone targeted agents in breast cancer with established bone 

metastases were updated in 2017 to suggest the use of subcutaneous denosumab (120mg/ 

monthly), intravenous pamidronate (90mg/ 3-4 weekly) or intravenous ZOL (4mg/3-4 weekly 

or 12 weekly) (205) . 
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Discontinuation of denosumab or intermittent courses of treatments are not advisable. 

Unlike BPs which stay in bone for a long period of time after their administration, denosumab 

cessation lead to increase of bone loss and fractures (51, 225). This phenomenon is called 

rebound. Therefore, in patients where interruption of denosumab is unavoidable, BPs should 

be commenced to maintain good bone health (51). 

Taken together, the clinical data demonstrate that the use of bone targeted agents, in 

particular ZOL, is beneficial in a range of breast cancer settings, from adjuvant use in 

postmenopausal EBC through prevention of treatment-induced bone loss to the metastatic 

setting. This thesis aimed to increase our understanding of how best to use these agents and 

capture the experience of their use from different stakeholders. 

 

1.6 Thesis aims 

The primary aims of the work presented in this thesis were as follows: 

 

• Provide a better understanding of the mechanism responsible of the adjuvant effects 

of BPs and investigate why adjuvant BPs have anticancer benefits only in 

postmenopausal EBC. 

 

• Explore the UK and Australian breast cancer oncologists’ opinions and routine practice 

around the use of adjuvant BPs in EBC. 

 

• Evaluate the use of adjuvant BPs in UK oncology centres. 

 

• Describe the UK patients’ experience with adjuvant BPs.  

 

• Determine the management of bone health in older women with ER+ve EBC in the 

UK. 

 

 

 

 



40 
 

 
 

 

 

 

 

 

Chapter 2 
 

 

The ZOLMENO study  

The role of ZOLedronic Acid and MENOpausal status in 

patients with early breast cancer 
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2.1 Summary  

Bisphosphonates (BPs) given in early breast cancer  post cancer surgery have been 

found to reduce the risk of disease recurrence and prevent bone metastasis (78-81, 88, 89, 

226). However, their anticancer effects only benefit postmenopausal women (natural or 

induced), with the mechanism leading to these differential outcomes still to be established.  

The ZOLMENO study, a single centre, open label, randomised, proof of concept study 

was designed in 2014 with the aim to address this research gap and establish the differential 

effects of adjuvant BPs in women with different menopausal status. Originally, 80 women with 

EBC were planned to be recruited to the study, 40 premenopausal and 40 postmenopausal, 

all receiving a single dose of the intravenous BP, Zoledronic Acid (ZOL) either 7 days prior or 

21 days post their breast cancer surgery. Serum (blood) and bone marrow biopsy (aspirate 

and trephine) samples would have been collected from all the participants at four different time 

points, to allow translational studies to explore the effects of ZOL. 

Study sample analysis was intended to describe how hormone levels and bone 

microenvironment differ between pre- and post-menopausal patients and the implications for 

tumour growth and response to therapy. Funded by Yorkshire Cancer Research (YCR), the 

study was approved in 2016 and opened for recruitment in 2018. 

However, the ZOLMENO study was significantly affected by the COVID-19 pandemic 

resulting in lower than planned recruitment, resulting in the translational studies being scaled 

down and several of the original aims no longer being feasible. This chapter describes the 

original study plan, the approval process, patients recruitment and samples analysis.  

 

2.2 Introduction  

Bisphosphonates are a class of drugs that have been clinically available since the 

1990s. They are synthetic analogues of pyrophosphate, all have in common the P-C-P 

backbone structure and  differ from each other only at the two R side chains (Figure 1.2 

chapter 1). There are two classes of BPs, the nitrogen-containing such as alendronic acid, 

ibandronic acid, and ZOL and the non-nitrogen-containing BPs such as etidronate and 

clodronate. All BPs inhibit bone resorption by attaching to hydroxyapatite binding sites on the 

bone, especially in areas with active resorption. As osteoclasts resorb bone, the BP embedded 

in the bone is released and impairs the osteoclasts’ ability to continue bone resorption (227-

229). Despite of their fast clearing from the circulation, they remain in bone where they 

continue to act (230, 231). 

Bisphosphonates are mainly known for their established role in treatment and 

prevention of osteoporosis. In breast cancer, they are indicated for both early and metastatic 

disease. They have been found to have anticancer effects, prevent and treat cancer treatment 
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induced bone loss (CTIBL), but also treat breast cancer bone metastasis and prevent skeletal 

related events (SREs) (51, 126) (Table 2.1). This chapter focuses on the role of adjuvant BPs 

in EBC. A comprehensive review of the use of BPs in breast cancer treatment is described in 

the introduction of this thesis (chapter 1).  

 

Table 2.1: Role of bisphosphonates in breast cancer. SREs – Skeletal- related events, BMD – bone 

mineral density. 

 

The role of BPs in EBC has been extensively investigated in preclinical and clinical 

studies, demonstrating anticancer benefits. Although the mechanism of which BPs lead to 

anticancer effects in early disease is still unknown, in vivo studies have shown the following 

effects (Figure 2.1):  

 

1) Preclude tumour cells from homing to bone (63, 64, 73). 

2) In vivo combination with chemotherapy can directly cause tumour cell death in bone 

(74). 

3) Preserve tumour cells quiescence in bone (66, 69). 

4) Disrupt the bone metastasis vicious cycle and stop the release of bone-derived tumour 

growth factors  (65, 72, 75-77). 
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Figure 2.1: Potential effects of bisphosphonates (BPs) in bone metastases. Adapted from Hadji et al., 

2016 (232).  

 

Additionally, it has been demonstrated that BPs have negative impact on endothelial 

cells and angiogenesis which are crucial for the survival of cancer cells. In patients with 

established metastatic disease, ZOL reduced the levels of serum vascular endothelial growth 

factor (VEGF) for 21 days post its administration (233). Also, Winter et al. showed that ZOL 

given during the first cycle of chemotherapy, reduced serum VEGF from day 5 to day 21 of 

the treatment cycle (234). Animal model studies indicated that BPs increase polarisation of 

macrophages to M1 antitumour phenotype in mammary tumours and also that they supress 

paracrine factors such as transforming growth factor-beta (TGF-β) and activin which have 

potential oncogenic activities (118, 235, 236). Many of these in vitro and some in vivo studies 

used high and repeated doses of BPs and therefore, whether these effects are induced by 

routine clinical use of BPs in patients remain to be established.  

Several early clinical trials showed a potential benefit of BPs in EBC disease. They 

mainly used clodronate (78, 79) and ZOL (80, 81) and showed that BPs given after breast 

cancer surgery improved survival and reduced bone metastases. Subsequently, the large 

AZURE (88) and ABCSG-12 (87)  trials demonstrated the benefits of adjuvant ZOL in reducing 

bone metastasis and improving survival, but only in postmenopausal women (either natural or 

artificial) and not in premenopausal women.  

In ABCSG-12, 1803 premenopausal women received adjuvant goserelin with 

endocrine treatment (oral tamoxifen 20mg/day or anastrozole 1mg/day), with or without ZOL 

(intravenous 4mg/6 months) for 3 years and after 94.4 months of median follow up, relative 

risk of disease progression was reduced in the ZOL arm compared to control [Disease free 

survival (DFS) absolute risk reduction of 3.4%, Overall Survival (OS) absolute risk reduction 
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of 2.2%]  (87). In the AZURE trial, 3360 women were randomised to receive standard adjuvant 

systemic treatment with or without ZOL  (intravenous 4mg every 3-4 weeks for 6 doses, then 

every 3 months for 8 doses, followed by every 6 months for five doses) for 5 years (88). The 

overall results showed that DFS and OS were similar in both the ZOL and control groups. 

However, women who were 5 years into menopause appeared to benefit, with invasive 

disease free survival (IDFS) of 78.2% in the ZOL arm compared to 71% in the control arm, 

and OS at 5-year of 84.6% and 78.7% in ZOL and the control group, respectively (88).  These 

results were the first to identify a differential benefit from adjuvant BPs in pre- and post-

menopausal women, but as it was a subgroup analysis this required further confirmation.  

In 2015,  the Early Breast Cancer Trial Collaborative Group  published a meta-analysis 

of 26 randomised trials of adjuvant BPs in EBC which included data from 18766 women (89). 

In the combined meta-analysis, the most apparent effect of BPs was a reduction in bone 

recurrence, irrespective of menopausal status. However, confirming the findings from AZURE, 

subgroup analysis demonstrated a clear benefit in postmenopausal women with decreased 

overall recurrence, distant recurrence and mortality.   

In premenopausal patients, data from both AZURE trial and the subsequent meta-

analysis suggested benefit from adjuvant BPs in those patients who were on ovarian 

suppression therapy at the start of their BP treatment. In contrast, premenopausal women 

rendered postmenopausal due to chemotherapy did not have the same benefit from adjuvant 

BPs. This suggests that menopausal status at the initiation of adjuvant BPs is important. These 

results were supported by preclinical studies which reported that the first interaction between 

BPs and endocrine/paracrine factors in the bone microenvironment impacts the survival of 

disseminated tumour cells (DTCs) in both bone and bone marrow microenvironment at 

diagnosis (99). 

Another bone modifying agent, the RANKL (receptor activator of nuclear factor kappa-

Β ligand) inhibitor denosumab which inhibits the recruitment, maturation and action of 

osteoclasts and therefore reduces bone resorption, has been also evaluated in a large 

international randomised trial for its effects in early disease (D-CARE, n=4509) (94). As 

opposed to BPs, denosumab failed to show any anticancer benefit, suggesting that osteoclast 

inhibition is not the reason why adjuvant BPs have a positive effect in the postmenopausal 

population. Identifying the mechanism behind this differential effect of adjuvant BPs will help 

to determine the group of patients that benefit most from this therapy and also to inform 

development of new treatment approaches for those who do not benefit from it. 

The clinical study, ZOLMENO, was the first part of my MD project which I started in 

September 2018. The study was designed aiming to investigate how effects of ZOL are 

governed by endocrine influences, exploring interactions between hormones, tumour and 

bone microenvironment which might explain why adjuvant ZOL only has positive survival 
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effects in postmenopausal breast cancer patients. The first 3 months of my degree were spent 

in getting the study protocol finalised and study approvals in place. 

This single centre study was run at Weston Park Hospital (WPH), Sheffield, UK and 

was funded mainly by YCR. It aimed to recruit 80 patients (40 pre- and 40 post-menopausal) 

with EBC. Patients were randomised to receive a single 4mg IV (intravenous) dose of ZOL, 

either 7 days prior or 21 days post breast cancer surgery. Serum, tumour and bone marrow 

samples were collected for translational studies, allowing us to establish the differential effects 

of ZOL in women with different menopausal status.  

 

2.3 My role in the ZOLMENO study  

  My role as a Clinical Research Fellow in the ZOLMENO study included non-patient 

and patient facing activities.  

 

Non-patient facing activities were the following: 

1) Finalising the ZOLMENO study protocol. 

2) Preparing all the substantial and non-substantial ethical amendments for the study. 

3) Keeping track of all the study paperwork and making sure the study folder was always 

up to date. 

4) Organising and chairing meetings with the stakeholders.  

5) Organising and preparing the 4 monthly Trial Management Group (TMG) meetings. 

Following the TMG meetings, I was responsible for the preparation of the TMG meeting 

minutes. Also, sponsor was kept up to date about the TMG meetings by me.  

6) Preparing the study Developmental Safety Update Report (DSUR) and the Annual 

Progress Report (APR) for the study. 

7) Acting on all the recommendations and suggestions of the sponsor after their 2 

monitoring visits. 

8) Completing all the study Case Report Forms (CRFs) and acting on all the findings of  

the Site Data Verification Reports (SDVs) that were created by the study Data 

Manager.  
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The patient facing activities are explained in Figure 2.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: My patient facing activities in the ZOLMENO study. MDT – Multidisciplinary team. 

 

2.4 Hypothesis, Aims and Objectives 

Hypothesis  

• The mechanism responsible for the differential effects of adjuvant ZOL seen in pre- 

and post-menopausal women with EBC is caused by hormone-driven alterations of the 

tumour and bone microenvironment. 

 

Aims  

• Identify the mechanisms responsible for the above differential effect of ZOL.  

• Describe the group of patients who benefit the most from adjuvant BPs.  

 

Primary Objective 

• Determine the changes in follistatin levels in premenopausal and postmenopausal 

women following ZOL administration before and after surgical excision of the primary 

tumour. 
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Secondary and Tertiary Objectives 

• Compare changes in activin levels following ZOL infusion and determine how these 

differ depending on menopausal status and timing of ZOL administration (pre- vs. post-

surgical). 

• Identify histomorphological and immunohistochemical changes in the tumour 

microenvironment and determine how these relate to menopausal status and ZOL 

administration. 

• Identify genetic and histomorphological changes in the bone marrow 

microenvironment and determine how these relate to menopausal status and ZOL 

administration. 

• Determine the ability of serum from participants in different treatment groups to modify 

the aggressiveness of breast cancer cells in vitro. 

• Identify changes in the bone and tumour biomarkers and proteomic profiles of serum, 

plasma, tumour and bone marrow samples from the different patient groups.  

 

2.5 Methods  

2.5.1 Study design and setting  

The ZOLMENO study was a single centre, open label, randomised, proof of concept 

study, with Professor Janet Brown being the principal investigator (PI). Premenopausal (n=40) 

and postmenopausal (n=40) women due to undergo primary surgery for EBC were 

randomised on a 1:1 basis to receive a 4mg infusion of ZOL either pre-surgically (Group A) or 

post-surgically (Group B). This was aimed to create 4 patient groups for comparison: 20 

premenopausal women receiving pre-surgical ZOL; 20 postmenopausal women receiving pre-

surgical ZOL; 20 premenopausal women receiving post-surgical ZOL and 20 post-

menopausal women receiving post-surgical ZOL (Table 2.2). The protocol of the study can be 

found in Appendix 2.1.  

 

 Group A 

Pre-surgical ZOL 

Group B 

Post-surgical ZOL 

Premenopausal women n=20 n=20 

Postmenopausal women n=20 n=20 

 
Table 2.2: The ZOLMENO study proposed patient recruitment plan showing 4 different groups. 

 
This was an open label study as it was not ethically justifiable to offer or perform 

unnecessary additional bone marrow tests on patients, as would be required if patients or 
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clinicians were to be blinded to the treatment schedule. However, analysis of biological 

samples and endpoints will be performed without knowledge of treatment allocation, reducing 

the risk of analytical bias. 

During the period September 2018 and November 2018, multiple meetings took place 

with all the involved parties in order to establish a well-ordered patients’ pathway. Diagram 2.1 

is illustrating all the parties involved in the ZOLMENO study, their role and the purpose of the 

meetings. 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram 2.1: Overview of the teams involved in the ZOLMENO study.  

 

2.5.2 Regulatory approvals  

The ZOLMENO study received NHS Research Ethics Committee (REC) approval on 

13 May 2016 (REC reference: 16/YH/0151) (Appendix 2.2 & 2.3). Medicines and Healthcare 

Products Regulatory Agency (MHRA) approval received on 11 July 2016 (Appendix 2.4) and 

Health Research Authority (HRA) approval was received on 9 May 2017 (Appendix 2.5). The 

study was then approved by the Research and Development department of Sheffield Teaching 

Hospitals, NHS Foundtaion Trust. The full ZOLMENO study protocol is included in Appendix 

2.1.  
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2.5.3 Patient eligibility criteria 

Inclusion Criteria 

• Female patients aged ≥ 40. 

• Histologically confirmed early breast cancer. 

• Tumour size more than 1cm (≥ T1). 

• Any nodal status including unknown (≥N0). 

• Scheduled for surgery as primary treatment. 

• Any tumour hormone receptor (ER/PR) or HER2 status. 

• ECOG (Eastern Cooperative Oncology Group) performance status of 0,1 or 2. 

• Menopausal status defined clinically by menstrual and clinical history, or where this is 

indeterminate patient is willing to have biochemical profile  testing following consent. 

• Clinical biochemistry:  

▪ Measured or calculated Glomerular Filtration Rate (GFR) ≥30 ml/min (Cockcroft 

and Gault formula). 

▪ Serum corrected calcium ≥2.2mmol/L. 

• Clotting screen: 

▪ aPTT (Activated partial thromboplastin time) ≤30.5 seconds. 

▪ PT (Prothrombin time) ≤13.2 seconds or INR (International normalised ratio) <1.5. 

▪ Platelets ≥100 x 109/L. 

▪ Or clotting abnormalities which are due to be reversed as part of standard care by 

the time of bone marrow sampling (e.g. stopping anticoagulants prior to surgery). 

• Potentially fertile women must: 

▪ have a negative pregnancy test within 72 hours prior to randomisation and not be 

breastfeeding. 

▪ agree to use effective, medically approved, barrier contraception from the time of 

consent to 30 days after their ZOL infusion. 

• Potential participants must: 

▪ be willing to have the required mandatory samples taken, including bone marrow 

aspiration and trephine at the time of surgery. 

▪ have the mental capacity to understand the study information, make an informed 

choice regarding participation and to provide written informed consent. 

 

Exclusion Criteria  

• Any previous diagnosis or treatment of cancer that could confound results and 

endpoints (allowed situations include non-melanomatous skin cancer or superficial 

bladder cancer). 
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• Patients with an estimated life expectancy of <6 months. 

• Any diagnosis of a bone marrow disorder. 

• Any previous BP treatment. 

• Use of hormone replacement therapy (HRT) or continued use of oral contraceptives / 

implant / depo injection in the past 30 days or a diagnosis of hormonal imbalance such 

as polycystic ovarian syndrome. 

• Current active dental problems including dental abscess or infection of the jawbone 

(maxilla or mandible), any open oral wounds or a current or previous diagnosis of 

osteonecrosis of the jaw. 

• Recent (within 4 weeks) or planned dental or jaw surgery (recent dental fillings, scale 

and polish or minor gingival surgery do not exclude the patient). 

• Any other serious medical or psychiatric condition, which, in the opinion of the 

investigator, could affect participation in the ZOLMENO study. This may include 

dehydration, notable electrolyte disturbances, significant use of nephrotoxic, anti-

angiogenic or hypocalcaemia-inducing drugs or history of significant renal failure, 

which would render the patient unsuitable for ZOL or sample collection. 

 

Definition of Menopausal Status  

Premenopausal: 

• Women 40-54 years of age and  

• regular or frequent menses without the use of oral contraceptives or HRT 

Postmenopausal:  

• Women aged ≥55, or 

• Women with an intact uterus and absence of menses for ≥12 months, or 

• Women who have undergone bilateral oophorectomy 

 

Women who did not meet any of these criteria, including those who had undergone 

hysterectomy, thyroidectomy and those who had been receiving HRT, cannot accurately had 

remaining ovarian function determined by clinical assessment and they therefore had 

biochemical testing performed. This included serum FSH (follicle-stimulating hormone) and, 

where the FSH level was indeterminate, LH (luteinising hormone) and oestradiol levels were 

performed. Women who did not fit all the biochemical criteria of being postmenopausal 

(perimenopausal patients) were classed as premenopausal. 
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2.5.4 Recruitment and Patient pathway 

Potentially eligible patients for the ZOLMENO study were identified at the weekly 

breast cancer Multidisciplinary team (MDT) meeting. Patients underwent screening for the 

ZOLMENO study in order to make sure that they met all the inclusion criteria and none of the 

exclusion criteria (= screening patients). Screening patients were invited to participate in the 

study and once they signed the study consent form and have undergone randomisation, they 

were recruited to the study. Recruited patients followed the patients’ pathway based on which 

group (A or B), they had been randomised to (Figure 2.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3: The ZOLMENO study patient pathway. 

 

  The ZOL was prescribed and authorised by me on the NHS electronic system called 

Chemocare. Chemocare is an electronic system used by the Sheffield Teaching Hospitals for 

all the anticancer systemic treatments prescriptions. Following the authorisation of the ZOL 

infusion, oncology pharmacy was checked the prescription and dispensed the infusion. Then, 

the ZOL was administrated to the study participants by the chemotherapy nurses at the Clinical 

Research Unit at WPH. 

 

2.5.5 Promoting the study to aid recruitment 

  The ZOLMENO study was introduced to the eligible patients by the breast surgeons 

and breast care nurses at their first outpatient appointment when they received their breast 

cancer diagnosis. Patients were given the study patient information sheet (PIS) which 
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explained in detail the study rationale, logistics and also included information about ZOL 

(Appendix 2.6). Patients were followed up by a telephone call by me to discuss the study.  

  Following feedback from both patients and breast care nurses, it was decided to design 

a study post card which would be given to the patients with the PIS, aiming to give quick and 

easy information about the study. With the support of the Patient and Public Involvement  team, 

I designed the following post card (Figure 2.4).  

The post card was approved by both REC and study sponsor (Sheffield Teaching 

Hospitals, NHS Foundation Trust) on 11th April 2019. 

 

 

 

 

 

 

 

    

Figure 2.4: Study information post card. 
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2.5.6 Sample collection  

2.5.6.1 Serum samples 

 All the study participants, pre- and post-menopausal women, provided blood samples 

which were collected, before and after their breast cancer surgery and also before and after 

administration of ZOL (Figure 2.5).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5: Study blood sample collection.  

 

Table 2.3  shows the study times that patients had blood tests based on the study group 

that they were randomised to. 

 

 

 

 

 

Table 2.3: Study serum samples based on study group.  

 

Blood samples were collected in called serum separator tubes (yellow top vials) which 

contained a gel to separate blood from serum on centrifugation.  
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ELISA measurements of reproductive hormones were planned to be used in order to 

determine the changes in follistatin and activin levels in both pre- and post-menopausal 

women, before and after ZOL and before and after surgical removal of breast cancer. 

Commercially available ELISA kits are available, FST (follistatin) ELISA kit for human follistatin 

and human Activin A ELISA kit for activin. 

Additionally, serum was intended for functional in vitro assays in order to assess the 

effect of patient serum to modify breast cancer cells, and whether this was affected by ZOL. 

Functional in vitro assays are explained in more details in section 2.5.7.6. The plan was to 

match patients’ ER and PR (oestrogen/progesterone) status to a human breast cancer cell 

line and carry out functional studies using the correspond breast cancer cell line. If the patient 

was ER positive, ER positive human breast cancer cell line (MCF-7) would have been used 

and if the patient was ER negative, ER negative human breast cancer cell line (MDA-MB-231) 

would have been used. Breast cancer cells were planned to be cultured in patients’ collected 

serum and proliferation (MTT assay, section 2.5.7.6) of breast cancer cells would have been 

performed comparing pre and post ZOL serum. Effects found in the functional assays would 

have been investigated further using reversal experiments where recombinant human 

endocrine (inhibin) and paracrine (activin, follistatin) factors (commercially available) would 

have been added to the cultures to identify the factors responsible for the effects. These results 

would have helped us to understand whether the soluble factors in pre- and post-menopausal 

serum have different abilities in modifying the aggressiveness of breast cancer cells and 

whether this is affected by ZOL. 

In addition to the serum, plasma samples were collected to allow future detection and 

analysis of tumour-derived cfDNA. 

2.5.6.2 Bone marrow biopsies 

Patients underwent a bone marrow biopsy under general anaesthesia on the day of 

their breast cancer surgery. Bone marrow aspirates and bone marrow trephines were 

collected. Bone marrow biopsies were performed by me in surgical theatres. This is an 

interventional procedure for which I received relevant training prior to the opening of the 

ZOLMENO study by the haematology team of the Sheffield Teaching Hospitals (Dr Andy 

Chantry, Dr Becky Andrews and Dr Jack Goddard).  Bone marrow biopsies are routinely 

performed by this haematology team under local anaesthesia. Only in exceptional 

circumstances, for example when multiple samples are needed from an individual, is bone 

marrow biopsy performed under general anaesthesia.  

The equipment which was used for the bone marrow biopsies is shown in Figure 2.6a 

and Figure 2.6b. Traditionally, bone marrow biopsies are performed using the manual biopsy 

needles (Figure 2.6a). However, recently the Arrow® OnControl® Powered Bone Marrow 
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Biopsy System (Figure 2.6b) has been introduced and received approval by the NICE (237). 

This is a battery-powered device and in contrast to the manual biopsy needles (2 different 

needles), a single needle technique is used to perform bone aspiration and trephine. The 

Arrow® OnControl® system is thought to be generally easier to be used which makes the 

whole experience better for both patients and clinicians and improves the quality and efficacy 

of the procedure. 

The manual biopsy needles were used for the bone marrow biopsies that were 

performed in 2019. However, due to the advantages of the Arrow® OnControl®, this was 

preferred for the biopsies that were performed in 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6a: Bone marrow biopsy disposable needles. Needle for bone marrow trephines on the left 

and needle for bone marrow aspirate on the right.  
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Figure 2.6b: Arrow® OnControl® Powered Bone Marrow Biopsy System (source:teleflex.us.com) 

 

2.5.6.2.1 Bone marrow aspirate samples  

  Bone marrow aspirates were collected following the standard procedure for bone 

marrow biopsies (site: upper pelvic bone – posterior iliac crest). Patients were also asked if 

they wished to undergo a second optional bone marrow aspirate either 7 days prior to breast 

surgery or 28 days post breast surgery, which was performed under local anaesthesia. 

Patients were not asked about the optional bone marrow biopsy during 2021-2022 due the 

COVID-19 pandemic hospital restrictions.  

 PAX tubes were used to collect bone marrow aspirates. A subset of storage samples 

(due to cost limitations probably ~5/group) was planned for gene expression analyses using 

the latest next generation sequencing (NGS) technologies. Next generation sequencing would 

have been performed on an Illumina HiSeq2500 platform using standard operating 

procedures. The gene expression profiles of the bone marrow of each patient would have 

been compared before and after ZOL treatment and also between pre- and post-menopausal 

women. RNA sequencing reads are aligned to the reference human genome, by using 

standard bioinformatics tools (Tophat2), and gene expression is calculated by counting read 

coverage for each gene (HTSeq-Count). Then, statistical analysis would have been performed 

to generate a list of genes differentially expressed between the conditions under study 

(DESeq). The Holen lab will pursue the additional funding needed to complete these studies. 
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2.5.6.2.2 Bone trephine samples 

 Bone trephine samples were collected the same time as bone marrow aspirates from 

the participants. Patients underwent a mandatory for the purpose of the study bone trephine 

the day of their breast surgery (under general anaesthesia) and they were also offered an 

additional optional bone trephine under local anaesthesia either 7 days prior to breast surgery 

or 28 days post breast surgery. The optional bone marrow biopsy was not taking place during 

2021-2022 due to the COVID-19 pandemic hospital restrictions. Bone trephines were 

collected following the standard procedure for bone marrow biopsies (site: upper pelvic bone 

– posterior iliac crest). 

 Samples were collected in paraformaldehyde (PFA; 4%) and after 48 hours, the 

solution was changed to phosphate-buffered saline (PBS). PFA was used for fixation of the 

samples (preserve samples for future use), and it was prepared as follow: A volume of 1X PBS 

(pH 7.4) equal to the desired final volume of PFA was measured and heated to 450C. A quantity 

of paraformaldehyde powder that would make up to 4% (w/v) solution to the heated PBS 

solution (for example 100ml = 4g PFA) followed by heating to 550C with stirring until the 

solution became clear and all PFA was dissolved. Upon removal from heat, the solution was 

cooled on ice and then was stored at 40C or aliquoted into tubes and frozen for later use.  

 Following microCT (micro computed tomography) analysis (section 2.5.6.3), trephines 

were decalcified by using Ethylenediaminetetraacetic acid (EDTA) for a period of 2 weeks and 

then processed for histology. EDTA was prepared as follows: 1L of PBS (one tablet/100ml 

distilled water) was prepared and approximately 700 ml transferred of it to a clean 1L empty 

bottle. A few pellets of sodium hydroxide (36) or concentrated NaOH solution were added 

under stirring. A hundred and eighty six point six grams (186.6g) of EDTA powder 

[quantity(g)=half of molecular weight of EDTA(g)] were added in several stages until dissolved. 

The optimal pH for EDTA is 8 as EDTA will not otherwise dissolve, hence additional NaOH 

pellets/solution is added if required. Once the EDTA was completely dissolved, the solution 

was made up to 1L by adding PBS.  

The decalcification process was necessary in order for the samples to be sectioned for 

histological analysis. Decalcified samples were embedded in paraffin wax and then sectioned 

by using a microtome and the section thickness is 3u. Sectioned samples were stained with 

haematoxylin and eosin stain (H&E) and tartrate-resistant acid phosphatase (TRAP). 

Haematoxylin and eosin stain stains cell nuclei blue and extracellular matrix and cytoplasm 

pink, and TRAP is a histochemical marker of osteoclasts. Osteomeasure software was 

intended to be used to detect and quantify osteoclasts and osteoblasts per mm bone surface. 
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2.5.6.3 Micro computed tomography (MicroCT) for bone trephine  

Bone trephines underwent microCT which gave us a three-dimensional volume of the 

sample and allowed us to evaluate the morphometric characteristics of the bone trephines. 

The basic principles of MicroCT are similar to those of medical computer tomography with the 

sample to be placed in the path of an x-ray beam which is producing a projection image on 

the scintillator or other x-ray sensitive detector array (238). The trephine sample is rotated and 

imaged at a large number of angles, and the sequence of projection images is "back-

projected" to reconstruct the x-ray absorption at each point within the scanned volume (238).  

Bone volume (BV in mm3), percent bone volume (BV/TV in %), trabecular thickness 

(in mm) and trabecular number (in mm-1) were analysed using a SkyScan 1272 (SkyScan). 

Samples were scanned using a currency of 200mA, 51kV, a 0.5 mm aluminium filter and 

medium camera resolution of 2016x1344. Pixel size for all scans is set at 4.3μm. For each 

sample, images were reconstructed using NRecon software and bone parameters were 

calculated using CTAn software.  

 

2.5.7 Cell culture 

Part of the project was to determine if administration of ZOL modified soluble factors 

reducing cancer cell growth. To explore this, breast cancer cells would be grown in medium 

containing serum collected from patients before and after ZOL administration. As these studies 

would be carried out with batched serum, they could not be carried out until recruitment was 

completed and all samples collected. To prepare the design of these studies I carried out some 

preliminary work to establish the growth conditions and seeding densities of human breast 

cancer cell lines, using standard medium containing foetal calf serum (FCS), that would form 

the basis for similar studies using serum samples collected from patients.  For the tissue 

culture studies, human breast cancer cell lines were used. Handling of human breast cancer 

cells was performed in a category 2 laboratory inside a microbiological safety class 2 cabinet. 

All the techniques were fully aseptic, and all the biosafety requirements of the European 

Collection of Authenticated Cell Cultures (ECACC) were followed. 

 

2.5.7.1 MDA-MB-231 human breast cancer cell line 

The MDA-MB-231 cell line is one of the most commonly used breast cancer cell lines 

in laboratory medicine. It is an epithelial human breast cancer cell line which was first 

descripted in the 1970s, isolated from a pleural effusion of a 51 year old woman with metastatic 

breast adenocarcinoma (239). MDA-MB-231 cells are triple negative breast cancer (TNBC) 

cells as they don’t express oestrogen receptors (ER), progesterone receptors (PR) or human 
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epidermal growth factor receptor 2 (HER2), fact which is making them aggressive and poorly 

differentiated (240, 241).   

MDA-MD-231 cells were planned to be added to the serum of patients with ER-ve 

(oestrogen receptor negative) breast cancer for the purposes of the tissue culture studies. 

 

2.5.7.2 MCF-7 human breast cancer cell line 

MCF-7 human breast cancer cell line is one of the most studied ER+ve (oestrogen 

receptor positive) breast cancer cell lines. It was initially established in a pleural effusion of a 

female patient with breast adenocarcinoma (242, 243). This cell line has characteristics similar 

to epithelium and expresses oestrogen and progesterone receptors (244-246). Hence, MCF-

7 cells were planned to be exposed to the serum collected from the patients with ER+ve breast 

cancer for the purpose of the tissue culture studies.  

 

2.5.7.3 Routine maintenance of monolayer cell cultures 

Both MDA-MD-231 and MCF-7 cells were maintained in vitro as monolayer cell 

cultures grown in growth medium, containing RPMI (Roswell Park Memorial Institute)-1640 

basal medium (11mM glucose, 0.14mM L-glutamate) supplemented with 10% foetal bovine 

serum (FBS), in sterile 75cm2 tissue culture flasks (T75). The total volume of both cells and 

growth medium was kept at 10ml regardless of the cell density and flasks were incubated in a 

water-jacketed incubator at 370C with 95% air, 5% CO2 and 100% relative humidity. The 

growing cells were monitored daily and were divided when cell coverage occupied around 

80% of the available flask. 

 

2.5.7.4 Retrieval of adherent monolayer cultures 

When cells were ready to be sub-cultured, medium was removed from the flask and 

adherent cell monolayer cultures were washed twice with PBS (pH 7.4, 37OC). One millilitre 

(1ml) of 0.25% trypsin-EDTA solution (2.5 g porcine trypsin and 0.2 g EDTA) was used in order 

for both MDA-MD-231 and MCF-7 cells to be detached from the flask which was incubated for 

2-5 minutes (water-jacketed incubator at 370C with 95% air, 5% CO2 and 100% relative 

humidity). Then, 5ml of fresh growth medium was added in order to stop the action of trypsin, 

with the total volume to be transferred to a centrifuge tube and centrifuged for 5 minutes in 

800rpm. Supernatant was removed and cells were resuspended in 10ml of fresh growth 

medium. Finally, 0.5-1ml of the cell suspension transferred to a new T75 flask containing 9-

9.5ml of growth medium (total volume 10ml). 
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2.5.7.5 Haemocytometric counting of cell suspensions 

Haemocytometric counting was used to determine cellular concentration.  Process 

started by washing the cells which were in a T75 flask with sterile PBS (pH 7.4, 37OC) twice 

followed by addition of 1ml of 0.25% trypsin - EDTA solution and incubated for 2-5 minutes in 

order for the cells to be detached from the flask (water-jacketed incubator at 370C with 95% 

air, 5% CO2 and 100% relative humidity). Five millilitres (5ml) of fresh growth medium was 

added to the cells which then were transferred to a sterile tube using a sterile pipette ensuring 

single cell suspension. Nine microlitres (9μl) of suspension were loaded into the 

haemocytometer chamber and by using an inverted microscope cells were counted in the four 

primary squares of grid of the haemocytometer (cells counted within the grid, along the top 

and left side of it only, cells were not counted on the right and bottom side of the grid) (Figure 

2.7).  

 

                     

Figure 2.7: Haemocytometric counting of cell suspensions. 

 

   The total number of the cells was calculated after dividing the total number of cells 

counted in the four primary squared by four, then multiplied that number by the original volume 

from which the cell sample was initially removed and then multiplied again by 10000. 

 

2.5.7.6 MTT assay (proliferation) 

The MTT assay is an in vitro assay which is widely used to measure cell proliferation 

and viability. The yellow water-soluble tetrazolium MTT salt [3-(4, 5-dimethylthiazolyl-2)-2, 5-

diphenyltetrazolium bromide] is converted to an insoluble purple formazan by the 

mitochondrial enzymes of the actively respiring, the formazan is then solubilised with dimethyl 

sulfoxide (DMSO) and its concentration can be read on a spectrophotometer by optical 

density. 

A basic MTT assay was performed by seeding the cells into a sterile 96 well plate at 

the appropriate cell densities. The following 4 cell concentrations: 1x103/100μl, 2x103/100μl, 

3x103/100μ, 4x103/100μl were used (Figure 2.8). The different cell densities were prepared by 
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using the haemocytometric counting technique (section 2.5.7.5) to count the cell concertation 

and then resuspended the pallet of cells in fresh growth medium to a final cell density of 1x106 

million cells per ml. From the final cell density of 1x106 million cells per ml, 10μl, 20μl, 33μl, 

and 40μl were removed and added to 1ml of fresh growth medium (in 4 different sterile tubes) 

in order to achieve the above cell concentrations. The plate then was incubated for 48 hours 

(water-jacketed incubator at 370C with 95% air, 5% CO2 and 100% relative humidity).  

The MTT is stock in 5mg/ml of sterile PBS and is stored in -200C. Prior to use, the 

required number of aliquots of the MTT were removed, protected from the light and maintained 

at 370C. Aliquots of the MTT were then diluted in 1:5 [v/v in complete growth medium to a final 

working concentration of 1mg/ml (w/v)].  

 

 

Figure 2.8. Basic MTT assay – 96 wells plate. 

 

After the 48hours of incubation, the growth medium was removed from all the wells 

and 100μl of MTT (1mg/ml) was added to all wells and the plate was covered to protect form 

the light and incubated (water-jacketed incubator at 370C with 95% air, 5% CO2 and 100% 

relative humidity) for 3 hours. Following incubation, the MTT was removed and 100μl of DMSO 

was added to all wells. The plate was re-covered and was agitated in dark for 15 minutes 

(plate shaker set to 170rpm) in order to ensure the formazan contained within the wells was 

completely dissolved. The plate was read on the SpectraMax 5Me plate reader at a 

wavelength of 570nm.  
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This basic MTT assay has been performed with both cell lines in order to identify the 

cell density in which cells proliferate the most.  Further MTT assays were performed by adding 

to the appropriate cell density FCS concentrations of 2.5% (100μl of FCS in 4ml of growth 

medium), 5% (200μl of FCS in 4ml of growth medium), 7.5% (300μl of FCS in 4ml of growth 

medium) and 10% (400μl of FCS in 4ml of growth medium) in order to identify which FCS 

concentration caused the greatest cell proliferation (Figure 2.9). 

 

 

Figure 2.9: Plate layout - MTT assay with different concentrations of FCS.  

 

MTT assay was also performed with the presence of ZOL to indicate the concentration 

of ZOL that led to the lowest cell proliferation. Cells were seeded at 2,000 cells/well in a 96 

well plate (100μl/well). Cell concentration was calculated using haemocytometric counting, 

technique which was descripted in section 2.5.7.5. Well plate was incubated overnight (water-

jacketed incubator at 370C with 95% air, 5% CO2 and 100% relative humidity). Cells were 

treated with 0,5,10 and 25nM ZOL (100μl/well) and incubated initially for 48hrs and 72hrs 

(water-jacketed incubator at 370C with 95% air, 5% CO2 and 100% relative humidity) (Figure 

2.10). After the desired period of exposure to ZOL, solution was removed from all wells and 

the same MTT assay process that has been described above was followed. 
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Figure 2.10: Plate layout - MTT assay testing different concentrations of ZOL.  

 

2.6 COVID-19 pandemic impact on the study  

The study remained open to recruitment until 30th November 2019. No patients were 

recruited to the study during the period December 2019 to December 2020 due to my absence 

(maternity leave). My return and therefore the restart of the recruitment period was initially 

planned for January 2021. Due to the COVID-19 pandemic, this was not feasible as NHS 

hospital restrictions made the reopening of the study very difficult. With the support of my 

supervisors, I redeployed to NHS for a period of 9 months (January 2021 – September 2021), 

with the study recruitment to also remain paused.  

In October 2021, I returned to my studies, but the ZOLMENO study did not reopen to 

recruitment until 17th December 2021. This time was given to allow for the NHS sponsor 

(Sheffield Teaching Hospitals, NHS Foundation Trust) to perform an interim monitoring visit. 

Despite the reopening of the study, the patient recruitment was slower than expected mainly 

due to 3 reasons: 

1) The NHS hospital COVID-19 restrictions were still in place affecting the smooth 

running of the study.  

2) Competing breast cancer clinical trials had been approved and started at Sheffield 

Teaching Hospitals. 
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3) Due to the backlog of breast cancer patients, many now received endocrine therapy 

prior to their surgery which made them ineligible for inclusion to the ZOLMENO study.  

 

In addition, for the completion of the proposed translational studies extra funding was 

required. This was not able to be secured due to the COVID-19 pandemic. Therefore, this had 

significant implications for the study translational work and also in the amount of data this 

project could generate. With the support of YCR the study was therefore scaled down, as it 

was clear that it would not have been able to recruit the number of patients originally planned. 

In particular, too few premenopausal patients were recruited to allow the comparison of ZOL 

effects between pre- and post-menopausal groups. However, a large amount of work was 

carried out to open the trial and recruit as many patients as possible, which is described in the 

first part of this chapter. 

The sample analysis and translational studies which were practical to be performed are 

described in the next section of this thesis.   

 

2.7 Results 

2.7.1 Recruitment to the ZOLMENO study  

The ZOLMENO study opened to patient recruitment in December 2018 and 109 

patients were screened and 11 were recruited to the study by the end of 2019 (Figure 2.11a). 

Study remained close to patient recruitment for 2 years and it was reopened in December 

2021. The actual patients screening by the breast cancer MDT did not start until January 2022. 

In 2022, 53 patients were screened and 8 were recruited to the study (Figure 2.11b). In total, 

162 patients were screened and 19 recruited to the study. From the study participants, 15 

were postmenopausal and 4 premenopausal. Eighteen (18) patients completed the study and 

1 withdrew early (soon after breast cancer surgery) due to acute medical issues unrelated to 

the study.  

The reasons that screening patients failed to be recruited to the study are the following 

(Table 2.4): 

1) Patient not interested in participating (47 patients) 

2) Not eligible (28 patients, reasons: receiving contraception, other comorbidities,  

receiving alendronic acid, previous cancer history, for neo-adjuvant chemotherapy, 

receiving primary endocrine therapy, lack of mental capacity).  

3) No time to recruit to the study due to the breast cancer surgery date being too close to 

the date patient was first contacted (18 patients).  

4) Unable to contact patient (9 patients). 

5) Busy lifestyle (2 patients).  
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6) Private patient (1 patient). 

7) Unknown reasons (9 patients).  

The numbers in the brackets indicate the number of screening patients that failed to be 

recruited to the study due to each listed reason.  

 

 

Table 2.4: ZOLMENO study screening failure reasons. Table shows the number of screening patients  

that failed to be recruited to the study due to each listed reason.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ZOLMENO study screening failure reasons 

Reasons Number of patients 

Patient not interested 47 

Not eligible  28 

No time to recruit due to breast cancer surgery being too close to 

the patient first contact 

18 

Unable to contact patient  9 

Busy lifestyle  2 

Private patient  1 

Unknown reasons  38 
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Figure 2.11a. The ZOLMENO study patient recruitment in 2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11b. The ZOLMENO study patient recruitment in 2022. 

 

Potentially eligible patients were identified at the weekly breast cancer MDT meeting. 

Before March 2019, patients would have been approached by the surgical team and the breast 

care nurses at one of their first appointments. Patients were given the study PIS (Appendix 

2.6) and if they were interested in participating to the study, I would have contacted them to 

discuss the study further. Recruitment was slower than expected and the recruitment pathway 

was assessed to establish if this could be improved. Following discussions with members of 

the breast cancer MDT, the method for approaching patients was changed in March 2019, 

introducing changes to the system to improve recruitment. From then onwards, patients 

identified from the MDT were given the study PIS and received a call from me within a few 
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days from their breast cancer diagnosis to discuss the study. This new approach improved 

recruitment significantly and was also positively received by patients as they now had the 

chance to discuss study in detail with the responsible researcher and helped inform the 

decision about their potential participation to the study.   

All of the patients (18/18) donated the required blood samples. The patient who 

withdrew from the study only donated blood samples on her first visit.  On the day of the breast 

cancer surgery, bone marrow aspirates were performed for 11 patients (11/18) and bone 

marrow trephines for 9 patients (9/18). Only one patient (1/18) consented and underwent the 

optional bone marrow and therefore the total number of bone marrow aspirates that were 

collected was 12 and the total number of bone marrow trephines was 10.  

The study did not report any serious side effects related to ZOL and no serious 

complications due to bone marrow biopsies were recorded.  

 

2.7.2 Translational studies  

Patients’ serum was planned to be used for functional in vitro assays and for ELISA 

measurements of hormones. Patients’ plasma was collected for future detection and analysis 

of tumour-derived cfDNA. Bone marrow aspirates were collected for gene expression analysis 

and bone trephines for microCT and histological analysis. Overall, these translational studies 

aimed to identify whether ZOL modifies the bone microenvironment differently in pre- and  

post-menopausal women. 

Table 2.5 shows an overview of the samples that I collected from the study participants.  

 

 

 

 

Table 2.5: Overview of the ZOLMENO study collected samples. Day -7, Day 0 Surgery, Day 21, Day 

28 and Day 49 represent the different time points of the study. Only 1 patient (postmenopausal group) 

provided bone aspirate and bone trephine on Day 28. All the other bone aspirate and trephine samples 

were collected on Day 0 surgery. The samples obtained from the 1 patient who withdrew from the study 

are not included on this table.  
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2.7.3 Cell proliferation of ER+ve and ER-ve cell lines and effects of increasing 

FCS and different ZOL concentrations on these cell lines  

As described in section 2.5.7.6, both ER+ve and ER-ve cell lines were used for MTT 

assays to determine the optimal experimental design for use of the serum samples obtained 

from patients. The results that are described here are results from 3 assays for both cell lines, 

basic MTT, MTT with different FCS concentrations and MTT with different concentrations of 

ZOL. Incubation period was 48hrs for basic MTT and MTT with different FCS concentrations, 

and 48hrs and 72hrs for the MTT with the different concentrations of ZOL. 

Figure 2.12 is showing the proliferation results of MDA-MB-231 and more specifically 

is showing that the concentration of cells with the highest proliferation was 4x103/100μl. The 

assay was performed twice as the first time (blue bars – Figure 2.12) the 2 medium alone bars 

were not equal which was unexpected and unexplained. Therefore, the assay was repeated, 

and results confirmed that the concentration of cells with the highest proliferation was 

4x103/100μl (green bars - Figure 2.12). 

 

 

 

 

 

 

 

 

 

Figure 2.12: MTT assays using different densities of MDA-MB-231 cells. Graph shows the OD (optical 

density) of the different cell concentrations after 48 hours in medium containing 10% FCS. Blue colour 

represents the first MTT assay and green colour the repeated assay.  

 

The MTT assay of MDA-MB-231 cells was also performed with the presence of 

different concentrations of FCS and results are shown in Figure 2.13. The FCS concentration 

which led to the most cell proliferation was 10%; this concentration should be used for future 

MTT assays of this cell line. 
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Figure 2.13: MTT assay of MDA-MB-231 cells in different concentration of FCS. Graph shows the OD 

of the cells after 48 hours in different concentration of FCS.  

 

The results from the basic MTT assay with MCF-7 cell line are shown in Figure 2.14. 

Similar to the results obtained for the MDA-MB-231 cell line, MTT for MCF-7 revealed that the 

cell concentration with the most proliferation was 4x103/100μl. This cell concentration should 

be used for future MTT assays for this cell line.  

 

 

 

 

 

 

 

 

 

 

Figure 2.14: MTT assays using different densities of MCF-7 cells. Graph shows the OD of the different 

cell concentrations after 48 hours in medium containing 10% FCS. 
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The MTT assay of MCF-7 cells was also performed with the presence of FCS and 

results are showing below (Figure 2.15) The assay was performed 3 times and the FCS 

concentration which led to the most cell proliferation was 7.5% of increasing concentrations of 

FCS and this concentration should be used for future MTT assays of this cell line. 

 

 

 

 

 

 

 

 

 

 

Figure 2.15: MTT assay of MCF-7 cells in different concentration of FCS. Graph shows the OD of the 

cells after 48 hours in different concentration of FCS. The experiment was repeated 3 times (blue – first 

assay, green – second assay, grey – third assay). 

 

 MTT assays for both cell lines were also performed with difference concentrations of 

ZOL over 48hrs and 72hrs with the aim to identify the concentration of ZOL and incubation 

period that led to the lowest cell proliferation. For the MDA-MB-231 cell line the MTT ZOL 

assays over 48hrs and 72hrs are demonstrated in Figure 2.16. For the MCF-7 cell line the 

MTT ZOL assays over 48hrs and 72hrs are demonstrated in Figure 2.17. For both cell lines, 

the concentration of ZOL that led to the lowest cell proliferation was 25μM in 48hrs incubation. 

After 72hrs of incubation, 25μM of ZOL was the concentration that had the lowest cell 

proliferation of MCF-7. However, in the 48hrs assays for both the cell lines, cells only bars 

showed lower cell proliferation compared to those that were treated with ZOL, which were 

unexpected findings. Additionally, no ZOL concentration was identified as the one leading to 

the lowest cell proliferation in 72hrs incubation for the MDA-MD-231 cell line. Therefore, these 

assays needed to be repeated but this was unable due to the difficulties that study experienced 

during the COVID-19 pandemic.  
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Figure 2.16: MTT assay of MDA-MB-231 cells in different concentration of ZOL. Graph shows the OD 

of the cells after 48 (blue) and 72 (green) hours in different concentration of FCS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.17: MTT assay of MCF-7 cells in different concentration of ZOL. Graph shows the OD of the 

cells after 48 (blue) and 72 (green) hours in different concentration of FCS. 
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2.7.4 MicroCT analysis of bone trephines 

Samples of bone trephines were collected from 9/18 patients. In total, 10 samples were 

collected with 2 of them to be from the same patient. Only 6 of the samples (2 from the same 

patient) underwent microCT, as two of the collected samples were unable to undergo microCT 

due to their limited size, and two were processed without prior microCT. The samples that 

underwent microCT were all from postmenopausal women. Samples were one post ZOL 

infusion, 3 prior to ZOL infusion and 2 were from the same patient pre and post administration 

of ZOL.  

The following figure shows the 3D reconstructions microCT images of the bone 

trephines that they were performed, carried out by Holly Evans, Senior Research Technician 

at the University of Sheffield (Figure 2.18). A and B images are from the same patient (patient 

1), with A obtained the day of breast cancer surgery (D0 on the ZOLMENO study) and prior to 

the administration of ZOL, and B was donated 28 post-surgery and 1 week post administration 

of ZOL (D28 on the ZOLMENO study). Image C is from patient 2 and bone trephine was taken 

the day of the breast cancer surgery (D0 on the ZOLMENO study) and prior to the 

administration of ZOL. Image D is from patient 3 and bone trephine was taken the day of the 

breast cancer surgery (D0) and after the administration of ZOL. Image E is from patient 4 and 

image F from patient 5 and both trephines were taken the day of the breast cancer surgery 

(D0) and before the administration of ZOL. Images D and F represent smaller samples but 

otherwise differences are not apparent between the samples. 
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Figure 2.18: 3D reconstructions MicroCT images of bone trephines. Patient 1  D0 (A) and day 28 (B), 

Patient 2 D0 (C), Patient 3 D0 (D), Patient 4 D0 (E) and Patient 5 D0 (F). No apparent differences 

between the samples. 

 

MicroCT results were further analysed to quantify the bone structures. Bone volume, 

percent bone volume, trabecular thickness and trabecular number were analysed for 5 of the  

bone trephine samples. Sample F from patient 5 was not able to be further analysed due to 

its small size. A section in the middle of the samples was used to generate these results. The 

graphs below (Figure 2.19) represent the results. A/B from patient 1, C from patient 2, D from 

patient 3 and E from patient 4 used as per the figure above. The numbers in brackets inside 

the graphs represent the patients’ age.  

 In general, changes between the samples are very minimal. Differences between A and 

B which are from patient 1, before and after administration of ZOL and before and after breast 

cancer surgery, are very minimal and all the values are slightly greater in the post ZOL sample 

(B). Bone volume and percent bone volume appear to be lower in younger patients (sample A 

patient 1 age 65 and sample E patient 4 age 60). However, trabecular thickness was lower in 
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the older patient (sample D patient 3 age 70). These results suggest that there is variability 

between the bone content of the samples obtained from different patients, as expected. 

Although, it is difficult to establish a true range due to the number of collected samples, results 

demonstrate that the bone trephines do contain sufficient bone for microCT analysis and 

quantification of bone content as well as structure. 

 

 

   

 

 

 

 

 

 

 

 

Figure 2.19: MicroCT data of bone trephines. Patient 1 D0 (A) and day 28 (B). Patient 2 D0 (C). 

Patient 3 D0 (D) and patient 4 D0 (E). The numbers in the brackets in the graphs represent the 

patients’ age.  

 

2.7.5 Histological analysis  

Post microCT analysis the bone trephine samples processed for histological analysis 

(section 2.5.6.2.2). Bone trephines were sectioned in longitudinal and transverse axis and 

sections thickness was 3u. From each bone trephine 50 sections could be obtained. 

Histological staining was performed in each section (section 2.5.6.2.2) and the following 

images were obtained for histological analysis (Figure 2.20). Histological analysis was not 

completed. This pilot sample (Figure 2.20) was used to establish that the best way to section 

the bone trephine was longitudinally and also sufficient material can be taken from a trephine 

sample. Note the high fat content of the bone marrow and the lack of obvious 

osteoblasts/osteoclasts (osteocytes can be seen).  
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Figure 2.20. H&E histological staining of bone trephines. Longitudinal and transverse axis sections. 

Bone and adipose tissue can be seen in the histological pictures. 

 

2.8 Discussion 

The ZOLMENO study was a single centre, open label, randomised, proof of concept 

study which aimed to clarify the mechanism of action of adjuvant ZOL in EBC. Adjuvant ZOL 

and BPs in general, have been found to have anticancer effects in postmenopausal EBC (78-

81, 88, 89, 226), and they are currently standard of care in early disease (13, 51, 126). The 

ZOLMENO study had recruitment target of 80 patients with EBC, 40 premenopausal and 40 

postmenopausal, who were planned to have one single dose of intravenous ZOL (4mg) either 

before or after their breast cancer surgery. Participants would require having blood samples 

and bone marrow biopsies with the aim samples to proceed to translational studies. Although, 

this project started in September 2018, the first patient was only recruited in February 2019, 

as this time was required to finalise the study protocol and approvals and establish a viable 

study pathway for patients and all the teams involved.  For multiple reasons which will be 

discussed in this section, the study only recruited 19 patients, 4 premenopausal and 15 

postmenopausal, with 1 patient to withdraw early due to medical issues unrelated to the study. 

Eighteen (18) participants completed the study.  
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The study drug, ZOL, is a drug in routine use in oncology and other medical specialties. 

However, for the ZOL to be given as a study drug a multidisciplinary team needed to be 

assembled in order to cover all the elements around the prescription, dispensing process and 

administration of the drug. Additionally, the study was run across 2 different clinical teams, 

oncology and breast cancer surgery, and this needed a careful coordination as the teams run 

in very different ways. Following multiple meetings with all the parties involved the study was 

opened to recruitment. Despite this, only after running the study I could actually identify the 

gaps in the recruitment process and establish a smooth process for the patients and the teams 

involved. Additionally, in terms of the translational studies, these were planned to be carried 

out at the end of the recruitment period, to avoid both pooling of samples and batch differences 

by analysing samples as they became available. Therefore, collection of the study samples 

was a priority.  

Initially, the breast cancer surgery team was responsible to discuss the study with the 

potential participants who were prior to this identified by the breast MDT as eligible. This was 

used to be done at the first patients’ appointment with the team where they were receiving 

their diagnosis. However, this was proven challenging and perhaps inappropriate for the team 

as the focus of that first appointment was to give patients their breast cancer diagnosis and 

discuss the disease management rather than discussing a clinical trial. After raising the issue 

with the surgical team, we agreed that the responsibility of discussing the study should be 

passed to me and the breast cancer surgeons and breast care nurses were only ensuring that 

PIS was given to the eligible patients. After this change, the study recruitment improved 

significantly, and this was welcomed by both departments.  

At the first stages of the study multiple issues were isolated as potential cause of delays 

in patients’ recruitment process, with the most important to be listed below: 

1) Clinical research team needed to be available the day of patient’s review at WPH to 

perform the randomisation. 

2) A chair needed to be available at the WPH chemotherapy suite for ZOL infusion to be 

given.  

3) Post randomisation of the patient, surgical team needed to ensure that patient’s 

surgery date remained the same as any changes would have affected their 

participation to the study.  

4) Extra theatre time was important to be allocated for the study participants to allow for 

the bone marrow biopsy.  

 

Some patients who expressed interest in participating to the study, failed to be recruited 

due to the above challenges, especially during the first 2 months of the study. Following 
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identification of these issues, study pathway was improved leading to uncomplicated run of 

the study until the end of 2019 with 11 patients recruited.  

COVID-19 pandemic had a tremendous impact on cancer care and research. In 

particular, Cancer Research UK paused recruitment in almost all of its studies and an 

independent report described a 60% reduction in new cancer clinical trials (247, 248). For the 

ZOLMENO study, pandemic and the NHS hospital restrictions stopped its reopening after my 

return from maternity leave in January 2021, leading to my redeployment to the NHS for a 

period of 9 months. Study received sponsor’s green light for restarting recruitment in 

December 2021, however ongoing COVID-19 NHS hospital restrictions were considerably 

affecting the process. Nevertheless, eligible patients were keener to participate in the study in 

2022 compared to 2019, most likely due to the wide media coverage of the importance of 

research behind the development of COVID-19 vaccines. This is supported by the fact that 53 

patients were screened in 2022 and 8 were recruited (15%), in contrast to 2019 where 109 

were screened and 11 were recruited (10%) (Figure 2.11a&b).  

In 2022, in addition to COVID-19 pandemic, the ZOLMENO trial was affected by 

competing trials ran also by the STH breast cancer directorate and changes in clinical practice. 

Competing trials aimed to recruit from the same cohort of patients which was not only 

challenging for the teams running the studies but also for the patients themselves. Studies like 

the ZOLMENO study that do not have any direct benefit for the participants are likely to lose 

out when they are other trials on offer. Ethically patients needed to be informed for all the 

available clinical studies, but the decision was not easy for them as the participation in one 

study meant their ineligibility to the other. Future better communication within the directorate 

is needed to avoid similar issues and improve patients’ participation and experience with 

clinical trials. Furthermore, current crisis in the NHS has been driving changes in clinical 

practice which subsequently have an impact on clinical research. In view of the long backlog 

of breast cancer patients, those suitable were given neo-adjuvant endocrine therapy, deeming 

them ineligible for the study. These were only a proportion of EBC women with ER+ve disease 

but considering that the majority of breast cancers are ER+ve (75%) and that COVID-19 

pandemic NHS hospital restrictions were still in place, the pool of patients from where I could 

identify potential participants was significantly restricted. This is going to be a continuous issue 

given the current NHS environment within the cancer departments, making future proof and 

design of studies very challenging. Clinical projects will need to be more flexible and perhaps 

where possible have longer recruitment periods in order to achieve their targets. 

In general, patients’ participation to clinical trials is very low with international report to 

suggest that less than 5% of the adult patients approached ends up being enrolled in studies 

(249). However, for cancer patients the percentage appears to be much higher with 25% of 

them to be recruited in clinical trials (249). This is similar to the UK data which showed that 
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more than 1 in 5 cancer patients take part in clinical studies (250). This could partially explain 

the low patient recruitment of the ZOLMENO study considering that patients were asked to 

consent to a study that involved extra interventions with no direct benefit to them. Additionally, 

the study was used to be discussed with potential patients at a very sensitive time, around the 

time of their breast cancer diagnosis. The majority had to decide whether they wished to 

participate within a few days which was very challenging for them, given the life changing 

diagnosis they had just received.  

The number of postmenopausal (15 patients) women that recruited to the study was 

almost 4 times higher compared to premenopausal (4 patients). Throughout the ZOLMENO 

study recruitment period, screening and recruitment of premenopausal women was difficult. 

Premenopausal pool of patients is anyway smaller compared to the postmenopausal one, with 

only 18% of new breast cancers to be diagnosed in women under 50 (82% in those 50 years) 

(9). Premenopausal women are in childbearing age with most of them to be receiving some 

form of hormonal contraception, making them ineligible for the study. In addition, 

premenopausal participants are younger with busier lifestyles (for example: working, caring 

for children) which is often a barrier for their participation in any clinical trial, especially in one 

that requires extra hospital visits like this study. Understandably, particularly low recruitment 

of premenopausal women has implications in the analysis of the study samples. The 

comparisons between pre- and post-menopausal serum and bone marrow samples will be 

done in a much lower scale and in some cases won’t be feasible at all.  

Although too few samples were obtained to allow comparisons to be made and 

conclusions drawn, the study did establish that: 

 

It is possible to obtain bone trephines and bone marrow aspirates during breast cancer surgery 

and these contain sufficient material for ex vivo microCT analysis and 3D reconstruction of 

trabecular structures. Pre and post treatment bone trephines could not be obtained. However, 

it was unlikely that a single dose of ZOL would cause a change in bone volume within the 

timeframe of the study, whereas a change in serum bone turnover markers (in progress) and 

potentially in bone cell numbers would have been detectable.  

Additionally, histological analysis of the trephines showed that there were few bone 

cells (osteoblasts and osteoclasts) present, bone histomorphometry and quantification of bone 

cells could therefore not be carried out.  

Overall, the study sample analysis has been difficult, mainly due to the long recruitment 

period suggesting that time was focused on sample collection rather than sample analysis. 

Having said that, part of the translational analyses are still planned to be completed in the near 

future. Despite the difficulties and challenges I faced running the ZOLMENO trial, this was a 

great and valuable experience which put me in a position to carry out future NHS cancer 
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clinical trials. Lessons learned from study and lab protocols writing to approval, sample 

collection, ethics applications and process and professional publications will support my future 

career goals and help me run similar projects with better inside and understanding of the 

research process. 

 

2.9 Conclusion 

In view of multiple reasons but mainly due to the COVID-19 pandemic, the ZOLMENO 

study was unable to reach its recruitment target. Recruitment of patients to proof of concept 

cancer clinical studies, like the ZOLMENO study, has been proven very difficult, however 

further work in a local and national level need to be undertaken in order to improve patients' 

and clinicians’ awareness for the clinical need of such trials.  

 

2.10 Future work  

• The samples that were collected from the ZOLMENO study participants will be 

analysed. This will not include all the translational studies. As a first step, the aim is to 

analyse the bone marrow aspirates and some of the serum samples. The serum 

samples will be sent to a different lab within the University of Sheffield for ELISA bone 

markers. Additionally, functional studies will be performed for the serum samples by 

the laboratory team of Professor Ingunn Holen. Funding and appropriately trained staff 

are currently limiting the sample analysis.  

 

• The results of the translational studies are aiming to be published in peer review 

journals and presented in local, national and international meetings with special 

interests in breast cancer and the anticancer effects of BPs. Disseminations of the 

results will help both scientists and clinicians to improve their understanding of the 

effects of ZOL in EBC and support further research which will aim to clarify the 

mechanism responsible for the effects of adjuvant BPs with ultimate aim to improve 

breast cancer care.  

 

2.11 Presentations and publications arising from this project  

Poster presentations  

1. Theodoulou E*., Wilson C., Brown J.E., Holen I., The ZOLMENO study, exploring the 

effects of ZOLedronic Acid and MENOpausal status in patients with early breast 

cancer. Bisphosphonates 50th Anniversary meeting, 2019, July 2019, Sheffield, UK.   
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2. Theodoulou E*., Wilson C., Brown J.E., Holen I., Does menopausal status modify 

response to bone-targeted therapy in early breast cancer? British Association of 

Cancer Research (BACR) conference 2019, October 2019, Newcastle, UK.  

 

 

Published abstracts  

1. Theodoulou E., Wilson C., Brown J.E., Holen I., The ZOLMENO study, exploring the 

effects of ZOLedronic Acid and MENOpausal status in patients with early breast 

cancer. Bisphosphonates 50th Anniversary meeting, 2019, July 2019, Sheffield, UK.   

 

*Indicates presenting author 

 

 

 

 

 

 

 

 

 

 

 



81 
 

 

 

 

 

 

 

 

Chapter 3 
 

 

UK experience with Adjuvant 

Bisphosphonates in Early Breast 

Cancer 

 

 

 

 

 



82 
 

3.1 Summary 

Multiple clinical studies and a large meta-analysis have shown that adjuvant 

bisphosphonates (BPs) in early breast cancer can reduce the risk of disease recurrence (local, 

distance and in bones) and improve survival, but only in postmenopausal (natural or induced 

by ovarian suppression) women (78-81, 88, 89, 226). Adjuvant BPs were first introduced in 

the UK when they were included as a recommendation in the breast cancer CRG (Clinical 

Reference Group) service specification and were endorsed as a priority for implementation by 

the UK Breast Cancer Group (UKBCG) in November 2015 (C. Harper-Wynne oral presentation 

at UKBCG annual meeting, Nov 2015). From 2018, they are part of the UKs NICE (National 

Institute for Health and Care Excellence) recommendations for EBC treatment, advising 

cancer physicians to offer adjuvant BPs (zoledronic acid or sodium clodronate) to 

postmenopausal women with node-positive and node-negative breast cancer with high risk of 

recurrence (251). NICE recommendations exist to guide and help UK physicians and also to 

inform whether drugs should be available on the National Health Service (NHS). However, 

they don’t automatically result in change in practice, especially with BPs traditionally being 

considered as anti-metastatic drugs. Therefore, change of UK breast cancer practice to 

include routine use of adjuvant BPs may not be immediate. We have conducted a national 

cancer physicians’ survey (2019) and an oncology pharmacists’ survey (2021) to evaluate the 

experience of NHS oncologists and hospitals and increase the understating of the degree of 

national uptake. 

Adjuvant BPs are now included in guidelines for the management of early disease in 

Europe and America but despite this, their adoption still varies in many countries (47, 51, 126, 

232, 251-254). In Australia, BPs are still not recommended in the adjuvant setting and they 

are not included in the Pharmaceutical Benefits Scheme (PBS), with eligible patients missing 

to receive this life saving treatment. Through an international collaboration, the UK physicians’ 

survey was compared with a similar Australian physicians’ survey, with intention to assess the 

pathway taken for adjuvant BP implementation in the UK and how it might inform changes in 

Australian practice and potentially guide other countries with similar issues with the ultimate 

aim of improving the care of women with EBC globally. 

 

3.2 Introduction 

In addition to their established role in bone metastasis and prevention of cancer 

treatment induced bone loss (CTIBL), BPs have been found to have anticancer effects in EBC 

disease. As it has been described in the introduction section of this thesis, several trials have 

shown that both clodronate and zoledronic acid (ZOL) in the adjuvant setting improve breast 

cancer survival and reduce the risk of bone metastasis (78-81). Although, addition of oral 
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ibandronate to chemotherapy showed no difference in DFS and OS between the BP and no 

BP groups, DFS was longer in younger (<40 years) and older patients (>60 years) (86).  

Subsequently, the 2 large randomised ABCSG-12 and AZURE trials demonstrated that 

adjuvant ZOL only benefit postmenopausal women (natural or induced by ovarian 

suppression) (88, 226). The ABCSG-12 trial (n=1803) randomised premenopausal women 

with ER (oestrogen receptor) positive EBC to receive endocrine treatment (tamoxifen or 

anastrozole) and ovarian suppression with or without ZOL 6 monthly for 3 years, showed 

reduction in disease progression and recurrence of 36% and 35%, respectively (226). In the 

large multicentre international trial AZURE, 3360 women with high risk EBC were randomised 

to standard adjuvant systemic treatment with or without ZOL for 5 years.  A pre-planned 

subgroup analysis showed that women who were 5 years into menopause benefitted from 

ZOL, with IDFS of 78.2% in the ZOL arm compared to 71% in the control arm, and OS at 5 

years of 84.6% and 78.7% in ZOL and the control group, respectively (88). 

In 2015, the EBCTCG  published a meta-analysis of 26 randomised trials of adjuvant 

BPs in EBC which included data from 18,766 women (89). In the combined, meta-analysis, 

the most apparent effect of BPs was in bone recurrence, irrespective of menopausal status. 

However, subgroup analysis showed a clear benefit in postmenopausal women with 3% 

reduction in breast cancer recurrence, 2.2% reduction in bone recurrence and 3.3% reduction 

in breast cancer mortality in overall 10-year risk. The 10-year risk of death was 14.7% in those 

treated with adjuvant BPs versus 18.0% in the standard therapy group. This benefit was seen 

regardless of treatment schedule, oestrogen receptor status, nodal status, tumour grade, or 

concomitant chemotherapy. There was no difference in outcome between patients receiving 

nitrogen or non-nitrogen BPs and, with the exception of oral pamidronate, all the other BPs 

(clodronate, ZOL, ibandronate) produced similar benefit in disease outcomes. Based on these 

results, the survival benefit of adjuvant BPs in postmenopausal women is comparable to that 

seen with the addition of taxanes to anthracycline schedules, or with the use of aromatase 

inhibitors (AIs) versus tamoxifen (91, 92). Therefore, translation of the benefit percentages 

into real patient numbers will mean that, if adjuvant BPs treatment is given to all eligible 

patients (>35,000), it has the potential to save over 1000 lives every year in the UK (255).  

Denosumab, a RANK ligand inhibitor, has also been studied in the same setting, with 

somewhat inconsistent results. The ABCSG-18 trial (n=3425) demonstrated reduced fractures 

and improved DFS in postmenopausal women with hormone-receptor positive EBC receiving 

adjuvant AI therapy (52, 53). In contrast, the D-CARE study (n=4509) failed to show improved 

disease-related outcome from adjuvant use of denosumab, including in postmenopausal 

women (94). As a result, denosumab is not recommended for this indication in EBC. 

 Following the results of the meta-analysis, ESMO (European Society of Medical 

Oncology) published in 2014 the first available international guidelines for the use of adjuvant 
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BPs, suggesting their use only for postmenopausal women with EBC (47). Early breast cancer 

is potentially curable, as the disease has not spread beyond the breast or the axillary lymph 

nodes. Since then, many international guidelines have advised the use of adjuvant BPs 

(usually intravenous ZOL every six months or oral clodronate) for postmenopausal (natural or 

induced) EBC for 3 to 5 years (126, 232, 251-254), with the aim to reduce recurrence and 

mortality, particularly in patients considered at high risk of breast cancer recurrence. Women 

with high risk disease are defined as those who warrant standard adjuvant systemic 

chemotherapy/HER-2 targeted therapy, and/or have greater that 12% 10-year risk of disease 

relapse. 

 In the UK, the journey for the adoption of adjuvant BPs in the national breast cancer 

practise started at the end of 2015, when they were included as a recommendation in the 

breast cancer CRG service specification and were endorsed as a priority for implementation 

by the UKBCG, promoting national uptake, guidance, and funding arrangements through local 

commissioning agreements (C. Harper-Wynne oral presentation at UKBCG annual meeting, 

Nov 2015). The same year, Sheffield Teaching Hospitals, NHS Foundation Trust shared 

through UKBCG the first national guidelines (based on the Annals of Oncology publication) 

(47), for the use of these agents in EBC. Additionally, Breast Cancer Now (BCN), the leading 

UK breast cancer charity, was heavily engaged in raising awareness of the benefits of adjuvant 

BPs amongst patients lobbying the Department of Health and Social Care and NHS England 

to clarify commissioning responsibility and advice, helping hospital trusts to make the case for 

their use, and worked to generate significant media coverage on this issue (255). 

 In March 2016, UKBCG and BCN conducted the first physicians’ survey with the aim 

to give an insight into the initial uptake of adjuvant BPs for EBC in the UK. The results from 

the initial survey showed that in the period covered by the survey (November 2015 to March 

2016), only 24% of oncologists were prescribing adjuvant BPs for this indication, with the 

number increased to 44% in a follow up survey in October of the same year (C. Harper-Wynne 

personal communication). In November 2017, a subsequent survey was performed at the 

annual UKBCG meeting, with 77% of the attendees answering positively to the question about 

offering adjuvant BPs in EBC (C. Harper-Wynne personal communication). 

 Adjuvant BPs were fully adopted by the national UK regulatory body NICE in 2018, 

when they were included in its recommendation for the management of EBC (251). NICE 

suggests the use of oral clodronate (1,600mg daily) or intravenous ZOL (4mg/ 6 monthly) in 

postmenopausal women with node positive and node negative high risk of recurrence breast 

cancer for 3 to 5 years. This is similar to the 2017 ASCO/CCO (American Society of Clinical 

Oncology / Cancer Care Ontario) recommendation which suggests 6 monthly ZOL (4mg, 

intravenously) for 3-5 years or daily clodronate (1,600 mg, orally) for 2-3 years for 

postmenopausal and premenopausal receiving ovarian suppression women who are 
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candidates for adjuvant systemic therapy (252). However, in 2022, ASCO/CCO guidelines 

were updated to suggest ZOL (4mg, intravenously) 6 monthly for 3 years or 3 monthly for 2 

years or oral clodronate (1,600 mg daily) for 2-3 years or oral ibandronate (50mg daily) for 3 

years (126). The 2016 European guidelines also recommended intravenous ZOL (4 mg every 

6 months) or oral clodronate (1,600 mg daily) for 3 to 5 years, but these have now been 

updated to recommend ZOL for 3 doses while patient is receiving systemic anticancer 

treatment followed by either 6 monthly ZOL or a daily oral agent (clodronate 1,600mg or 

ibandronate 50mg) for a total period of 3 years (51, 232). ESMO is suggesting adjuvant BPs 

for postmenopausal women with >12% 10-year risk of cancer death and for premenopausal 

women on ovarian suppression.  

 The variation in international guidelines for the use of these agents highlights the need 

to identify the optimal adjuvant BP regime (agent, dose, frequency, and duration). Despite this, 

the EBCTCG meta-analysis showed that all the agents, apart from oral pamidronate, offer the 

same anticancer benefit (89). Most clinical trials have included clodronate, ZOL or 

ibandronate. Patients with busy lifestyles and those who want to avoid hospital visits, typically 

opt for oral BP.  However, gastrointestinal side effects such as oesophagitis are more common 

with the oral agents, leading to BP intolerance and change to intravenous ZOL which usually 

causes mild flu like symptoms for a short period of time. Additionally, ZOL is preferred in the 

cases where patients’ adherence is an issue as it is less frequent (mostly every 6 months) 

compared to the daily oral alternatives and administered clinically.  

 NICE approval for the use of adjuvant BPs in the routine management of EBC disease 

has been an important step in the endorsement of these agents in UK breast cancer practice. 

However, NICE approval does not automatically mean that every clinician or NHS Trust will 

change their practice immediately. The implementation process usually takes several years 

as changes at a national, local, and personal (individual clinicians) level are required. A 

National evaluation study published in 2004 showed that general implementation of NICE 

guidelines is variable (256). Barriers such as lack of education, local guidance, and leadership, 

as well as lack of financial support and resources or staff, have been identified in the 

implementation of NICE guidelines (257, 258). Results from clinical trials might be positive 

with clear benefit for patients, but barriers need to be addressed for the intervention to be used 

in real life settings. Therefore, NICE has introduced an implementation programme which 

focuses on providing education and support to local NHS Trusts. Financial support is provided 

through the local Clinical Commissioning Groups where hospitals need to apply for every new 

intervention they wish to implement. In the case of adjuvant BPs, advice as to how to approach 

the local Clinical Commissioning Groups with positive outcomes was shared by Sheffield 

within the first national guidelines, encouraging other NHS Trusts to follow this path and adopt 

adjuvant BPs. Additionally, the Care Quality Commission (CQC) is the national body 
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responsible to monitor and support the implementation process through its inspection checks 

against national standards. NICE also advice patients and carers to be actively involved in the 

whole process, as pressure from these groups will further encourage change. 

 In the UK, the journey of adjuvant BPs to become part of the standard of breast cancer 

care has been marked by two milestones. Firstly, their endorsement by national bodies paved 

the way for many to change their adjuvant management habits as was captured by the first 3 

national surveys. Secondly, it was the inclusion of BPs into the adjuvant NICE guidelines and 

here we are presenting the UK experience with these bone agents since then. However, we 

have conducted two separate national surveys, a UK oncologists’ survey in 2019 and an NHS 

oncology pharmacists’ survey in 2021 with aim to describe the current consensus and give an 

insight into the national status of the adjuvant use of BPs. 

 

3.3 Introduction to the UK/Australian international collaboration  

As has been described above, adjuvant BPs are included in many international 

guidelines, with ASCO/CCO and ESMO to recommend their use in postmenopausal EBC (47, 

51, 126, 232, 251-254). Despite this, wide variation still exists in their adoption. 

Bisphosphonates are off patent with generic formulations being manufactured. Therefore, 

pharmaceutical lobbying for BPs to gain regulatory approval for this indication is lacking in 

many countries. This may have negative impact on the prescribing of adjuvant BPs, resulting 

in EBC patients not receiving the intervention and thereby missing out on the significant clinical 

benefit. 

In the UK, NICE is the national regulatory body which approves new medicines for use 

within the NHS and subsequently their funding comes from the NHS. In some cases, drugs 

which have been shown clinical benefit but lack NICE approval, could still be used within the 

NHS but only as off-label drugs. This was the case for BPs before 2018, when they were not 

licenced for use in prevention of disease recurrence in breast cancer. At that point, the NHS 

Trusts that would like to offer adjuvant BPs had to gain funding through presenting a 

successful business case to the local commissioning group. 

In Australia, new medicines need to be approved by the Therapeutic Goods 

Administration (TGA) before they can be listed on the PBS, which is a nationally funded 

programme. For drugs not PBS listed, patients have to pay the full cost. The PBS approval 

process is long; it can take up to 35 weeks for a medicine to be approved. Bisphosphonates 

are available on the PBS for treating osteoporosis, reducing the risk of skeletal related events 

in patients with breast cancer metastatic to the bone and managing hypercalcemia of 

malignancy (259). However, despite the evidence and recommendation in international 

guidelines (47, 51, 126, 153, 232, 251-254, 260), adjuvant BPs are not PBS listed for 

preventing CTIBL, reducing breast cancer recurrence or improving survival for patients with 
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early disease. On a private script in Australia, the most commonly used BP (ZOL 4 mg) costs 

between AUD $50 - $200 per dose (261). In addition, Australian states have different funding 

mechanisms in place. For example, in South Australia, postmenopausal women with a >12% 

10-year recurrence risk can access funded ZOL via their Statewide High Costs Medicines 

Formulary, whereas no such funding mechanism exists in New South Wales or other 

Australian states (262). 

Unlike UK, until my project, no surveys had been conducted to document adjuvant BP 

prescribing practices of oncologists in Australia. Therefore, through an international 

collaboration between our team and two Australian oncologists, an Australian physicians’ 

survey (similar to the UK) was created, and the results compared with the UK responses, with 

aim to evaluate the current Australian practise and indicate barriers to uptake, in order to aid 

translation of the UK experience of adjuvant BP implementation to Australian practice. 

 

3.4 Hypothesis, Aims and objectives 

Hypothesis  

• Use of adjuvant BPs in women with EBC is variable in the UK and Australia. The 

underlying causes of the variation are multifactorial. 

 

Aims  

• To provide real world data for the current use of adjuvant BPs in the UK and Australia. 

• Increase understanding of the causes of this variation.  

• Raise awareness of this issue and thereby reduce underutilisation of this therapy. 

  

Objectives 

National UK oncologists’ survey: 

1) Evaluate the use of adjuvant BPs for EBC in the UK. 

2) Assess any barriers in prescribing these agents in the NHS. 

3) Identify the current adjuvant prescribing habits of UK cancer physicians. 

 

National UK pharmacists’ survey: 

1) Confirm continued adjuvant BP use for postmenopausal EBC in the UK. 

2) Evaluate the use of adjuvant BPs in the UK during the COVID-19 pandemic. 

3) Explore the prescribing pathway of the oral adjuvant BPs within the NHS. 

 

Australian oncologists’ survey and the international collaboration: 

1) Evaluate the use of adjuvant BPs for EBC in Australia. 
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2) Identify any barriers in adjuvant BP implementation. 

3) Compare the Australian with the UK experience with adjuvant BPs. 

 

3.5 Methods and Materials 

3.5.1 Survey research 

  Survey research has been around since 1930, and it is described as the collection of 

data through individuals’ answers to specific survey questions. It can produce quantitative, 

qualitative, or mixed type data. In the past, surveys were mainly conducted via post, but this 

has now been replaced by electronic surveys with researchers able to distribute their surveys 

via email, websites, and/or social media. Electronic surveys can be cost effective, easily 

distributed and answers can be tracked in real time. Additionally, web-based software such as 

SurveyMonkey and Microsoft Forms are available either for free or on a subscription basis, to 

support researchers create effective surveys.  Despite these, debates still exist in the 

usefulness of this kind of research (263, 264), and many might think that surveys are easy 

and effortless to develop but appropriate steps should be considered in order for survey 

research to produce unbiased, replicable, and robust data.  

  Traditionally, healthcare professional surveys have had very low response rates, 

usually less than 50% (265) and attempts to improve this issue have been descripted in the 

literature (264, 266). Use of closed-ended rather than opened-ended questions, careful 

consideration of sample size, reminders and the offer of small monetary incentives have been 

showed to increase surveys response rates. Informed by this, the surveys that are presented 

here, were designed to include mainly closed-ended questions, completion time was less than 

5 minutes, and one reminder was sent to all potential participants. No monetary incentives 

were offered in our surveys.   

 

3.5.2 UK Physicians’ Survey 

3.5.2.1 Survey Population 

  The target study population was consultant medical and clinical oncologists who were 

treating patients with breast cancer in the UK. The 2019 UK workforce census report, 

published by Royal College of Radiologists, showed that there were 1,506 consultant 

oncologists in the UK, 568 medical oncologists and 938 clinical oncologists (267). In terms of 

tumour site specific specialists, the report showed that UK had 274 clinical oncologists treating 

breast cancer patients in 2019. However, the actual number of breast cancer consultants is 

much higher as the report did not include the tumour site specialties for medical oncologists.  
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3.5.2.2 Power calculation/sample size 

  This was an exploratory survey and consequently a power calculation was not 

appropriate, but we aimed to ensure that we adequately sampled the target population to 

ensure the generalisability of the findings. To this end the survey was sent out to all breast 

specialist oncologists identified via the UKBCG members list with the expectation of a 20-40% 

response rate based on previous medical professional surveys. 

 

3.5.2.3 Survey Development  

  Survey content validity was assured by using 3 sources of information to guide 

questionnaire content: review of the existing literature, an expert reference group (ERG) 

comprising members of the core research team plus several other medical oncologists and 

lastly the draft version was reviewed by several further medical oncologists.  Face validity, 

useability and acceptability were confirmed by piloting the questionnaire with several medical 

oncologists to ensure the questions were appropriate and making any modifications before 

the final survey was distributed.   A key aim was to keep the questionnaire short and to the 

point to encourage survey completion. 

  The survey was then imported into SurveyMonkey, an online survey software platform. 

This software helps the users to develop an online survey and to analyse data, select samples 

and present their data. It offers the option of including any type of question (open-ended and 

closed-ended) but in our survey, we avoided open-ended questions, as they are much more 

complex to analyse and time consuming to complete and therefore, not particularly popular 

with responders. Upon completion of the survey development, an online link is created which 

can be sent to the potential responders either through the SurveyMonkey website or by email. 

The survey was a 15-item self-administered survey, and it was developed to cover 

three broad themes: 1) current practice, 2) patient selection and monitoring, and 3) choice of 

bone modifying agent (BMA) regimen (Figure 3.1).  

 

 

Figure 3.1: Themes of the online UK and Australian physicians’ survey. 
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3.5.2.4 Survey Implementation 

The survey link was distributed via email through the UKBCG to all the medical and 

clinical oncologists treating breast cancer patients and were members of the UKBCG. UKBCG 

has members in all 4 UK countries. The initial invitation was sent in March 2019, followed by 

a reminder email in May 2019. The survey remained open between March 2019 and June 

2019, no incentive to participate was provided.  

 

3.5.2.5 Data Analysis  

  Descriptive statistics were used to summarise the responses to the survey. The 

frequency of each choice was calculated as a proportion of the total number of responders. 

The data were compiled using Microsoft Office Excel (© 2018 Microsoft Corporation). 

Percentages were rounded to nil decimal point. 

 

3.5.2.6 The Survey  

1. In which centre do you practice Oncology? 

 

2. What is your role? 

 Consultant Medical Oncologist 

 Consultant Clinical Oncologist 

 Other – Specify  
 

3. Which guidelines regarding the prescription of ADJUVANT bone modifying agents for 
PREVENTION OF DISEASE RECURRENCE in women with early breast cancer do you 
follow? 

 UKBCG 

 ASCO / CCO 

 NICE 

 ESMO  

 

4. Do you currently prescribe ADJUVANT bone modifying agents for PREVENTION OF 
DISEASE RECURRENCE in women with early breast cancer? 

 Yes   go to question 6 

 No    go to question 5 
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5. What are the reasons for NOT prescribing ADJUVANT bone modifying agents for 
PREVENTIONF OF DISEASE RECURRENCE in early breast cancer? 

 Lack of convincing evidence 

 Cost / Reimbursement  

 Side effects 

 Access to an infusion chair  

 Not enough time to discuss data with patients 

 Local protocol guidance 

 Other  
 

6. How do you select women with early breast cancer for ADJUVANT bone modifying agents 
for PREVENTION OF DISEASE RECURRENCE?  

 All premenopausal women  

 Premenopausal women on GnRH analogue 

 All postmenopausal women  

 Postmenopausal women at high risk for disease recurrence 

 None of the above 

 

7. If you offer ADJUVANT bone modifying agents for PREVENTION OF DISEASE 

RECURRENCE in postmenopausal women at high risk for disease recurrence, what do 

you deem high risk?  

 All those who would be offered chemotherapy irrespective of if they go on to receive it 

 Other – Free text box under other  
 

8. What ADJUVANT bone modifying agent(s) do you prescribe for PREVENTION OF 
DISEASE RECURRENCE?  

 Zoledronic Acid  

 Clodronate 

 Ibandronic Acid  

 Other  

 

9. For how long do you recommend ADJUVANT bone modifying agents for PREVENTION 
OF DISEASE RECURRECE?  

 2 years 

 3 years 

 ≥ 3 years  
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10.  Do you recommend calcium and Vitamin D supplements in patients on ADJUVANT bone    
modifying agents for PREVENTION OF DISEASE RECURRENCE? 

 Yes 

 No 

 

 

11.  Is the use of ADJUVANT bone modifying agents for PREVENTION OF DISEASE 
RECURRENCE discussed at your breast multi-disciplinary meeting (MDT)?  

 Yes 

 No  
 

12.  Do you routinely perform BONE DENSITY ASSESSMENT prior to starting ADJUVANT    
bone modifying agents for PREVENTION OF DISEASE RECURRENCE?  

 Yes 

 No 
 

13.  How frequently do you perform BONE DENSITY ASSESMENTS in women with early 
breast cancer on ADJUVANT bone modifying agents for PREVENTION OF DISEASE 
RECURRENCE? 

 Only at baseline  

 Yearly  

 2 yearly  

 At completion of duration of adjuvant bone modifying agents 

 Other 
 

14.  After completion of ADJUVANT bone modifying agents for PREVENTION OF DIESEASE 
RECURRENCE, how often do you perform BONE DENSITY ASSESSMENTS, if patients 
are on extended endocrine therapy?  

 Not measured 

 At completion of duration of adjuvant bone modifying agents 

 Yearly 

 2 yearly  

 At completion of duration of endocrine therapy 

 Other  
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15.  Do you mandate a baseline DENTAL ASSESSMENT prior to starting ADJUVANT bone 
modifying agents for PREVENTION OF DISEASE RECURRENCE?  

 Yes 

 No 

 

3.5.3 UK Pharmacists’ Survey 

3.5.3.1 Survey Population  

  The target survey population was oncology pharmacists who were practising within 

the NHS.  

 

3.5.3.2 Power calculation/sample size 

  This was an exploratory survey and consequently a power calculation was not 

appropriate, but we aimed to ensure that we adequately sampled the target population to 

ensure the generalisability of the findings.   To this end the survey was sent out to all oncology 

pharmacists identified via the BOPA (British Oncology Pharmacy Association) members list 

with the expectation of a 20-40% response rate based on previous similar surveys. 

 
3.5.3.3 Survey Development  

  Survey content validity was assured by using 2 sources of information to guide 

questionnaire content: review of the existing literature and an ERG comprising members of 

the core research team and an oncology pharmacist. Face validity, useability and acceptability 

were confirmed by piloting the questionnaire with members of the core team and an oncology 

pharmacist to ensure the questions were appropriate and making any modifications before the 

final survey was distributed.   The key aim again was to keep the questionnaire short to 

encourage survey completion. 

  The on-line survey was created by using the same on-line software platform 

SurveyMonkey which has been described above. It was an anonymous 5-item self-

administered survey, and it was consisted by one free text question and four multiple choice 

questions. The survey focused on collecting information for the use of adjuvant BPs in EBC 

patients within the NHS cancer centre that pharmacists were practising oncology (Figure 3.2).  
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Figure 3.2: Topics of the National Pharmacists’ Survey. 

 

3.5.3.4 Survey Implementation 

  The survey was distributed to the BOPA members. The on-line survey link was sent to 

the BOPA members by email, was shared at the association social media page and was 

included at the weekly email newsletter that all members receive. The initial invitation was sent 

in November 2021 followed by a reminder email 3 weeks later. The survey remained open for 

one month and no incentive to participate was provided. 

 

3.5.3.5 Data Analysis 

Descriptive statistics were used to summarise the responses to the survey. The 

frequency of each choice was calculated as a proportion of the total number of responders. 

The data were compiled using Microsoft Office Excel (© 2018 Microsoft Corporation). 

Percentages were rounded to nil decimal point. 

 

3.5.3.6 The Survey 

1. Which hospital do you work at? 

 
2. Does your hospital currently use ADJUVANT Bisphosphonates in Early Breast Cancer in 

any of the following groups of patients? 

 Postmenopausal women 

 Premenopausal women on ovarian suppression 

 Both of the above 

 Don’t use them at all 

 Other 

 

 

 

 

For Pharmacists 

Place of work 

For Pharmacists’ local NHS Oncology Centre 

Use of adjuvant BPs 

Use of intravenous and/or oral adjuvant BPs 

Prescribing pathway for oral agents 
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3. Which ADJUVANT Bisphosphonate(s) does your hospital use? 

 Zoledronic acid 

 Zoledronic acid whilst on SACT then oral Bisphosphonates 

 Both of the above 

 Not applicable 

 

4. Which oral Bisphosphonate(s) does your hospital use? 

 Ibandronic acid 

 Sodium clodronate 

 Both of the above 

 Not applicable  

 

5. For oral Bisphosphonates, who prescribes these? 

 Initiated by Oncologist then GP 

 Oncologist 

 GP 

 Pharmacist 

 Not applicable 

 

3.5.4 Australian Physicians’ Survey 

3.5.4.1 Survey Population 

The target survey population was Australian consultant medical oncologists and 

medical oncology advanced trainees. In 2016, 568 medical oncologists were employed in 

Australia and 158 trainees (268). 

 

3.5.4.2 Power calculation/sample size 

The Australian physicians’ survey was developed by Dr Sally Baron-Hay and Dr Isobel 

Porter  (Royal North Shore Hospital, Sydney, Australia) and they followed similar steps and 

had similar response rate expectations to the UK survey. The survey was sent out to all 

medical oncologists and medical oncology advanced trainees identified via workplace e-mails, 

the Breast Cancer Trials Group and advanced trainee social media page. 

 
3.5.4.3 Survey Development  

Survey content validity, face validity, useability and acceptability were ensured by 

following similar steps to the UK Survey.  
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It was an anonymous, electronic, 17-item self-administered survey. Most of the 

questions were closed-ended questions and apart from 3 questions about use of bone 

modifying agents (BMAs) in cancer treatment induced bone loss, all the other questions were 

focused on the same themes as the UK physicians’ survey (current practice, patient selection 

and monitoring, and choice of BMA regimen) (Figure 3.1). 

 

3.5.4.4 Survey Implementation 

The survey was distributed via email and social media to medical oncologists and 

medical oncology advanced trainees via the Breast Cancer Trials Group (256 recipients), 

workplace e-mails (38 recipients) and advanced trainee social media page (150 recipients), 

between December 2018 and April 2019. The total number of participants reached via these 

avenues was 444, although it was anticipated that there would have been considerable 

overlap in recipients. The survey was not limited to one distribution list so as to allow more 

responses and try and achieve input from a broad mix of medical oncologists and medical 

oncology trainees. Medical oncology advanced trainees were included as insight into the 

prescribing habits of their consultants and of those soon to be entering the work force as new 

consultants. No incentive was provided. 

 

3.5.4.5 Data Analysis 

Although the Australian survey was created by the two Australian clinicians, I 

participated in the data analysis and to the comparison of the Australian with the UK 

physicians’ survey. Descriptive statistics were used to summarise the responses to the survey. 

The frequency of each choice was calculated as a proportion of the total number of 

responders. The data were compiled using Microsoft Office Excel (© 2018 Microsoft 

Corporation). Percentages were rounded to nil decimal point. 

 

3.5.4.6 The Survey 

1. What is your role? 

 Consultant medical oncologist in the private sector 

 Consultant medical oncologist in the public sector 

 Consultant medical oncologist in both private and public sectors 

 Medical oncology advanced trainee 
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2. How many patients with a new diagnosis of early breast cancer do you treat each year? 

 Less than 20 

 21- 50 

 51-80 

 More than 80 
 

 
3. Which guidelines regarding the prescription of ADJUVANT bone modifying agents to 

PREVENT DISEASE RECURRENCE in women with a history of early breast cancer are 
you familiar with? 

 ASCO/CCO 

 NCCN 

 ESMO 

 UKBCG 

 NICE 

 Other 

4. If a bone-modifying agent was listed on the PBS for the ADJUVANT management of breast 

cancer to PREVENT DISEASE RECURRENCE, would you prescribe it based on the 

current literature? 

 Yes 

 No 

 Not sure 

 

5. Do you currently prescribe bone modifying agents for women with a history of early  breast 
cancer? 

 Yes go to question 6 

 No go to question 10 
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6. For PREVENTION OF CANCER TREATMENT INDUCED BONE LOSS, which women 
with a history of early breast cancer do you select for adjuvant bone modifying agents? 

 All premenopausal women 

 All postmenopausal women 

 Premenopausal women at high risk for fracture 

 Postmenopausal women at high risk for fracture 

 All women with osteoporosis 

 None of the above 

 Other 

 

7. For PREVENTION OF DISEASE RECURRENCE, which women with a history of early 
breast cancer do you select for adjuvant bone modifying agents?  

 All premenopausal women 

 Premenopausal women on GnRH analogue 

 All postmenopausal women 

 Postmenopausal women at high risk for disease recurrence 

 None of the above 

 

8. What bon-modifying agent(s) do you prescribe for PREVENTION OF CANCER 
TREATMENT INDUCED BONE LOSS?  

 Intravenous Zometa 

 Oral Clodronate 

 Other oral bisphosphonate 

 Denosumab 

 
Please document what dosing regimen you prescribe: 

 

9. What bone modifying agent(s) do you prescribe for PREVENTION OF DISEASE 
RECURRENCE?  

 Intravenous Zometa 

 Oral Clodronate 

 Other oral bisphosphonate 

 Denosumab 

 
Please document what dosing regimen you prescribe: 
 
Go to question 10 
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10. What are your reasons for NOT prescribing adjuvant bone modifying agents in 
naturally/biochemically POSTMENOPAUSAL women for PREVENTION OF DISEASE 
RECURRENCE?  

 I am not convinced by the data 

 Costing 

 Access to an infusion suite chair 

 Not enough time to discuss the data with patients 

 Other 

 

11. What do you see as the major barriers to prescribing bone modifying agents for 
PREVENTION OF DISEASE RECURRENCE?  

 Lack of awareness of the current data 

 Lack of convincing data 

 Costing 

 Side effects 

 Patient uptake 

 Local protocol guidance 

 Other 

 
12. Is the use of adjuvant bone sparing agents for PREVENTION OF DISEASE 

RECURRENCE discussed at your breast multidisciplinary meeting? 

 Yes 

 No 

 

13. Do you routinely perform a BONE MINERAL DENSITY prior to starting an aromatase 
inhibitor? 

 Yes 

 No 

 

14. Do you routinely perform a BONE MINERAL DENSITY prior to starting adjuvant bone 
modifying agents for PREVENTION OF DISEASE RECURRENCE in women with history 
of early breast cancer? 

 Yes 

 No 

 N/A 
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15. How frequently do you perform a Bone Mineral Density? 

 Only at baseline 

 Yearly 
a. 2 yearly 
b. Other 

 

16. Do you prescribe any of the following alongside bone modifying agents? 
a. Calcium 
b. Vitamin D 
c. Other 

 

17. Do you have any further comments? 

 

3.6 Results of the UK Physicians’ Survey 

The potential sources of bias for this survey include: 

1) Sampling bias 

2) Non-response bias 

3) Social desirability bias 

4) Acquiescence bias 

 

Sampling bias from distribution via specialist breast cancer membership lists and also 

social desirability and acquiescence bias (in view of the NICE guidelines) could potentially 

over-estimate the current prescription of adjuvant BPs in the UK. However, the low response 

rate and therefore the non-response bias could affect the generalisability of the survey.  

 

3.6.1 Current Practice 

Role of Clinician 

The survey was sent to 277 UKBCG members, and we received 68 replies (25% 

response rate). Ninety-six percent of the participants were consultant oncologists (50% 

medical oncologists, 46% clinical oncologists) and 4% were at a non-consultant level. Replies 

were received from 35 centres from all four UK countries, with the vast majority of responders 

(99%) working as NHS oncologists. Twenty nine of the responders were practising in England, 

2 in Scotland, 2 in Wales and 1 in Northern Ireland. One responder was an Oncologist in 

private sector without specifying location.  

 

Prescribing Habits 

At the time of this 4th UKBCG survey (2019), almost all of the UK cancer physicians 

(99%) were offering adjuvant BPs to patients with EBC demonstrating that pressure from 
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national bodies, national guidelines and funding decisions have been critical to 

implementation, as the number of UK oncologists who prescribe adjuvant BPs has significantly 

increased (by 75%) since the first survey in March 2016 (Figure 3.3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: The use of adjuvant bisphosphonates for EBC in the UK from 2016 to 2019. 

 

Awareness of Guidelines 

Participants were asked about their awareness for the following guidelines: UKBCG 

2015, ESMO 2016, ASCO/CCO 2017, and NICE 2018 (Figure 3.4). All these international 

guidelines recommend adjuvant BPs for postmenopausal and premenopausal women on 

ovarian suppression treatment with high risk EBC for up to 5 years. Most (85%) of the UK 

oncologists were following the UKBCG guidelines regarding the prescription of adjuvant BPs 

to prevent disease recurrence in women with EBC, with 26% following NICE guidelines 

showing that UKBCG guidelines capture more patients. UK oncologists were also familiar with 

the ASCO/CCO recommendations and ESMO guidelines, but only 9% and 5% respectively 

stated that they were following them. 
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Figure 3.4: National and international guidelines for the use of adjuvant BPs in EBC.  

 

Barriers to Prescribing  

The barriers to prescribing adjuvant BPs that were identified by this survey were the 

lack of local protocol guidance and the difficulties in accessing an infusion chair (required for 

administration of iv ZOL) and these were the reasons given only by one centre which does not 

offer these agents in women with EBC. This shows that despite the fact that most of the UK 

cancer centres have overcome any educational or financial barriers in adopting adjuvant BPs, 

some centres still facing difficulties and therefore the efforts from national bodies to support 

and guide these centres should continue.  

 

3.6.2 Patient selection and monitoring  

Patient Identification and Characteristics 

Multidisciplinary Team (MDT) meetings are crucial part of the breast cancer care in the 

UK and worldwide, as they incorporate the treatment schedule and decisions for every new 

patient. Despite this, only 67% of the physicians were discussing the use of adjuvant BPs in 

their local MDTs, indicating that adaptation of this treatment is the responsibility of the 

individual breast cancer oncologist.  

The majority of the responders suggested that they were offering adjuvant BTAs (bone 

targeted agents) for prevention of recurrence to postmenopausal women with high-risk 

disease (97%), and for most of the UK cancer physicians (85%) ‘high risk patients’ were those 

who would be offered chemotherapy, irrespective of whether they receive it or not. Other 

reasons for considering a postmenopausal breast cancer patient at high risk of recurrence 

were node positive (3%) or large node positive disease (2%), and >2% (2%) and >10% (2%) 

benefit on PREDICT scoring.  PREDICT score is an online prognostication tool that assist 
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breast cancer physicians, as well as patients, in the adjuvant treatment decision process (269). 

It was created using data from the UK cancer registry and based on patients’ (for example 

age) and cancer characteristics (for example tumour size, grade) provide the user with the 

predicted cancer survival and also the percentage benefit that anticancer treatments 

(chemotherapy, endocrine and anti- HER2 treatment, BPs) could add if received. A high risk 

of recurrence is a major determinant for prescribing, as only 3% of the UK oncologists were 

prescribing adjuvant BPs to all post-menopausal women regardless of their risk of disease 

recurrence (Figure 3.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5: Selection of patients for adjuvant BPs in the UK (national oncology physicians’ survey 2019). 

 

In terms of the premenopausal group (20% of breast cancers is diagnosed before the 

age of 50 and 7% before the age of 40) evidence is clear that adjuvant BPs are beneficial to 

this group only when patients receive ovarian suppression (induced menopause) (88, 89, 226). 

The responses mirrored this with 68% of the participants offering these agents to 

premenopausal women receiving GnRH (gonadotrophin realising hormone) analogues.  

 

Bone Density Assessments 

Anticancer treatments such as chemotherapy and endocrine treatment are known to 

increase the risk of CTIBL (51, 138, 153, 260, 270). Cancer treatment-induced bone loss is 

defined as osteoporosis (loss of bone mass) due to cancer treatment and dual energy X-ray 

absorptiometry (DEXA) scan is the gold standard test for its diagnosis.  DEXA scan measures 

bone mineral density (BMD) and the results are reported as T score, with T score <-2.5 to 

indicate osteoporosis (T score is the standard deviation from the mean in comparison to the 

97.00%

68.00%

3.00%
0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

Postmenopausal women at high
risk for disease recurrence

Premenopausal women on GnRH
analogue

All postmenopausal women

How do you select women with EBC for adjuvant BPs 
for prevention of disease recurrence?  



104 
 

BMD of a 30 year old healthy individual). National and international guidelines are available 

for the prevention and management of CTIBL, with treatment options to be either BPs or the 

anti-RANKL antibody denosumab (51, 153, 260, 270). Therefore, cancer patients who are 

already on the optimal treatment for CTIBL as part of their anticancer regime (adjuvant BPs), 

do not require bone density assessments before being considered for adjuvant BP therapy. 

As a result, 82% of the UK cancer clinicians did not perform bone density assessments prior 

to commencing adjuvant BPs and 35% of them performed these assessments at the 

completion of the adjuvant bone treatment (up to 3 years), mainly to use them as a baseline 

for future reference. Additionally, after the end of the adjuvant BP treatment (up to 3 years) 

and if the patient was receiving extended endocrine treatment (for 7 to 10 years) where the 

risk of CTIBL is higher, 39% of the cancer physicians assessed bone density every 2 years, 

with similar percentage (36%) stating that they never measured bone density in this group of 

patients. These findings demonstrate the necessity for development of a global UK consensus 

regarding the optimal frequency of bone density assessments post adjuvant BPs for women 

on extended endocrine therapy.  

 

Dental Assessments 

Bisphosphonate treatment is associated with osteonecrosis of the jaw (ONJ) and the 

incidence varies based on the type of treatment, dose, and frequency (271-273). A BPs’ review 

(n=10,694 from 15 trials) indicated that ONJ in early disease is a rare event and it is more 

common in patients receiving ZOL (274). In the AZURE trial where the ZOL regime was more 

intense, compared to other EBC trials, the ONJ incidence was 2% (60).  Therefore, oncologists 

are asked to perform dental assessments prior to commencing BP treatment in order to reduce 

the risk of such complications. In this survey, 92% of the responders said that they mandate a 

baseline (prior to starting treatment) dental assessment. 

 

3.6.3 Choice of Bone Modifying Agent Regime 

Commonly Prescribed Regime 

The optimal adjuvant BP regime (agent, dose, frequency, and duration) is still an active 

international debate between the breast cancer experts. In the UK, the most commonly 

prescribed agent was ZOL (91%), and it was the only used adjuvant BP by 62% of the 

responders. The second most common regime was ZOL for the duration of intravenous 

chemotherapy and then a switch to oral Ibandronic acid (27%). In terms of duration, the 

majority answered that they offer adjuvant bone targeted treatment for 3 years (86%).   
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Vitamin D (+/- Calcium) Supplementation  

 The NICE guidelines state that vitamin D 400units daily and calcium 500mg daily 

should be taken by patients who are on adjuvant BPs, in order to prevent hypocalcaemia and 

undiagnosed vitamin D deficiency. Most of the responders (89%) followed this advice and 

offered both vitamin D and calcium alongside BMAs.  

 

3.7 Results of the UK Pharmacists’ Survey 

The potential sources of bias for this survey include: 

1) Sampling bias 

2) Non-response bias 

3) Social desirability bias 

4) Acquiescence bias 

 

Sampling bias from distribution via specialised list and also social desirability and 

acquiescence bias (in view of the NICE guidelines) could potentially over-value the current UK 

practise. Although, the response rate for this survey was not able to be calculated, low number 

of replies, non-response bias, could affect the generalisability of the survey.  

 

Oncology Pharmacists Demographics  

For the national oncology pharmacists’ survey, we received 41 replies from 34 different 

UK centres. Five replies from international centres were not included in the final analysis as 

they did not practise oncology in the NHS. The response rate of this survey was unable to be 

calculated as there was no information on the actual recipients’ number or the country of their 

oncology practice. A 2019 report suggested that there were 62 UK cancer centres indicating 

that responses were received from more than 50% of the national cancer centres (267). 

 

Use of Adjuvant Bisphosphonates at the NHS Cancer Centres 

  Almost all of the UK cancer centres (93%) offered adjuvant BPs, confirming their 

continued use in preventing breast cancer recurrence. Sixty nine percent were prescribing 

BTAs for prevention of breast cancer recurrence to both postmenopausal and premenopausal 

on ovarian suppression women, followed by 45% who were prescribing these agents only to 

postmenopausal women, demonstrating that adjuvant BP is now standard of care for EBC 

patients in the UK (Figure 3.6). 
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Figure 3.6: Selection of patients for adjuvant BPs in the UK (national pharmacists’ survey 2021). 

 

Choice of Adjuvant Bone Targeted Agent  

 The most commonly used adjuvant agent was ZOL (83%). It was the only used agent 

by 64% of the cancer centres, and it was offered either alone or in combination with oral 

agents, or only in combination with oral agents by 12% and 7% of the hospitals, respectively. 

In the centres where ZOL was used in combination with oral agents, ZOL was given to patients 

during systemic anticancer treatment followed by a change to an oral alternative (Figure 3.7). 

 

 

 

 In terms of oral adjuvant BPs, Ibandronic acid was the most commonly prescribed agent 

(49%) and only one centre suggested that they were offering either Ibandronic acid or 

clodronate as oral treatment.  

 Despite the COVID-19 pandemic restrictions (survey conducted late 2021) and the need 

for switching from intravenous to oral treatment to reduce hospital attendance, intravenous 

zoledronic acid was still the most used adjuvant bisphosphonate and it was even preferred to 

the oral options.  

 

Figure 3.7: Choice of adjuvant bone agent by NHS cancer centers 2021. 

45%

2%

69%

7%
0%

10%

20%

30%

40%

50%

60%

70%

80%

Postmenopausal Premenopausal on ovarian
suppression

postmenopausal &
premenopausal on ovarian

suppression

Don't use adjuvant BPs

Does your hospital currently use adjuvant BPs in EBC 
in any of the following gourps of patients?

7%

5%

7%

12%

64%

0% 10% 20% 30% 40% 50% 60% 70%

n/a

other

Zoledronic Acid on chemotherapy then oral

Zoledronic Acid on chemotherapy then oral or
Zoledronic Acid only

Zoledronic Acid

Which Adjuvant BP(s) does your hospital use?



107 
 

Prescribing Pathway for Oral Adjuvant Bisphosphonates  

  After the completion of their post-surgery systemic anticancer treatment and 

radiotherapy, EBC patients enter a 5 year follow up period in which a large percentage will 

continue receiving oral treatments such as endocrine treatment and adjuvant BPs, without the 

need for any oncological review. For these patients, the NHS has introduced the ‘shared care 

agreement’, where clinical responsibility for prescribing and monitoring long-term treatments 

is transferred from a hospital/specialist service to general practice, to improve patients 

experience and make best use of clinical time and NHS resources in all care. 

  For the oncology centers that replied to the survey, only 43% [33% started by 

oncologist and transferred to general practitioner (GP), 10% started only by GP)] were sharing 

the prescribing and monitoring of adjuvant BP treatments with GP practices. These results 

indicate that more national support and education are needed for GPs to feel able to include 

oral adjuvant BPs into their shared care agreements. For 12%, the care of the oral agents 

started and stayed with the oncologists. Pharmacists and advanced nurse practitioners were 

also responsible for the oral BPs’ prescription in 7% and 5% of the NHS oncology centers 

respectively.  

 

3.8 Results of the Australian Physicians’ Survey and Comparison with the UK 

Physicians’ Survey 

The potential sources of bias for this survey include: 

1) Sampling bias 

2) Non-response bias 

 

Sampling bias from distribution via specialist breast cancer membership lists could 

potentially over-estimate the use of BPs in Australian breast cancer practice. However, the low 

response rate and therefore the non-response bias could affect the generalisability of the 

survey.  

 

3.8.1 Current Practise  

Role of Clinician 

The Australian survey was distributed via email and social media. Email distribution 

was facilitated via the Breast Cancer Trials Group (256 recipients), workplace e-mails (38 

recipients) and advanced trainee social media page (150 recipients). The total number of 

participants reached via these avenues was 444, although it is anticipated that there would 

have been considerable overlap in recipients. 
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Survey received 60 responses (14% response rate, not accounting for overlap). Of the 

60 participants, 22 (37%) were consultant medical oncologists working in both the public and 

private sectors, 20 (33%) were consultant medical oncologists working in the public sector 

only, 11 (18%) were medical oncology advanced trainees and 7 (12%) were consultant medical 

oncologists working in the private sector only. Overall, the participants were experienced in 

treating EBC, with 33% treating >80 patients with a new diagnosis of EBC each year, 25% 

treating between 51 and 80, 33% treating between 21 and 50 and only 8% treating less than 

20 new patients with EBC each year. Although geographic data were not specifically captured, 

there was evidence of participation from multiple Australian states noted in the comments of 

respondents. 

Prescribing Habits 

In contrast to the UK survey that illustrated almost universal uptake of adjuvant BPs 

within the last few years, only 48% of the Australian cancer physicians were prescribing these 

agents, with the majority of them (83%) reporting that they would prescribe them if they were 

nationally funded (listed on the Australian PBS) for preventing of breast cancer recurrence. 

 

Awareness of Guidelines 

Australian participants were asked about the awareness of the following guidelines for 

the use of adjuvant BPs: UKBCG 2015, ESMO 2016, ASCO/CCO 2017, National 

Comprehensive Cancer Network (NCCN) and NICE 2018. National Comprehensive Cancer 

Network guidelines were only included in the Australian survey. 

The majority of Australian responders (83%) were familiar with the joint ASCO/CCO 

guidelines. Other guidelines with familiarity included NCCN (39%) and ESMO (32%). Only one 

participant reported not being familiar with any guidelines on the topic. As opposed to these 

results, in the UK most of the cancer physicians (85% UKBCG and 26% NICE guidelines) 

follow national guidelines, highlighting the importance of established national and international 

consensus for the use of adjuvant BPs (Figure 3.8).  
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Figure 3.8: Cancer physicians’ awareness of guidelines for the use of adjuvant BPs in EBC in the UK 

and Australia. 

 

Barriers to Prescribing 

For the Australian clinicians, of the 21 participants who did not currently prescribe 

adjuvant BPs, 16 (76%) reported that it was due to cost concerns, whereas 8 (38%) were not 

convinced by the available data regarding significant patient benefit (Figure 3.9). For the entire 

population surveyed, major barriers to prescribing BPs in Australia were identified as being 

cost (80%), local protocol guidance (36%) and lack of awareness of the current data (31%). 

Side effects (29%) and patient reluctance to additional treatment (22%) were also considered 

barriers. Only 3 responders (5%) stated that they would not prescribe BMAs for the adjuvant 

management of EBC, even if they were part of the Australian PBS, with an additional 7 (12%) 

stating that they were unsure (Figure 3.9). 
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Figure 3.9: Barriers to prescribing adjuvant BPs in EBC identified by the Australian participants in 2019. 

 

3.8.2 Patient Selection and Monitoring  

Patient Identification and Characteristics 

Multidisciplinary Team meetings are crucial part of the breast cancer care as they 

incorporate the treatment schedule and decisions for every new patient. They run for the same 

purpose in both the UK and Australia, and they have similar structure. Despite this, only 18% 

of the Australian participants discuss the use of adjuvant BPs in their local MDTs (68% in the 

UK), demonstrating that Australians, as well as the UK, cancer physicians, leave the decision 

for adjuvant BP treatment for the individual breast oncologists. 

Similar to the UK, the majority of the Australian physicians (79%) were offering 

adjuvant BPs to postmenopausal women with high risk early breast cancer. Only 17% were 

offering them to all of the postmenopausal women (3% in the UK), showing again how crucial 

high risk disease is for decision making by cancer physicians (Figure 3.10).  

Australian participants were not asked to clarify what they deemed high risk EBC. The 

surveys were similar but the wording of the two questionnaires was not identical. However, 

the questions address the same issues of how a selection is made for prescription of adjuvant 

BTAs and therefore the comparison of the two surveys is valid. 

Premenopausal women receiving GnRH analogues were prescribed BMAs for 

prevention of disease recurrence by 31% of the Australian clinicians (68% in the UK) (Figure 

3.10). 
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Figure 3.10: Patient selection for adjuvant BMAs in the UK and Australia.  

 

Bone Density Assessments and Dental Assessments 

As described above, BMA also prevent BMD loss from systemic anticancer therapies 

and BMD monitoring is recommended in patients at risk of BMD decline. Ninety three percent 

of the Australian clinicians ordered a BMD assessment prior to starting an AI for women with 

EBC. When BMAs were prescribed to prevent breast cancer recurrence, 35% of the Australian 

oncologists perform BMD assessment prior to commencing adjuvant BPs, while 82% of the 

UK oncologists did not. There was a wide spectrum of practice (in Australia) when it came to 

the frequency of ordering BMDs, with the majority between 1 and 3 years and many taking 

into consideration the baseline result. 

Australian cancer physicians were not asked about their habits in regard to the dental 

assessments.  

 

3.8.3 Choice of BMA Regime 

Commonly Prescribed Regime 

Intravenous ZOL (4 mg/6monthly) was the most commonly prescribed adjuvant BMAs 

in both countries (89% UK, 81% Australia) and most responders offered BMAs for prevention 

of disease recurrence for a duration of 3 years. In Australia, the second most commonly 

prescribed agent was denosumab (36%), while in the UK, denosumab is only used in 

metastatic setting and for CTIBL, as it has not been shown to prevent disease recurrence. The 

Australian survey was performed prior to publication of the results of the D-CARE study which 
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showed that denosumab does not have any anticancer benefit in EBC disease (94). Therefore, 

changes to Australian practise in regard to the adjuvant use of denosumab are expected.  

 

Vitamin D and Calcium Supplementation 

In the Australian survey, 98% of participants prescribed vitamin D and 83% prescribed 

calcium alongside BMAs (in the UK 89% prescribed both vitamin D and calcium). Only 3% 

reported that they recommended exercise alongside BMAs, there was no question about 

prescribed exercise in the UK survey. 

 

3.8.4 Outcome of UK and Australian collaboration  

This international collaboration gave an insight into UK’s successful pathway of 

adjuvant BP implementation and aimed to suggest steps (Table 3.1) that Australia, as well as 

other countries with similar barriers, could follow to achieve the same outcome and improve 

breast cancer care. The results from these 2 surveys were published in Journal of Bone 

Oncology in 2021 (275). 

 

 
Proposed steps to increase update of adjuvant bisphosphonates in Early Breast Cancer 
 

Raise awareness of the adjuvant BPs benefits by engaging with the oncology community 
(oncology conferences etc) 

Encourage the discussion of adjuvant BPs in local breast cancer MDT meetings 

Work with national bodies to produce clear guidelines for the use of adjuvant BPs in EBC 

Develop a convincing business case to demonstrate value for money 

Work with breast cancer charities (local, regional, and national) to raise awareness among 
patients and lobby decision makers 

Table 3.1: Proposed steps to increase update of adjuvant BPs in EBC.  

 

3.9 Discussion 

   Multiple clinical studies and a subsequent large meta-analysis demonstrated 

that adjuvant BPs (given after breast cancer surgery) can improve cancer outcomes only in 

postmenopausal women (natural or induced by ovarian suppression) with EBC, as they offer 

better survival and reduce cancer recurrence (78-81, 88, 89, 226). As a result, international 

guidelines for the management of EBC disease have included these agents, encouraging their 

use by cancer physicians (47, 51, 126, 232, 251-254). However, despite the clear evidence 

and the international recommendations, changes in breast cancer practice are not always 
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straight forward. The implementation process is usually lengthy and time consuming as 

barriers in national, local, and individual level need to be overcome in order for practise to 

change. The introduction of BPs from their traditional use to treat bone metastases  to the 

adjuvant setting was only started in 2015, providing an ideal opportunity to track their uptake 

in national and international level, follow their implementation journey and describe barriers 

and the ways these were addressed.  

  The results of the two physicians’ surveys are representative of a group of UK and 

Australian cancer physicians with significant experience in treating women with EBC (58% of 

Australian responders seeing >50 new EBC patients per year) and knowledge of the current 

international guidelines on the topic. The Australian questionnaire also included advanced 

medical oncology trainees as insight into the prescribing habits of their consultants and of 

those soon to be entering the work force as new consultants. In the UK, almost all of the 

oncologists offer adjuvant BPs in postmenopausal women with EBC (99%), especially in those 

considered high risk of recurrence, demonstrating that BPs have now fully endorsed and 

incorporated into the national management of EBC. These results were confirmed by the 

follow-up pharmacists survey which showed similar outcomes (used by 93% of cancer 

centres), supporting the statement that the national UK uptake of adjuvant BPs was massively 

accelerated since their introduction in 2015 and that adjuvant BPs are now standard of care 

in the UK (Figure 3.3). In contrast, although their adjuvant use in EBC is supported by the 

majority of the Australian oncologists (83%), their uptake remains heterogenous and sub-

optimal, with less than 50% of respondents currently prescribing adjuvant BPs.  

  Education, national and local guidance, and funding arrangements have been crucial 

in the implementation of adjuvant BPs in the UK. This was highlighted in the answers of 

Australian clinicians who suggested that main barriers in the use of BPs are lack of national 

funding, local protocol guidance and physician awareness. Additionally, UK responders 

indicated that most of them follow UKBCG and NICE guidelines, showing that the first 

essential step in the successful transition of a new treatment form clinical trials to standard of 

care, is its inclusion in the guidelines that most physicians follow. Surprisingly, 14% of the UK 

oncologists said that they are following ASCO/CCO and ESMO guidelines (9% and 5% 

respectively). 

  Considering the absolute OS benefit of adjuvant BPs, their addition to the entire eligible 

Australian population (15,000) has the potential to reduce annual breast cancer deaths by 

about 400 (276-278), suggesting that their implementation should be a priority.  

  An Australian business case and financial impact statement could be modelled on 

those done in the UK, to support the implementation process and increase the likelihood of 

obtaining national funding. Until then, the international collaboration presented here, 

recommend that development of national guidelines endorsing BP use in the adjuvant setting 
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should be prioritised, as well as improving awareness of the data amongst clinicians and 

patients (Table 3.1). 

  Optimal recommended adjuvant regime (strength, frequency, type of agent and 

duration) is an active debate between breast cancer specialists. Although, studies have not 

showed any difference in disease outcomes between agents (89), physicians showed clear 

preference towards intravenous ZOL in both the UK and Australia. This was even the case for 

the UK during the COVID-19 pandemic, where the need for switching from intravenous 

treatments to oral alternatives was inevitable, in order to reduce hospital visits. This might well 

be due to the fact that intravenous treatment is less frequent (6 monthly) compared to daily 

oral agents and also hospital administered treatment guarantees adherence. Despite this, a 

patient survey published by Sheffield researchers showed good patient adherence to oral 

adjuvant BPs (84% the first year of treatment), with only 16% discontinuing the treatment and 

less than 10% reporting to be extremely bothered by the side effects (55). The same survey 

showed that discontinuation of treatment was more likely to happened during the first 6 months 

of use. Furthermore, a more recent survey of Canadian EBC patients treated or undergoing 

adjuvant BP therapy (92% ZOL) demonstrated that the therapy is tolerable with a 94% 

completion rate, despite 60% of patients experiencing one or more side effects (279). Data on 

patients experience with these agents are limited, highlighting the need of exploring this in 

more details. Patients experience with adjuvant BP can guide the decision making for the 

optimal regime and subsequently maximise the benefit that patients receive. 

  UK oncologists preferred use of ZOL could also be explained by the lack of established 

share-care agreements between the oncology centres and GPs. As the pharmacists’ survey 

showed, less than half of the cancer centres have shared-care agreement in place for oral 

adjuvant BPs making the daily oral choice less favourable for the already busy cancer 

physicians. If the prescription and monitoring of daily oral agents is shared with local GP 

practices, then UK oncologists might switch to oral adjuvant BPs, at least for after the 

completion of systemic anticancer treatment.  

  Despite the lack of clear guidelines to support the use of adjuvant denosumab to 

improve overall survival, 18% of Australian clinicians surveyed were prescribing it, compared 

with none of the surveyed UK clinicians. The rationale for such significant use of denosumab 

in the adjuvant setting in Australia was not explored by the survey but may at least in part be 

due to outcome benefits in terms of greatly reduced fracture rate and improved DFS from 6 

monthly use of denosumab in addition to adjuvant AIs therapy reported in the ABCSG-18 trial 

(52, 53). In addition, there may have been a lack of awareness of the D-CARE trial data as 

the final results were published after the completion of this survey (94). Finally, there may have 

been extrapolation from the use of denosumab in CTIBL, where it has performed as well 
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as/better than BPs and been more convenient for patients and does not require chair time in 

busy outpatient chemotherapy treatment facilities (52). 

  Most international guidelines suggest adjuvant BP treatment should be given for 3 to 

5 years, with a recent study showing that cancer outcomes do not improve after 2 years of 

treatment (compared 2 years to 5 years of adjuvant BPs) and less treatment comes with less 

problems for the patients (128). Canadian physicians and patients expressed interest in de-

escalation clinical trials in terms of the adjuvant BPs duration (279, 280). Current UK 

consensus sees patients receiving adjuvant BTAs for 3 years, but this might soon change as 

more clinical evidence become available to inform the optimal required treatment period to 

obtain drug benefit. In the osteoporosis setting, real-world patients’ adherence to oral BPs has 

been found to decline significantly with time. A review from 55 studies (n=4033731) has 

reported adherence at 6 months between 56% to 90% and at 3 years 23% to 48% (281), 

indicating that this might be also happening at the adjuvant cancer cohort where treatment 

duration is 3 years. Sheffield report only captured patients’ experience for just over a year (55) 

and therefore more real-world data describing patients’ adherence for the whole duration of 

adjuvant treatment is needed. Of the concerns, ONJ is the main, arising from the long term 

BP use. Data suggest that the risk in the adjuvant setting is generally small (up to about 2%) 

and with the introduction of prober dental assessment (performed by the majority of the UK 

responders, 92%), the risk could be prevented (60, 274).  

  In addition to their survival benefit, BPs also prevent CTIBL (51, 80, 81, 153, 260, 270, 

282). DEXA scan is the test of choice for assessing BMD, especially in patients receiving 

chemotherapy and/or endocrine treatment (mainly AIs) who are at increased risk of CTIBL (51, 

138, 153, 260, 270, 282). Pharmacological choices for prevention and/or treatment of CTIBL 

differ from those used to prevent bone metastases. For this setting, denosumab had recently 

become the first choice and BPs doses are less frequent and more comparable to the 

osteoporosis doses (51, 153, 260, 282). Therefore, offering adjuvant BPs to patients receiving 

endocrine treatment (mainly AIs) for endocrine positive EBC, will benefit them for both bone 

metastases prevention and CTIBL. In the cases where BPs were given for prevention of 

disease recurrence, a considerable percentage of Australian oncologists were experiencing 

the same barriers in routinely performed BMD assessment prior to commencing BMAs, 

demonstrating a potential avenue for cost saving. In the UK, the frequency of bone density 

assessments in patients receiving adjuvant BPs and extended endocrine treatment, was an 

area that was lacking national consensus. Oncologists were not very clear as to when and 

how often bone density assessments were needed in this population, therefore this topic 

requires further review to avoid unnecessary investigations or mistakes from misdiagnosis. 

  There are several limitations to these studies. All surveys had a relatively low response 

rate which may limit their generalisability to practice as a whole requiring caution in 
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interpretation although, in the Australian survey, as explained, it’s anticipated that there would 

have been considerable overlap between the various platforms used to distribute the survey 

to recipients. Sampling bias from distribution via specialist breast cancer membership lists 

could potentially over-estimate the current prescription of adjuvant BPs given the high rates of 

breast cancer specialisation, penchant for research and international collaboration within the 

group. However, the data in Figure 3.11 clearly show the increase in monthly doses of adjuvant 

ZOL administered in England between January 2017 and January 2020 (data source: NHS 

Systemic Anticancer Therapy data set). These data support the conclusion that prescribing 

has changed dramatically over the years, presumably due to the national education campaign 

and NICE and UKBCG endorsement. A similar Canadian clinicians’ survey published in 2019 

also had a low response rate at 11% (68/618), suggesting that this is not uncommon for this 

type of survey-based study (283). However, a further Canadian physician survey exploring the 

same topic had 41% response rate (52/127) which may well be due to the more targeted group 

of participants (280).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11: Monthly use of adjuvant zoledronic acid in NHS England from 2017 to 2020 (data source:  

NHS Systemic Anticancer Therapy data set).  

 

  Currently, data on adoption rates from other countries do not appear to be available, 

with the exception of the 2021 clinician survey from Canada in which most responders (77.4%) 

recommending adjuvant BMAs (mainly ZOL 4 mg/6monthly) for postmenopausal patients with 
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high-risk breast cancer (280). However, this high rate amongst the survey responders was not 

reflected by prescription data, e.g. in Ontario only 20% of eligible patients received adjuvant 

BPs. This may be due to selection bias in terms of survey responders, which may also be an 

element in our data, resulting in higher uptake rate than in the general oncology community. 

Interestingly, in this study the main barriers to wider uptake were identified as increased risk 

of toxicities from BMAs and the need for additional follow up and treatment.  

 

3.10 Conclusion 

  Adjuvant BPs are now in routine use in the UK for postmenopausal EBC. Pressure 

from national bodies and breast cancer charities, education and health economics have been 

crucial for supporting and encouraging UK physicians to change their breast cancer care. More 

evidence is needed to identify the optimal adjuvant BP regime with aim to improve patients 

and physicians experience with these agents. Furthermore, we believe by translating the 

methodology for adjuvant BPs implementation in the UK to Australia, that this may pave the 

way for other nations struggling with similar barriers to adopt this life saving treatment and 

ultimately improve outcomes for women with EBC globally. 

 

3.11 Future work  

• Further similar surveys and real-world data from other countries (European or not) are 

needed to explore how different health care systems approach the use of adjuvant BPs 

in EBC. These will provide a better insight and understanding of the global use of these 

agents and support future research needs towards the identification of the optimal 

adjuvant BP regime.  

 

• In view of the Australian survey results and the low uptake of adjuvant BPs, the survey 

will need to be repeated in the near future. This will aim to reassess Australian EBC 

practice, explore the effects that the proposed steps may have had on the EBC care 

and describe any potential increases in the use of adjuvant BPs. It is of particular 

interest to reassess the use of denosumab in this setting. 
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4.1 Summary  

Having explored the use of adjuvant Bisphosphonates (BPs) from the cancer 

physicians and oncology pharmacists point of view in chapter 3, I also wanted to understand 

more about how patients receive the use of these agents in early breast cancer (EBC) and 

what is their general understanding of the therapy. In order to do this I developed a patient 

survey.  

This patient survey aimed to gather real world data for the use of adjuvant BPs in EBC. 

With the support of Breast Cancer Now (BCN), an anonymous online survey was created and 

disseminated to the members of the Breast Cancer Voices, a BCN patient group. The survey 

was seeking information for the patients’ experience with these agents, their understanding of 

the purpose of this therapy, any side effects they had and their overall opinion about BPs in 

breast cancer.  

In view of their demonstrated anticancer benefits (78-81, 88, 89, 226) BPs are 

recommended by national and international bodies, but only for postmenopausal EBC (13, 51, 

126). Since 2018, they have been fully endorsed in the management of early disease in the 

UK after NICE added them in its EBC recommendations (13). UK physicians and pharmacists 

surveys (chapter 3) showed that almost all of the eligible patients are offered adjuvant BPs. 

However, UK patients perspective for this therapy has only been explored in a study that was 

solely focused on oral agents (55), whereas zoledronic acid (ZOL, iv infusion) is the most 

commonly used adjuvant BP. 

Therefore, identifying the gap in evidence and knowledge, a patients survey was set 

up in collaboration with BCN. Survey outcomes will give us a better understanding of patients 

experience and views about adjuvant BPs with, ultimately aiming to obtain information that 

can improve patients overall experience with this therapy.  

 

4.2 Introduction 

Bisphosphonates are pyrophosphate analogues that inhibit osteoclast mediated bone 

resorption. In clinical practice, BPs are traditionally used for the prevention and treatment of 

osteoporosis (284). In breast cancer, they have an established role in prevention of 

complications from bone metastasis such as fractures and pain and they are recommended 

for the management of cancer treatment-induced bone loss (CTIBL) (51). The use of BPs in 

breast cancer treatment is described in more detail in the introduction of this thesis.  

In recent years, BPs have gained extra interests for their anticancer effects in 

postmenopausal (natural or induced by ovarian suppression) EBC. Multiple clinical studies 

have demonstrated that BPs can reduce the risk of disease recurrence and improve survival, 

but only in postmenopausal women (78-81, 88, 89, 226). The full reasons for their positive 
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effects in EBC are still unknown, but the evidence of their beneficial effect in this setting were 

robust enough for BPs to become standard of care for postmenopausal EBC in the UK, Europe 

and America (13, 51, 126).   

In the UK standard clinical practice, adjuvant BPs were first introduced at the end of 

2015 when they were included as a recommendation in the breast cancer CRG (Clinical 

Reference Group) service specification and were endorsed as a priority for implementation by 

the UK Breast Cancer Group (UKBCG) (127). They were fully adopted in the UK breast cancer 

care in 2018 when NICE included them in its recommendation for the management of early 

disease (13).  

The UK national physicians survey, described in chapter 3 of this thesis, demonstrated 

that the uptake of adjuvant BPs has increased significantly within the last few years, with 

almost all breast cancer physicians offering these agents to patients with postmenopausal 

EBC. The most commonly prescribed BP in the UK is the intravenous agent ZOL (4mg/6montly 

for 3 years). However, adjuvant BPs still remain a fairly new treatment for EBC, meaning that 

many patients are unfamiliar with these agents and have limited understanding of why they 

are prescribed in this setting. I therefore wanted to explore patients’ journeys, understand and 

monitor any potential issues they are having, with the ultimate aim to gather information that 

can be used to improve their experience with adjuvant BPs.   

Traditionally, patient perspectives for a treatment have not been prioritised as clinical 

studies tend to focus on reporting side effects, toxicities and tolerability. Therefore, data 

descripting the patients’ experience with adjuvant BPs are limited, in particular outside clinical 

trials.  So far, the only available real-world data for the use of these agents are from a cross 

sectional study published by a Sheffield group in 2019 (n=295/389, questionnaire response 

rate 76%) (55) followed by a Canadian patient survey published 2 years later (n=165/255, 

survey response rate 64.3%) (279). The UK study explored adherence and patient reported 

toxicity for oral BPs, whilst the Canadian survey reported toxicity and tolerability for both oral 

and intravenous agents. The Sheffield participants were asked to complete the Osteoporosis 

Patient Treatment Satisfaction Questionnaire (OPSAT-Q) and demonstrated that oral 

Ibandronic Acid (50mg/daily) was very well tolerated, and the incidence of severe side effects 

was very low. Similarly, the Canadian EBC patients who were mostly receiving ZOL (92%) 6 

monthly for 3 years (73%), showed that adjuvant BPs were well tolerated despite some 

reported side effects.  

Acknowledging the gap and the need for further data, with the support of BCN (the 

largest UK breast cancer charity with a leading role in the promotion of adjuvant BPs in the 

UK), a patient survey was created (Figure 4.1). The survey aimed to gather real-world data 

about patients’ experience with adjuvant BPs and focused on patients’ general understanding 
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of why they were offered adjuvant BPs, tolerability of treatment, side effects and patients’ 

opinions and suggestions about the use of bone targeted agents in EBC.  

4.3 Hypothesis, Aims and objectives 

Hypothesis  

• UK breast cancer patients have limited knowledge around the use of adjuvant BPs.  

 

Aims  

• To provide real-world data about patients’ experience with adjuvant BPs. 

• To describe patients’ general understanding of adjuvant BPs. 

 

Objectives  

• Evaluate the use of adjuvant BPs in the UK from the patients’ perspective.  

• Determine any difficulties or side effects that patients experienced with adjuvant BPs. 

• Describe patients’ opinions and suggestions about adjuvant BPs.  

 

4.4 Methods 

4.4.1 Survey Population 

  The target study population was EBC patients who were members of the BCN group, 

Breast Cancer Voices and were offered adjuvant BPs, irrespective of if they go on to receive 

the therapy. Members of this group are people whose lives have been affected by early or 

metastatic breast cancer, whether they have been diagnosed themselves, a friend or a family 

member. The Breast Cancer Voices group had 925 members in February 2023 (285), but at 

the time of the survey the exact number of EBC patients participating in Breast Cancer Voices 

was unknown. 

  Participants had to be able to provide an online written consent and be willing and able, 

to complete the survey, which was available only in English. With the help of BCN, the survey 

was shared in the monthly charity newsletter that emailed to the Breast Cancer Voices group. 

The main survey exclusion criteria was metastatic breast cancer. 

 

4.4.2 Power calculation/sample size 

This was an exploratory survey and consequently a power calculation was not 

appropriate, but we aimed to ensure that we adequately sampled the target population to 

ensure the generalisability of the findings. To this end the survey was sent out to all the 

members of the Breast Cancer Voices by BCN with the expectation of a response rate 30-

50% based on other cancer patients surveys.  
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4.4.3 Survey Development, Collaboration with Breast Cancer Now and Patient 

and Public  Involvement.   

  The survey content validity was assured by using 3 sources of information to guide 

questionnaire content: review of the existing literature, an expert reference group (ERG) 

comprising members of the core research team and lastly the draft version was reviewed by 

a Patient and Public Involvement (PPI) group and the BCN group responsible for the 

dissemination of the Breast Cancer Voices newsletter. Face validity, useability and 

acceptability of the survey were confirmed by piloting the questionnaire with several patients 

from the PPI group, to ensure the questions were appropriate and making any modifications 

before the final survey was distributed. A key aim was to keep the questionnaire short and to 

the point to encourage survey completion, whilst capturing meaningful information about the 

broader experience with adjuvant BPs. 

  I first approached BCN who were very enthusiastic and keen to support a project with 

potential to positively impact patients’ experience with breast cancer. They agreed to help with 

the development and dissemination of the survey and connected me with their patient groups 

(Breast Cancer Voices and Breast Cancer Louder Voices) which are a great resource for 

patient-centred projects and surveys. Subsequently, BCN supported me in reaching patients 

who then formed the PPI group and extensively helped in the development of this survey. 

More specifically, the survey was revised following input form the PPI group through several 

rounds of iteration; the final version was piloted by members of the same PPI group prior to 

becoming live and available to the Breast Cancer Voices members (Figure 4.1).  

  The survey was imported into SurveyMonkey, an online survey software platform. This 

software helps the users to develop an online survey and to analyse data, select samples and 

present their data. It offers the option of including any type of question, open-ended and 

closed-ended, both types of questions were used. Questions were 1 choice, multiple choice 

or free text box questions. The majority of questions had also the option of “other” as a free 

box for participants to use if needed. The Likert rating scale was used for 2 of the questions 

where the aim to gather peoples’ attitudes and opinions. Upon completion of the survey 

development, an online link is created which can be sent to the potential responders either 

through the SurveyMonkey website or by email. This survey link was included in the monthly 

Breast Cancer Voices newsletter and sent by email to potential participants. 
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Figure 4.1: Timeline of patients’ survey preparation including number of replies received the 4 times 

survey was sent out. The number of replies demonstrated here include all the participants prior to any 

analysis.  

*PIS – Patient Information Sheet, PPI – Patient and Public Involvement  

 

  A Patient Information Sheet (36) (Appendix 4.1) was generated and also shared with 

the survey link, explaining the purpose of the survey and what was expected from participants. 

On the PIS, participants could also find information about confidentiality, personal data 

handling and the team contact details. The PIS was also reviewed by the PPI group and 

revised accordingly. 

  The survey was a 30-item self-administered survey covering three broad themes: 1) 

Demographics, 2) Breast Cancer treatment, 3) Information about BP treatment (Figure 4.2).  
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Figure 4.2: Themes of the online patients’ survey. The first survey question was the written consent.  

 

4.4.4 Ethical Approval and Survey Implementation  

The survey received ethical approval by the University of Sheffield ethics committee 

on 9th September 2022 (Application 049602). NHS ethical approval was not required as no 

NHS organisation was involved with this project. 

The survey link was distributed via email to the members of the Breast Cancer Voices 

in the monthly newsletter of the group. The survey was shared 4 times, in September, October, 

December 2022 and in January 2023. The survey link was accompanied by a small summary 

explaining the project and the PIS (Appendix 4.1). No incentive to participate was provided. 

Figure 4.3 shows how the survey link was shared in the Breast Cancer Voices newsletter in  

November 2022.  
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Figure 4.3: How survey link was shared in the Breast Cancer Voices newsletter in November 2022. 

 

4.4.5 The Survey  

The final survey consisted of 27 questions with free text permitted. Where possible and 

in order to avoid invalid answers, replies to some of the free text questions were validated for 

a specific format. Participants had to provide an online anonymous consent prior to being able 

to take part to the survey. If participants were not offered adjuvant BPs (answered “NO” to 

question 6), they automatically completed the survey. For participants who were offered 

adjuvant BPs, but they did not receive them (answered “Not at all” to question 7), the survey 

was completed at question 10. Additionally, patients who stated that had no side effects from 

the treatment, they were not asked any further questions about side effects (question 23 and 

24). The full survey questions are listed below:  

 

1. What year were you diagnosed with breast cancer?  

Free text box  

 

2. How old you were when you were diagnosed with breast cancer?  

Free text box 
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3. When you were diagnosed with breast cancer were you? 

a. Premenopausal (before the menopause) 

b. Postmenopausal (gone through the change / after menopause) 

c. Perimenopausal (around menopause / menopause transition) 

d. I don’t know / I don’t remember 

e. Other -Free text box 

 

4. In which hospital(s) did you receive treatment for your breast cancer?  

Free text box 

 

5. Did you receive chemotherapy after your breast cancer surgery?  

a. Yes  

b. No 

c. I don’t know / I don’t remember 

d. Other – Free text box 

 

6. Have you been offered bisphosphonates (e.g. Zoledronic acid, Ibandronic acid, 

Alendronic acid, Clodronate) after your breast cancer surgery? 

a. Yes 

b. No  

c. I don’t know /I don’t remember 

d. Other-Free text box  

 

7. If you were offered bisphosphonates after your breast cancer surgery, have you taken 

them? 

a. Yes 

b. Yes, but not all 

c. Not at all 

d. I don’t know/I don’t remember 

e. Other – free text box 

 

8. If you were offered bisphosphonates, but you did not wish to receive them, what was the 

reason(s) for your decision? Tick all that apply 

a. I am not convinced they would have been beneficial 

b. Possible side effects 

c. Family/Friends/Somebody I know had bad experience with these medications 

d. I don’t want to take more medications 

e. Busy lifestyle 

f. I don’t know/I don’t remember 

g. I don’t want to say 

h. Other – Free text box 
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9. If you were offered bisphosphonates, do you know why and what they are for? Tick all that 

apply 

a. Prevent breast cancer returning (recurrence) 

b. Prevent breast cancer spreading to the bones (metastases) 

c. Prevent bone loss unrelated to breast cancer treatment 

d. Prevent bone loss from some breast cancer treatments (such as hormone 

treatment) 

e. I don’t know /I don’t remember 

f. Other – Free text box 
 

10. If you were offered bisphosphonates, do you feel you received enough information about 

the treatment? 

a. Yes, I received enough information  

b. Yes, I received some information  

c. Yes, I received minimal information  

d. No, I didn’t receive enough information  

e. I received no information 

f. I don’t know/ I don’t remember 

g. I don’t want to say 

h. Other – Free text box 

 

11. Which bisphosphonate(s) do/did you take? Tick all that apply 

a. Zoledronic Acid 

b. Ibandronic Acid 

c. Clodronate 

d. Zoledronic Acid when I was receiving chemotherapy and then it was changed 

to Ibandronic Acid 

e. Zoledronic Acid when I was receiving chemotherapy and then it was changed 

to Clodronate 

f. I don’t know/ I don’t remember 

g. Other – Free text box  

 

 

12. If you do/did take bisphosphonates, who prescribes/prescribed them? Please do not give 

any names of individuals. Tick all that apply 

a. Cancer Doctor 

b. GP 

c. Pharmacists 

d. I don’t know /I don’t remember  

e. Other – Free text box 
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13. Do/did you take vitamin D and calcium (e.g. Adcal, Calcichew) with your bisphosphonates? 

a. Yes 

b. No 

c. I was not advised to take or prescribed vitamin D and calcium with my 

bisphosphonates 

d. I don’t know/I don’t remember  

e. Other – Free text box  

 

14. If you are receiving or have received bisphosphonate through the vein (given in hospital), 

how often do/did you have them?  

a. Not been offered bisphosphonates through the vein. Had only tablets. 

b. 6 monthly 

c. 3 monthly 

d. once a month 

e. I don’t know/I don’t remember 

f. Other – Free text box 

 

15. If you are taking or have taken bisphosphonate tablets, how often do or did you take them?  

a. Not been offered tablets bisphosphonates. Had only through the vein  

b. Daily- never missed one 

c. Missed the odd tablet 

d. Every now and then 

e. Never taken 

f. I don’t know/I don’t remember 

g. Other – Free text box 

 

16. How long did you take or expect to take bisphosphonates for?  

a. 2 years 

b. 3 years 

c. More than 3 years 

d. I don’t know/I don’t remember  

e. Other - Free text box 

 

17. Have you completed your bisphosphonate treatment? 

a. Yes, I have completed as planned  

b. I plan to complete 

c. No, I have stopped early 

d. I consider stopping early 

e. Other – Free text box 
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18. If you have stopped your bisphosphonate treatment, or you are planning to stop early, 

what are the reason(s)? Tick all that apply 

a. Side effects 

b. Negative effect on my quality of life 

c. I don’t have time to take treatment 

d. I regularly don’t remember to take the treatment so may just stop 

e. I don’t think I get any benefit 

f. I don’t think I need to take them for this long  

g. I don’t want to say 

h. I don’t know/I don’t remember  

i. Other – Free text box 

 

19. If you have stopped your bisphosphonate treatment, or you are planning to stop early, 

have you discussed this with your doctor? Please do not give names of individuals. Tick 

all that apply  

a. Yes with my cancer doctor 

b. Yes with my breast care nurse  

c. Yes with Advanced Nurse Practitioner  

d. Yes with my GP 

e. No, I haven’t discussed it with anybody 

f. I don’t want to say 

g. I don’t know/I don’t remember  

h. Other – Free text box 

 

20. If you have stopped your bisphosphonate treatment, or you are planning to stop early and 

you discussed this with your health care provider (for example cancer doctor, nurse, GP), 

how helpful was the conversation?  

a. I didn’t discuss it  

b. Very helpful 

c. Quite helpful 

d. Neither helpful nor unhelpful 

e. Quite unhelpful 

f. Very unhelpful 

g. I don’t know 

h. Other – Free text box 

 

 

21. If you have stopped your bisphosphonate treatment, or you are planning to stop early and 

you discussed this with your health care provider (for example cancer doctor, nurse, GP), 

what was the decision? 

a. I didn’t discuss it 

b. We agreed to change the bisphosphonate tablets to a drip (hospital 

treatment) 

c. Benefits were explained but I decided to stop or planning to stop 

d. We agreed it is best for me to stop 

e. I don’t know/ I don’t remember 

f. I don’t want to say 

g. Other – Free text box  
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22. Have you experience any of the following side effects with your bisphosphonate 

treatment? Tick all that apply.  

a. No side effects 

b. Joint pain 

c. Muscle pain  

d. Extreme tiredness (Fatigue) 

e. Constipation 

f. Diarrhoea 

g. Dizziness 

h. Low calcium (needing to take supplements) 

i. Fever 

j. Stomach pain  

k. Headache 

l. Flu-like symptoms 

m. Nausea/Vomiting  

n. Food pipe (oesophagus) problems like ulcers 

o. Kidney problems  

p. Skin problems  

q. Reduced appetite 

r. Low blood count (low haemoglobin / anaemia) 

s. Dental issues (including jaw issues) 

t. I don’t know/I don’t remember 

u. Other – Free text box 

 

23. If you have/had any side effects from your bisphosphonate treatment, have you discussed 

these with your doctor or someone else? Please do not give names of individuals. 

a. Yes with my cancer doctor 

b. Yes with my breast care nurse 

c. Yes with my GP 

d. No, I didn’t discuss it  

e. I don’t want to say 

f. I don’t know/I don’t remember  

g. Other – Free text box  

 

24. Thinking about your side effects from your bisphosphonate treatment, which statement 

describes your experience best? 

a. I have been affected significantly and I have stopped/ consider stopping 

taking the drugs  

b. I have been affected significantly but I am managing  

c. I have had many problems and I have stopped/ consider stopping taking the 

drugs 

d. I have had many problems, but I am managing  

e. I have had some problems and I have stopped/consider stopping taking the 

drugs 

f. I have had some problems, but I am managing 

g. I don’t know/I don’t remember 

h. Other – Free text box  
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25. How would you rate your overall experience with bisphosphonates?  

a. Very good 

b. Good 

c. Average 

d. Poor 

e. Very poor 

f. I don’t know/I don’t remember 

g. Other – Free text box 

 

26. How likely would you be to recommend treatment with bisphosphonate to a relative or 

friend with breast cancer if this was offered to them? 

a. Very likely 

b. Quite likely 

c. Neither likely nor unlikely  

d. Quite unlikely 

e. Very unlikely 

f. I don’t know 

g. Other – Free text box 

 

 

27. Anything else you would like to share with us to help us improve other patients’ experience 

with bisphosphonates after breast cancer surgery, please use the Free text box here  

 Free text box 

 

4.4.6 Data analysis  

  Descriptive statistics were used to summarise the responses to the survey. The 

frequency of each choice was calculated as a proportion of the total number of responders. 

The data were compiled using Microsoft Office Excel (© 2018 Microsoft Corporation). 

Percentages were rounded to nil decimal point. 

 

4.5 Results 

The survey was received by the members of the Breast Cancer Voices via email, the 

group had 925 members in February 2023. Thirty two participants agreed to take part in the 

survey by giving their consent. As the Breast Cancer Voices group consists of patients, friends 

and family members, the response rate could not be calculated. Additionally, information about 

patients’ primary breast cancer diagnosis is not held by Breast Cancer Now. Only participants 

who were offered adjuvant BPs were included in the analysis of this survey. Seven patients 

that were offered BPs for bone health (not for their anticancer benefit) were excluded from this 

analysis, indicating that patients may be unclear about why they are prescribed BPs.  

Potential sources of bias for this survey include: 
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1) Sampling bias: Members of the Breast Cancer Voices were purposely selected to take 

part in this survey as they are a group of patients who had already agreed to take part 

in research and surveys aiming to improve breast cancer care and patients’ 

experience. 

2) Non-response bias: The number of responders was small. 

3) Social desirability bias: Due to the sensitive topic of the survey and the potential need 

to avoid disappointing or expressing negative opinions for their breast cancer team. 

4) Acquiescence bias: Due to the sensitive topic of the survey and the potential need to 

avoid disappointing or expressing negative opinions for their breast cancer team. 

5) Extreme response bias. 

6) Demand characteristic bias. 

 

Sampling bias could not be avoided in this survey as it was developed with the support of 

BCN, with plan to be distributed within the Breast Cancer Voices. However, non-response bias 

may have an impact on the generalisability and interpretation of the survey results. Social 

desirability bias, acquiescence bias and demand characteristics bias could have affected the 

positivity of the results, whilst extreme response bias could have potentially affected the way 

side effects have been reported by the participants.  

 

4.5.1 Demographics 

Year of breast cancer diagnosis 

The majority of the participants were diagnosed with EBC after 2018 (71%) followed 

by 21% who were diagnosed in 2016-2017 period and 8% who were diagnosed before 2015.  

 

Age at breast cancer diagnosis 

Most of the responders (66%) were older than 50 years when they were diagnosed 

with EBC (44% 50-60 years, 22% 60-70 years). Seven patients (30%) were found to have 

EBC when they were 40-50 years old and only 1 patient (4%) was diagnosed when she was 

younger than 40 years. The survey did not have any participants older than 70, mainly 

explained by the fact that women older than 75 is the least represented group within the Breast 

Cancer Voices community (285). 

 

Menopausal status at breast cancer diagnosis 

Women were mainly postmenopausal when they received the breast cancer diagnosis (61%), 

with 30% to be premenopausal and only 9% to be perimenopausal.  
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Hospital where they received breast cancer treatment 

 Almost all of the participants received treatment for their EBC in an NHS hospital (96%) 

and only 1 patient (4%) had breast cancer treatment in a private centre. Replies were received 

from patients who had breast cancer treatment in England (83%), Scotland (13%) and Wales 

(4%). More specifically, answers were received from 12 different geographical areas in 

England, 1 area in Wales and 3 in Scotland, suggesting that the survey captured a wide 

geographical group of breast cancer patients.  

 

4.5.2 Breast Cancer Treatment  

Use of adjuvant chemotherapy 

 Anticancer systemic therapy is offered after the completion of breast cancer surgery, 

with the aim to improve survival and reduce the risk of recurrence. This is mainly offered to 

patients with higher risk of recurrence EBC (13). Responses suggested that the 70% of the 

participants received adjuvant chemotherapy, with only 17% replying that they were not 

offered any chemotherapy post breast cancer surgery. A small number of participants (13%) 

were offered chemotherapy prior to surgery which is designed to downsize tumours and offers 

better surgical outcomes. 

 

Offered adjuvant BPs 

 Since 2018, adjuvant BPs are included in NICE recommendations for the management 

of postmenopausal EBC (13). The majority of the survey participants (96%) were offered this 

therapy. In line with the national guidelines, only 1 (4%) responder was not offered adjuvant 

BPs as she was premenopausal when she was diagnosed with EBC.  

 

4.5.3 Bisphosphonate Treatment  

Use of BPs  

 Of the patients who were offered adjuvant BPs, 90% indicated that they received the 

course of therapy, 5% received it but did not complete the full course, and 5% were still 

receiving adjuvant BPs when they participated in the survey. No patients stated that they were 

offered adjuvant BPs but did not wish to receive them. The most commonly offered adjuvant 

agent was intravenous ZOL (90%),  whereas oral Ibandronic Acid was only given to 10% of 

the patients (Figure 4.4). Both intravenous and oral adjuvant BPs were mainly offered for 3 

years (80%) although a small number of patients received it for either 2 years (10%) or more 

than 3 years (10%). In terms of frequency, ZOL was mainly given 6 monthly (80%) and only 1 

patient (5%) indicated that they received it 3 monthly (had only oral BPs 10%, don’t know/don’t 
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remember 5%). Women who were receiving the daily oral agent Ibandronic Acid stated that 

they completed the recommended course of treatment and only missed the odd tablet. Almost 

all of the patients had their adjuvant BPs prescribed by their breast cancer oncologist (95%), 

while none of the patients received these agents by their General Practitioner (GP) (don’t 

know/don’t remember 5%). 

 

 

 

 

 

 

 

 

 

 

Figure 4.4: Choice of adjuvant bone agent according to patients’ survey results in 2023.  

 

Reasons for being offered adjuvant BPs  

Participants were asked to explain the reasons why they were offered BPs after their 

breast cancer surgery, as communicated to them by their breast cancer specialists (Figure 

4.5). All participants replied that adjuvant BPs prevent bone metastasis (100%), in contrast 

with only half of the responders (55%) who indicated that adjuvant BPs were offered to them 

for prevention of breast cancer recurrence. Additionally, patients answered that adjuvant bone 

agents prevent bone loss related and unrelated to breast cancer treatments (55% and 23% 

respectively), highlighting the need for better patient education.  
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Figure 4.5: Reasons for being offered adjuvant BPs. according to patients’ survey results in 2023. 

 

Information received about adjuvant BPs 

 Less than half of the participants (41%) stated that they received enough information 

for the use of BPs after their surgery, while 32% replied that they only had some information 

and 14% had minimal information for the use of these agents (Figure 4.6). In contrast, 9% of 

the responders felt that they did not receive enough information and 5% had no information at 

all about adjuvant BPs (Figure 4.6). 

Irrespective of the information that patients received about these agents, the majority 

(62%) suggested that more information about benefits, side effects and rationale for the 

frequency and duration of therapy was needed. In particular, participants suggested the 

introduction of a national booklet for the use of adjuvant BPs in EBC to improve patients 

understanding and information about bone agents in early disease. Although, adjuvant BPs 

are widely used and recommended by national and international guidelines, survey results 

and suggestions highlight that patients’ knowledge, understanding and awareness are still 

lacking.  
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Figure 4.6: Information that patients received for the use of adjuvant BPs in EBC, according to patients’ 

survey results in 2023. 

 

Completion of adjuvant BP therapy  

 Most of the patients who had been started on adjuvant bone agents had either 

completed the course of their therapy (15%) or were planning to complete it (75%), suggesting 

that treatment is well tolerated. Only 10% indicated that they were considering stopping their 

BPs early. 

 From those who stopped or planned to stop adjuvant BPs early (4 replies), the main 

reason was that they were experiencing side effects (50%) followed by the negative effects on 

quality of life (25%) and concerns about possible future side effects, especially dental issues 

(25%). Patients stated that they discussed their concerns with their oncologist (67%) and 

breast care nurse (33%) but found the discussion neither helpful nor unhelpful (50%) or helpful 

(50%, helpful breast cancer nurse – unhelpful oncologists). Despite the discussion they had 

with their breast cancer specialist, 50% understood the anticancer benefits of adjuvant BPs 

but still decided to stop or planned to stop early, with the other 50% stating that they had to 

stop due to side effects.  

 

Side effects 

 The most common side effects that patient experience with adjuvant BPs were joint 

pain and fatigue (both 50%), followed by flu-like symptoms (45%) and muscle pain (35%). 

However, 30% of the survey participants reported no side effects at all. Headaches were 

experienced by 20% of the women, constipation by 15% and diarrhoea but 10%. Dental 
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issues, including osteonecrosis of the jaw (ONJ) were reported by 10% of the responders. 

Dizziness, stomach pain, skin problems, nausea/vomiting, joint stiffness, urine infections and 

reduced appetite were only reported by 5% of the patients.  

 In an attempt to get a better understanding of where patients sought help when they 

had issues with their bone therapy, participants were asked to state the health care 

professional that they discussed their concerns with. Despite the NHS crisis and the busy 

schedules of cancer teams, EBC patients preferred to discuss the adjuvant BPs issues with 

their breast oncologists (69%).  Some patients discussed their concerns with their breast care 

nurses (25%), GP (25%) or chemotherapy nurses (6%), compared to 25% of the patients who 

in spite of the fact that they experienced side effects from adjuvant BPs, they choose not to 

discuss these. This was a multiple choice question.  

 

Vitamin D and Calcium use 

The NICE guidelines state that vitamin D (400units daily) and calcium (500mg daily) 

should be taken by patients who are on adjuvant bisphosphonates, in order to prevent 

hypocalcaemia and undiagnosed vitamin D deficiency. Most of the EBC patients (85%) were 

advised to take vitamin D and calcium with their BPs. Only 1 patient (5%) stated that they were 

not advised to take these supplements, whilst one patient (5%) was advised against vitamin 

D and calcium due to hypercalcaemia and one (5%) had to stop them early due to side effects. 

 

Overall adjuvant BPs experience  

Overall, although patients had some problems with their course of adjuvant BPs, most 

reported that they were managing (56%). However, a 13% of the responders appeared to have 

significant issues and still managed to receive their treatment. Patients who had problems and 

had to stop or considered stopping BPs represented the 13% of the replies (13% had issues 

only with first ZOL infusion and no issues with subsequent infusion, 6% no issues but 

significant worries about possible future ONJ). 

Most of the participants rated their adjuvant BPs experience as average (30%) followed 

by very good (25%) and good (20%).  Interestingly, 10% of the patients found the experience 

very poor at the beginning but good thereafter. Five percent (5%) of the patients felt that 

treatment was part of their breast cancer therapy and therefore needed to take it. However, a 

similar proportion of patients (5%) rated their overall experience as “treatment with no 

anticancer benefit” (5% were still having adjuvant BPs and did not want to comment). 

Irrespective of the side effects that patients reported with adjuvant BPs, they indicated 

that it was very likely (38%) or likely (19%) to recommend this treatment to friends and family 

if this was offered to them. Neither likely nor unlikely to recommend this therapy was given by 
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24%, whilst 5% answered that they would have advised friends and family to accept BPs due 

to their benefits. Patients who would not recommend adjuvant BPs (14%) explained that this 

was an individual’s choice, and they also felt it was more appropriate for patients to discuss 

this with family and friends or oncologists, rather than themselves.  

 

4.5.4 Patients’ Quotes  

The last survey question was a free text box question for participants to share anything 

they thought was important for the research team to know. Here are some of the patients’ 

quotes (Figure 4.7 a&b&c).  

Some of the participants highlighted the importance of clear and adequate information 

about the use of adjuvant BPs in EBC (Figure 4.7a):  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7a: Patients’ quotes for the information given about adjuvant BPs. 

  

 For some survey participants, the anticancer and bone health benefits of adjuvant BPs 

outweigh any potential issues arising from this therapy (Figure 4.7b):  

 

 

 

 

 

 

 

Figure 4.7b: Patients’ quotes showing the importance of adjuvant BPs. 
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A small number of participants described adjuvant BPs as “treatment with no 

anticancer benefit” (Figure 4.7c): 

 

 

 

 

 

 

 

Figure 4.7c: Patients’ quotes describing adjuvant BPs as “treatment with no anticancer benefit”. 

 

4.6 Discussion 

The survey captured real-world data for the use of adjuvant BPs in women with EBC 

across 3 UK countries (England, Scotland and Wales). In line with the national and 

international recommendations, adjuvant BPs were only offered to postmenopausal women 

(13, 51, 126), with the majority considered to be at high risk of recurrence as they were also 

offered adjuvant chemotherapy. The data validate the physicians’ survey results (chapter 3), 

which showed that adjuvant BPs were mainly offered to those women who were also offered 

chemotherapy, irrespective of whether they received it or not. The most commonly used agent 

was intravenous ZOL 6 monthly for 3 years, which demonstrates again that breast cancer 

oncologists prefer ZOL over oral alternatives. Since the publication of the SUCCESS trial in 

2022 (128), which showed that there was no difference in benefit between patients receiving 

2 or 5 years of adjuvant BPs, general consensus has moved away from longer adjuvant BPs 

regimes, with the survey results confirming that UK breast cancer care is following.  

Many patients understood the reasons they were offered adjuvant BPs, but there was 

a proportion of patients who at the time of the survey were still uncertain. The reasons for this 

are potentially the way the information about adjuvant BPs was given to them at the time, 

patients did not associate bone metastasis with recurrence, or they thought that breast 

recurrence only refers to local recurrence. Additionally, some of the patients might need re-

enforcement of information if this was done some time ago. Despite this, they were willing to 

receive and complete the course of treatment. Participants were well aware that adjuvant BPs 

prevent bone metastasis, but only a number of them appeared to be informed that treatment 

could also reduce the risk of recurrence. Some patients believed that adjuvant BPs aim to 

prevent bone loss from other therapies, related or not to breast cancer. Although BPs regimes 

(ZOL 4mg/6 monthly or ZOL 5mg/yearly or Alendronic Acid 70mg/weekly) for prevention or 

treatment of  CTIBL are different from those of adjuvant BPs (ZOL 4mg/6monthly or Ibandronic 
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Acid 50mg/daily), women receiving BPs for their anticancer effects could also benefit from 

their bone protection effects for the period they receive them (usually 3 years). This is 

something that is very often discussed with patients receiving antioestrogen therapies, mainly 

AIs, for ER+ve EBC. However, adjuvant BPs would not be offered to breast cancer patients 

for prevention of bone loss unrelated to breast cancer therapies, as this is outside of the 

oncologists’ expertise.  

Information for the use of adjuvant BPs intended for patients, family and friends is 

currently available by many national and international bodies. The majority of the NHS 

hospitals are able to provide written information about this treatment to all the eligible patients. 

In addition, for the survey cohort who were patients closely related to BCN, the charity website 

has extensive information for the use of BPs in primary breast cancer (286). Nevertheless, the 

information does not seem to reach the right people at the right time, with the survey 

participants to suggest clarity and guidance for the use of these agents. Further work, perhaps 

in the form of updated national leaflets, webinars and social media clips and talks, are clearly 

needed to ensure that information for BPs in EBC is disseminated and get to the right group 

of patients, with the aim to potentially improve acceptance and adherence to this beneficial 

treatment.   

Adjuvant BPs course was completed by most of the patients, with side effects reported 

only by half or less than half of the participants, suggesting that this therapy was well tolerated. 

Good tolerability to bone targeted therapy by EBC was also reported by the other 2 patient-

focussed studies (55, 279). The side effect profile was as expected with the majority reporting 

fatigue and flu-like symptoms. Dental issues, including ONJ, were reported by a relatively high 

percentage of patients (10%), compared to much lower ONJ incidence reported to the 

literature (60, 274, 287). This should be interpreted with caution, as side effects were patient-

reported in this limited survey.  

In general, patients had a reasonable experience with adjuvant BPs, with the majority 

of them willing to recommend this therapy to other patients, if this was offered to them. 

Interestingly, some patients felt that their experience was less important than advice from 

family or friends with no experience of receiving the treatment. On one hand, this was 

somehow perhaps not expected from a cancer charity associated cohort who aim to support 

fellow patients. On the other hand, patients understand that breast cancer diagnosis is a life 

changing event with its treatment to be an individual’s choice after discussion with their 

oncologist.  

The survey has a number of limitations. It was only available in English and therefore 

non English speaking patients were unable to participate. The response rate could not be 

calculated as the actual number of patients with EBC being members of the Breast Cancer 

Voices was unknown. In spite of that, the survey only had a limited number of replies. This 
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could well be due to the fact that survey link was not directly sent to potential participants, but 

it was part of a monthly newsletter email. Although a number of active steps were taken to 

make the survey stand out, patients could still miss the survey link or even the entire 

newsletter. Additionally, in contrast to the other 2 published patient surveys (55, 279), the 

group of patients that was asked to participate to this survey was not specifically selected, 

targeted or known to the research team. 

In conclusion, adjuvant BPs are widely used in the UK and are offered to almost all of 

the eligible postmenopausal EBC patients. The responses to the survey suggest that despite 

some expected side effects, treatment is well tolerated, and patients were motivated to 

complete the course of therapy. However, some patients did not have a good understanding 

of the purpose of the treatment and would welcome better information. Further work in a local 

and national level is needed to ensure narrowing of patients’ knowledge gap related to the 

benefits of adjuvant BPs and why they were offered the treatment.  

 

4.7 Conclusion  

Adjuvant BPs for postmenopausal EBC is standard of care in the UK. The treatment is 

well tolerated and accepted by patients. Nevertheless, patients’ understanding and knowledge 

for the use of these agents in primary breast cancer are lacking, with further efforts and work 

focusing on appropriate information and communication to be crucial.  

 

4.8 Future Work 

• In collaboration with BCN, the future aim is to increase patients’ awareness for the use of 

adjuvant BPs and what these agents offer to patients with EBC and why they are used. 

This will be achieved through in person and online talks, social media clips and webinars 

designed specifically for patients with EBC. Additionally, the survey results will be 

published within the BCN community, and a report will be available in one of the future 

Breast Cancer Voices newsletters. Publication of the results was a request which was 

strongly expressed within the PPI group during the preparation of the survey. Although, 

the majority of the patients seem to prefer to receive information about adjuvant BPs from 

their oncologists, patients should also be made aware that BCN website provide useful 

information and help for the use of these agents. This perhaps might not be the way that 

information reach patients who are not very computer literate and who do not think of the 

BCN website as a source of info. For this group of patients, future efforts to ensure 

appropriate and adequate education for the use of adjuvant BPs in EBC should be made 

in local and national level, outside of the collaboration with BCN.  
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• The survey will be published in peer review journals in order to ensure dissemination of 

the results within the breast cancer community in the UK. This will encourage oncologists 

to improve the information that is shared with patients in an individual’s level in oncology 

clinics. In addition, the results are aimed to be discussed with the UKBCG which was 

actively involved in the efforts of adopting adjuvant BPs in the UK breast cancer practise. 

This will enable us to find ways to improve oncology consultations and ensure that 

adequate information reach eligible patients in a local level. At the first oncology 

appointment, where adjuvant anticancer treatment is discussed, breast cancer oncologists 

should be made aware that patients would like to know more about the rational of the use 

of BPs in EBC, have a comprehensive discussion about the possible treatment side effects 

and also would like to know where to reach for support if this was needed. Future 

collaboration with the UKBCG will ensure that written information (local and national 

available leaflets) shared with patients include these points of discussion.  
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Chapter 5 
 

 

Bone Health in Older Women with 

Breast Cancer.  

A study nested within the Age Gap 

Cohort study. 
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5.1 Summary 

This observational sub-study aimed to understand the management of bone health in 

older patients receiving endocrine therapy treatment for oestrogen receptor positive (ER+ve) 

EBC. Bone health data were collected from the participants of a pre-existing, large 

observational cohort study (Bridging the Age Gap - BTAG) which recruited patients older than 

70 years of age (n=3456) with EBC between 2013 and 2018 from 56 UK hospitals. The BTAG 

study aimed to optimise breast cancer care for older women, so treatment could be better 

tailored to the patients’ health and fitness levels and also to help to reduce some of the wide 

practice variation that exists across the UK. For the purposes of this sub-study 5 UK hospitals 

were included. During the original BTAG study, no data were collected on bone health.  

About 75% of newly diagnosed EBC are ER+ve and these patients should receive 

endocrine therapy either as primary or adjuvant treatment. Primary endocrine treatment (PET) 

is offered as a therapeutic alternative to patients who are not fit for breast cancer surgery.  The 

majority of such women are significantly older, with a poor performance status, and multiple 

comorbidities compared to women who are offered surgery. Adjuvant (post breast cancer 

surgery) endocrine treatment is also offered to the majority of ER+ve patients after surgery, 

with the aim to improve survival and reduce the risk of disease recurrence.  

There are two antioestrogen therapies currently available: aromatase inhibitors (AIs) 

and Tamoxifen. Unlike Tamoxifen, AIs are known for their negative effects on bone health. 

Women receiving AIs are at risk of bone loss which may subsequently lead to fractures. The 

bone mineral density (BMD) of older women is already compromised due to menopause, age 

and other medical health issues. Therefore, older women receiving AIs for EBC are at greater 

risk of bone loss and fractures. Appropriate management of bone health in older populations 

is crucial to prevent fractures which significantly increase the mortality and morbidity of this 

group of patients.  

National and international recommendations suggest that older women receiving AIs, 

who already have evidence of bone loss or who are at increased risk of bone fractures should 

be advised to exercise more, take calcium and vitamin D supplements and also to be 

commenced on antiresorptive therapy (denosumab or BPs).  

This bone health sub-study aimed to increase our understanding of how bone health 

is monitored, preserved and treated in older women with EBC and to identify areas of 

improvement with the ultimate aim to optimise bone health care in older women with EBC.  
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5.2 Introduction 

5.2.1 Breast cancer in older women 

Breast cancer is the most common cancer in the UK with over 55,000 new cases every 

year (1). The risk of developing breast cancer increases with age, with 25% of new cases 

being diagnosed in women aged 75 and over (1). Overall, breast cancer accounts for 7% of 

all cancer deaths in the UK, with mortality rising with age such that almost half of the deaths 

are observed in patients older than 75 (1). 

The stage of breast cancer in older women is higher, with larger primary tumour sizes, 

higher rates of nodal metastases, although biology is less aggressive (288). Tumour 

expression of oestrogen (ER) and progesteron (PR) receptors is higher in this population, in 

contrast with the lower expression of human epidermal growth factor receptor 2  (HER2) (289). 

In terms of histological subtype, invasive ductal carcinoma is the most common, followed by 

lobular carcinomas (290). Results from the BTAG, which recruited more than 3000 women 

aged >70 years, showed that 84% of the patients had  ER+ve disease and only 12% had 

HER2+ve disease (291). Despite the favourable biology in older women, studies have shown 

that they usually present with more advanced disease mainly due to lack of screening (292, 

293). In the UK, breast cancer screenning programme stops when women turn 71 (294). 

Although, women above 71 can request 3 yearly screening through self-referral.  

The older population has increased healthcare needs with comorbidities, 

polypharmacy and often lack of social support being much more common. Despite the recent 

improvements in the diagnosis and treatment of breast cancer, management of early disease 

in patients >70 years has lagged behind, with women in this group more likely to receive non-

standard care. Evidence-based oncology is very limited, as older patients are often excluded 

from clinical trials, making the optimal management of breast cancer in this population very 

challenging. The International Society of Geriatric Oncology (SIOG) defines this population as 

heterogenous and recommends that treatment should be tailored to the individual’s needs and 

preferences and that decision-making should not be driven only by patients’ age (295). 

Clinicians  are advised to perform geriatric assessments, consider patients’ general health, life 

expectancy and wishes (295). 

More recently, research has focused on de-escalation of treatment for older patients 

with breast cancer. In view of the increased incidence of multiple other medical issues and the 

increased risk of adverse events from surgery and anticancer treatments, less therapy is 

desirable for this population, provided there is no oncological disadvantage. The BTAG study 

demonstrated that for women over 70 (n=3456) with early disease and a predicted life 

expectancy of less than 5 years, it is oncologically safe to omit breast cancer surgery and opt 

for primary endocrine therapy (296). Additionally, no survival benefit from axillary clearance in 



147 
 

older patients with no axillary involvement was found (n=671), making sentinel lymph node 

biopsy the standard of care in this group of patients (295, 297).  More recently the 

ASCO/Ontario guidelines have suggested that for women over age 70, with low risk, node 

negative, ER+ve cancer and comorbidities, even sentinel node biopsy confers no advantage 

and may be omitted (298). In 2017, the St Gallen Panel suggested omission of adjuvant 

radiotherapy in older women (>65 years) with low-risk ER+ve, HER2-ve EBC, in view of the 

lack of additional clinical benefit (253). However, more data are needed to support this de-

escalation pathway and reassure oncologists that this approach is not leading to 

undertreatment of older patients with breast cancer.  

 

5.2.2 Antioestrogen use in older women 

The current management of EBC includes surgery for all patients plus varying 

combinations of chemotherapy, radiotherapy, endocrine therapy, targeted molecular therapies 

(HER2, CDK4/6, immune and PARP inhibitors) and BPs, depending on disease stage, biology 

and patient tolerance (chapter 1) (13). About 75% of newly diagnosed early breast cancers 

are ER+ve and these patients should receive endocrine therapy either as primary or adjuvant 

treatment. Primary endocrine treatment is offered as a therapeutic alternative to patients who 

are not fit for breast cancer surgery and undoubtedly the majority of them are significantly 

older, with a poor performance status, and multiple comorbidities. In contrast, adjuvant (post 

breast cancer surgery) endocrine treatment is offered to the majority of patients with ER+ve 

disease, with the aim to improve survival and reduce the risk of disease recurrence.  

Antioestrogens have also an important role in the management of the metastatic 

ER+ve disease. Considering their benefit and the relative lack of significant toxicities, they are 

the preferred palliative treatment modality for older women. They are mainly offered in 

combination with other anticancer agents such as Palbociclib, a CDK4/6 inhibitor, to extend 

progression free survival (299-301).  

In the adjuvant setting, the addition of CDK4/6 inhibitors to standard endocrine therapy 

was evaluated by four major clinical trials (23, 302-304). The MONARCH-E trial recruited 5637 

patients with high risk ER+ve, HER-ve early disease to standard endocrine therapy +/- 

abemaciclib (CDK4/6 inhibitor, oral 150mg twice daily) for 2 years. High risk were those with 

4 positive nodes, or 1-3 positive nodes and either 5cm tumour, or grade 3 disease, or Ki-

6720%. Participants had already completed neoadjuvant/adjuvant treatment (surgery, 

radiotherapy, chemotherapy). The results demonstrated that the addition of abemaciclib to 

standard endocrine therapy improved invasive disease free survival (IDFS) compared to 

placebo (92.2% versus 88.7% respectively) (23). Abemaciclib with endocrine therapy is 

currently recommended by NICE in the adjuvant setting for patients with high risk ER+ve, 
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HER2-ve, node positive EBC (high risk: ≥4 positive axillary lymph nodes or 1-3 positive axillary 

lymph nodes and grade 3 disease or 1-3 positive axillary lymph nodes and tumour size ≥5cm) 

(20).  

Both the PALLAS and PENELOPE-E trials explored the role of adjuvant palbociclib 

(302, 303). The PALLAS trial (n= 5796) randomised ER+ve, HER2-ve EBC patients to 

endocrine therapy with or without 2 years of palbociclib (125 mg orally daily, 3 weeks on, 1 

week off) (302). Analysis failed to show any improved outcomes over endocrine therapy alone 

(IDFS at 4 years: 84.2% palbociclib and endocrine therapy , 84.5% endocrine therapy alone). 

The PENOLOPE-B trial (n=1250) randomised ER+ve, HER2-ve EBC patients with residual 

invasive disease after standard neoadjuvant chemotherapy and high risk of relapse disease 

[clinical, pathological stage, oestrogen receptor, grading (CPS-EG) score of ≥3 or 2 with  

positive lymph nodes after neoadjuvant treatment (ypN+)] to receive palbociclib (125mg orally 

daily, 3 weeks on, 1 week off) or placebo for 1 year (13 cycles) with standard endocrine therapy 

(303). No significant difference in IDFS was found between the palbociclib and placebo groups 

(3-year IDFS: 80.6% palbociclib, 78.3% placebo). However, subgroup analysis revealed that 

premenopausal women receiving tamoxifen and ovarian suppression benefitted from the 

addition of palbociclib (3-year IDFS: 83% palbociclib versus 74.1% placebo group).  

The NATALEE trial (n=5101) assessed the role of ribociclib in patients with ER+ve, HER-

ve early disease (304). Participants were randomised to nonsteroidal aromatase inhibitor 

(letrozole 2.5mg daily or anastrozole 1mg daily for ≥5 years) with or without the addition of 

ribociclib (400mg orally daily, 3 weeks on, 1 week off) for 3 years. The published interim 

analysis showed significant benefit in IDFS in patients receiving ribociclib compared to those 

receiving endocrine therapy alone (3-year IDFS: 90.4% ribociclib arm, 87.1% endocrine 

therapy alone arm). Endocrine therapy in early ER+ve breast cancer, which is the focus of 

this thesis chapter, is offered based on the menopausal status of the patient. Premenopausal 

women with early ER+ve disease receive Tamoxifen, a selective oestrogen receptor modulator 

and postmenopausal women are offered AIs (13). Women over 70 are always 

postmenopausal and therefore are predominantly offered AIs. Aromatase inhibitors act by 

blocking the peripheral synthesis of oestrogen (305). The major source of oestrogen in 

postmenopausal women are the adrenal glands and adipose tissue making AIs the preferred 

antioestrogen therapy in this group. In premenopausal women, where AIs are thought to be 

beneficial, they must only be used alongside ovarian suppression therapy, as a compensatory 

physiological response to the action of AIs will induce ovarian oestrogen production. All 

currently used AIs are third generation drugs, represented by letrozole, anastrozole, and 

exemestane. Non-steroidal AIs, letrozole and anastrozole, bind reversibly to the aromatase, 

whereas the steroidal AI, exemestane, binds irreversibly to the aromatase enzyme. Aromatase 
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is the enzyme that converts androgens to oestrogens which is the main source of oestrogen 

in post-menopausal females.  

Tamoxifen has historically been the standard of care for all women with hormone 

receptor positive EBC. In 1992, the EBCTCG reviewed data from 30000 women receiving 

adjuvant Tamoxifen, showing that treatment for at least 2 years offers a survival benefit over 

no adjuvant treatment or chemotherapy alone (306). Further studies successfully reported that 

extension of Tamoxifen to 5 years offered an extra benefit (307). This was confirmed in 2011 

in the EBCTCG meta-analysis of 20 adjuvant Tamoxifen trials from 21457 women (308). In 

addition, the meta-analysis demonstrated that the anticancer effects of Tamoxifen in early 

disease continue well after its discontinuation at 5 years, reporting a reduction of the 15-year 

risk of breast cancer recurrence (308). As a result, studies were conducted to explore the 

benefit of extended antioestrogen therapy, with the UK aTTom (adjuvant Tamoxifen Treatment 

offers more) trial and its international counterpart ATLAS (Adjuvant Tamoxifen Longer Against 

Shorter) trial comparing 5 versus 10 years of adjuvant Tamoxifen (309, 310). The aTTom trial 

recruited 6953 women (2755 confirmed ER+ve and 4198 ER untested) who had completed 

5 years of adjuvant tamoxifen and who were randomised to either stop tamoxifen or continue 

for an additional 5 years (310). Continuing tamoxifen showed a 4% absolute benefit in 15-year 

recurrence-free survival (72% vs 68%) and a 2% absolute benefit in 15-year breast cancer-

specific survival (79% vs 74%), compared to no further treatment. The ATLAS trial enrolled 

12894 women with EBC, treated with 5 years of tamoxifen and randomly assigned to either 

continue tamoxifen for 10 years (n=3428) or stop at 5 years (n=3418) (309). Among those who 

continued Tamoxifen the risk of recurrence at 15 years was 21.4% compared to 25.1% in those 

who stopped, and 15 year breast cancer mortality was 12.2% in those who had 10 years 

Tamoxifen compared to 15% in the control group. It should be noted that, similarly to the 

EBCTGC meta-analysis, the aTTom and ATLAS trials demonstrated that the actual anticancer 

benefit of adjuvant Tamoxifen increases significantly after 10 years of treatment.  

Since the clinical introduction of AIs in the management of postmenopausal EBC, 

multiple studies have tried to compare these agents with the standard of care Tamoxifen. The 

Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial was the first large study to show 

the superiority of AIs against Tamoxifen in the postmenopausal population (154). Patients with 

early-stage breast cancer were randomised to receive anastrozole (1mg) (n=3125, ER+ve 

n=2618) or tamoxifen (20mg) (n=3116, ER+ve n=2698) for 5 years. Ten year analysis 

demonstrated a reduction of disease recurrence, distant recurrence and the incidence of 

contralateral breast cancer in the anastrozole group. Patients with ER+ve disease who were 

treated with anastrozole had an absolute reduction of recurrence of 2.7% at 5 years and 4.3% 

at 10 years, and a 2.6% absolute difference in distant recurrence at 10 years, compared to 

the Tamoxifen treated patients. Overall analysis showed that the observed anticancer benefits 
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of anastrozole increased overtime, even after the completion of hormone therapy. In addition, 

reported treatment-related serious adverse events were less in the anastrozole than the 

tamoxifen group (223 anastrozole vs 369 tamoxifen).  

Similar favourable results to AIs were reported by the Breast International Group (BIG) 1-

98 study which randomly assigned postmenopausal women with hormone receptor positive 

early breast cancer to receive 5 years of letrozole, letrozole followed by tamoxifen, tamoxifen, 

or tamoxifen followed by letrozole (155). Statistical analysis compared the letrozole (n=4003) 

with the tamoxifen (n=4007) groups showing an advantage for letrozole in 5 year DFS of 3.6% 

(84% letrozole and 81.4% tamoxifen groups). 

In a large meta-analysis by the EBCTCG demonstrated for the first time that AIs reduce 

not only disease recurrence but also breast cancer mortality (311). Data from 31920 

postmenopausal women with ER+ve EBC who had either AIs or Tamoxifen alone or in various 

combinations (e.g. Tamoxifen for 2-3 years followed by AI to complete 5 years) were included. 

Outcomes were reported for the first 10 years as no patients were followed up beyond that 

point. Overall, the recurrence rate (RR) was better with AIs during the first 4 years of treatment 

(year 0-1: RR 0·64 and year 2–4: RR 0·80) but similar to Tamoxifen for the next 5 to 6 years. 

Differences in RRs were more apparent when endocrine treatments were different but similar 

when groups were receiving identical therapies, independent of their previous therapy in the 

cases where AIs and Tamoxifen were combined. Interestingly, recurrence was further reduced 

in the patients who proceeded to have AIs after Tamoxifen, in contrast to those who never 

received Tamoxifen. In terms of breast cancer mortality, this favoured AIs throughout the 10-

year analysis (RR 0·86).  

In view of the increased incidence of late breast cancer recurrences and similar to 

Tamoxifen, multiple studies have attempted to investigate the benefit of extended AI therapy. 

Although, DFS was found to be increased in the group receiving AIs for 10 years, results were 

not statistically significant (312-314). The MA.17R trial randomly assigned patients who 

completed 5 years of AI alone or in combination with Tamoxifen to receive letrozole (n=959) 

or placebo (n=959) for an additional 5 years (315). However, results failed to demonstrate any 

OS benefit, although extended AI therapy improved both DFS (letrozole: 95%, placebo: 91%) 

and contralateral breast cancer incidence (letrozole: 0.21%, placebo: 0.49%) compared to 

placebo (315). A large number of study participants were older and in an attempt to identify 

the benefit of letrozole in this older age group, patients were divided in 3 age groups (<60 

years, 60-69 years and >70 years) (316). Subgroup analysis showed a significant difference 

in DFS favouring letrozole only in patients younger than 60 years. Nevertheless, there was no 

interaction between age and treatment suggesting similar effects of letrozole across all age 

groups. No differences in toxicity or quality of life were reported in those older than 70 between 
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those taking letrozole and the control group, indicating that healthy older patients should be 

considered for extended endocrine therapy with AIs. 

Currently, the optimal antioestrogen therapy and its duration are still unclear. Both 

Tamoxifen and AIs are recognised by national and international bodies as standard of care in 

postmenopausal patients with hormone receptor positive EBC and they are offered based on 

the individual’s recurrence risks (13, 317, 318). Tamoxifen is mainly offered to those with small, 

low-grade tumours and axillary node negative disease who often complete endocrine 

treatment after 5 years. Women with a higher recurrence risk, ER+ve disease (bigger and 

higher-grade tumours, axillary node positive) are offered AIs and if no issues with tolerability, 

this is advised to be extended to 10 years. However, evidence suggests that all patients, 

regardless of their risk of recurrence should be offered an AI during the course of their 

endocrine therapy. 

 

5.2.3 Effects of antioestrogens on bone health 

Antioestrogens are generally well tolerated but prolonged and extended use increases 

side effects, which negatively affects patient adherence/compliance. The adverse effects are 

well described.  Tamoxifen increases the risks of endometrial cancer and thromboembolic 

events, whilst AI complications are mainly related to the musculoskeletal system (319). 

Although musculoskeletal issues are also reported by patients receiving Tamoxifen, these are 

far more common in those treated with an AI (154, 155, 311, 316). Tamoxifen has a protective 

role in postmenopausal bone health, but reduces bone mineral density in premenopausal 

women, although not to a clinically significant level and therefore does not warrant any 

monitoring or treatment (153). Unlike Tamoxifen, AIs have significant negative effects on bone 

density, leading to bone loss and increased fracture risk, which in some large breast cancer 

trials, was over 50% higher than with Tamoxifen (154, 155). 

A bone sub-study of the ATAC trial assessed the changes in BMD and bone turnover 

markers in 308 postmenopausal women (≤70 years) who received adjuvant anastrozole (1mg 

daily) or tamoxifen (20 mg daily), alone or in combination, for 5 years (320). Bone mineral 

density of the lumbar spine and hip was assessed at baseline and at 1 and 2 years.  Bone 

turnover markers were measured at baseline, and at 3, 6 and 12 months.  The different bone 

effects of anastrozole and tamoxifen were clearly seen. Anastrozole led to BMD reduction and 

an increase in bone turnover, whilst tamoxifen improved BMD and decreased bone turnover.  

Further analysis of BMD at the completion of antioestrogen therapy (anastrozole or tamoxifen 

or combination) revealed significant anastrozole-related bone loss over the 5-year treatment 

period.  In spite of this, none of the women with normal baseline bone density were diagnosed 

with osteoporosis after 5 years of AI therapy (156).  
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Women achieve 90% of their adult bone mass by the age of 20 and reach maximum 

bone mass in their late 20’s/early 30’s. Bone mass is affected by modifiable (nutrition, lifestyle, 

daily exercise) and non-modifiable (sex, race, hormone status) factors. In the female 

population, bone loss is an unavoidable process which starts with menopause. Oestrogens 

have a protective role towards bones and are the major regulators of bone metabolism. They 

maintain bone formation, inhibit bone remodelling and reduce bone resorption by effecting 

osteoblasts, osteoclasts, osteocytes and T-cells (321). With the start of menopause, oestrogen 

levels begin to fall, and women experience a reduction of their BMD leading to 

postmenopausal osteoporosis and an increased risk of fractures. The bone loss process is 

accelerated in women with hormone receptor positive breast cancer receiving endocrine 

treatment with an AI. Aromatase inhibitor therapy increases the rate of bone loss 2-4 fold (161, 

322-327), with the overall risk of fractures estimated to be 18-20% in the first 5 years of AI 

therapy and for those who receive extended endocrine treatment (10 years), fracture risk 

increases by 2-3% every year (82, 328-331).  

Older women have a significantly higher risk of fractures, not only due to osteoporosis 

but also due to polypharmacy, poor vision and balance. Osteoporotic-related fractures are a 

major heath issue in the older population as they dramatically increase mortality and morbidity. 

Estimates indicate that 1 in 3 women aged over 50 years will experience an osteoporotic-

related fracture at some point in their life (332). Therefore, older women with ER+ve EBC, who 

require antioestrogen therapy with an AI, are at greater risk of fractures, making the prevention 

and treatment of pre-existing or AI-related osteoporosis in this group crucial. 

 

5.2.4 Prevention and management of aromatase inhibitor-induced bone loss 

Bone targeted therapies, denosumab and BPs, have an established role in the 

prevention and treatment of CTIBL (51, 89, 153, 162). Denosumab, a RANK ligand inhibitor, 

significalty reduced fractures in postmenopausal women with early hormone receptor positive 

breast cancer treated with AIs in a large phase 3 trial (n=3420, denosumab 60mg 6monthly vs 

placebo) (52). Oral and intravenous BPs have been extensivley studied in hormone-receptor 

positive EBC showing a reduction in AI-induced bone loss (82, 174, 333-335).  The benefits 

of BPs for reducing fracture incidence were first reported in the AZURE trial (n=3359), which 

evaluated the effects of adjuvant ZOL (intravenous, potent BP) on fractures in women with 

EBC (178). Women were randomised to receive standard of care with or without ZOL 4mg (3-

4 weekly/6 doses, then 3 monthly/8 doses and 6 monthly/5 doses) for 5 years.  This study 

demonstrated a reduction in fractures in the ZOL (3.8%) group compared to the control group 

(5.9%) 

In addition to antiresorptive therapies, maintaining good levels of Vitamin D and 

calcium, either through an enriched diet or supplements, prevent osteoporosis and 
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subsequent fractures. More specifically a National Osteoporosis Foundation meta-analysis 

(n=970) demonstrated a 15% risk reduction of fractures in a population of non-cancer patients 

receiving these supplements (164). 

Dual energy x-ray absorptiometry scanning is the "gold standard" for measuring and 

monitoring bone mineral density. It is mainly used to diagnose and monitor osteoporosis. It is 

cost-effective, non-invasive, requires minimal preparation from the patient and is performed in 

an outpatient setting. Bone density is mainly measured and reported at the lumbar spine (L1-

L4) and the femoral head, where osteoporotic fractures are most likely to happen. Other sites 

such as the forearm might be used in cases where BMD cannot be assessed in the spine or 

femur (e.g. due to spine or femoral operation). Results are quoted as T-scores, which 

represent the standard deviation (SD) of the mean BMD of a healthy young adult. The clinical 

interpretation of T-scores, according to the World Health Organisation (WHO) are as follows: 

• T-score within ≥-1 SD of the mean indicates a normal BMD. 

• T-score between -1 to -2.5 SD from the mean indicates osteopenia. 

• T-score below -2.5 SD from the mean indicates osteoporosis. 

FRAX® is a validated and widely used fracture-risk assessment tool, created by the 

University of Sheffield (166). It is mainly used in osteoporotic patients over the age of 40 and 

provides the 10-year probability of a hip fracture and major osteoporotic fracture (clinical spine, 

forearm, hip or shoulder fracture) (166, 167). However, although the FRAX® tool was not built 

to assess the fracture risk in cancer patients receiving hormone therapy, it’s validity has been 

assessed in cancer clinical trials (168-170). Results are still limited and unclear and therefore 

FRAX® is not currently recommended for this group of patients.  

Current national and international guidelines for the prevention and management of 

AI-induced bone loss recommend that a DEXA scan is performed in all women commencing 

endocrine treatment with AIs within the first 6 months of treatment initiation (baseline 

assessment) (13, 51, 153, 162). This will allow any pre-existing bone loss to be appropriately 

treated before any further deterioration occurs due to the AIs. This is particularly important for 

older postmenopausal women whose bone density is already affected by age and menopause. 

DEXA scans should be repeated every 1-2 years during the course of endocrine therapy (13, 

51, 153, 162). However, UK guidelines suggest that if both spine and hip baseline T-scores 

are above -1 then further assessment is not needed, unless clinically indicated (153). In 

general, frequency of follow-up DEXA scans should always be decided considering the 

individuals’ bone loss risk and the use or not of bone protective therapy. 

Treatment with a BTA, Vitamin D and calcium supplementation should be started in all 

AI patients with a T-score <-2 (13, 51, 153, 162). UK patients older than 75 with at least 1 risk 

factor for bone loss, such as previous low-trauma fracture after age 50, parental history of hip 
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fracture, alcohol intake of >4 units/day, diseases associated with secondary osteoporosis, 

prior corticosteroids for >6 months, low BMI (body mass index) (<22), are also advised to 

commence bone protection therapy with the start of their antioestrogen therapy (153).  In 

contrast, the international consensus was suggesting bone protection therapy for women older 

than 65 with 1 additional risk factor for bone loss (T-score <1.5, smoking, BMI<24, family 

history of hip fracture, history of fragility fracture above age 50, oral glucocorticoid use for >6 

months) (51). However, these recommendations have since been updated advising 

antiresorptive therapy for women receiving AIs with 2 risk factors or 1 risk factor and T-

score<-1 (risk factors: previous fragility fractures, parental hip fracture, recurrence falls 2 in 

last year, diabetes (type 1 or 2), rheumatoid arthritis, BMI<20, glucocorticoid use >3 months 

and >7.5mg/day, current smoking, alcohol >2units/day) (162).  

Both denosumab (60mg/6monthly subcutaneous) and BPs (alendronate 70mg/weekly 

oral, ZOL 4mg/6monthly or 5mg/12monthly intravenous) are the antiresorptive treatment of 

choice for the prevention or treatment of AI related bone loss. However, in view of their 

oncological benefit (discussed in the introduction section of this thesis), BPs (adjuvant BPs: 

ZOL 4mg/6monthly, oral clodronate 1,600 mg daily or oral ibandronate 50 mg daily) are 

generally the preferred option for women with high recurrence risk, hormone receptor positive 

breast cancer. Denosumab is more suitable for low-risk patients whose risk of AI-induced 

fractures outweighs the risk of breast cancer recurrence. In addition, patients who commenced 

denosumab but discontinued it prior to the completion of AI therapy are advised to be switched 

to a BP until the end of their antioestrogen therapy. This is in view of the rebound phenomenon 

of accelerated bone loss that occurs with the discontinuation of denosumab (50, 162). 

Bone protection and use of antiresorptive therapy are crucial for older women receiving 

AIs for EBC. Despite the importance of maintaining good bone health and the national and 

international recommendations, bone management in this population still varies. Additionally, 

real-world data on the management of bone health in older women with ER+ve EBC are 

lacking. The BTAG study cohort (women >70 years with EBC) should provide a better 

understanding on this topic. Therefore, the data collected as part of the BTAG bone health 

sub-study offered an opportunity to investigate UK practice.  

 

5.3 Hypothesis, Aims and Objectives 

Hypothesis  

• Variation exists between UK centres in the management of bone health of older women 

with EBC.  

• Patient age and frailty may impact the bone health of older women with EBC. 
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Aims 

• To understand how bone health is monitored and managed in older women with EBC. 

• To map bone health screening and use of DEXA scans in this population. 

• To map use of BTAs in this population. 

• To determine how age and frailty affect bone health in older women with EBC.  

 

Objectives 

Bone Health Screening 

• To describe how bone health screening is performed in older women with EBC and to 

assess the use of bone density scans. 

• To determine bone mineral density loss in older women with EBC. 

• To describe the patient’s characteristics which predict BMD loss in older patients with 

EBC.  

• To describe the correlation between patient’s age and frailty and bone mineral density 

loss. 

 

Bone Targeted Agents  

• To assess the use of BTAs in older women with EBC. 

• To describe the patient’s characteristics that predict treatment with these agents. 

• To describe the correlation between use of BTAs with patients’ age and frailty scores. 

• To describe the changes in BMD in relation to BTAs use. 

 

Vitamin D and Calcium 

• To describe the use of vitamin D and calcium supplements in older women with EBC. 

 

Bone Fractures 

• To describe the rate of bone fractures in older women with EBC.   

• To determine patient characteristic which predict bone fractures in older women with 

EBC. 

• Bone fracture incidence will be correlated with patient’s age and use of BTAs, vitamin 

D and calcium.  
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5.4 Methods  

5.4.1 Study design 

The Age Gap study was a prospective, multicentre observational study of older women 

with EBC (336) . This bone health sub-study is an unplanned secondary analysis 

supplemented with new data obtained from a limited number of study sites. No new patients 

were recruited to the sub-study. The sub-study involved collecting additional data about bone 

health relating to the existing Bridging the Age Gap cohort, using electronic patient records 

held by the NHS Trusts. 

Data were collected from participants of the Age Gap study from the following 5 

participating sites:  

   

• Sheffield Teaching Hospitals NHS Foundation Trust 

• Liverpool University Hospitals NHS Foundation Trust 

• Leeds Teaching Hospitals NHS Trust 

• Doncaster and Bassetlaw Teaching Hospitals NHS Foundation Trust 

• Chesterfield Royal Hospital NHS Foundation Trust 

These were selected based on geographic convenience to permit the researcher easy 

access to each Trust to collect new data.  This was an exploratory analysis with limited 

previously published data relating to this issue and therefore no sample size was determined.   

 

5.4.2 Regulatory approvals and study specific amendment 

The sub-study received ethical approval by the University of Sheffield (Reference 

Number: 045920) and from the National NHS Research Ethics Committee (REC reference: 

12/LO/1808, Amendment number: 1145/2022/NCTS). The Ethics application to the University 

of Sheffield was made on 24 March 2022 and it was approvied on 4 April 2022. The sub-study 

was submitted to the National NHS Research Ethics Committee as a submstantial amendment 

to the original Bridging the Age Gap study on 11 February 2022 and received a favourable 

opinion on 22 April 2022 (Appendix 5.1). The main Bridging the Age Gap study protocol (336) 

was then amended to include the bone health sub-study. The main study protocol amendment 

was submitted on 24 April 2022, as a non-substantianl amendment to the Health Research 

Authority (HRA) only, as further approval by REC was not needed. HRA approval was received 

on 9 May 2022 (Appendix 5.2). The sub-study was then approved by the Research and 

Development departments of the 5 participating NHS Trusts. The bone health sub-study 

protocol is included in  appendix 5.3. 
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5.4.3 Patient eligibility criteria 

Eligibility  

• All the Bridging the Age Gap study participants from the above-mentioned 5 centres 

who met all the inclusion and none of the exclusion criteria were included in this sub-

study. 

 

Inclusion Criteria 

• Female patients recruited to the main Bridging the Age Gap study with ER+ve EBC 

who had been offered endocrine therapy with an AI or tamoxifen, either as primary or 

adjuvant treatment, with or without subsequent chemotherapy. 

 

Exclusion Criteria  

• Patients who had requested withdrawal from the study since initial recruitment.  

• Patients who had declined or never received endocrine therapy. 

• Patients with known metastatic breast cancer at diagnosis.  

• Patients who consented to the main study via proxy as a result of cognitive impairment.  

 

Defining ER+ve participants 

• From the existing database of the Bridging the Age Gap study patients with hormone 

positive (ER+ve) EBC were identified. Hormone receptor positive (ER+ve) cancers 

were defined as those with an immunohistochemistry ER Allred score of  3 (positive 

when 3-8), or an H score of >50/300 or a notation that their disease was categorised 

by the host breast unit as ER+ve. 

 

5.4.4 Recruitment 

Patients already recruited to the Bridging the Age Gap study from Sheffield, Liverpool, 

Leeds, Doncaster and Chesterfield, were identified from the study database and screened. 

Patients who met the inclusion criteria and none of the exclusion criteria, were included to the 

sub-study. Eligible patients were not contacted. Upon recruitment to the sub-study, additional 

data were collected from existing hospital electronic records. Patients who took part in the 

original Bridging the Age Gap study had already signed a consent form which permitted further 

data collection about patients’ cancer diagnosis, treatment and follow up. 

The main Bridging the Age Gap study recruited a proportion of patients with severe 

cognitive impairment with consent obtained via a proxy.  This consent form did not permit 

application of the sub-study and so these patients were excluded from the study.   
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5.4.5 Data collection 

Data used in this sub-study were collected from data entered into the following sources: 

• Type of breast cancer primary treatment (breast cancer surgery or primary endocrine 

therapy) and patients’ age had already been collected by the main Age Gap study and 

therefore these data were obtained from the main study database.  

• NHS Trusts electronic systems. 

• Frailty scores were kindly provided by Olivia Turner, Healthy Lifespan Institute, 

University of Sheffield, UK.  These had been derived using a modified Rockwood frailty 

index.   

 

Sub-study data were recorded in an electronic case report form (CRF) (Appendix 5.4). 

 

5.4.6 Addition study specific data collection 

The existing Age Gap dataset already holds some of the data required by this bone 

health sub-study including primary breast cancer treatment, patient’s age and frailty score. 

 

Additional data that were collected: 

• Type of endocrine therapy treatment. 

• The performance of a DEXA scan within 6 months of starting endocrine therapy 

treatment (baseline).   

• The result of the baseline DEXA scan if performed in terms of T-scores at the hip and 

spine.  

• The performance of any further follow-up DEXA scans and their results (hip and spine 

T-scores).  

• The offer of BPs, calcium and vitamin D supplements at any point during the course of 

antioestrogen therapy. 

• The incidence of fractures during or after (until Q3/2022) the course of antioestrogen 

therapy and when this occurred. 

 

5.4.7 Statistical analysis 

Data analysis was only performed for the patients who received AIs as an endocrine 

therapy treatment for EBC. Descriptive statistics were used to describe the sub-study findings. 

Means (M) and standard errors (SE) are reported for continuous normally distributed data and 

medians and ranges for continuous non-normally distributed data. Categorical data were 

compared using chi-squared tests. Statistical analysis to calculate p-values and correlation 
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coefficients was performed using  SPSS (Statistical Package for the Social Sciences) 

statistical software. Correlation analysis was performed to describe the correlation between 

age, frailty, use of BPs and bone health in older women with EBC. Correlation analysis was 

done by using SPSS statistical software or Microsoft Excel using Pearson correlation 

coefficient (r), Spearman correlation coefficient (Spearman’s rho) and phi coefficient (rφ). 

Pearson correlation coefficient was used to measure the degree of association between two 

continuous normally distributed variables. Spearman correlation coefficient was used to 

measure the degree of association between two continuous non-normally distributed variables 

and Phi coefficient was used to measure the degree of association between two categorical 

variables. The level of correlation (r value) that was accepted as confirming a correlation was 

0.7 (or -0.7).  

Box plots were created in Microsoft Excel to describe the differences in BMD according 

to group analysis.  

Scatter plots were created in Microsoft Excel and simple linear regression was used to 

describe the correlation of patient’s age and baseline hip and spine T-scores and also the 

correlation of frailty scores and baseline hip and spine T-scores. In this two linear regression 

models, the patient’s age and frailty scores were the independent variables, where baseline 

hip and spine T-scores were the dependant variables. Standard errors and coefficients of 

determination (R2) are reported for simple linear regressions.  

 

5.4.8 Calulation of frailty scores  

Baseline frailty was assessed during the patients’ participation in the original BTAG 

study. I was not involved in the collection and/or calculation of the frailty scores as these were 

not part of my degree. Frailty scores were kindly provided, for the purpose of this analysis, by 

Olivia Turner, Healthy Lifespan Institute, University of Sheffield, UK. 

The frailty score was developed based on Rockwood's accumulation of deficits model 

and was calculated by selecting 75 frailty-related variables (e.g. bathing, pulmonary 

comorbidities) from the comprehensive geriatric assessment taken at baseline. The patient 

responses to the variables were dichotomised onto a binary scale whereby if the patient was 

positive for the deficit to any extent they were given a 1 for that variable, if they had no 

association with that variable they were allocated a 0. An average was calculated across all 

75 variables to derive a frailty score between 0 and 1 for each patient. A score of <0.08 is 

considered robust/not frail, 0.08-0.25 is pre-frail and a score over 0.25 is frail.  
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5.5 Results 

5.5.1 Participants 

This is a sub-study of a larger observational cohort study (BTAG) which recruited 

patients older than 70 years old (n=3456) with primary breast cancer between 2013 and 2018 

from 56 UK hospitals. For the purposes of this sub-study, 5 UK hospitals were included. Of 

these total recruits, not all were suitable for inclusion in this sub-study. A strobe diagram 

showing patient dispositions within the parent and sub-study and reasons for exclusion is 

shown in Figure 5.1.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Strobe diagram showing recruitment to the original BTAG study and sub-study and reasons 

for patients inclusion and exclusion per centre. 

 

Only patients who were diagnosed with ER+ve EBC and who received endrocrine 

therapy as part of their anticancer treatment were eligible for this sub-study. From the total of 

703 patients who were recuited to the BTAG study at the 5 hospitals, 565 were diagnosed with 

ER+ve breast cancer and therefore were eligible for this sub-study (Sheffield n=123, Leeds 

n=159, Doncaster n=61, Chesterfield n=59, Liverpool n=163) (Figure 5.1). One hundred and 

thirty eight patients (n=138) were excluded from the sub-study due to having ER-ve disease 

(n=88), consultee consent (n=26), metastatic disease at the time of recruitment to the BTAG 

study (n=5), not receiving endocrine treatment (ET) (n=15), issues with their consent form 

(n=1) and missing data (n=3) (see Strobe diagram for full details, Figure 5.1).  
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The parent Age Gap study recruited a proportion of patients with severe cognitive 

impairment with consent obtained via a proxy.  This consent form did not permit application of 

the sub-study and so these patients (n=26) were excluded from the study.   

 Of 565 eligible patients, 529 were prescibed aromatase inhibitors, 26 Tamoxifen and 

for 10, information about their ET was missing (Figure 5.1). Some women were prescribed 

endocrine therapy after surgery and for others the endocrine therapy was used as primary 

treatment.   

 Aromatse inhibitors reduce bone density and increase the risk of fractures, especially 

in older women whose bone denisty is already affected by the menopause. The effects of AIs 

on bone health are discussed in detail in the introduction of this chapter. The focus of this sub-

study was the group of patients who received aromatase inhibitors (n=529) and in particular 

whether bone health was monitored during AI therapy, the impact of AI therapy on bone density 

and fracture risk and any practice variation between centres.   

The sub-study population (AI patients) was separated into 2 age groups; 70 to 79 years 

old (342/529, 65%) and over 80 years old (187/529, 35%), with the median age of 77 years 

(70-98 years).  

Full baseline demographics of the Age Gap population are available in the main trial 

publications (296, 337). The ER+ve EBC patients (n=2854) who were recruited to the main 

study from all the 56 UK centres, were 69 to 102 years of age (median 77 years). Although, 

the study recruited patients from all the ability groups, the majority were fully active (66.7%) 

and only 0.3% were completely disable (restricted in physically strenuous activity 24.1%, 

ambulatory and capable of all self-care 5%, capable of only limited self-care 3.9%).  

 

5.5.2 Bone density monitoring with DEXA scans  

DEXA Scan utilisation 

In view of the effects of AIs on bone health, patients receiving this therapy are advised 

to have a baseline bone density assessment within 6 months of the initiation of the treatment 

and every 2-3 years thereafter (13, 51, 153, 162). 

For the 529 women who received adjuvant or primary endocrine AI therapy, baseline 

DEXA scans were requested for 354/529 (67%) and only half of these had a further follow-up 

scan (179/354, 51%). Sheffield was the centre with the highest percentage of AI patients 

having a baseline DEXA assessment (89/117, 76%), followed by Leeds (117/156, 75%), 64% 

(101/159) for Liverpool and 59% (31/53) for Doncaster participants, compared to only 36% 

(16/44) of patients treated in Chesterfield.  
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Although, the difference between centres and the request for a baseline DEXA scan 

was statistically significant, analysis showed no correlation between the 5 centres and the 

number of AI patients who had a baseline DEXA scan (p<0.001, phi coefficient rφ<0.001) 

(Table 5.1). The statistical test that was used to calculate the p-value was chi-squared test, 

and the variables were the request for a baseline DEXA scan (Yes or No) and the number of 

patients per centre that had or did not have a baseline DEXA scan.  

The percentage of patients who had a second bone density assessment, compared to 

the percentage of patients who had a baseline DEXA remained almost the same in 

Chesterfield (6/16, 38%) and Doncaster (19/31, 61%) but dropped significantly in the 3 bigger 

centres (Sheffield 48/89, 54%, Leeds 55/117, 47%, Liverpool 51/101, 51%). 

 

 AI 
patients 

Baseline 
DEXA scan 

Surgery  PET F/U DEXA 
scan  

Total 529 354 (67%) 319 (90%) 33 (9%) 179 (51%) 

Centres      

Sheffield 117 89 (76%) 70 (79%) 18 (20%) 48 (54%) 

Liverpool  159 101 (64%) 91 (90%) 10 (10%) 51 (51%) 

Leeds 156 117 (75%) 113 (97%) 4 (3%) 55 (47%)     

Doncaster 53 31 (59%) 29 (94%) 1 (3%) 19 (61%) 

Chesterfield  44 16 (36%) 16 (100%) 0 (0%) 6 (38%) 

Table 5.1: Number of BTAG sub-study AI patients (per centre) who had a baseline and a follow up 

DEXA scan per primary treatment (Surgery or PET). For two patients who had baseline DEXA scan (1 

patient in Sheffield and 1 in Doncaster), primary treatment was unknown.  

 

 Baseline bone density assessment was more likely to be performed if the patient 

had breast cancer surgery (319/354, 90%) as opposed to PET (33/354, 9%). This very low 

rate for PET patients was consistent across units and may link to the increased age of this 

patient cohort.  For 2 patients who had baseline DEXA scans, 1 from Sheffield and 1 from 

Doncaster, the primary treatment type was unknown (2/354, 1%). There was considerable 

variation in practice between units (Table 5.1). 

 Age was a significant determinant of DEXA scanning with younger women more 

likely to have a scan, (70-79, 251/354, 71%, compared to 80+, 103/354, 29%). The oldest 

patient to have a DEXA scan was 95 years old. Some units have upper age thresholds for 

DEXA scans.  
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Bone Density Results 

 Bone density is mainly measured and reported at the lumbar spine (L1-L4) and the 

femoral head, where osteoporotic fractures are most likely to happen. Other sites such as the 

forearm might be used in the cases where BMD cannot be assessed in the spine or femur 

(e.g. due to spine or femoral operation). Results are quoted as T-scores which represents the 

SD of the mean BMD of a healthy young adult (332). The clinical interpretation of T scores, 

according to the WHO are as follows (332): 

• T-score ≥-1 SD of the mean indicates a normal BMD. 

• T-score between -1 to -2.5 SD from the mean indicates osteopenia. 

• T-score below -2.5 SD from the mean indicates osteoporosis. 

 

 In our sub-study, of those that were scanned, 42% (148/354) had osteopenia, 37% 

(132/354) had normal results and 18% (64/354) had osteoporosis. For 3% (10/354) of the 

patients, DEXA T-score results were unknown.  

 Half of the patients who had a baseline DEXA scan (n=354) had their bone density 

re-assessed by a follow-up DEXA scan (179/354, 51%). The majority of these patients were 

known to be osteopenic (87/179, 49%) and 36% (65/179) had normal BMD at the first scan. 

Only 14% (25/179) of those who had a follow-up DEXA assessment were known to have 

baseline osteoporosis. For 1% (2/179) for those who had a follow-up DEXA the results of their 

baseline assessment were missing.  

 Hip T-scores in the AI patients were generally lower in both baseline and follow-up 

assessments than the spine T-scores (Figure 5.2). Patients’ experienced a minor degree of 

bone loss in both hip and spine when bone density was re-assessed at a follow-up DEXA scan 

(Figure 5.2), however age group analysis demonstrated an increase in spine bone density in 

women >80 years (Figure 5.4). Hip T-scores (baseline and follow-up) were higher in patients 

aged 70 to 79 years compared to those over age 80 (Figure 5.3).  In contrast, spine T-scores 

(baseline and follow-up) were higher in the older (>80) population (Figure 5.4).  
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Figure 5.2: Box plot comparing the baseline and follow-up DEXA hip and spine T-scores in all the 

patients receiving aromatase inhibitors (For all age groups: Hip Baseline n=354, Hip Follow-up n=179, 

Spine Baseline n=354, Spine Follow-up n=179). The baseline and follow-up DEXA scans were reported 

for different patient groups. Repeat DEXA scans were mainly performed in patients with baseline 

osteopenia but also in patients with normal baseline and baseline osteoporosis.  
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Figure 5.3: Box plot showing baseline and follow-up DEXA spine T-scores in the 2 age groups (70-79 

and >80 years (Baseline 70-79 n=251, Follow-up 70-79=143, Baseline >80 n=103, Follow-up >80 

n=36). The baseline and follow-up DEXA scans were reported for different patient groups. Repeat DEXA 

scans were mainly performed in patients with baseline osteopenia but also in patients with normal 

baseline and baseline osteoporosis.  
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Figure 5.4: Box plot showing baseline and follow-up DEXA hip T-scores in the 2 age groups (70-79 and 

>80 years) (Baseline 70-79 n=251, Follow-up 70-79=143, Baseline >80 n=103, Follow-up >80 n=36). 

The baseline and follow-up DEXA scans were reported for different patient groups. Repeat DEXA scans 

were mainly performed in patients with baseline osteopenia but also in patients with normal baseline 

and baseline osteoporosis.  

 

 Analysis demonstrated that patient’s age had a minimal effect on baseline hip T-

scores (R² = 0.0874, SE=0.51) (Figure 5.5) and no effect on baseline spine T-scores (R² = 

0.0063, SE=0.63) (Figure 5.6). Spearman’s rank correlation was used to assess the 

relationship between baseline hip T-scores and follow-up hip T-scores in patients 70-79 years 

old. There was a positive correlation between the two variables (Spearman’s rho=0.904, 

p<0.001). Spearman’s rank correlation was also used to assess the relationship between 

baseline hip T-scores and follow-up hip T-scores in patients >80, with the correlation to be 

positive between the two variables  (Spearman’s rho=0.923, p<0.001). Similarly, Spearman’s 

rank correlation was used to assess the relationship between baseline spine T-scores and 

follow-up spine T-scores in 70-79 and between baseline spine T-scores and follow-up spine 

T-scores in >80. In both age groups, there was a positive correlation between the two variables 

(Spearman’s rho=0.938, p=0.019 for 70-79, Spearman’s rho=0.967, p=0.033 for >80). 

 



167 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5: Scatter plot showing the correlation of patient’s age and baseline hip T-scores in patients 

receiving AIs for EBC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6: Scatter plot showing the correlation of patient’s age and baseline spine T-scores in patients 

receiving AIs for EBC.  

 

 Overall, bone density measurements demonstrate a variability in BMD within this 

population, supporting that a more personalised approach to bone health of older women with 

EBC is warranted.  
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5.5.3 Use of Bisphosphonates  

In this sub-study, only 43% (226/529) of the patients who were prescribed aromatase 

inhibitors were also offered BPs. There was no use of BPs for 283/529, (53%) and unknown 

use of BPs for 20/529, (4%). The majority of patients (122/226, 54%) were commenced on 

BPs with the AIs, while 15% (33/226) were already on the BPs prior to the breast cancer 

diagnosis and they continued having them with the AIs.  

Adjuvant BPs were started to be introduced into routine UK breast cancer care in 2016, 

after guidelines for their use were shared nationally by the UKBCG and Sheffield Teaching 

Hospitals, although UK wide NICE guidelines were not published until 2018, and these 

guidelines always take time to diffuse across clinical sites. The same year (2016), the first 

BTAG participants were offered BPs for cancer prevention. In total, 71/226 (31%) women, from 

the 5 hospitals that participated in this sub-study, received adjuvant BPs.  

Sheffield was the centre with the highest percentage (75/117, 64%) of patients 

receiving BPs, either for bone health or as an oncological adjuvant, followed by Chesterfield 

(22/44, 50%). All the other 3 centres had a similar percentage of patients having BPs 

(Doncaster 18/53, 34%, Leeds 55/156, 35%, Liverpool 56/159, 35%). The reasons for the wide 

variation are not clear but may related to the establishment of a specialist metabolic bone unit 

and the academic interest in BP research in Sheffield, with several research active clinicians 

regularly taking part in breast cancer MDT meetings. 

Bisphosphonates were more likely to be offered in patients who had breast cancer 

surgery (from 226 who had BPs 195 (86%) had surgery and 30 (13%) had PET, for 1 (1%) 

patient information for primary treatment is missing) and were younger than 80 years (see 

below) , despite the higher prevalence of osteoporosis in this older age group. This may relate 

to the fact that women who had AI therapy in the adjuvant setting (433/529, 82%) were more 

likely to get BPs than those who had their AI therapy as PET (92/529, 17%) (unknown breast 

cancer primary treatment 4/529, 1%).  This would introduce an age bias, as PET is usually 

offered to older, frailer and more comorbid women.    

Breaking down BP use according to indication, 78 patients out of the 122 (64%) who 

were prescribed BPs for bone health, were younger than 80 years, whilst 36% (44/122) were 

over the age of 80.  Similarly, 83% (59/71) of those who had BPs for prevention of breast 

cancer recurrence were 70 to 79 years old and only 17% (12/71) were >80 years old.  

Patients who had PET wouldn’t have been eligible for adjuvant treatment and therefore 

primary treatment analysis was not performed for this group of patients. Neither age nor 

primary treatment analysis was performed for the patients who were commenced on BPs prior 

to the diagnosis of breast cancer as this was outside of this sub-study’s scope. 

Almost all of the patients who were diagnosed with osteoporosis at their first DEXA 

scan were offered BPs (58/64, 91%), compared to 39% (58/148) of the osteopenic patients 
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(Figure 5.7). Bone protection was also offered to a small number of patients with normal 

baseline bone density (8/132, 6%). It is not known whether these patients had other risk factors 

for bone loss as these data were not available (a FRAX score for example). Ten percent 

(14/148) of the patients with baseline osteopenia and 2% (1/64) with osteoporosis were offered 

BPs for both bone health and cancer prevention (Figure 5.7). However DEXA scans are 

generally not recommended for patients who are eligible for adjuvant BPs, as they add no 

extra clinical benefit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.7: Use of bisphosphonates (BPs) and Vitamin D/Calcium based on patients baseline DEXA 

scan results. 

 

As expected, the group of patients who were offered BPs (for bone health and/or 

adjuvant therapy) had lower hip and spine T-scores in both baseline and follow-up DEXA 

assessments, compared to the group of patients who did not receive these agents (Figure 5.8 

& 5.9). Additionally, the hip and spine bone density remained stable in the BP group, as 

opposed to those who did not have BPs and experienced bone loss. This suggests that BP 

use resulted in a slight gain in bone density whereas women who did not have BP, whilst 

having higher starting scores did show a slight reduction (Figure 5.8 & 5.9).  In women 

receiving BPs, there was no significant difference between baseline hip T-scores (M=-1.6, 
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SD=0.877) and follow-up hip T-scores (M=-1.7, SD=0.878); (t(65)=1.917, p=0.06 calculated 

using paired sample t-test) or between baseline and follow-up spine T-scores (p=0.409 

calculated using Wilcoxon Signed Rank Test). In contrast, in the non-BP group, there was a 

significant difference between baseline and follow-up T-scores in both hip (p<0.001 calculated 

using Spearman’s rho) and spine (p<0.001 calculated using Wilcoxon Signed Rank Test). 

Taken together, these data demonstrate the need for further and continuous education 

of breast cancer specialists regarding the use of BPs in this population. This will improve bone 

health management of older women receiving AIs, especially of those in the primary endocrine 

treatment group, and offer better breast cancer outcomes for those eligible for adjuvant BPs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.8: Box plot comparing baseline with follow-up spine DEXA results in AI patients based on 

bisphosphonate (BP) use (Baseline BP group n=144, Follow-up BP group n=78, Baseline no BP n=204, 

Follow-up no BP n=99, Baseline but missing information for BP use n=6, Follow-up but missing 

information for BP use n= 2). Baseline and follow-up DEXA scans were reported for different patient 

groups. Repeat DEXA scans were mainly performed in patients with baseline osteopenia but also in 

patients with normal baseline and baseline osteoporosis.  
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Figure 5.9: Box plot comparing baseline with follow-up hip DEXA results in AI patients based on 

bisphosphonate (BP) use (Baseline BP group n=144, Follow-up BP group n=78, Baseline no BP n=204, 

Follow-up no BP n=99, Baseline but missing information for BP use n=6, Follow-up but missing 

information for BP use n= 2). Baseline and follow-up DEXA scans were reported for different patient 

groups. Repeat DEXA scans were mainly performed in patients with baseline osteopenia but also in 

patients with normal baseline and baseline osteoporosis.  

   

5.5.4. Use of Vitamin D and Calcium  

National guidelines state that patients who are offered BPs, either for bone health or 

as an adjuvant, should also be advised to take vitamin D and calcium supplements in order to 

avoid hypocalcaemia and maintain normal vitamin D levels which are often low in these 

patients. The minimum daily recommended dose is calcium 500 mg and vitamin D 10 µg (400 

international units). 

In this sub-study cohort, 32% (171/529) of the patients had only vitamin D and calcium 

(without BPs) and 33% (173/529) had vitamin D and calcium with BPs. Twenty six (26/529, 

5%) patients were already on vitamin D and calcium and BPs prior to being diagnosed with 

breast cancer.  

Almost all of the BTAG Sheffield participants (105/117, 90%) who received AIs were 

advised to take vitamin D and calcium, followed by 76% (121/159) in Liverpool and 67% 
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(104/156) in Leeds. Less than half of the BTAG AI participants in both Chesterfield (18/44, 

41%) and Doncaster (22/53, 42%) were asked to take vitamin D and calcium supplements 

(p<0.001, phi coefficient rφ<0.001). The statistical test that was used to calculate the p-value 

was chi-squared test, and the variables were the use of vitamin D and calcium (Yes or No) 

and the number of patients per centre that had or did not have vitamin D and calcium. Again 

the reasons for this variation are not clear but show that despite national guidelines some 

patients still do not receive recommended care.  

Overall, vitamin D and calcium were recommended to the majority of the osteopenic 

(138/148, 93%) and osteoporotic (62/64, 97%) patients after their first DEXA assessment, 

whilst 68% (90/132) of women with normal bone density also received these supplements 

(Figure 5.7).  

 

5.5.5 Fractures  

From the 529 patients who were offered AIs, 23% (122/529) were diagnosed with at 

least one fracture from the date they were recruited to the BTAG study until 2022. The total 

number of fractures was 161, with some patients having more than one fracture since they 

were commenced on AIs. Data to differentiate symptomatic from non-symptomatic fractures, 

were not collected. 

The centre with the highest number of fractures in BTAG AI group was Chesterfield 

(18/44, 41%) followed by Sheffield (30/117, 26%) and Leeds (36/156, 23%). Nine (9/53, 17%) 

patients in Doncaster and 29 (29/159, 18%) in Liverpool presented with at least one fracture.  

Although more women aged 70 to 79 presented with at least one fracture (70/122, 

57%), compared to those older than 80 years (52/122, 43%), overall the fracture frequency 

was slightly higher in the older population (>80 years: 52/187, 28%) (70-79 years: 70/342, 

20%). A chi-squared test was performed to assess the relationship between age (70-79 and 

>80) and fracture frequency. There was no significant association between the two variables 

(p=0.055) and no correlation between fractures and patient age has been identified (rφ=-

0.083). 

 Only 38% (46/122) of the patients with fractures were given a prior BP but a much 

higher percentage (84/122, 69%) had vitamin D and calcium prior to presenting with a fracture. 

Statistical analysis showed that there was no significant difference or any association or 

correlation (rφ=-0.029, p=0.515) between the use of BPs and fractures in this sub-study cohort. 

A chi-squared test was used to calculate the p-value, and the variables were the use of BPs 

(Yes or No) and the occurrence or not of a fracture. 
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5.5.6 Frailty  

Baseline frailty was assessed during the patients’ participation to the original BTAG 

study. I was not involved in the collection and/or calculation of the frailty scores as these were 

not part of my degree. Frailty scores were kindly provided, for the purpose of this analysis, by 

Olivia Turner, Healthy Lifespan Institute, University of Sheffield, UK. 

Some BTAG participants were excluded from the frailty score calculation and therefore 

not all of the sub-study patients had their frailty score calculated. From the 529 patients in the 

AIs group, 87% of them (461/529) had a baseline frailty assessment. Results showed that 

frailty (184/461, 40%) or pre-frailty (247/461,54%) was present in 94% of the women (30/461, 

6% had normal assessment).   

A baseline DEXA scan was performed for the majority of the prefrail (179/247, 73%) 

and not frail patients (23/30, 77%) compared to only 57% of the frail patients (105/184) (Figure 

5.10). Although, analysis demonstrated no effect of frailty on baseline hip (R2=0.0098, 

SE=0.060) or spine (R2=0.00007, SE=0.058) T-scores (Figure 5.11 & 5.12), prefrail and frail 

patients were mainly osteopenic (prefrail: 72/179, 40%, frail: 45/105, 43%) or had normal bone 

density (prefrail: 72/179, 40%, frail: 35/105,33%), in contrast with the patients with normal 

frailty assessment who were mainly osteopenic (11/23, 48%) or osteoporotic (7/23, 30%). 

Osteoporosis was present only in 15% (26/179) of the prefrail and 22% (23/105) of the frail 

women (Figure 5.10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.10: Baseline DEXA results of AI patients based on their frailty assessment outcomes. 
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Figure 5.11: Scatter plot showing the correlation of frailty assessment scores and baseline hip T-scores 

in patients receiving AIs for EBC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.12: Scatter plot showing the correlation of frailty assessment scores and baseline spine T-

scores in patients receiving AIs for EBC. 

 

In addition, a chi-squared test was performed to assess the relationship between frailty 

(frail, pre frail, not frail) and the use or not of BPs. There was significant association between 

R² = 7E-05

-6

-5

-4

-3

-2

-1

0

1

2

3

4

5

0 0.1 0.2 0.3 0.4 0.5 0.6

B
as

lin
e 

Sp
in

e 
T-

sc
o

re
s

Frailty Scores

Correlation of Frailty Scores and Basline Spine T-scores
All AI patients

Baseline Spine T-Scores Linear (Baseline Spine T-Scores) Linear (Baseline Spine T-Scores)

R² = 0.0098
-6

-4

-2

0

2

4

6

0 0.1 0.2 0.3 0.4 0.5 0.6

B
as

el
in

e 
H

ip
 T

-s
co

re
s 

Frailty Scores 

Correlation of Frailty Scores and Baseline Hip T-scores
All AI patients

Baseline Hip T-Scores Linear (Baseline Hip T-Scores) Linear (Baseline Hip T-Scores)



175 
 

the two variable (p=0.21). Analysis showed that the majority of the non-frail women 

(21/30,70%) were prescribed BPs with AIs for bone health or to prevent breast cancer 

recurrence, as opposed to only 43% (107/247) of the prefrail and 47% (87/184) of the frail 

women (Figure 5.13). 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.13: Use of bisphosphonates in patients receiving AI for EBC  based on their baseline frailty 

scores.  

 

5.6 Discussion 

National and international guidelines for the management of bone health in women 

receiving endocrine therapy for EBC had been available well before the first patient was 

recruited to the BTAG study in 2013, recommending bone protection in women older than 

65(international) or 75(UK) with 1 additional risk factor for bone loss (153, 338). Subsequently, 

recommendations have been updated but the advice concerning bone heath of older women 

with ER+ve EBC remains the same, as older age (≥65) is an independent risk factor for 

fractures (51, 162, 339).  

Despite the dissemination of the guidelines, uptake by UK breast cancer specialists 

still varies significantly. This study has demonstrated a clear variation in the investigation, 

monitoring and treatment of AI-related bone loss within the 5 participating centres. Rates of 

baseline DEXA scans were 36-76% whilst rates of BPs use were 34-64%. Even the use of 

vitamin D and calcium supplements, which are widely available and do not require medical 

prescription, varied between 41 to 90%. Although the reasons for this wide variation are 
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unknown, Sheffield was the centre with the highest number of requested DEXA scans and use 

of antiresorptive therapy. This may well be due to the establishment of a specialist metabolic 

bone unit and the long-standing academic interest in bone research in Sheffield, with several 

research active breast cancer clinicians. In addition, two of the participating centres had an 

age limit in DEXA scans, limiting use to patients over the age of 80 to have the intervention. 

This was mainly due to the lack of BMD reference values for patients over the age of 84 and 

also due to the assumption that all patients older than 75 receiving AIs would have been 

offered BPs, as per NICE guidelines, and therefore DEXA scan would have had no impact on 

their course of treatment regarding the prevention of osteoporosis. The impact of this on the 

sub-study results is unclear as one centre stated that requests for DEXA scan could potentially 

be accepted if clinically indicated regardless of the patient’s age and the second centre has 

now lifted the age limit.  

Women receiving AIs were more likely to have their BMD monitored and be offered 

bone protection with a BP, if their primary breast cancer treatment was surgery and they were 

younger than 80. Patients who opt for breast cancer surgery as opposed to PET are generally 

younger with fewer health issues, suggesting that bone health might not be a priority in older 

and more frail patients. However, poor bone health management in older and frail breast 

cancer patients receiving AIs, make this population extremely vulnerable and significantly 

increases their risk of fractures and subsequently their mortality and morbidity. Bone health 

decision making should be based on holistic geriatric assessments, patients general health, 

life expectancy and wishes (295). 

Patients treated with PET are generally managed by the breast surgeons.  In contrast, 

the majority of the breast cancer surgery group will have some form of adjuvant anticancer 

treatment (e.g. chemotherapy, anti-HER2 therapy, radiotherapy). Therefore, the latter group 

will be under the care of medical and clinical oncologists until the end of their breast cancer 

follow up period, which is currently 5 years (13). In a published clinicians survey in 2006, 307 

breast cancer specialists (medical oncologists, clinical oncologists and breast surgeons) 

indicated that oncologists were considered to be the most appropriate to treat and monitor the 

bone effects of AI therapies (57%), whilst only 19% thought that responsibility should be 

shared between oncologists and breast surgeons (340). In the same survey, oncologists were 

the most confident in interpreting DEXA results and treating AI-related bone loss, with 45% of 

the responders having no confidence at all (340). This might partially explain the reasons for 

inadequate bone health care in patients receiving PET, highlighting the need for further 

education. Additionally, cancer specialists awareness might have improved since the 

publication of UK guidelines in 2008 (153), however the sub-study findings demonstrate that 

management of bone health in older patients is still inadequate.  
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Since the introduction of adjuvant BPs in breast cancer care in 2016 and the adoption 

by the NICE in 2018 (13, 232), their uptake has massively increased (275). More and more 

patients are receiving BPs to reduce the risk of disease recurrence and subsequently prevent 

bone loss, in cases where AIs are offered. For these patients, DEXA scans within 6 months of 

the start of AIs are not recommended as they have no clinical benefit. Therefore, some 

reduction in the number of requested baseline DEXA scans is expected during the last 2 years 

of the BTAG study recruitment period (2016-2018). Nevertheless, adjuvant BPs are not 

indicated for all the postmenopausal EBC patients. Currently, NICE recommends adjuvant 

BPs only for postmenopausal women with high risk of recurrence disease (please see chapter 

1 for full details) (13), suggesting that even in the present (2023) many of these patient will not 

fit the adjuvant guidelines. This highlights that bone health still needs to be monitored in this 

population. Additionally, adjuvant BPs duration does not match the duration of antioestrogen 

therapy. Adjuvant BPs are only offered for up to 3 years compared to AIs which can be taken 

for 5 to 10 years, underlining the need for an ongoing bone health care in EBC, especially 

after the completion of adjuvant BPs.  This should be guided by DEXA bone density monitoring 

once the 3-year adjuvant course of BPs has been completed.  

The majority of sub-study participants were found to be osteopenic (37%), in 

comparison to osteoporosis which was only found in the 18% of the scanned AI women. This 

might have been expected in reverse, as osteoporosis incidence is 20% in women over 70 

and doubles in women over 80 (341).  However, the sub-study cohort was mainly 70 to 79 

years old (n=342) and additionally some of the older participants (>80) did not have a BMD 

assessment. From those older patients (>80) who were scanned, the incidence of 

osteoporosis was almost doubled compared to younger patients (22% and 13% respectively), 

confirming the importance of baseline DEXA scan and prevention of further bone loss.  

Patients who were commenced on bone protection with a BP had reduced baseline 

and follow-up BMD, compared to those who did not receive these agents. This is to be 

expected, as those who did not receive BPs are mainly patients with normal BMD. In addition, 

BMD in both hip and spine of the women who were having antiresorptive therapy appeared to 

remain stable between DEXA assessments, whereas the group who did not have BPs 

experienced bone loss, suggesting that BP use resulted in a slight gain in bone density. 

Women who did not have BP, whilst having higher starting scores did show a slight reduction. 

In the age group analysis, spine BMD of older women (>80) improved in the follow-up DEXA 

scans which could be due to the use of bone protection therapy. However, hip BMD of this 

population reduced, which is contradictive and therefore, results should be interpreted with 

caution.  

The sub-study has several limitations. Although, the original BTAG study recruited 

3456 patients, the bone sub-study could only be carried out in a much smaller population. 
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Bone health data were collected from over 500 patients, but analysis was performed with 

smaller samples and therefore careful interpretation of findings is needed. In particular, the 

sub-study did not demonstrate any correlation between patient’s age and fractures, fractures 

and BPs use or baseline DEXA scan T-scores and frailty. Reasons for this might be the small 

number of patients available for the correlation analysis and the results should therefore be 

reported carefully.  

Despite these limitations, my study supports that further education, increased 

awareness and encouragement regarding the importance of good bone health in older women 

is still needed. Reminders about adequate bone health care in older ER+ve EBC should be 

sent to individuals and local level education should be provided. Efforts should not only focus 

on oncologists and breast surgeons but should include other health care professionals such 

as breast care nurses, oncology pharmacists and advanced nurse practitioners , whose 

involvement in the care of older breast cancer patients is increasingly important. Better bone 

health will improve patients’ experience with breast cancer treatments and ultimately will 

improve the care we offer to older EBC women. 

 

5.7 Conclusion 

Patient’s age and general health influence the bone health decision making with older 

and frail patients to receive non-standard of care. Despite national and international 

recommendations, there is still wide variation in bone health management, highlighting the 

need for further education and standardised bone health care in older EBC.   

 

5.8 Future Work  

• The results of the BTAG bone health sub-study will be published in peer review journals 

in order to disseminate findings within the bone health, breast cancer and oncogeriatrics 

communities. This will encourage specialists to imporve their bone health management 

of older women with ER+ve EBC. In particular, publication of these data is aiming to  

support clinicians in being more proactive and less bias in the way they manage bone 

health of older women receivig primary endocrine therapy.  

 

• The sub-study data will be further presented in local, national and international meetings 

with special interest in bone health of cancer patients and oncogeriatrics. These 

meetings will give me the opportunity to discuss these findings in person with health care 

professionals treating women from this population. My focus will be to remind 

professionals about the current national and international guidelines for the managemnet 

of bone health in women with EBC. Additionally, I will discuss the importance of good 
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management of bone health of older women receiving AIs for EBC and how this could 

be improved in the future 

 

5.9 Presentations arising from this project 

Poster Presentations  

1. Theodoulou E*., Martin C., Morgan J., Turner O., Hartup S., Achuthan R., Azmy I., 

Henderson J., Reed M., Holen I., Brown J., Wyld L., Management of bone health of older 

women with oestrogen receptor-positive early breast cancer receiving endocrine 

treatment. A sub-study of the Bridging the Age Gap study. Mellanby Centre Research Day 

2023, March 2023Sheffield, UK. 

 

2. Theodoulou E.*, Martin C., Morgan J., Turner O., Hartup S., Achuthan R., Azmy I., 

Henderson J., Reed M., Holen I., Brown J., Wyld L., Bridging the Age Gap: How is bone 

health of older women with early breast cancer managed?. Bone Research Society 

(BRS) Annual Meeting 2023, April 2023, Liverpool, UK. 

 

3. Theodoulou E.*, Martin C., Morgan J., Turner O., Hartup S., Achuthan R., Azmy I., 

Henderson J., Reed M., Holen I., Brown J., Wyld L., Bridging the Age Gap: How is bone 

health of older women with early breast cancer managed?. 50th European Calcified Tissue 

Society (ECTS) Congress 2023, April 2023,  Liverpool, UK. 

 

*Indicates presenting author 
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6.1 General Discussion  

Bisphosphonates are bone targeted agents with multiple roles in the management of 

breast cancer (51, 342). The work in this thesis focused on their anticancer effects in EBC and 

their role in prevention and management of CTIBL. Clinical trials have demonstrated that BPs 

given after EBC surgery (adjuvant setting) improve survival and reduce the risk of disease 

recurrence, but only in postmenopausal women (88, 89). An anticancer benefit in 

premenopausal women was only reported in those deemed to actually be menopausal at the 

start of their adjuvant therapy, either after ovariectomy or introduction of GnRH analogues (87, 

89).  Although the mechanisms underpinning the differential effects according to menopausal 

status remain to be established, national and international EBC practices have changed to 

include adjuvant BPs, with recommendations to advise the use of these agents in 

postmenopausal (natural or induced) early disease (13, 51, 126).  

The ZOLMENO study (chapter 2) was a proof of concept single centre study which 

aimed to provide further evidence and clarification for the mechanism responsible for the 

differential effect of adjuvant BPs in EBC. However, the study did not reach its recruitment 

target, which is a common problem in clinical research with reports suggesting that 86% of 

clinical trials failing to reach their recruitment targets within their proposed time frame (343). 

In the case of ZOLMENO, lack of recruitment was mainly due to the COVID-19 pandemic and 

the subsequent hospital restrictions resulting from this, but also the ongoing NHS crisis which 

led to practice changes meaning fewer patients were eligible for the study. As much as the 

recent pandemic is not currently an issue for the UK health service, staff shortages, care 

backlog and increased demand for services are having a knock-on effect on clinical research. 

In 2018, a questionnaire was distributed to the members of the Association of Breast Surgery 

with the aim to identify the challenges and barriers in recruiting women to breast cancer 

studies (n=48) (344). Results showed that busy breast cancer clinics and service pressures 

were the main reasons for low patient recruitment to clinical studies. This is particularly 

important for studies like ZOLMENO that have no direct benefit for the participants, suggesting 

that under the current environment these are not a clinical priority. Therefore, relevant local 

support needed to be provided to the breast cancer units to encourage the set up and 

successful completion of early phase trials.  

In the case of the ZOLMENO study, it was particularly difficult to recruit younger 

(premenopausal) patients. The majority 79% (n=15) of the patients recruited to the study were 

postmenopausal and only the 21% (n=4) were premenopausal. This is a recognised issue 

affecting research recruitment in general (345). Younger patients have busy schedules (e.g. 

full time job, care for young families) and it is very challenging for them to have the extra time 

to participate in clinical trials that most of the time require additional hospital visits. Improving 

clinical trials flexibility, e.g. offering late or weekend appointments whenever possible, could 
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potentially improve participation of young adults in studies. Nevertheless, this option was 

never possible for the ZOLMENO study which was running to a very strict time schedule in 

relation to the scheduled surgery and not all the study visits could take place outside of normal 

working hours as multiple members of the research team needed to be present (e.g. data 

manager for patient recruitment).  

Despite the limitations, the ZOLMENO study has shown that it is feasible to recruit 

patients to an early phase trial with no direct benefit to the participants which also required 

patients to undergo an invasive procedure like a bone marrow biopsy. Patients who did enrol 

were keen to take part to the study and provide all the needed samples. Additionally, the study 

demonstrated that is possible to obtain both bone marrow aspirate and trephine samples for 

research purposes during breast cancer surgery, even in unprecedented times like the COVID-

19 pandemic.  

The UK physicians and oncology pharmacists’ surveys showed that adjuvant BPs have 

been fully adopted in the management of EBC in the country, with 99% of the physicians and 

93% of the UK cancer centres offering these agents (chapter 3). These data were confirmed 

by the BCN patients’ survey indicating that 96% of the participants were offered adjuvant BPs 

(chapter 4). However, the same uptake was not demonstrated by the Australian physicians’ 

survey (48% prescribed adjuvant BPs), suggesting that adoption of BPs in EBC is not 

universal and there are still countries facing difficulties and challenges. So far, the only 

published real world data demonstrating the cancer physicians’ experience with adjuvant BPs 

are the data presented in this thesis and two Canadian physicians’ surveys. The first Canadian 

survey was published in 2019 and reported use of adjuvant BPs at 52.2%, with the second 

survey (published in 2021) to demonstrate an increase in use as the majority of the participants 

(77.4%) were prescribing bone agents for prevention of disease recurrence (280, 283). 

Clearly, further evidence is needed to map the use of adjuvant BPs globally, with the aim to 

increase the number of women receiving this intervention and improve the EBC outcomes.  

Currently, adjuvant BPs are offered only to postmenopausal women and 

premenopausal women on ovarian suppression with high risk of disease recurrence. This is 

based on the available published data and the subsequent large meta-analysis (87-89). 

Notwithstanding, since the publication of these large clinical trials and the meta-analysis the 

standard of care for the management of EBC has changed significantly. Although HER2 status 

was not part of the sub-group analysis of the EBCTCG meta-analysis, new treatments have 

now been introduced for the management of HER2+ve early disease, improving the survival 

of these patients (31, 33, 89, 346, 347). More recently, addition of immunotherapy to the 

standard neoadjuvant chemotherapy in patients with TNBC, significantly improved the number 

of patients who had a pathological complete response (24, 348). Additionally, CDK4/6 and 

PARP inhibitors have now been introduced in the adjuvant management of early disease (20, 



183 
 

21). The CDK4/6 inhibitor abemaciclib when given for 2 years with endocrine therapy, following 

standard neoadjuvant/adjuvant treatment (e.g. surgery, chemotherapy, radiotherapy), showed 

to improve IDFS of high risk early disease patients (ER+ve, HER2-ve, node positive) (23). 

Adjuvant olaparib (PARP inhibitor) showed to offer better DFS (invasive and distant) and to 

significantly improve OS in BRCA1 and BRCA2 carriers with HER2-ve EBC, when it was given 

for 1 year after the completion of surgery and chemotherapy (neoadjuvant/adjuvant) (26, 27). 

All these new adjuvant therapies have now been approved by NICE (20, 21, 346-348). Taken 

together, addition of new and effective therapies in the adjuvant setting which were not 

available when adjuvant BPs were first described, suggests that reassessment of BPs in 

combination with the new targeted molecular therapies (HER2, CDK4/6, immune and PARP 

inhibitors) is crucial to provide an update and reassurance for their benefit in this setting.  

In 2016, Coleman et al. calculated the cost for the adjuvant use of BPs and the annual 

saving for the national health system that comes from the prevention of advanced disease and 

the omission of DEXA scanning in this population (255). However, these estimations are 

perhaps outdated and underestimated as the incidence of breast cancer has since increased 

and the health costs have changed. In general, cancer care is a considerable financial burden 

for health systems with data indicating that the first 6 months after cancer diagnosis are the 

most expensive for the UK system (349). For the adjuvant/curative breast cancer setting, it is 

perhaps expected that the economic burden will decline with the completion of adjuvant 

therapies, which in the majority of the cases last 6 to 12 months. In spite of this, Marti et al. 

showed that the financial implications for the national health system remain substantial, even 

a year after breast cancer diagnosis (350). Therefore, new cost analysis for the use of bone 

agents in the adjuvant breast cancer management is important to clarify the actual cost of this 

therapy. This should carefully take into consideration the results of the 3 UK surveys 

(physicians, oncology pharmacists and patients) presented in this thesis, demonstrating that 

intravenous ZOL is the BP of choice, suggesting that the need of a hospital chair twice a year 

for a period of 3 years will markedly increase the health cost. This is in contrast to the oral 

alternatives, such as clodronate, which come with no extra cost related to the need for an 

administration hospital chair. However, ZOL would not have the adherence issues that the oral 

agents have as a result of patients not coping with the schedule and the common 

gastrointestinal side effects. Therefore, more patients would receive the full anticancer 

benefits of these agents if they were given ZOL, and this needs to be factored in. 

In addition to their preventative role in early disease, BPs have an established use in 

the management of CTIBL (51, 342). This is particularly important in patients receiving 

endocrine therapy with AIs, due to their known effects on bone health (discussed elsewhere 

in this thesis), especially for older women whose bone health is already compromised due to 

age and menopause. In comparison to the use of adjuvant BPs, which are fully endorsed in 
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the UK EBC care pathway, use of BPs to prevent/treat bone loss in the older population 

receiving AIs varied considerably between UK centres (chapter 5). It was more likely for 

women to receive BPs for bone health and undergo bone assessments (DEXA scans) if they 

were younger than 80 and had surgery as their primary breast cancer treatment, implying that 

older age and health comorbidities led to compromises in bone health care. Although, the data 

presented in chapter 5 of this thesis were collected from patients diagnosed with EBC between 

2013 and 2018 in 5 UK centres, they have provided a good understanding of the bone care 

that older women with EBC received during that period, and they will support future efforts for 

the improvement of this populations’ care. 

According to the national and international guidelines, DEXA scans for assessment of 

bone health should be carried out within 6 months of the initiation of AIs in all the patients. 

Current estimates indicate that 1 in 3 women aged over 50 years will experience an 

osteoporotic-related fracture at some point in their life (332), indicating that a big proportion of 

this population will have osteopenia or osteoporosis due to natural causes like menopause 

and older age. Are DEXA assessments then necessary for the older EBC population receiving 

AIs, or would synchronous commencement of BPs with the start of endocrine therapy be more 

reasonable and cost-effective? As BTAG sub-study showed, frail, older breast cancer patients 

with many health issues tend to miss on these interventions and subsequently do not receive 

the appropriate therapy to prevent future fractures due to bone loss. Further research is 

needed to answer the questions raised here and to clarify the usefulness of bone assessment 

to guide the use of bone health interventions in this population.  

In conclusion, the projects presented in this thesis demonstrated the importance of 

BPs in various aspects of breast cancer management. Adjuvant BPs are a well-recognised 

and accepted therapy by both cancer physicians and patients and continuing of their use 

should be strongly encouraged. Also, sharing the positive experiences with these agents from 

the UK is important, as even countries like Australia with an excellent health care system has 

failed to adopt adjuvant BPs as standard of care. In contrast, the bone health care that older 

women with ER+ve early disease received, did in many cases not meet the national 

expectations, with further education and standardised practice to be vital.  

 

 

 

 



185 
 

References 

1. Cancer Research UK, Breast Cancer Statistics  [Available from: 
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-
type/breast-cancer. 
2. Crispo A, Barba M, D'Aiuto G, De Laurentiis M, Grimaldi M, Rinaldo M, et al. Molecular 
profiles of screen detected vs. symptomatic breast cancer and their impact on survival: results from 
a clinical series. BMC Cancer. 2013;13:15. 
3. Hofvind S, Holen A, Roman M, Sebuodegard S, Puig-Vives M, Akslen L. Mode of detection: an 
independent prognostic factor for women with breast cancer. J Med Screen. 2016;23(2):89-97. 
4. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M, Thurlimann B, et al. 
Personalizing the treatment of women with early breast cancer: highlights of the St Gallen 
International Expert Consensus on the Primary Therapy of Early Breast Cancer 2013. Ann Oncol. 
2013;24(9):2206-23. 
5. Wolff AC, Hammond MEH, Allison KH, Harvey BE, Mangu PB, Bartlett JMS, et al. Human 
Epidermal Growth Factor Receptor 2 Testing in Breast Cancer: American Society of Clinical 
Oncology/College of American Pathologists Clinical Practice Guideline Focused Update. Journal of 
Clinical Oncology. 2018;36(20):2105-22. 
6. Tarantino P, Viale G, Press MF, Hu X, Penault-Llorca F, Bardia A, et al. ESMO expert 
consensus statements (ECS) on the definition, diagnosis, and management of HER2-low breast 
cancer. Ann Oncol. 2023;34(8):645-59. 
7. Rosen EM, Fan S, Pestell RG, Goldberg ID. BRCA1 gene in breast cancer. J Cell Physiol. 
2003;196(1):19-41. 
8. Ripperger T, Gadzicki D, Meindl A, Schlegelberger B. Breast cancer susceptibility: current 
knowledge and implications for genetic counselling. Eur J Hum Genet. 2009;17(6):722-31. 
9. Breast Cancer UK. About Breast Cancer. Facts and figures. 2022 [Available from: 
https://www.breastcanceruk.org.uk/about-breast-cancer/facts-figures-and-qas/facts-and-figures/. 
10. Bane A., O'Malley F.P., Familial breast cancer. In: Kuhn B (ed) Breast pathology: Churchill 
Livingstone Elsevier, Philadelphia; 2006. p. 241–8. 
11. Anglian Breast Cancer Study G. Prevalence and penetrance of BRCA1 and BRCA2 mutations 
in a population-based series of breast cancer cases. Anglian Breast Cancer Study Group. Br J Cancer. 
2000;83(10):1301-8. 
12. Ford D., Easton D.F., and Peto J., Estimates of the Gene Frequency of BRCAI and Its 
Contribution to Breast and Ovarian Cancer Incidence. Am J Hum Genet. 1995;57(6):1457 -62. 
13. National Institure for Health and Care Excellence (NICE), Early and locally advanced breast 
cancer: diagnosis and management 2018 [Available from: https://www.nice.org.uk/guidance/ng101. 
14. Giuliano AE, Connolly JL, Edge SB, Mittendorf EA, Rugo HS, Solin LJ, et al. Breast Cancer-
Major changes in the American Joint Committee on Cancer eighth edition cancer staging manual. CA 
Cancer J Clin. 2017;67(4):290-303. 
15. Haybittle JL, Blamey RW, Elston CW, Johnson J, Doyle PJ, Campbell FC, Nicholson RI, Griffiths 
K. A prognostic index in primary breast cancer. Br J Cancer. 1982;45:361. 
16. Todd J.H.,Dowle C., Williams M.R., Elston C.W., Ellis I.O., Hinton C.P., Blamey R.W. & 
Haybittle J.L., Confirmation of a prognostic index in primary breast cancer. Br J Cancer. 1987;56:489-
92. 
17. Fong Y, Evans J, Brook D, Kenkre J, Jarvis P, Gower-Thomas K. The Nottingham Prognostic 
Index: five- and ten-year data for all-cause survival within a screened population. Ann R Coll Surg 
Engl. 2015;97(2):137-9. 
18. Wishart GC, Bajdik CD, Dicks E, Provenzano E, Schmidt MK, Sherman M, et al. PREDICT Plus: 
development and validation of a prognostic model for early breast cancer that includes HER2. Br J 
Cancer. 2012;107(5):800-7. 

https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer
https://www.breastcanceruk.org.uk/about-breast-cancer/facts-figures-and-qas/facts-and-figures/
https://www.nice.org.uk/guidance/ng101


186 
 

19. Wishart GC, Azzato EM, Greenberg DC, Rashbass J, Kearins O, Lawrence G, Caldas C, Pharoah 
PDP., PREDICT: a new UK prognostic model that predicts survival following surgery for invasive 
breast cancer. Breast Cancer Res. 2010;12(1):R1. 
20. National Institute for Health and Care Excellence. Abemaciclib with endocrine therapy for 
adjuvant treatment of hormone receptor-positive, HER2-negative, node-positive early breast cancer 
at high risk of recurrence. 2022. 
21. National Institute for Health and Care Excellence. Olaparib for adjuvant treatment of BRCA 
mutation-positive HER2-negative high-risk early breast cancer after chemotherapy. 2023 [Available 
from: https://www.nice.org.uk/guidance/ta886. 
22. National Institure for Health and Care Excellence (NICE), Pembrolizumab-for-neoadjuvant-
and-adjuvant-treatment-of-triplenegative-early-or-locally-advanced-breast-cancer. 2022 [Available 
from: https://www.nice.org.uk/guidance/TA851. 
23. Johnston SRD, Harbeck N, Hegg R, Toi M, Martin M, Shao ZM, et al. Abemaciclib Combined 
With Endocrine Therapy for the Adjuvant Treatment of HR+, HER2-, Node-Positive, High-Risk, Early 
Breast Cancer (monarchE). J Clin Oncol. 2020;38(34):3987-98. 
24. Schmid P, Cortes J, Pusztai L, McArthur H, Kummel S, Bergh J, et al. Pembrolizumab for Early 
Triple-Negative Breast Cancer. N Engl J Med. 2020;382(9):810-21. 
25. Schmid P, Cortes J, Dent R, McArthur H, Pusztai L, Kümmel S, et al. Overall Survival with 
Pembrolizumab in Early-Stage Triple-Negative Breast Cancer. N Engl J Med. 2024;391(21):1981-91. 
26. Tutt ANJ, Garber JE, Kaufman B, Viale G, Fumagalli D, Rastogi P, et al. Adjuvant Olaparib for 
Patients with BRCA1- or BRCA2-Mutated Breast Cancer. N Engl J Med. 2021;384(25):2394-405. 
27. Geyer CE, Jr., Garber JE, Gelber RD, Yothers G, Taboada M, Ross L, et al. Overall survival in 
the OlympiA phase III trial of adjuvant olaparib in patients with germline pathogenic variants in 
BRCA1/2 and high-risk, early breast cancer. Ann Oncol. 2022;33(12):1250-68. 
28. Piccart-Gebhart MJ, Procter M, Leyland-Jones B, Goldhirsch A, Untch M, Smith I, et al. 
Trastuzumab after Adjuvant Chemotherapy in HER2-Positive Breast Cancer. New England Journal of 
Medicine. 2005;353(16):1659-72. 
29. Romond EH, Perez EA, Bryant J, Suman VJ, Geyer CE, Davidson NE, et al. Trastuzumab plus 
Adjuvant Chemotherapy for Operable HER2-Positive Breast Cancer. New England Journal of 
Medicine. 2005;353(16):1673-84. 
30. Slamon D, Eiermann W, Robert N, Pienkowski T, Martin M, Press M, et al. Adjuvant 
Trastuzumab in HER2-Positive Breast Cancer. New England Journal of Medicine. 2011;365(14):1273-
83. 
31. von Minckwitz G, Procter M, de Azambuja E, Zardavas D, Benyunes M, Viale G, et al. 
Adjuvant Pertuzumab and Trastuzumab in Early HER2-Positive Breast Cancer. N Engl J Med. 
2017;377(2):122-31. 
32. Loibl S, Jassem J, Sonnenblick A, Parlier D, Winer E, Bergh J, et al. Adjuvant Pertuzumab and 
Trastuzumab in Early Human Epidermal Growth Factor Receptor 2–Positive Breast Cancer in the 
APHINITY Trial: Third Interim Overall Survival Analysis With Efficacy Update. Journal of Clinical 
Oncology. 2024;42(31):3643-51. 
33. von Minckwitz G, Huang CS, Mano MS, Loibl S, Mamounas EP, Untch M, et al. Trastuzumab 
Emtansine for Residual Invasive HER2-Positive Breast Cancer. N Engl J Med. 2019;380(7):617-28. 
34. Chan A, Delaloge S, Holmes FA, Moy B, Iwata H, Harvey VJ, et al. Neratinib after 
trastuzumab-based adjuvant therapy in patients with HER2-positive breast cancer (ExteNET): a 
multicentre, randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol. 
2016;17(3):367-77. 
35. Chan A, Moy B, Mansi J, Ejlertsen B, Holmes FA, Chia S, et al. Final Efficacy Results of 
Neratinib in HER2-positive Hormone Receptor-positive Early-stage Breast Cancer From the Phase III 
ExteNET Trial. Clin Breast Cancer. 2021;21(1):80-91 e7. 
36. Martin M, Holmes FA, Ejlertsen B, Delaloge S, Moy B, Iwata H, et al. Neratinib after 
trastuzumab-based adjuvant therapy in HER2-positive breast cancer (ExteNET): 5-year analysis of a 

https://www.nice.org.uk/guidance/ta886
https://www.nice.org.uk/guidance/TA851


187 
 

randomised, double-blind, placebo-controlled, phase 3 trial. The Lancet Oncology. 
2017;18(12):1688-700. 
37. Fehrenbacher L, Cecchini RS, Jr CEG, Rastogi P, Costantino JP, Atkins JN, et al. NSABP B-
47/NRG Oncology Phase III Randomized Trial Comparing Adjuvant Chemotherapy With or Without 
Trastuzumab in High-Risk Invasive Breast Cancer Negative for HER2 by FISH and With IHC 1+ or 2+. 
Journal of Clinical Oncology. 2020;38(5):444-53. 
38. Tarantino P, Hamilton E, Tolaney SM, Cortes J, Morganti S, Ferraro E, et al. HER2-Low Breast 
Cancer: Pathological and Clinical Landscape. Journal of Clinical Oncology. 2020;38(17):1951-62. 
39. Modi S, Jacot W, Yamashita T, Sohn J, Vidal M, Tokunaga E, et al. Trastuzumab Deruxtecan in 
Previously Treated HER2-Low Advanced Breast Cancer. N Engl J Med. 2022;387(1):9-20. 
40. Tarantino P, Curigliano G, Tolaney SM. Navigating the HER2-Low Paradigm in Breast 
Oncology: New Standards, Future Horizons. Cancer Discovery. 2022;12(9):2026-30. 
41. National Institure for Health and Care Excellence (NICE),Trastuzumab deruxtecan for treating 
HER2-low metastatic or unresectable breast cancer after chemotherapy  [Available from: 
https://www.nice.org.uk/guidance/ta992. 
42. Trastuzumab deruxtecan for treating HER2-positive unresectable or metastatic breast cancer 
after 1 or more anti-HER2 treatments  [Available from: https://www.nice.org.uk/guidance/ta862. 
43. Russell RG. Bisphosphonates: the first 40 years. Bone. 2011;49(1):2-19. 
44. Gasser JA, Ingold P, Venturiere A, Shen V, Green JR. Long-term protective effects of 
zoledronic acid on cancellous and cortical bone in the ovariectomized rat. J Bone Miner Res. 
2008;23(4):544-51. 
45. Bauss F, Russell RGG. Ibandronate in osteoporosis: preclinical data and rationale for 
intermittent dosing. Osteoporos Int. 2004;15:423-33. 
46. Drake M.T., Clarke B.L. and Khosla S., Bisphosphonates: Mechanism of Action and Role in 
Clinical. Mayo Clin Proc. 2008;83(9):1032-45. 
47. Coleman R, Body JJ, Aapro M, Hadji P, Herrstedt J, Group EGW. Bone health in cancer 
patients: ESMO Clinical Practice Guidelines. Ann Oncol. 2014;25 Suppl 3:iii124-37. 
48. Coleman RE. Bisphosphonates in breast cancer. Ann Oncol. 2005;16(5):687-95. 
49. Pageau SC. Denosumab. mAbs. 2014;1(3):210-5. 
50. Anastasilakis AD, Makras P, Yavropoulou MP, Tabacco G, Naciu AM, Palermo A. Denosumab 
Discontinuation and the Rebound Phenomenon: A Narrative Review. J Clin Med. 2021;10(1). 
51. Coleman R, Hadji P, Body JJ, Santini D, Chow E, Terpos E, et al. Bone health in cancer: ESMO 
Clinical Practice Guidelines. Ann Oncol. 2020;31(12):1650-63. 
52. Gnant M, Pfeiler G, Dubsky PC, Hubalek M, Greil R, Jakesz R, et al. Adjuvant denosumab in 
breast cancer (ABCSG-18): a multicentre, randomised, double-blind, placebo-controlled trial. The 
Lancet. 2015;386(9992):433-43. 
53. Gnant M, Pfeiler G, Steger GG, Egle D, Greil R, Fitzal F, et al. Adjuvant denosumab in 
postmenopausal patients with hormone receptor-positive breast cancer (ABCSG-18): disease-free 
survival results from a randomised, double-blind, placebo-controlled, phase 3 trial. The Lancet 
Oncology. 2019;20(3):339-51. 
54. Stopeck AT, Lipton A, Body JJ, Steger GG, Tonkin K, de Boer RH, et al. Denosumab compared 
with zoledronic acid for the treatment of bone metastases in patients with advanced breast cancer: 
a randomized, double-blind study. J Clin Oncol. 2010;28(35):5132-9. 
55. Wilson C, Martin C, Winter MC. Compliance and patient reported toxicity from oral adjuvant 
bisphosphonates in patients with early breast cancer. A cross sectional study. J Bone Oncol. 
2019;15:100226. 
56. Brufsky AM, Sereika SM, Mathew A, Tomifumi O, Singh V, Rosenzweig M. Long-term 
treatment with intravenous bisphosphonates in metastatic breast cancer: a retrospective study. 
Breast J. 2013;19(5):504-11. 
57. Watts NB, Diab DL. Long-term use of bisphosphonates in osteoporosis. J Clin Endocrinol 
Metab. 2010;95(4):1555 - 65. 

https://www.nice.org.uk/guidance/ta992
https://www.nice.org.uk/guidance/ta862


188 
 

58. Olson K, Van Poznak C. Significance and impact of bisphosphonate-induced acute phase 
responses. . Journal of Oncology Pharmacy Practice. 2007;13(4):223-9. 
59. Black DM, Abrahamsen B, Bouxsein ML, Einhorn T, Napoli N. Atypical Femur Fractures: 
Review of Epidemiology, Relationship to Bisphosphonates, Prevention, and Clinical Management. 
Endocr Rev. 2019;40(2):333-68. 
60. Rathbone EJ, Brown JE, Marshall HC, Collinson M, Liversedge V, Murden GA, et al. 
Osteonecrosis of the jaw and oral health-related quality of life after adjuvant zoledronic acid: an 
adjuvant zoledronic acid to reduce recurrence trial subprotocol (BIG01/04). J Clin Oncol. 
2013;31(21):2685-91. 
61. LeBlanc ES, Rosales AG, Black DM, Genant HK, Dell RM, Friess DM et al. Evaluating Atypical 
Features of Femur Fractures: How Change in Radiological Criteria Influenced Incidence and 
Demography of Atypical Femur Fractures in a Community Setting. . Journal of Bone & Mineral 
Research. 2017 32(11):2304-14. 
62. Schilcher J, Koeppen V, Aspenberg P, Michaelsson K. Risk of atypical femoral fracture during 
and after bisphosphonate use. Acta Orthop. 2015;86(1):100-7. 
63. Daubine F, Le Gall C, Gasser J, Green J, Clezardin P. Antitumor Effects of Clinical Dosing 
Regimens of Bisphosphonates in Experimental Breast Cancer Bone Metastasis. JNCI Journal of the 
National Cancer Institute. 2007;99(4):322-30. 
64. Neudert M, Fischer C, Krempien B, Bauss F, Seibel MJ. Site-specific human breast cancer 
(MDA-MB-231) metastases in nude rats: model characterisation and in vivo effects of ibandronate 
on tumour growth. Int J Cancer. 2003;107(3):468-77. 
65. Zheng Y, Zhou H, Brennan K, Blair JM, Modzelewski JR, Seibel MJ, et al. Inhibition of bone 
resorption, rather than direct cytotoxicity, mediates the anti-tumour actions of ibandronate and 
osteoprotegerin in a murine model of breast cancer bone metastasis. Bone. 2007;40(2):471-8. 
66. Ottewell PD, Wang N, Brown HK, Reeves KJ, Fowles CA, Croucher PI, et al. Zoledronic acid 
has differential antitumor activity in the pre- and postmenopausal bone microenvironment in vivo. 
Clin Cancer Res. 2014;20(11):2922-32. 
67. Ottewell PD, Deux B, Monkkonen H, Cross S, Coleman RE, Clezardin P, et al. Differential 
effect of doxorubicin and zoledronic acid on intraosseous versus extraosseous breast tumor growth 
in vivo. Clin Cancer Res. 2008;14(14):4658-66. 
68. Ottewell PD, Monkkonen H, Jones M, Lefley DV, Coleman RE, Holen I. Antitumor effects of 
doxorubicin followed by zoledronic acid in a mouse model of breast cancer. J Natl Cancer Inst. 
2008;100(16):1167-78. 
69. Aft R, Naughton M, Trinkaus K, Watson M, Ylagan L, Chavez-MacGregor M, 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):421-8. 
70. Rack B., Jückstock J., Genss E.M., et al. Effect of zoledronate on persisting isolated tumour 
cells in patients with early breast cancer. . Anticancer Res 2010;30(5):1807-13. 
71. Coleman RE, Winter MC, Cameron D, Bell R, Dodwell D, Keane MM, et al. The effects of 
adding zoledronic acid to neoadjuvant chemotherapy on tumour response: exploratory evidence for 
direct anti-tumour activity in breast cancer. Br J Cancer. 2010;102(7):1099-105. 
72. Holen I, Coleman RE. Anti-tumour activity of bisphosphonates in preclinical models of breast 
cancer. Breast Cancer Res. 2010;12:214. 
73. van der Pluijm G, Que I, Sijmons B, Buijs JT, Lowik CW, Wetterwald A, et al. Interference with 
the microenvironmental support impairs the de novo formation of bone metastases in vivo. Cancer 
Res. 2005;65(17):7682-90. 
74. Brown HK, Ottewell PD, Evans CA, Coleman RE, Holen I. A single administration of 
combination therapy inhibits breast tumour progression in bone and modifies both osteoblasts and 
osteoclasts. J Bone Oncol. 2012;1(2):47-56. 



189 
 

75. Ottewell PD, Wang N, Meek J, Fowles CA, Croucher PI, Eaton CL, et al. Castration-induced 
bone loss triggers growth of disseminated prostate cancer cells in bone. Endocr Relat Cancer. 
2014;21(5):769-81. 
76. Roelofs AJ, Thompson K, Gordon S, Rogers MJ. Molecular mechanisms of action of 
bisphosphonates: current status. Clin Cancer Res. 2006;12(20 Pt 2):6222s-30s. 
77. Buijs JT, Que I, Lowik CW, Papapoulos SE, van der Pluijm G. Inhibition of bone resorption and 
growth of breast cancer in the bone microenvironment. Bone. 2009;44(2):380-6. 
78. Powles T, Paterson A, McCloskey E, Schein P, Scheffler B, Tidy A, et al. Erratum to: Reduction 
in bone relapse and improved survival with oral clodronate for adjuvant treatment of operable 
breast cancer [ISRCTN83688026]. Breast Cancer Research. 2006;8(3). 
79. Diel IJ, Jaschke A, Solomayer EF, Gollan C, Bastert G, Sohn C, et al. Adjuvant oral clodronate 
improves the overall survival of primary breast cancer patients with micrometastases to the bone 
marrow: a long-term follow-up. Ann Oncol. 2008;19(12):2007-11. 
80. Brufsky A, Bundred N, Coleman R, Lambert-Falls R, Mena R, Hadji P, et al. Integrated analysis 
of zoledronic acid for prevention of aromatase inhibitor-associated bone loss in postmenopausal 
women with early breast cancer receiving adjuvant letrozole. Oncologist. 2008;13(5):503-14. 
81. Eidtmann H, de Boer R, Bundred N, Llombart-Cussac A, Davidson N, Neven P, et al. Efficacy 
of zoledronic acid in postmenopausal women with early breast cancer receiving adjuvant letrozole: 
36-month results of the ZO-FAST Study. Ann Oncol. 2010;21(11):2188-94. 
82. Brufsky A.M. BLD, Caradonna R.R., et al. Zoledronic acid effectively prevents aromatase 
inhibitor-associated bone loss in postmenopausal women with early breast cancer receiving 
adjuvant letrozole: Z-FAST study 36-month follow-up results. Clinical breast cancer. 2009(9):77-85. 
83. Brufsky AM, Harker WG, Beck JT, Bosserman L, Vogel C, Seidler C, et al. Final 5-year results of 
Z-FAST trial: adjuvant zoledronic acid maintains bone mass in postmenopausal breast cancer 
patients receiving letrozole. Cancer. 2012;118(5):1192-201. 
84. Coleman R, de Boer R, Eidtmann H, Llombart A, Davidson N, Neven P, et al. Zoledronic acid 
(zoledronate) for postmenopausal women with early breast cancer receiving adjuvant letrozole (ZO-
FAST study): final 60-month results. Ann Oncol. 2013;24(2):398-405. 
85. Llombart A, Frassoldati A, Paija O, et al. Immediate Administration of Zoledronic Acid 
Reduces Aromatase Inhibitor-Associated Bone Loss in Postmenopausal Women With Early Breast 
Cancer: 12-month analysis of the E-ZO-FAST trial. . Clin Breast Cancer. 2012;12(1):40-8. 
86. von Minckwitz G, Mobus V, Schneeweiss A, Huober J, Thomssen C, Untch M, et al. German 
adjuvant intergroup node-positive study: a phase III trial to compare oral ibandronate versus 
observation in patients with high-risk early breast cancer. J Clin Oncol. 2013;31(28):3531-9. 
87. Gnant M, Mlineritsch B, Stoeger H, Luschin-Ebengreuth G, Knauer M, Moik M, et al. 
Zoledronic acid combined with adjuvant endocrine therapy of tamoxifen versus anastrozol plus 
ovarian function suppression in premenopausal early breast cancer: final analysis of the Austrian 
Breast and Colorectal Cancer Study Group Trial 12. Ann Oncol. 2015;26(2):313-20. 
88. Coleman R, Cameron D, Dodwell D, Bell R, Wilson C, Rathbone E, et al. Adjuvant zoledronic 
acid in patients with early breast cancer: final efficacy analysis of the AZURE (BIG 01/04) randomised 
open-label phase 3 trial. The Lancet Oncology. 2014;15(9):997-1006. 
89. Early Breast Cancer Trialists' Collaborative Group. Adjuvant bisphosphonate treatment in 
early breast cancer: meta-analyses of individual patient data from randomised trials. The Lancet. 
2015;386(10001):1353-61. 
90. Gralow JR, Barlow WE, Paterson AHG, M'Iao J L, Lew DL, Stopeck AT, et al. Phase III 
Randomized Trial of Bisphosphonates as Adjuvant Therapy in Breast Cancer: S0307. J Natl Cancer 
Inst. 2020;112(7):698-707. 
91. Eisen A, Trudeau M, Shelley W, Messersmith H, Pritchard KI. Aromatase inhibitors in 
adjuvant therapy for hormone receptor positive breast cancer: a systematic review. Cancer Treat 
Rev. 2008;34(2):157-74. 



190 
 

92. Sparano J. A., Wang M, Martino S, Jones V, Perez EA, Saphner T, et al. Weekly Paclitaxel in 
the Adjuvant Treatment of Breast Cancer. The New England journal of medicine. 
2008;358(16):1663–71. 
93. Gnant M, Frantal S, Pfeiler G, Steger GG, Egle D, Greil R, et al. Long-Term Outcomes of 
Adjuvant Denosumab in Breast Cancer. NEJM Evidence. 2022;1(12). 
94. Coleman R, Finkelstein DM, Barrios C, Martin M, Iwata H, Hegg R, et al. Adjuvant denosumab 
in early breast cancer (D-CARE): an international, multicentre, randomised, controlled, phase 3 trial. 
The Lancet Oncology. 2020;21(1):60-72. 
95. Paterson AH, Anderson SJ, Lembersky BC, Fehrenbacher L, Falkson CI, King KM, et al. Oral 
clodronate for adjuvant treatment of operable breast cancer (National Surgical Adjuvant Breast and 
Bowel Project protocol B-34): a multicentre, placebo-controlled, randomised trial. Lancet Oncol. 
2012;13(7):734-42. 
96. Braun S, Vogl FD, Naume B, Janni W, Osborne MP, Coombes RC, et al. A Pooled Analysis of 
Bone Marrow Micrometastasis in Breast Cancer. New England Journal of Medicine. 2005;353(8):793-
802. 
97. Hartkopf AD, Taran FA, Wallwiener M, Hahn M, Becker S, Solomayer EF, et al. Prognostic 
relevance of disseminated tumour cells from the bone marrow of early stage breast cancer patients - 
results from a large single-centre analysis. Eur J Cancer. 2014;50(15):2550-9. 
98. Canuas-Landero VG, George CN, Lefley DV, Corness H, Muthana M, Wilson C, et al. 
Oestradiol Contributes to Differential Antitumour Effects of Adjuvant Zoledronic Acid Observed 
Between Pre- and Post-Menopausal Women. Front Endocrinol (Lausanne). 2021;12:749428. 
99. Wilson C, Holen I, Coleman RE., Seed, soil and secreted hormones: potential interactions of 
breast cancer cells with their endocrine/paracrine microenvironment and implications for treatment 
with bisphosphonates. . Cancer Treat Rev. 2012;38:877-89. 
100. George CN, Canuas-Landero V, Theodoulou E, Muthana M, Wilson C, Ottewell P. Oestrogen 
and zoledronic acid driven changes to the bone and immune environments: Potential mechanisms 
underlying the differential anti-tumour effects of zoledronic acid in pre- and post-menopausal 
conditions. J Bone Oncol. 2020;25:100317. 
101. Meunier H, Rivier C, Evans RM, Vale W. Gonadal and extragonadal expression of inhibin 
alpha, beta A, and beta B subunits in various tissues predicts diverse functions. Proceedings of the 
National Academy of Sciences. 1988;85(1):247-51. 
102. Bierie B, Moses HL. Transforming growth factor beta (TGF-beta) and inflammation in cancer. 
Cytokine Growth Factor Rev. 2010;21(1):49-59. 
103. Xie W, Mertens JC, Reiss DJ, Rimm DL, Camp RL, Haffty BG, et al. Alterations of Smad 
Signaling in Human Breast Carcinoma Are Associated with Poor Outcome: A Tissue Microarray 
Study1. Cancer Research. 2002;62(2):497-505. 
104. KOUMOUNDOUROU D, KASSIMATIS T, ZOLOTA V, TZORAKOELEFTHERAKIS E, RAVAZOULA P, 
VASSILIOU V, et al. Prognostic Significance of TGFβ-1 and pSmad2/3 in Breast Cancer Patients with 
T<sub>1-2</sub>,N<sub>0</sub> Tumours. Anticancer Research. 2007;27(4C):2613-20. 
105. Kaneda H, Arao T, Matsumoto K, De Velasco MA, Tamura D, Aomatsu K, et al. Activin A 
inhibits vascular endothelial cell growth and suppresses tumour angiogenesis in gastric cancer. Br J 
Cancer. 2011;105(8):1210-7. 
106. Dunn LK, Mohammad KS, Fournier PG, McKenna CR, Davis HW, Niewolna M, et al. Hypoxia 
and TGF-beta drive breast cancer bone metastases through parallel signaling pathways in tumor cells 
and the bone microenvironment. PLoS One. 2009;4(9):e6896. 
107. Buijs, J.T., Stayrook, K.R. & Guise, T.A. TGF-β in the Bone Microenvironment: Role in Breast 
Cancer Metastases. . Cancer Microenvironment 2011;4: 261–81. 
108. Derynck R, Zhang YE. Smad dependent and Smad 
independent pathways in TGF-beta family signalling. Nature. 2003;425(6958):577-84. 



191 
 

109. Sugatani T., Alvarez U.M., Hruska K.A. Activin A stimulates IkappaB-alpha/NFkappaB and 
RANK expression for osteoclast differentiation, but not AKT survival pathway in osteoclast 
precursors. J Cell Biochem 2003;90(1):59-67. 
110. Piroozmand A, Hassan ZM. Evaluation of natural killer cell activity in pre and post treated 
breast cancer patients. J Cancer Res Ther. 2010;6(4):478-81. 
111. Nishikawa H, Sakaguchi S. Regulatory T cells in tumor immunity. Int J Cancer. 
2010;127(4):759-67. 
112. Ali HR, Provenzano E, Dawson SJ, et al. Association between CD8+ T-cell infiltration and 
breast cancer survival in 12,439 patients. . Annals of Oncology : Official Journal of the European 
Society for Medical Oncology 20. 2014;25(8):1536-43. 
113. Lo CH, Lynch CC. Multifaceted Roles for Macrophages in Prostate Cancer Skeletal Metastasis. 
Front Endocrinol (Lausanne). 2018;9:247. 
114. D'Amico L, Roato I. The Impact of Immune System in Regulating Bone Metastasis Formation 
by Osteotropic Tumors. J Immunol Res. 2015;2015:143526. 
115. Zekri J, Mansour M, Karim SM. The anti-tumour effects of zoledronic acid. J Bone Oncol. 
2014;3(1):25-35. 
116. Berglund S, Gaballa A, Sawaisorn P, Sundberg B, Uhlin M. Expansion of Gammadelta T Cells 
from Cord Blood: A Therapeutical Possibility. Stem Cells Int. 2018;2018:8529104. 
117. Thompson K, Rogers MJ. Statins prevent bisphosphonate-induced gamma,delta-T-cell 
proliferation and activation in vitro. J Bone Miner Res. 2004;19(2):278-88. 
118. Coscia M, Quaglino E, Iezzi M, Curcio C, Pantaleoni F, Riganti C, et al. Zoledronic acid 
repolarizes tumour-associated macrophages and inhibits mammary carcinogenesis by targeting the 
mevalonate pathway. J Cell Mol Med. 2010;14(12):2803-15. 
119. Kikuiri T, Kim I, Yamaza T, Akiyama K, Zhang Q, Li Y, et al. Cell-based immunotherapy with 
mesenchymal stem cells cures bisphosphonate-related osteonecrosis of the jaw-like disease in mice. 
J Bone Miner Res. 2010;25(7):1668-79. 
120. Liu H, Wang SH, Chen SC, Chen CY, Lo JL, Lin TM. Immune modulation of CD4(+)CD25(+) 
regulatory T cells by zoledronic acid. BMC Immunol. 2016;17(1):45. 
121. Huang H, Zhou J, Chen H, Li J, Zhang C, Jiang X, et al. The immunomodulatory effects of 
endocrine therapy in breast cancer. J Exp Clin Cancer Res. 2021;40(1):19. 
122. Jiang X, Ellison SJ, Alarid ET, Shapiro DJ. Interplay between the levels of estrogen and 
estrogen receptor controls the level of the granzyme inhibitor, proteinase inhibitor 9 and 
susceptibility to immune surveillance by natural killer cells. Oncogene. 2007;26(28):4106-14. 
123. Svensson S, Abrahamsson A, Rodriguez GV, Olsson AK, Jensen L, Cao Y, et al. CCL2 and CCL5 
Are Novel Therapeutic Targets for Estrogen-Dependent Breast Cancer. Clin Cancer Res. 
2015;21(16):3794-805. 
124. Scagliotti GV, Kosmidis P, de Marinis F, Schreurs AJM, Albert I, Engel-Riedel W, et al. 
Zoledronic acid in patients with stage IIIA/B NSCLC: results of a randomized, phase III study. Ann 
Oncol. 2012;23(8):2082-7. 
125. Wu C., Chen W., Wu J., et al. Effect of bisphosphonates on overall survival in subgroups of 
patients with prostate cancer. . Clin Exp Metastasis. 2019;36(3):199-209. 
126. Eisen A, Somerfield MR, Accordino MK, Blanchette PS, Clemons MJ, Dhesy-Thind S, et al. Use 
of Adjuvant Bisphosphonates and Other Bone-Modifying Agents in Breast Cancer: ASCO-OH (CCO) 
Guideline Update. J Clin Oncol. 2022;40(7):787-800. 
127. C. Harper-Wynne oral presentation at UKBCG annual meeting, Nov 2015. 
128. Friedl TWP, Fehm T, Muller V, Lichtenegger W, Blohmer J, Lorenz R, et al. Prognosis of 
Patients With Early Breast Cancer Receiving 5 Years vs 2 Years of Adjuvant Bisphosphonate 
Treatment: A Phase 3 Randomized Clinical Trial. JAMA Oncol. 2021;7(8):1149-57. 
129. Pavlovic M, Arnal-Estape A, Rojo F, Bellmunt A, Tarragona M, Guiu M, et al. Enhanced MAF 
Oncogene Expression and Breast Cancer Bone Metastasis. J Natl Cancer Inst. 2015;107(12):djv256. 



192 
 

130. Coleman R., Hall A., Albanell J., et al. Effect of MAF amplification on treatment outcomes 
with adjuvant zoledronic acid in early breast cancer: a secondary analysis of the international, open-
label, randomised, controlled, phase 3 AZURE (BIG 01/04) trial. . Lancet Oncol. 2017;18(11):1543-52. 
131. Paterson AHG, Lucas PC, Anderson SJ, Mamounas EP, Brufsky A, Baez-Diaz L, et al. MAF 
Amplification and Adjuvant Clodronate Outcomes in Early-Stage Breast Cancer in NSABP B-34 and 
Potential Impact on Clinical Practice. JNCI Cancer Spectr. 2021;5(4). 
132. Hadjidakis D.J., Androulakis I.I.. Bone remodeling. Ann N Y Acad Sci 2006;1092:385-96. 
133. Hart N.H., Nimphius S., Rantalainen T., Ireland A., Siafarikas A., Newton R.U. Mechanical 
basis of bone strength: influence of bone material, bone structure and muscle action. . J 
Musculoskelet Neuronal Interact 2017;17(3):114-39. 
134. Khalid AB, Krum SA. Estrogen receptors alpha and beta in bone. Bone. 2016;87:130-5. 
135. Boyce BF, Xing L. Functions of RANKL/RANK/OPG in bone modeling and remodeling. Arch 
Biochem Biophys. 2008;473(2):139-46. 
136. Wang YX, Li M, Zhang HQ, Tang MX, Guo CF, Deng A, et al. Opposite Function of ERalpha and 
ERbeta in Controlling 17beta-Estradiol-mediated Osteogenesis in Osteoblasts. Arch Med Res. 
2016;47(4):255-61. 
137. Handforth C, D'Oronzo S, Coleman R, Brown J. Cancer Treatment and Bone Health. Calcif 
Tissue Int. 2018;102(2):251-64. 
138. D'Oronzo S, Stucci S, Tucci M, Silvestris F. Cancer treatment-induced bone loss (CTIBL): 
pathogenesis and clinical implications. Cancer Treat Rev. 2015;41(9):798-808. 
139. Castiglioni S, Cazzaniga A, Albisetti W, Maier JA. Magnesium and osteoporosis: current state 
of knowledge and future research directions. Nutrients. 2013;5(8):3022-33. 
140. Pfeilschifter J., Diel I.J. Osteoporosis due to cancer treatment: pathogenesis and 
management. . J Clin Oncol. 2000;18(7):1570-93. 
141. Stava C.J., Jimenez C., Hu M.I. et al. Skeletal sequelae of cancer and cancer treatment. J 
Cancer Surviv. 2009;3:75-88. 
142. Rana T., Chakrabarti A., Freeman M., Biswas S. Doxorubicin-Mediated Bone Loss in Breast 
Cancer Bone Metastases Is Driven by an Interplay between Oxidative Stress and Induction of TGFβ. 
PLOS ONE 2013;8(10):e78043. 
143. Shapiro C.L., Manola J., Leboff M. Ovarian failure after adjuvant chemotherapy is associated 
with rapid bone loss in women with early-stage breast cancer. J Clin Oncol. 2001;19(4):3306-11. 
144. Cameron D.A., Douglas S., Brown J.E., Anderson R.A.. Bone mineral density loss during 
adjuvant chemotherapy in pre-menopausal women with early breast cancer: is it dependent on 
oestrogen deficiency?. Breast Cancer Res Treat. 2010;123(3):805-814. Breast Cancer Res Treat. 
2010;123(3):805-14. 
145. Vehmanen L., Saarto T., Elomaa I., Mäkelä P., Välimäki M., Blomqvist C. Long-term impact of 
chemotherapy-induced ovarian failure on bone mineral density (BMD) in premenopausal breast 
cancer patients. The effect of adjuvant clodronate treatment. . Eur J Cancer. 2001;37(18):2373-8. 
146. Baselga J, Campone M, Piccart M, Burris HA, Rugo HS, Sahmoud T, et al. Everolimus in 
Postmenopausal Hormone-Receptor–Positive Advanced Breast Cancer. New England Journal of 
Medicine. 2011;366(6):520-9. 
147. Gnant M, Baselga J, Rugo HS, Noguchi S, Burris HA, Piccart M, et al. Effect of everolimus on 
bone marker levels and progressive disease in bone in BOLERO-2. J Natl Cancer Inst. 
2013;105(9):654-63. 
148. Ye C., Lee K., Leslie W.D., Lin M., Walker J., Kolinsky M. Fracture rate increases after immune 
checkpoint inhibitor treatment: a potential new immune related adverse event. Osteoporos Int. 
2023;34(4):735-40. 
149. Nagahama K., Aoki K., Nonaka K., et al. The deficiency of immunoregulatory receptor PD-1 
causes mild osteopetrosis. Bone. 2004;35(5):1059-68. 
150. Wang K, Gu Y, Liao Y, Bang S, Donnelly CR, Chen O, et al. PD-1 blockade inhibits osteoclast 
formation and murine bone cancer pain. J Clin Invest. 2020;130(7):3603-20. 



193 
 

151. Moore HC, Unger JM, Phillips KA, Boyle F, Hitre E, Porter D, et al. Goserelin for ovarian 
protection during breast-cancer adjuvant chemotherapy. N Engl J Med. 2015;372(10):923-32. 
152. Fogelman I., Blake G.M., Blamey R., et al. Bone mineral density in premenopausal women 
treated for node-positive early breast cancer with 2 years of goserelin or 6 months of 
cyclophosphamide, methotrexate and 5-fluorouracil (CMF). Osteoporos Int. 2003;14(12):1001-6. 
153. Reid DM, Doughty J, Eastell R, Heys SD, Howell A, McCloskey EV, et al. Guidance for the 
management of breast cancer treatment-induced bone loss: a consensus position statement from a 
UK Expert Group. Cancer Treat Rev. 2008;34 Suppl 1:S3-18. 
154. Cuzick J, Sestak I, Baum M, Buzdar A, Howell A, Dowsett M, et al. Effect of anastrozole and 
tamoxifen as adjuvant treatment for early-stage breast cancer: 10-year analysis of the ATAC trial. 
Lancet Oncol. 2010;11(12):1135-41. 
155. The Breast International Group (BIG) 1-98 Collaborative Group, A Comparison of Letrozole 
and Tamoxifen in Postmenopausal Women with Early Breast Cancer. The New England journal of 
medicine. 2005;353(26):2747-57. 
156. Eastell R, Adams JE, Coleman RE, Howell A, Hannon RA, Cuzick J, et al. Effect of anastrozole 
on bone mineral density: 5-year results from the anastrozole, tamoxifen, alone or in combination 
trial 18233230. J Clin Oncol. 2008;26(7):1051-7. 
157. Eastell R, Adams J, Clack G, Howell A, Cuzick J, Mackey J, et al. Long-term effects of 
anastrozole on bone mineral density: 7-year results from the ATAC trial. Ann Oncol. 2011;22(4):857-
62. 
158. Arimidex TAoiCTG, Forbes JF, Cuzick J, Buzdar A, Howell A, Tobias JS, et al. Effect of 
anastrozole and tamoxifen as adjuvant treatment for early-stage breast cancer: 100-month analysis 
of the ATAC trial. Lancet Oncol. 2008;9(1):45-53. 
159. Goss PE, Ingle JN, Martino S, Robert NJ, Muss HB, Piccart MJ, et al. A Randomized Trial of 
Letrozole in Postmenopausal Women after Five Years of Tamoxifen Therapy for Early-Stage Breast 
Cancer. New England Journal of Medicine. 2003;349(19):1793-802. 
160. Rabaglio M, Sun Z, Price KN, Castiglione-Gertsch M, Hawle H, Thurlimann B, et al. Bone 
fractures among postmenopausal patients with endocrine-responsive early breast cancer treated 
with 5 years of letrozole or tamoxifen in the BIG 1-98 trial. Ann Oncol. 2009;20(9):1489-98. 
161. Coleman R.E BLM, Girgis S.I., et al. Skeletal effects of exemestane on bone-mineral density, 
bone biomarkers, and fracture incidence in postmenopausal women with early breast cancer 
participating in the Intergroup exemestane Study (IES): a randomised controlled Study. Lancet. 
2007(8):119-27. 
162. Waqas K, Lima Ferreira J, Tsourdi E, Body JJ, Hadji P, Zillikens MC. Updated guidance on the 
management of cancer treatment-induced bone loss (CTIBL) in pre- and postmenopausal women 
with early-stage breast cancer. J Bone Oncol. 2021;28:100355. 
163. National Health Service (NHS). Prevention Osteoporosis. 2022 [Available from: 
https://www.nhs.uk/conditions/osteoporosis/prevention/. 
164. Weaver CM, Alexander DD, Boushey CJ, Dawson-Hughes B, Lappe JM, LeBoff MS, et al. 
Calcium plus vitamin D supplementation and risk of fractures: an updated meta-analysis from the 
National Osteoporosis Foundation. Osteoporos Int. 2016;27(1):367-76. 
165. Kuet KP, Charlesworth D, Peel NF. Vertebral fracture assessment scans enhance targeting of 
investigations and treatment within a fracture risk assessment pathway. Osteoporos Int. 
2013;24(3):1007-14. 
166. Kanis JA. FRAX - Fracture Risk Assessment Tool [Available from: 
https://frax.shef.ac.uk/FRAX/index.aspx. 
167. Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E. FRAX and the assessment of fracture 
probability in men and women from the UK. Osteoporos Int. 2008;19(4):385-97. 
168. Mazziotti G, Vena W, Pedersini R, Piccini S, Morenghi E, Cosentini D, et al. Prediction of 
vertebral fractures in cancer patients undergoing hormone deprivation therapies: Reliability of who 

https://www.nhs.uk/conditions/osteoporosis/prevention/
https://frax.shef.ac.uk/FRAX/index.aspx


194 
 

fracture risk assessment tool (frax) and bone mineral density in real-life clinical practice. J Bone 
Oncol. 2022;33:100421. 
169. Leslie WD, Morin SN, Lix LM, Niraula S, McCloskey EV, Johansson H, et al. Performance of 
FRAX in Women with Breast Cancer Initiating Aromatase Inhibitor Therapy: A Registry-Based Cohort 
Study. J Bone Miner Res. 2019;34(8):1428-35. 
170. Prawiradilaga RS, Gunmalm V, Lund-Jacobsen T, Helge EW, Brons C, Andersson M, et al. 
FRAX Calculated without BMD Resulting in a Higher Fracture Risk Than That Calculated with BMD in 
Women with Early Breast Cancer. J Osteoporos. 2018;2018:4636028. 
171. Saarto T, Vehmanen L, Elomaa I, Valimaki M, Makela P, Blomqvist C. The effect of clodronate 
and antioestrogens on bone loss associated with oestrogen withdrawal in postmenopausal women 
with breast cancer. Br J Cancer. 2001;84(8):1047-51. 
172. Van Poznak C, Hannon RA, Mackey JR, Campone M, Apffelstaedt JP, Clack G, et al. 
Prevention of aromatase inhibitor-induced bone loss using risedronate: The SABRE trial. Journal of 
Clinical Oncology. 2010;28(6):967-75. 
173. Lester JE, Dodwell D, Brown JE, Purohit OP, Gutcher SA, Ellis SP, et al. Prevention of 
anastrozole induced bone loss with monthly oral ibandronate: Final 5 year results from the ARIBON 
trial. J Bone Oncol. 2012;1(2):57-62. 
174. Sestak I, Singh S, Cuzick J, Blake GM, Patel R, Gossiel F, et al. Changes in bone mineral density 
at 3 years in postmenopausal women receiving anastrozole and risedronate in the IBIS-II bone 
substudy: an international, double-blind, randomised, placebo-controlled trial. Lancet Oncol. 
2014;15(13):1460-8. 
175. Sestak I, Blake GM, Patel R, Coleman RE, Cuzick J, Eastell R. Comparison of risedronate 
versus placebo in preventing anastrozole-induced bone loss in women at high risk of developing 
breast cancer with osteopenia. Bone. 2019;124:83-8. 
176. Pineda-Moncusi M, Garcia-Giralt N, Diez-Perez A, Servitja S, Tusquets I, Prieto-Alhambra D, 
et al. Increased Fracture Risk in Women Treated With Aromatase Inhibitors Versus Tamoxifen: 
Beneficial Effect of Bisphosphonates. J Bone Miner Res. 2020;35(2):291-7. 
177. Gnant M, Mlineritsch B, Luschin-Ebengreuth G, et al. Adjuvant endocrine therapy plus 
zoledronic acid in premenopausal women with early-stage breast cancer: 5-year follow-up of the 
ABCSG-12 bone-mineral density substudy. Lancet Oncol. 2008;9(9):840-9. 
178. Wilson C, Bell R, Hinsley S, Marshall H, Brown J, Cameron D, et al. Adjuvant zoledronic acid 
reduces fractures in breast cancer patients; an AZURE (BIG 01/04) study. Eur J Cancer. 2018;94:70-8. 
179. Ellis G.K., Bone H.G., Chlebowski R., et al. Effect of denosumab on bone mineral density in 
women receiving adjuvant aromatase inhibitors for non-metastatic breast cancer: subgroup analyses 
of a phase 3 study. Breast Cancer Research and Treatment. 2009;118(1):81-7. 
180. Nakatsukasa K., Koyama H., Ouchi Y., et al. Effect of denosumab on low bone mineral density 
in postmenopausal Japanese women receiving adjuvant aromatase inhibitors for non-metastatic 
breast cancer: 24-month results. . Breast Cancer 2019;26(1):106-12. 
181. Ouchi Y., Nakatsukasa K., Sakaguchi K., et al. The effect of denosumab in breast cancer 
patients receiving adjuvant aromatase inhibitors: 36-month results. J Bone Miner Metab. 
2021;39(2):224-9. 
182. Coleman RE, Rubens RD.The clinical course of bone metastasesfrom  breast  cancer. Br J 
Cancer. 1987;55:61-6. 
183. Hess KR, Varadhachary GR, Taylor SH, et al. Metastatic patterns in adenocarcinoma. Cancer. 
2006;106(7):1624-33. 
184. Savci-Heijink CD, Halfwerk H, Hooijer GK, Horlings HM, Wesseling J, van de Vijver MJ. 
Retrospective analysis of metastatic behaviour of breast cancer subtypes. Breast Cancer Res Treat. 
2015;150(3):547-57. 
185. 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. 



195 
 

186. Coleman RE. Clinical features of metastatic bone disease and risk of skeletal morbidity. Clin 
Cancer Res. 2006;12(20 Pt 2):6243s-9s. 
187. Irelli A, Cocciolone V, Cannita K, Zugaro L, Di Staso M, Lanfiuti Baldi P, et al. Bone targeted 
therapy for preventing skeletal-related events in metastatic breast cancer. Bone. 2016;87:169-75. 
188. Luzzi KJ, MacDonald IC, Schmidt EE, Kerkvliet N, Morris VL,Chambers AF, Groom AC. 
Multistep nature of metastatic ineffi-ciency: dormancy of solitary cells after successful extravasation 
andlimited survival of early micrometastases. Am J Pathol. 1998;153:865-73. 
189. Clezardin P, Coleman R, Puppo M, Ottewell P, Bonnelye E, Paycha F, et al. Bone metastasis: 
mechanisms, therapies, and biomarkers. Physiol Rev. 2021;101(3):797-855. 
190. Ingangi V, Minopoli M, Ragone C, Motti ML, Carriero MV. Role of Microenvironment on the 
Fate of Disseminating Cancer Stem Cells. Front Oncol. 2019;9:82. 
191. Peinado H, Zhang H, Matei IR, et al. Pre-metastatic niches: organ-specific homes for 
metastases. . Nat Rev Cancer. 2017;17(5):302 -17. 
192. Oskarsson T, Batlle E, Massague J. Metastatic stem cells: sources, niches, and vital pathways. 
Cell Stem Cell. 2014;14(3):306-21. 
193. Heindel W, Gubitz R, Vieth V, Weckesser M, Schober O, Schafers M. The diagnostic imaging 
of bone metastases. Dtsch Arztebl Int. 2014;111(44):741-7. 
194. O'Sullivan GJ, Carty FL, Cronin CG. Imaging of bone metastasis: An update. World J Radiol. 
2015;7(8):202-11. 
195. Coleman R, Costa L, Saad F, Cook R, Hadji P, Terpos E, et al. Consensus on the utility of bone 
markers in the malignant bone disease setting. Crit Rev Oncol Hematol. 2011;80(3):411-32. 
196. D'Oronzo S, Brown J, Coleman R. The role of biomarkers in the management of bone-homing 
malignancies. J Bone Oncol. 2017;9:1-9. 
197. Coleman R, Brown J, Terpos E, Lipton A, Smith MR, Cook R, et al. Bone markers and their 
prognostic value in metastatic bone disease: clinical evidence and future directions. Cancer Treat 
Rev. 2008;34(7):629-39. 
198. Du W.X., Duan S.F., Chen J.J., Huang J.F., Yin L.M., Tong P.J., Serum bone-specific alkaline 
phosphatase as a biomarker for osseous metastases in patients with malignant carcinomas: A 
systematic review and meta-analysis. Journal of Cancer Research and Therapeutics. 2014;10:140-3. 
199. Zhang Y, Yi M, Cao J, Hou C, Zhou Y, Zhong Y. Serum cross-linked N-telopeptide of type I 
collagen for the diagnosis of bone metastases from solid tumours in the Chinese population: Meta-
analysis. J Int Med Res. 2016;44(2):192-200. 
200. Brown, J.E., Cook, R.J., Lipton, A. et al. Prognostic factors for skeletal complications from 
metastatic bone disease in breast cancer. . Breast Cancer Res Treat. 2010;123:767-79. 
201. Coleman R.E., Major P., Lipton A., Brown J.E., Lee K.A., Smith M., Saad F., Zheng M. Hei Y.J., 
Seaman J., Cook R., Predictive value of bone resorption and formation markers in cancer patients 
with bone metastases receiving the bisphosphonate zoledronic acid. Journal of Clinical Oncology. 
2005;23(22):4925-35. 
202. Brown JE, Sim S. Evolving role of bone biomarkers in castration-resistant prostate cancer. 
Neoplasia. 2010;12(9):685-96. 
203. Rich SE, Chow R, Raman S, Liang Zeng K, Lutz S, Lam H, et al. Update of the systematic review 
of palliative radiation therapy fractionation for bone metastases. Radiother Oncol. 2018;126(3):547-
57. 
204. National Institute for Health and Care Excellence (NICE). Advanced breast cancer: diagnosis 
and treatment. 2009 [Available from: 
https://www.nice.org.uk/guidance/cg81/chapter/Recommendations - systemic-disease-modifying-
therapy. 
205. Van Poznak C, Somerfield MR, Barlow WE, Biermann JS, Bosserman LD, Clemons MJ, et al. 
Role of Bone-Modifying Agents in Metastatic Breast Cancer: An American Society of Clinical 
Oncology-Cancer Care Ontario Focused Guideline Update. J Clin Oncol. 2017;35(35):3978-86. 

https://www.nice.org.uk/guidance/cg81/chapter/Recommendations#systemic-disease-modifying-therapy
https://www.nice.org.uk/guidance/cg81/chapter/Recommendations#systemic-disease-modifying-therapy


196 
 

206. 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. 2019;15:004-4. 
207. Paterson AH, Powles TJ, Kanis JA, et al. Double-blind controlled trial of oral clodronate in 
patients with bone metastases from breast cancer. . Journal of Clinical Oncology. 1993;11(1):59-65. 
208. Theriault RL, Lipton A, Hortobagyi GN, et al. Pamidronate reduces skeletal morbidity in 
women with advanced breast cancer and lytic bone lesions: a randomized, placebo-controlled trial. 
Protocol 18 Aredia Breast Cancer Study Group. J Clin Oncol. 1999;17(3):846-54. 
209. Hortobagyi, G.N., Theriault, R.L., Porter, L., Blayney, D., Lipton, A., Sinoff, C., Wheeler, H., 
Simeone, 
J.F., Seaman, J., Knight, R.D., Heffernan, M., Reitsma, D.J., Kennedy, I., Allan, S.G., Mellars, K. 
Efficacy of pamidronate in reducing skeletal complications in patients with breast cancer and lytic 
bone metastases. New England Journal of Medicine. 1996;335(24):1785-91. 
210. Body JJ, Diel IJ, Lichinitser MR, Kreuser ED, Dornoff W, Gorbunova VA, et al. Intravenous 
ibandronate reduces the incidence of skeletal complications in patients with breast cancer and bone 
metastases. Ann Oncol. 2003;14(9):1399-405. 
211. Body JJ, Diel IJ, Lichinitzer M, Lazarev A, Pecherstorfer M, Bell R, et al. Oral ibandronate 
reduces the risk of skeletal complications in breast cancer patients with metastatic bone disease: 
results from two randomised, placebo-controlled phase III studies. Br J Cancer. 2004;90(6):1133-7. 
212. Kohno, N., Aogi, K., Minami, H., Nakamura, S., Asaga, T., Iino, Y., Watanabe, T., Goessl, C., 
Ohashi, 
Y., Takashima, S. Zoledronic acid significantly reduces skeletal complications compared with placebo 
in Japanese women with bone metastases from breast cancer: A randomized, placebo controlled 
trial. Journal of Clinical Oncology. 2005;23(15):3314 -21. 
213. Rosen L.S., Gordon D., Kaminski M., Howell A., Belch A., Mackey J., Apffelstaedt J., Hussein 
M.A., Coleman R.E., Reitsma D.J., Chen B.-L., Seaman J.J. Long-term efficacy and safety of zoledronic 
acid compared with pamidronate disodium in the treatment of skeletal complications in patients 
with advanced multiple myeloma or breast carcinoma: A randomized, double-blind, multicenter, 
comparative trial. Cancer. 2003;98(8):1735 - 44. 
214. Barrett-Lee P, Casbard A, Abraham J, Hood K, Coleman R, Simmonds P, 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):114-22. 
215. Wong M.H.F., Stockler M.R., Pavlakis N. Bisphosphonates and other bone agents for breast 
cancer. Cochrane Database of Systematic Reviews. 2012;2012(2):CD003474. 
216. Amadori D, Aglietta M, Alessi B, Gianni L, Ibrahim T, Farina G, et al. Efficacy and safety of 12-
weekly versus 4-weekly zoledronic acid for prolonged treatment of patients with bone metastases 
from breast cancer (ZOOM): a phase 3, open-label, randomised, non-inferiority trial. Lancet Oncol. 
2013;14(7):663-70. 
217. Hortobagyi GN, Lipton A, Chew HK, Gradishar WJ, Sauter NP, Mohanlal RW, et al. Efficacy 
and safety of continued zoledronic acid every 4 weeks versus every 12 weeks in women with bone 
metastases from breast cancer: Results of the OPTIMIZE-2 trial. Journal of Clinical Oncology. 
2014;32(18_suppl):LBA9500-LBA. 
218. Himelstein AL, Qin R, Novotny PJ, Seisler DK, Khatcheressian JL, Roberts JD, et al. CALGB 
70604 (Alliance): A randomized phase III study of standard dosing vs. longer interval dosing of 
zoledronic acid in metastatic cancer. Journal of Clinical Oncology. 2015;33(15_suppl):9501-. 
219. Stopeck A.T., Lipton A., Body J.J., Steger G.G., Tonkin K., De Boer R.H., Lichinitser M., 
Fujiwara Y., Yardley D.A., Viniegra M., Fan M., Jiang Q., Dansey R., Jun S., Braun A. Denosumab 
compared with zoledronic acid for the treatment of bone metastases in patients with advanced 
breast cancer: A randomized, double-blind study. Journal of Clinical Oncology. 2010;28(35):5132 - 9. 
220. Lipton A, Fizazi K, Stopeck AT, Henry DH, Brown JE, Yardley DA, et al. Superiority of 
denosumab to zoledronic acid for prevention of skeletal-related events: a combined analysis of 3 
pivotal, randomised, phase 3 trials. Eur J Cancer. 2012;48(16):3082-92. 



197 
 

221. Ford J, Cummins E, Sharma P, Elders A, Stewart F, Johnston R, et al. Systematic review of the 
clinical effectiveness and cost-effectiveness, and economic evaluation, of denosumab for the 
treatment of bone metastases from solid tumours. Health Technol Assess. 2013;17(29):1-386. 
222. Shapiro CL, Moriarty JP, Dusetzina S, Himelstein AL, Foster JC, Grubbs SS, et al. Cost-
Effectiveness Analysis of Monthly Zoledronic Acid, Zoledronic Acid Every 3 Months, and Monthly 
Denosumab in Women With Breast Cancer and Skeletal Metastases: CALGB 70604 (Alliance). J Clin 
Oncol. 2017;35(35):3949-55. 
223. Snedecor SJ, Carter JA, Kaura S, Botteman MF. Cost-effectiveness of denosumab versus 
zoledronic acid in the management of skeletal metastases secondary to breast cancer. . Clin Ther. 
2012;34(6):1334-49. 
224. National Institute for Health and Care Excellence (NICE). Denosumab for the prevention of 
skeletal-related events in adults with bone metastases from solid tumours. 2012 [Available from: 
https://www.nice.org.uk/guidance/ta265. 
225. Cummings S.R., Ferrari S., Eastell R., et al. Vertebral Fractures After Discontinuation of 
Denosumab: A Post Hoc Analysis of the Randomized Placebo-Controlled FREEDOM Trial and Its 
Extension. . J Bone Miner Res. 2018;33(2):190-8. 
226. Gnant M, Mlineritsch B, Schippinger W, Luschin-Ebengreuth G, Pöstlberger S, Menzel C, et 
al. Endocrine Therapy plus Zoledronic Acid in Premenopausal Breast Cancer. New England Journal of 
Medicine. 2009;360(7):679-91. 
227. Farrell KB, Karpeisky A, Thamm DH, Zinnen S. Bisphosphonate conjugation for bone specific 
drug targeting. Bone Rep. 2018;9:47-60. 
228. Frediani B GA, Bianchi G, Dalle Carbonare L, Malavolta N, Cantarini L, Saviola G, Molfetta L. 
Clodronate in the management of different musculoskeletal conditions. Minerva Med. 
2018;Aug;109(4):300-25. 
229. Bernardi S, Di Girolamo M, Necozione S, Continenza MA, Cutilli T. Antiresorptive drug-
related osteonecrosis of the jaws, literature review and 5 years of experience. Musculoskelet Surg. 
2019;103(1):47-53. 
230. Fleisch H. Bisphosphonates – history and experimental basis. Bone. 2007;8 (Suppl. 1) S23-S8. 
231. Kasting GB, Francis MD. Retention of etidronate in human, dog, and rat. J Bone Miner Res. 
1992;7:513-22. 
232. Hadji P, Coleman RE, Wilson C, Powles TJ, Clezardin P, Aapro M, et al. Adjuvant 
bisphosphonates in early breast cancer: consensus guidance for clinical practice from a European 
Panel. Ann Oncol. 2016;27(3):379-90. 
233. Santini D, Vincenzi B, Dicuonzo G, et al. Zoledronic acid induces significant and long-lasting 
modifications of circulating angiogenic factors in cancer patients. . Clin Cancer Res. 2003;9(8):2893-
7. 
234. Winter MC, Cross SS et al. ANZAC: A randomised neoadjuvant biomarker study investigating 
the anti-tumour activity of the addition of zoledronic acid to chemotherapy in breast cancer. .  San 
Antonio Breast Cancer Symposium San Antonio2010. 
235. Sakai R, Eto Y, Hirafuji M, Shinoda H., Activin release from bone coupled to bone resorption 
in organ culture of neonatal mouse calvaria. . Bone. 2000;26:235-40. 
236. Korpal M, Yan J, Lu X, Xu S, Lerit DA, Kang Y. Imaging transforming growth factor-beta 
signaling dynamics and therapeutic response in breast cancer bone metastasis. Nat Med. 
2009;15(8):960-6. 
237. National Institute of Health and Care Excellence (NICE). The Arrow OnControl powered bone 
marrow biopsy system for bone marrow aspiration and biopsy. 2015 [Available from: 
https://www.nice.org.uk/advice/mib19/chapter/technology-overview. 
238. Metscher BD. MicroCT for comparative morphology: simple staining methods allow high-
contrast 3D imaging of diverse non-mineralized animal tissues. BMC Physiol. 2009;9:11. 
239. Cailleau R, Olive M, Cruciger QV. Long-term human breast carcinoma cell lines of metastatic 
origin: preliminary characterization. In Vitro. 1978;14(11):911-5. 

https://www.nice.org.uk/guidance/ta265
https://www.nice.org.uk/advice/mib19/chapter/technology-overview


198 
 

240. Liu H, Zang C, Fenner MH, Possinger K, Elstner E. PPARgamma ligands and ATRA inhibit the 
invasion of human breast cancer cells in vitro. Breast Cancer Res Treat. 2003;79(1):63-74. 
241. Chavez KJ, Garimella SV, Lipkowitz S. Triple negative breast cancer cell lines: one tool in the 
search for better treatment of triple negative breast cancer. Breast Dis. 2010;32(1-2):35-48. 
242. Lee AV, Oesterreich S, Davidson NE. MCF-7 cells--changing the course of breast cancer 
research and care for 45 years. J Natl Cancer Inst. 2015;107(7). 
243. Soule, H.D., et al., A human cell line from a pleural effusion derived from a breast carcinoma. 
. J Natl Cancer Inst. 1973;51(5):1409-16. . 
244. Horwitz, K.B., M.E. Costlow, and W.L. McGuire, MCF-7; a human breast cancer cell line with 
oestrogen, androgen, progesterone, and glucocorticoid receptors. Steroids. 1975;26(6):785-95. 
245. Brooks SC, Locke ER, Soule HD. Estrogen Receptor in a Human Cell Line (MCF-7) from Breast 
Carcinoma. Journal of Biological Chemistry. 1973;248(17):6251-3. 
246. Lippman, M.E. and G. Bolan, Oestrogen -responsive human breast cancer in long term tissue 
culture. Nature. 1975;256(5518):592-3. 
247. Ali JK, Riches JC. The Impact of the COVID-19 Pandemic on Oncology Care and Clinical Trials. 
Cancers (Basel). 2021;13(23). 
248. Wilkinson E. Dramatic drop in new cancer drug trials during the COVID-19 pandemic. Lancet 
Oncol. 2021;22(3):305. 
249. Unger J.M. FM. Nationally representative estimates of the participation of cancer patients in 
clinical research studies according to the commission on cancer. Journal of Clinical Oncology 
2021;39:74-. 
250. Moorcraft SY, Marriott C, Peckitt C, Cunningham D, Chau I, Starling N, et al. Patients' 
willingness to participate in clinical trials and their views on aspects of cancer research: results of a 
prospective patient survey. Trials. 2016;17:17. 
251. NICE. National Institute of Health and Care Excellence, Early breast cancer (preventing 
recurrence and improving survival): adjuvant bisphosphonates. 2018 [Available from: 
https://www.nice.org.uk/guidance/ng101/chapter/Recommendations - bisphosphonate-therapy. 
252. Dhesy-Thind S, Fletcher GG, Blanchette PS, Clemons MJ, Dillmon MS, Frank ES, et al. Use of 
Adjuvant Bisphosphonates and Other Bone-Modifying Agents in Breast Cancer: A Cancer Care 
Ontario and American Society of Clinical Oncology Clinical Practice Guideline. J Clin Oncol. 
2017;35(18):2062-81. 
253. Curigliano G, Burstein HJ, Winer EP, Gnant M, Dubsky P, Loibl S, et al. De-escalating and 
escalating treatments for early-stage breast cancer: the St. Gallen International Expert Consensus 
Conference on the Primary Therapy of Early Breast Cancer 2017. Ann Oncol. 2017;28(8):1700-12. 
254. Bharatuar A, Kar M, Khatri S, Goswami V, Sarin R, Dawood S, et al. Practical consensus 
recommendaton for adjuvant bone-modifying agents in breast cancer. South Asian J Cancer. 
2018;7(2):91-5. 
255. Breast Cancer Now, Adjuvant Bisphosphonates - UK  [Available from: 
https://breastcancernow.org/sites/default/files/160601_breast_cancer_now_-
_summary_of_adjuvant_bisphosphonates_-_uk_0.pdf. 
256. Sheldon TA, Cullum N, Dawson D, Lankshear A, Lowson K, Watt I, et al. What's the evidence 
that NICE guidance has been implemented? Results from a national evaluation using time series 
analysis, audit of patients' notes, and interviews. BMJ. 2004;329(7473):999. 
257. Lowson K, Jenks M, Filby A, Carr L, Campbell B, Powell J. Examining the implementation of 
NICE guidance: cross-sectional survey of the use of NICE interventional procedures guidance by NHS 
Trusts. Implementation Science. 2015;10(1). 
258. Chidgey-Clark J, Gillian L, Terence L. Implementing NICE guidance. Journal of the Royal 
Society of Medicine. 2007;100:448-52. 
259. Australian Government Department of Health, Pharmaceutical Benefits 
Scheme (PBS).  [Available from: http://www.pbs.gov.au/pbs/home. 

https://www.nice.org.uk/guidance/ng101/chapter/Recommendations#bisphosphonate-therapy
https://breastcancernow.org/sites/default/files/160601_breast_cancer_now_-_summary_of_adjuvant_bisphosphonates_-_uk_0.pdf
https://breastcancernow.org/sites/default/files/160601_breast_cancer_now_-_summary_of_adjuvant_bisphosphonates_-_uk_0.pdf
http://www.pbs.gov.au/pbs/home


199 
 

260. Hadji P, Aapro MS, Body JJ, Gnant M, Brandi ML, Reginster JY, et al. Management of 
Aromatase Inhibitor-Associated Bone Loss (AIBL) in postmenopausal women with hormone sensitive 
breast cancer: Joint position statement of the IOF, CABS, ECTS, IEG, ESCEO IMS, and SIOG. J Bone 
Oncol. 2017;7:1-12. 
261. MIMS online, Zoledronic Acid  [Available from: 
https://www.mimsonline.com.au.acs.hcn.com.au/. 
262. SA Health, High cost medicine reviews. [Available from: https://www.sahealth.sa.gov.au/. 
263. Braithwaite D, Emery J, De Lusignan S, Sutton S. Using the Internet to conduct surveys of 
health professionals: a valid alternative? Fam Pract. 2003;20(5):545-51. 
264. Fan W, Yan Z. Factors affecting response rates of the web survey: A systematic review. 
Computers in Human Behavior. 2010;26(2):132-9. 
265. Cunningham CT, Quan H, Hemmelgarn B, Noseworthy T, Beck CA, Dixon E, et al. Exploring 
physician specialist response rates to web-based surveys. BMC Med Res Methodol. 2015;15:32. 
266. E S Tambor, G A Chase, R R Faden, G Geller, K J Hofman a, Holtzman NA. Improving Response 
Rates through Incentive and Follow-Up: The Effect on a Survey of Physicians' Knowledge of Genetics. 
American Journal of Public Health. 1993;83:1599-603. 
267. Radiologists TRCo. Clinical oncology UK workforce census report 2019. 2019. 
268. Australian Goverment DoH. Medical Oncology Factsheet 2016. 
269. Gordon C Wishart, Elizabeth M Azzato, David C Greenberg, Jem Rashbass, Olive Kearins, Gill 
Lawrence, et al. PREDICT: a new UK prognostic model that predicts survival following surgery for 
invasive breast cancer. Breast Cancer Research. 2010;12. 
270. Diana A, Carlino F, Giunta EF, Franzese E, Guerrera LP, Di Lauro V, et al. Cancer Treatment-
Induced Bone Loss (CTIBL): State of the Art and Proper Management in Breast Cancer Patients on 
Endocrine Therapy. Curr Treat Options Oncol. 2021;22(5):45. 
271. Khan AA, Morrison A, Hanley DA, Felsenberg D, McCauley LK, O'Ryan F, et al. Diagnosis and 
management of osteonecrosis of the jaw: a systematic review and international consensus. J Bone 
Miner Res. 2015;30(1):3-23. 
272. Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, Mehrotra B, et al. American 
Association of Oral and Maxillofacial Surgeons position paper on medication-related osteonecrosis 
of the jaw--2014 update. J Oral Maxillofac Surg. 2014;72(10):1938-56. 
273. Wong MH, Stockler MR, Pavlakis N. Bisphosphonates and other bone agents for breast 
cancer. Cochrane Database Syst Rev. 2012(2):CD003474. 
274. Mauri D, Valachis A, Polyzos IP, Polyzos NP, Kamposioras K, Pesce LL. Osteonecrosis of the 
jaw and use of bisphosphonates in adjuvant breast cancer treatment: a meta-analysis. Breast Cancer 
Res Treat. 2009;116(3):433-9. 
275. Porter I, Theodoulou E, Holen I, Harper-Wynne C, Baron-Hay S, Wilson C, et al. Adoption of 
adjuvant bisphosphonates for early breast cancer into standard clinical practice: Challenges and 
lessons learnt from comparison of the UK and Australian experience. J Bone Oncol. 2021;31:100402. 
276. Australian Institute of Health and Welfare & Cancer Australia 2012. Cancer in Australia: an 
overview 2012  
Cancer series no. 71(Cat. no. CAN 67). 
277. Cancer Australia, Breast cancer statistics. 2021 [Available from: 
https://www.canceraustralia.gov.au/cancer-types/breast-cancer/statistics. 
278. Lord SJ, Marinovich ML, Patterson JA, Wilcken N, Kiely BE, Gebski V, et al. Incidence of 
metastatic breast cancer in an Australian population-based cohort of women with non-metastatic 
breast cancer at diagnosis. Med J Aust. 2012;196(11):688-92. 
279. McGee S, AlZahrani M, Stober C, Ng TL, Cole K, Larocque G, et al. Adjuvant bisphosphonate 
use in patients with early stage breast cancer: Patient perspectives on treatment acceptability and 
potential de-escalation. J Bone Oncol. 2021;27:100351. 

https://www.mimsonline.com.au.acs.hcn.com.au/
https://www.sahealth.sa.gov.au/
https://www.canceraustralia.gov.au/cancer-types/breast-cancer/statistics


200 
 

280. McGee S, Alzahrani M, Vandermeer L, Cole K, Larocque G, Awan A, et al. Adjuvant 
bisphosphonate use in patients with early stage breast cancer: a physician survey. Breast Cancer Res 
Treat. 2021;187(2):477-86. 
281. Fatoye F, Smith P, Gebrye T, Yeowell G. Real-world persistence and adherence with oral 
bisphosphonates for osteoporosis: a systematic review. BMJ Open. 2019;9(4):e027049. 
282. Shapiro CL, Van Poznak C, Lacchetti C, Kirshner J, Eastell R, Gagel R, et al. Management of 
Osteoporosis in Survivors of Adult Cancers With Nonmetastatic Disease: ASCO Clinical Practice 
Guideline. J Clin Oncol. 2019;37(31):2916-46. 
283. Zibdawi L, Simos D, Kassam S, Rana A, Kassam F, Rahim Y. Clinical practice patterns on the 
use of adjuvant bisphosphonate for early breast cancer: A Canadian perspective. Journal of Clinical 
Oncology. 2019;37(15_suppl):e12002-e. 
284. Compston J, Cooper A, Cooper C, Gittoes N, Gregson C, Harvey N, et al. UK clinical guideline 
for the prevention and treatment of osteoporosis. Arch Osteoporos. 2017;12(1):43. 
285. Breast Cancer Now, Breast Cancer Voices 1-Year Evaluation  [Available from: 
https://breastcancernow.org/sites/default/files/evaluation_report_-_summary_5_pages.pdf - 
:~:text=For%20Voices%20to%20be%20a%20positive%2C%20impactful%2C%20and,February%20202
3.%20Of%20these%2C%20548%20are%20louder%20Voices. 
286. Breast Cancer Now, Zoledronic acid for primary breast cancer (BCC238) 2019 [Available 
from: https://breastcancernow.org/information-support/publication/zoledronic-acid-primary-breast-
cancer-bcc238. 
287. 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. 
288. CJ Fisher ME, P Smith, K Wicks, RR Millis and IS Fentiman. Histopathology of breast cancer in 
relation to age. British Journal of Cancer. 1997;75(4):593-6. 
289. Syed BM, Green AR, Paish EC, Soria D, Garibaldi J, Morgan L, et al. Biology of primary breast 
cancer in older women treated by surgery: with correlation with long-term clinical outcome and 
comparison with their younger counterparts. Br J Cancer. 2013;108(5):1042-51. 
290. Tang SW, Parker H, Winterbottom L, Hassell K, Ellis IO, Morgan DA, et al. Early primary 
breast cancer in the elderly - pattern of presentation and treatment. Surg Oncol. 2011;20(1):7-12. 
291. Ring A, Battisti NML, Reed MWR, Herbert E, Morgan JL, Bradburn M, et al. Bridging The Age 
Gap: observational cohort study of effects of chemotherapy and trastuzumab on recurrence, survival 
and quality of life in older women with early breast cancer. Br J Cancer. 2021;125(2):209-19. 
292. Dimitrakopoulos FI, Kottorou A, Antonacopoulou AG, Makatsoris T, Kalofonos HP. Early-
Stage Breast Cancer in the Elderly: Confronting an Old Clinical Problem. J Breast Cancer. 
2015;18(3):207-17. 
293. Molino A, Giovannini M, Auriemma A, Fiorio E, Mercanti A, Mandara M, et al. Pathological, 
biological and clinical characteristics, and surgical management, of elderly women with breast 
cancer. Crit Rev Oncol Hematol. 2006;59(3):226-33. 
294. NHS Breast Screening Programme  [ 
295. Biganzoli L, Battisti NML, Wildiers H, McCartney A, Colloca G, Kunkler IH, et al. Updated 
recommendations regarding the management of older patients with breast cancer: a joint paper 
from the European Society of Breast Cancer Specialists (EUSOMA) and the International Society of 
Geriatric Oncology (SIOG). The Lancet Oncology. 2021;22(7):e327-e40. 
296. Wyld L, Reed MWR, Morgan J, Collins K, Ward S, Holmes GR, et al. Bridging the age gap in 
breast cancer. Impacts of omission of breast cancer surgery in older women with oestrogen receptor 
positive early breast cancer. A risk stratified analysis of survival outcomes and quality of life. Eur J 
Cancer. 2021;142:48-62. 
297. Martelli G, Miceli R, Daidone MG, Vetrella G, Cerrotta AM, Piromalli D, et al. Axillary 
dissection versus no axillary dissection in elderly patients with breast cancer and no palpable axillary 
nodes: results after 15 years of follow-up. Ann Surg Oncol. 2011;18(1):125-33. 

https://breastcancernow.org/sites/default/files/evaluation_report_-_summary_5_pages.pdf#:~:text=For%20Voices%20to%20be%20a%20positive%2C%20impactful%2C%20and,February%202023.%20Of%20these%2C%20548%20are%20louder%20Voices
https://breastcancernow.org/sites/default/files/evaluation_report_-_summary_5_pages.pdf#:~:text=For%20Voices%20to%20be%20a%20positive%2C%20impactful%2C%20and,February%202023.%20Of%20these%2C%20548%20are%20louder%20Voices
https://breastcancernow.org/sites/default/files/evaluation_report_-_summary_5_pages.pdf#:~:text=For%20Voices%20to%20be%20a%20positive%2C%20impactful%2C%20and,February%202023.%20Of%20these%2C%20548%20are%20louder%20Voices
https://breastcancernow.org/information-support/publication/zoledronic-acid-primary-breast-cancer-bcc238
https://breastcancernow.org/information-support/publication/zoledronic-acid-primary-breast-cancer-bcc238


201 
 

298. Brackstone M, Baldassarre FG, Perera FE, Cil T, Chavez Mac Gregor M, Dayes IS, et al. 
Management of the Axilla in Early-Stage Breast Cancer: Ontario Health (Cancer Care Ontario) and 
ASCO Guideline. J Clin Oncol. 2021;39(27):3056-82. 
299. Finn RS, Martin M, Rugo HS, Jones S, Im SA, Gelmon K, et al. Palbociclib and Letrozole in 
Advanced Breast Cancer. N Engl J Med. 2016;375(20):1925-36. 
300. <Baselga-2012-Everolimus-in-postmenopausal-hormon.pdf>. 
301. Turner NC, Ro J, Andre F, Loi S, Verma S, Iwata H, et al. Palbociclib in Hormone-Receptor-
Positive Advanced Breast Cancer. N Engl J Med. 2015;373(3):209-19. 
302. Gnant M, Dueck AC, Frantal S, Martin M, Burstein HJ, Greil R, et al. Adjuvant Palbociclib for 
Early Breast Cancer: The PALLAS Trial Results (ABCSG-42/AFT-05/BIG-14-03). J Clin Oncol. 
2022;40(3):282-93. 
303. Marme F, Martin M, Untch M, Thode C, Bonnefoi H, Kim SB, et al. Palbociclib combined with 
endocrine treatment in hormone receptor-positive, HER2-negative breast cancer patients with high 
relapse risk after neoadjuvant chemotherapy: subgroup analyses of premenopausal patients in 
PENELOPE-B. ESMO Open. 2024;9(6):103466. 
304. Slamon D, Lipatov O, Nowecki Z, McAndrew N, Kukielka-Budny B, Stroyakovskiy D, et al. 
Ribociclib plus Endocrine Therapy in Early Breast Cancer. N Engl J Med. 2024;390(12):1080-91. 
305. Miller WR. Aromatase inhibitors: mechanism of action and role in the treatment of breast 
cancer. Seminars in Oncology. 2003(30):3-11. 
306. Early Breast Cancer Trialists' Collaborative Group. Systemic treatment of early breast cancer 
by hormonal, cytotoxic, or immune therapy. The Lancet. 1992;339(1-15):71-85. 
307. The Swedish Breast Cancer Cooperative Group. Randomized Trial of Two Versus Five Years of 
Adjuvant Tamoxifen for Postmenopausal Early Stage Breast Cancer. 1996;88(21):1543-9. 
308. Early Breast Cancer Trialists' Collaborative Group, Davies C, Godwin J, Gray R, Clarke M, 
Cutter D, et al. Relevance of breast cancer hormone receptors and other factors to the efficacy of 
adjuvant tamoxifen: patient-level meta-analysis of randomised trials. Lancet. 2011;378(9793):771-
84. 
309. Davies C, Pan H, Godwin J, Gray R, Arriagada R, Raina V, et al. Long-term effects of 
continuing adjuvant tamoxifen to 10 years versus stopping at 5 years after diagnosis of oestrogen 
receptor-positive breast cancer: ATLAS, a randomised trial. Lancet. 2013;381(9869):805-16. 
310. Gray RG RD, Handley K, et al. aTTom: long-term effects of continuing adjuvant tamoxifen to 
10 years versus stopping at 5 years in 6,953 women with early breast cancer. Journal of Clinical 
Oncology. 2013;31(15_suppl):514. 
311. Early Breast Cancer Trialists' Collaborative G. Aromatase inhibitors versus tamoxifen in early 
breast cancer: patient-level meta-analysis of the randomised trials. Lancet. 2015;386(10001):1341-
52. 
312. Blok EJ, Kroep JR, Meershoek-Klein Kranenbarg E, Duijm-de Carpentier M, Putter H, van den 
Bosch J, et al. Optimal Duration of Extended Adjuvant Endocrine Therapy for Early Breast Cancer; 
Results of the IDEAL Trial (BOOG 2006-05). J Natl Cancer Inst. 2018;110(1). 
313. Mamounas EP, Bandos H, Lembersky BC, Jeong JH, Geyer CE, Jr., Rastogi P, et al. Use of 
letrozole after aromatase inhibitor-based therapy in postmenopausal breast cancer (NRG 
Oncology/NSABP B-42): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol. 
2019;20(1):88-99. 
314. Tjan-Heijnen VCG, van Hellemond IEG, Peer PGM, Swinkels ACP, Smorenburg CH, van der 
Sangen MJC, et al. Extended adjuvant aromatase inhibition after sequential endocrine therapy 
(DATA): a randomised, phase 3 trial. Lancet Oncol. 2017;18(11):1502-11. 
315. Goss PE, Ingle JN, Pritchard KI, Robert NJ, Muss H, Gralow J, et al. Extending Aromatase-
Inhibitor Adjuvant Therapy to 10 Years. N Engl J Med. 2016;375(3):209-19. 
316. Muss HB, Tu D, Ingle JN, Martino S, Robert NJ, Pater JL, et al. Efficacy, toxicity, and quality of 
life in older women with early-stage breast cancer treated with letrozole or placebo after 5 years of 
tamoxifen: NCIC CTG intergroup trial MA.17. J Clin Oncol. 2008;26(12):1956-64. 



202 
 

317. Burstein HJ, Lacchetti C, Anderson H, Buchholz TA, Davidson NE, Gelmon KA, et al. Adjuvant 
Endocrine Therapy for Women With Hormone Receptor-Positive Breast Cancer: ASCO Clinical 
Practice Guideline Focused Update. J Clin Oncol. 2019;37(5):423-38. 
318. Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rubio IT, et al. Early breast 
cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-updagger. Ann Oncol. 
2019;30(8):1194-220. 
319. Hadji P. Menopausal symptoms and adjuvant therapy-associated adverse events. Endocr 
Relat Cancer. 2008;15(1):73-90. 
320. Eastell R, Hannon RA, Cuzick J, Dowsett M, Clack G, Adams JE, et al. Effect of an aromatase 
inhibitor on bmd and bone turnover markers: 2-year results of the Anastrozole, Tamoxifen, Alone or 
in Combination (ATAC) trial (18233230). J Bone Miner Res. 2006;21(8):1215-23. 
321. Khosla S, Oursler MJ, Monroe DG. Estrogen and the skeleton. Trends Endocrinol Metab. 
2012;23(11):576-81. 
322. Lee SJ, Kim KM, Brown JK, Brett A, Roh YH, Kang DR, et al. Negative Impact of Aromatase 
Inhibitors on Proximal Femoral Bone Mass and Geometry in Postmenopausal Women with Breast 
Cancer. Calcif Tissue Int. 2015;97(6):551-9. 
323. Hadji P. Aromatase inhibitor-associated bone loss in breast cancer patients is distinct from 
postmenopausal osteoporosis. Crit Rev Oncol Hematol. 2009;69(1):73-82. 
324. Hadji P, Ziller M, Kieback DG, Dornoff W, Tessen HW, Menschik T, et al. Effects of 
exemestane and tamoxifen on bone health within the Tamoxifen Exemestane Adjuvant Multicentre 
(TEAM) trial: results of a German, 12-month, prospective, randomised substudy. Ann Oncol. 
2009;20(7):1203-9. 
325. Howell A. Adjuvant aromatase inhibitors for breast cancer. Lancet. 2005(366):431-3. 
326. Goss PE, Ingle JN, Martino S, Robert NJ, Muss HB, Piccart MJ, et al. Randomized trial of 
letrozole following tamoxifen as extended adjuvant therapy in receptor-positive breast cancer: 
updated findings from NCIC CTG MA.17. J Natl Cancer Inst. 2005;97(17):1262-71. 
327. Coates AS, Keshaviah A, Thurlimann B, Mouridsen H, Mauriac L, Forbes JF, et al. Five years of 
letrozole compared with tamoxifen as initial adjuvant therapy for postmenopausal women with 
endocrine-responsive early breast cancer: update of study BIG 1-98. J Clin Oncol. 2007;25(5):486-92. 
328. Schmidt N, Jacob L, Coleman R, Kostev K, Hadji P. The impact of treatment compliance on 
fracture risk in women with breast cancer treated with aromatase inhibitors in the United Kingdom. 
Breast Cancer Res Treat. 2016;155(1):151-7. 
329. Bouvard B, Legrand E. 'The dilemmas of breast cancer treatment and increased fracture risk' 
by Malik. Ann Oncol. 2014;25(8):1664-5. 
330. Melton LJ, 3rd, Hartmann LC, Achenbach SJ, Atkinson EJ, Therneau TM, Khosla S. Fracture 
risk in women with breast cancer: a population-based study. J Bone Miner Res. 2012;27(5):1196-205. 
331. Edwards BJ, Raisch DW, Shankaran V, McKoy JM, Gradishar W, Bunta AD, et al. Cancer 
Therapy Associated Bone Loss: Implications for Hip Fractures in Mid-Life Women with Breast Cancer. 
Clinical Cancer Research. 2011;17(3):560-8. 
332. International Osteoporosis Foundation 2023 [Available from: 
https://www.osteoporosis.foundation/health-professionals/diagnosis. 
333. Yumie Rhee KS, Seho Park, Hyung Seok Park, Sung-Kil Lim and Byeong Woo Park. Efficacy of 
a combined alendronate and calcitriol agent (Maxmarvil®) in Korean postmenopausal women with 
early breast cancer receiving aromatase inhibitor: a double-blind, randomized, placebo-controlled 
study. Endocrine Journal. 2013(60 (2)):167-72. 
334. Lester JE, Dodwell D, Purohit OP, Gutcher SA, Ellis SP, Thorpe R, et al. Prevention of 
anastrozole-induced bone loss with monthly oral ibandronate during adjuvant aromatase inhibitor 
therapy for breast cancer. Clin Cancer Res. 2008;14(19):6336-42. 
335. Greenspan SL, Vujevich KT, Brufsky A, Lembersky BC, van Londen GJ, Jankowitz RC, et al. 
Prevention of bone loss with risedronate in breast cancer survivors: a randomized, controlled clinical 
trial. Osteoporos Int. 2015;26(6):1857-64. 

https://www.osteoporosis.foundation/health-professionals/diagnosis


203 
 

336. Collins K, Reed M, Lifford K, Burton M, Edwards A, Ring A, et al. Bridging the age gap in 
breast cancer: evaluation of decision support interventions for older women with operable breast 
cancer: protocol for a cluster randomised controlled trial. BMJ Open. 2017;7(7):e015133. 
337. Morgan JL, Shrestha A, Reed MWR, Herbert E, Bradburn M, Walters SJ, et al. Bridging the 
age gap in breast cancer: impact of omission of breast cancer surgery in older women with 
oestrogen receptor-positive early breast cancer on quality-of-life outcomes. Br J Surg. 
2021;108(3):315-25. 
338. Hadji P, Body JJ, Aapro MS, Brufsky A, Coleman RE, Guise T, et al. Practical guidance for the 
management of aromatase inhibitor-associated bone loss. Ann Oncol. 2008;19(8):1407-16. 
339. Albrand G MF, Sornay-Rendu E, DuBoeuf F, Delmas PD. Independent predictors of all 
osteoporosis-related fractures in healthy postmenopausal women: The OFELY Study. Bone. 
2003(32(1)):78-85. 
340. Lester JE, Dodwell D, Horsman JM, Mori S, Coleman RE. Current management of treatment-
induced bone loss in women with breast cancer treated in the United Kingdom. British Journal of 
Cancer. 2005;94(1):30-5. 
341. Kanis J. Assessment of osteoporosis at the primary health-care level. WHO Scientific Group 
Technical Report.; 2007. 
342. Reid D.M., Doughty J., Eastell R., et al. Guidance for the management of breast cancer 
treatment-induced bone loss: a consensus position statement from a UK Expert Group. . Cancer 
Treat Rev. 2008;34(Suppl 1):S3-S18. 
343. Huang GD, Bull J, Johnston McKee K, Mahon E, Harper B, Roberts JN, et al. Clinical trials 
recruitment planning: A proposed framework from the Clinical Trials Transformation Initiative. 
Contemp Clin Trials. 2018;66:74-9. 
344. RL OC, T R, RI C, SA M, S P, DR L, et al. Barriers to clinical trial recruitment and 
recommendations for supporting breast surgeons in the workplace. The Bulletin of the Royal College 
of Surgeons of England. 2020;102(7):320-3. 
345. Newington L., Metcalfe A. Factors influencing recruitment to research: qualitative study of 
the experiences and perceptions of research teams. BMC Med Res Methodol. 2014;14(10). 
346. National Institute for Health and Care Excellence. Pertuzumab for adjuvant treatment of 
HER2-positive early stage breast cancer. 2019 [Available from: 
https://www.nice.org.uk/guidance/ta569. 
347. National Institute for Health and Care Excellence. Trastuzumab emtansine for adjuvant 
treatment of HER2-positive early breast cancer. 2020 [Available from: 
https://www.nice.org.uk/guidance/ta632. 
348. National Institute for Health and Care Excellence. Pembrolizumab for neoadjuvant and 
adjuvant treatment of triplenegative early or locally advanced breast cancer. 2022 [Available from: 
https://www.nice.org.uk/guidance/ta851. 
349. Hall PS, Hamilton P, Hulme CT, Meads DM, Jones H, Newsham A, et al. Costs of cancer care 
for use in economic evaluation: a UK analysis of patient-level routine health system data. Br J 
Cancer. 2015;112(5):948-56. 
350. Marti J, Hall PS, Hamilton P, et al. The economic burden of cancer in the UK: a study of 
survivors treated with curative intent. Psychooncology. 2016;25(1):77-83. 
 

 

https://www.nice.org.uk/guidance/ta569
https://www.nice.org.uk/guidance/ta632
https://www.nice.org.uk/guidance/ta851


204 
 

 

 

 

Appendix  

Appendix 2.1: The ZOLENO Study Protocol. 

Appendix 2.2: National NHS Research Ethics Committee (REC) approval for the ZOLMENO 

study.  

Appendix 2.3: National NHS Research Ethics Committee (REC) acknowledgement of 

documentation for the ZOLMENO study.  

Appendix 2.4: Medicines and Healthcare Products Regulatory Agency (MHRA) approval for 

the ZOLMENO study.  

Appendix 2.5: Health Research Authority (HRA) approval for the ZOLMENO study.  

Appendix 2.6: Patient Information Sheet (36) of the ZOLMENO study.  

Appendix 4.1: Participants Information Sheet for the Breast Cancer Now patients’ survey.  

Appendix 5.1: National NHS Research Ethics Committee approval for BTAG sub-study. 

Appendix 5.2: Health Research Authority (HRA) approval for BTAG sub-study. 

Appendix 5.3: BTAG Bone health sub-study protocol. 

Appendix 5.4: BTAG Bone health sub-study CRF. 

 

 


	1. Introduction
	1.1  General background of breast cancer
	1.2 General background of bone targeted agents
	1.3 Improve breast cancer outcomes and prevent bone metastasis
	1.3.1 Anticancer effects of bisphosphonates in breast cancer
	1.3.2 Menopausal status modifies response to adjuvant bisphosphonates, pre-clinical and clinical evidence
	1.3.3 Current clinical consensus of adjuvant bisphosphonates in early breast cancer

	1.4  Cancer Treatment Induced Bone Loss
	1.4.1 General background
	1.4.2 Bone effects of anticancer treatment
	1.4.3 Prevention and Management of Cancer Treatment Induced Bone Loss

	1.5  Established bone metastasis in breast cancer
	1.5.1 General background
	1.5.2 Treatment of established bone metastasis in breast cancer
	1.5.2.1 Local Treatments
	1.5.2.2 Bone Targeted Agents


	1.6 Thesis aims

	2.1 Summary
	2.2 Introduction
	2.3 My role in the ZOLMENO study
	2.4 Hypothesis, Aims and Objectives
	2.5 Methods
	2.5.1 Study design and setting
	2.5.2 Regulatory approvals
	2.5.3 Patient eligibility criteria
	2.5.4 Recruitment and Patient pathway
	2.5.5 Promoting the study to aid recruitment
	2.5.6 Sample collection
	2.5.6.1 Serum samples
	2.5.6.2 Bone marrow biopsies
	2.5.6.2.1 Bone marrow aspirate samples
	2.5.6.2.2 Bone trephine samples

	2.5.6.3 Micro computed tomography (MicroCT) for bone trephine

	2.5.7 Cell culture
	2.5.7.1 MDA-MB-231 human breast cancer cell line
	2.5.7.2 MCF-7 human breast cancer cell line
	2.5.7.3 Routine maintenance of monolayer cell cultures
	2.5.7.4 Retrieval of adherent monolayer cultures
	2.5.7.5 Haemocytometric counting of cell suspensions
	2.5.7.6 MTT assay (proliferation)


	2.6 COVID-19 pandemic impact on the study
	2.7 Results
	2.7.1 Recruitment to the ZOLMENO study
	2.7.2 Translational studies
	2.7.3 Cell proliferation of ER+ve and ER-ve cell lines and effects of increasing FCS and different ZOL concentrations on these cell lines
	2.7.4 MicroCT analysis of bone trephines
	2.7.5 Histological analysis

	2.8 Discussion
	2.9 Conclusion
	2.10 Future work
	2.11 Presentations and publications arising from this project
	3.1 Summary
	3.2 Introduction
	3.3 Introduction to the UK/Australian international collaboration
	3.4 Hypothesis, Aims and objectives
	3.5 Methods and Materials
	3.5.1 Survey research
	3.5.2 UK Physicians’ Survey
	3.5.2.1 Survey Population
	3.5.2.2 Power calculation/sample size
	3.5.2.3 Survey Development
	3.5.2.4 Survey Implementation
	3.5.2.5 Data Analysis
	3.5.2.6 The Survey

	3.5.3 UK Pharmacists’ Survey
	3.5.3.1 Survey Population
	3.5.3.2 Power calculation/sample size
	3.5.3.3 Survey Development
	3.5.3.4 Survey Implementation
	3.5.3.5 Data Analysis
	3.5.3.6 The Survey

	3.5.4 Australian Physicians’ Survey
	3.5.4.1 Survey Population
	3.5.4.2 Power calculation/sample size
	3.5.4.3 Survey Development
	3.5.4.4 Survey Implementation
	3.5.4.5 Data Analysis
	3.5.4.6 The Survey


	3.6 Results of the UK Physicians’ Survey
	3.6.1 Current Practice
	3.6.2 Patient selection and monitoring
	3.6.3 Choice of Bone Modifying Agent Regime

	3.7 Results of the UK Pharmacists’ Survey
	3.8 Results of the Australian Physicians’ Survey and Comparison with the UK Physicians’ Survey
	3.8.1 Current Practise
	3.8.2 Patient Selection and Monitoring
	3.8.3 Choice of BMA Regime
	3.8.4 Outcome of UK and Australian collaboration

	3.9 Discussion
	3.10 Conclusion
	3.11 Future work
	3.12 Presentations and publications arising from this project
	4.1 Summary
	4.2 Introduction
	4.3 Hypothesis, Aims and objectives
	4.4 Methods
	4.4.1 Survey Population
	4.4.2 Power calculation/sample size
	4.4.3 Survey Development, Collaboration with Breast Cancer Now and Patient and Public  Involvement.
	4.4.4 Ethical Approval and Survey Implementation
	4.4.5 The Survey
	4.4.6 Data analysis

	4.5 Results
	4.5.1 Demographics
	4.5.2 Breast Cancer Treatment
	4.5.3 Bisphosphonate Treatment
	4.5.4 Patients’ Quotes

	4.6 Discussion
	4.7 Conclusion
	4.8 Future Work
	5.1 Summary
	5.2 Introduction
	5.2.1 Breast cancer in older women
	5.2.2 Antioestrogen use in older women
	5.2.3 Effects of antioestrogens on bone health
	5.2.4 Prevention and management of aromatase inhibitor-induced bone loss

	5.3 Hypothesis, Aims and Objectives
	5.4 Methods
	5.4.1 Study design
	5.4.2 Regulatory approvals and study specific amendment
	5.4.3 Patient eligibility criteria
	5.4.4 Recruitment
	5.4.5 Data collection
	5.4.6 Addition study specific data collection
	5.4.7 Statistical analysis
	5.4.8 Calulation of frailty scores

	5.5 Results
	5.5.1 Participants
	5.5.2 Bone density monitoring with DEXA scans
	5.5.3 Use of Bisphosphonates
	5.5.4. Use of Vitamin D and Calcium
	5.5.5 Fractures
	5.5.6 Frailty

	5.6 Discussion
	5.7 Conclusion
	5.8 Future Work
	5.9 Presentations arising from this project
	6.1 General Discussion
	References
	Appendix

