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Abstract
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Background: Bisphosphonates are a class of medication commonly used to treat osteoporosis.
Alendronate is recommended as the first-line treatment; however, long-term adherence (both treatment
compliance and persistence) is poor. Alternative bisphosphonates are available, which can be given
intravenously and have been shown to improve long-term adherence. However, the most clinically
effective and cost-effective alternative bisphosphonate regimen remains unclear. What is the most cost-
effective bisphosphonate in clinical trials may not be the most cost-effective or acceptable to patients in
everyday clinical practice.

Objectives:

1. Explore patient, clinician and stakeholder views, experiences and preferences of alendronate com-
pared to alternative bisphosphonates.

2. Update and refine the 2016 systematic review and cost-effectiveness analysis of bisphosphonates,
and estimate the value of further research into their benefits.

3. Undertake stakeholder/consensus engagement to identify important research questions and further
rank research priorities.

Methods: The study was conducted in two stages, stages 1A and 1B in parallel, followed by stage 2:

o Stage 1A - we elicited patient and healthcare experiences to understand their preferences of
bisphosphonates for the treatment of osteoporosis. This was undertaken by performing a systematic
review and framework synthesis of qualitative studies, followed by semistructured qualitative
interviews with participants.

e Stage 1B - we updated and expanded the existing Health Technology Assessment systematic review
and clinical and cost-effectiveness model, incorporating a more comprehensive review of treatment
efficacy, safety, side effects, compliance and long-term persistence.

e Stage 2 - we identified and ranked further research questions that need to be answered about the
effectiveness and acceptability of bisphosphonates.
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ABSTRACT

Results: Patients and healthcare professionals identified a number of challenges in adhering to
bisphosphonate medication, balancing the potential for long-term risk reduction against the work
involved in adhering to oral alendronate. Intravenous zoledronate treatment was generally more
acceptable, with such regimens perceived to be more straightforward to engage in, although a portion
of patients taking alendronate were satisfied with their current treatment. Intravenous zoledronate was
found to be the most effective, with higher adherence rates compared to the other bisphosphonates,
for reducing the risk of fragility fracture. However, oral bisphosphonates are more cost-effective than
intravenous zoledronate due to the high cost of zoledronate administration in hospital.

The importance of including patients and healthcare professionals when setting research priorities is
recognised. Important areas for research were related to patient factors influencing treatment selection
and effectiveness, how to optimise long-term care and the cost-effectiveness of delivering zoledronate
in an alternative, non-hospital setting.

Conclusions: Intravenous zoledronate treatment was generally more acceptable to patients and found
to be the most effective bisphosphonate and with greater adherence; however, the cost-effectiveness
relative to oral alendronate is limited by its higher zoledronate hospital administration costs.

Future work: Further research is needed to support people to make decisions influencing treatment
selection, effectiveness and optimal long-term care, together with the clinical and cost-effectiveness of
intravenous zoledronate administered in a non-hospital (community) setting.

Limitations: Lack of clarity and limitations in the many studies included in the systematic review may
have under-interpreted some of the findings relating to effects of bisphosphonates.

Trial registration: This trial is registered as ISRCTN10491361.

Funding: This award was funded by the National Institute for Health and Care Research (NIHR)
Health Technology Assessment programme (NIHR award ref: NIHR127550) and is published in full in
Health Technology Assessment; Vol. 28, No. 21. See the NIHR Funding and Awards website for further
award information.
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Plain language summary

Background

Bisphosphonates are drug treatments commonly used to treat osteoporosis. Alendronate is the most
used and is taken by mouth, weekly at a specific time of the week, which can be challenging. Less than
one in four people continue this treatment beyond 2 years. Alternative bisphosphonates are available,
which vary in frequency and how they are administered. The most acceptable and best value-for-money
regimen is unclear.

Aim

Our aim was to determine how effective alternative bisphosphonates are compared to alendronate at
preventing fractures and whether reduction in fracture risk was achieved at a reasonable financial cost,
but acceptable to patients.

Design and methods
The study was conducted in two stages, stages 1A and 1B in parallel, followed by stage 2:

e Stage 1A: a review of the published evidence on patients’ and doctors’ views, experiences and
preferences regarding different bisphosphonate treatment regimens, followed by interviews with
patients and healthcare professionals.

e Stage 1B: an update of an existing study on how effective bisphosphonates are in preventing fragility
fractures caused by osteoporosis and whether they are good value for money.

e Stage 2: identification of questions that need to be answered about the effectiveness and
acceptability of bisphosphonate treatments.

Results

Taking bisphosphonate medication often involves quite a lot of effort by patients, particularly when
taking alendronate tablets. A yearly infusion of zoledronate treatment was more acceptable, easier
to engage with and the most effective treatment compared to alendronate. However, the cost of
administering zoledronate in hospital made alendronate better value for money.

Conclusions

Bisphosphonates are effective in reducing the risk of fracture, but ‘continuing with treatment’,
particularly alendronate tablets, remains a challenge. A yearly infusion of zoledronate offers an
acceptable and effective treatment, but further research is needed to support patients and healthcare
professionals in making decisions about the various treatments, benefits and cost savings of
administering zoledronate outside of hospital and in the community.
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Scientific summary

Background

Alendronate (ALN) is recommended as the first-line osteoporosis treatment to prevent osteoporotic
fractures; however, long-term adherence (both treatment compliance and persistence) is poor.
Alternative bisphosphonates (BP) are available, which vary in frequency of use and/or route of
administration and have been shown to improve long-term adherence compared to ALN. However, the
most clinically effective and cost-effective alternative regimen remains unclear. Furthermore, clinicians
should optimise dosing regimens on the basis of the patient’s understanding, preference and
characteristics. What is the most cost-effective BP in clinical trials may not be the most cost-effective or
acceptable to patients in everyday clinical practice.

Objectives

1. Explore patient, clinician and stakeholder views, experiences and preferences of ALN compared to
alternative BP.

2. Update and refine the 2016 systematic review and cost-effectiveness analysis of BP and estimate
the value of further research into the relative benefits.

3. Undertake stakeholder/consensus engagement to identify important research questions and further
rank research priorities.

Methods
The study was conducted in two stages, stages 1A and 1B in parallel, followed by stage 2:

e Stage 1A: we elicited patient and clinician experiences of different BP regimens to understand their
preferences and those of other stakeholders compared to ALN. This was undertaken by performing a
systematic review and framework synthesis of qualitative studies around clinician and patient views,
followed by semistructured qualitative interviews with multidisciplinary stakeholders.

e Stage 1B: we updated and expanded the existing Health Technology Assessment systematic review
and clinical and cost-effective health economic model (2016), incorporating a more comprehensive
review of treatment efficacy, safety, side effects, compliance and long-term persistence. The model
takes a NHS and Personal Social Services perspective, with future costs and quality-adjusted
life-years (QALYs) discounted at 3.5% per annum. Costs are reported in pound sterling based on
2021 prices.

e Stage 2: using an approach based on the James Lind methodology for identification and prioritisation
of research questions, we identified questions that needed to be answered about the effectiveness
and acceptability of BP. Findings from stages 1A and 1B, together with multidisciplinary meetings,
identified areas of uncertainty. These questions were then ranked in a multidisciplinary, nationally
representative stakeholder event, conducted online over MS Teams.

Results

We identified, through a systematic review of previous studies on patient and clinician experiences of
BP treatment, how patients and healthcare professionals make sense (coherence) of BP by balancing
perceptions of need against concerns, how uncertainty prevails about BP-perceived effectiveness and a
number of individual and service factors that have potential to increase self-efficacy in recommending
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SCIENTIFIC SUMMARY

and adhering to BP. The qualitative interview study examining experiences of alternate BP regimens
found that intravenous (V) BP zoledronate (ZOL) treatment was generally more acceptable to patients.
Such IV regimens were perceived to be more straightforward to engage in, although a portion of
patients taking ALN were satisfied with their current treatment.

The systematic review and network meta-analysis of previous studies of effectiveness found that IV ZOL
was the most effective BP compared to ALN, risedronate and oral ibandronate for reducing the risk of
fragility fractures. Adherence was higher in IV ZOL users. It was found that clinical decision-making
could be facilitated by considering adherence patterns in BP users who were at increased risk of
fracture. However, the higher hospital administration costs for IV ZOL meant that the incremental cost-
effectiveness ratios for IV ZOL compared to ALN were greater than £30,000 per QALY across all risk
categories. This was despite the fact that IV ZOL was predicted to result in fewer fractures than ALN,
due to its higher treatment persistence and a longer offset period.

The prioritisation exercise highlighted a need for further research to tackle the issues relating to patient
factors influencing treatment selection and effectiveness, including in younger adults, how to optimise
long-term care and support patient and clinician decision-making and the clinical and cost-effectiveness
of giving IV ZOL in alternate settings to hospital care.

Conclusions

We have identified the factors that influence how patients and clinicians make sense of BP, described
the experience of BP taking in terms of burden and identified factors that both facilitate and hinder
confidence in taking and prescribing and monitoring BP. IV ZOL treatment was generally more
acceptable to patients. IV ZOL was found to be the most effective BP and with greater adherence;
however, the cost-effectiveness of IV ZOL relative to ALN was limited by the high hospital
administration costs. Further research is needed to support people to make decisions influencing
treatment selection and effectiveness and establish how to optimise long-term care. In addition,
research is needed to explore the clinical and cost-effectiveness of IV ZOL delivered in alternate
settings, such as in the community, compared to ALN treatment.

Patient and public involvement

We have worked closely with the Royal Osteoporosis Society (ROS) and the Nottingham ROS (NotROS)
Support Group, who together have influenced the design of this application, choice of study outcomes
and were involved throughout the study.

Trial registration

This trial is registered as ISRCTN10491361.

Funding

This award was funded by the National Institute for Health and Care Research (NIHR) Health and Social
Care Delivery Research programme (NIHR award ref: NIHR127550) and is published in full in Health and
Social Care Delivery Research; Vol. 28, No. 21. See the NIHR Funding and Awards website for further
award information.
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Chapter 1 Background and introduction

Response to the commissioned call

This report presents the findings from a National Institute for Health and Care Research (NIHR)-funded
study that was conducted between May 2019 and February 2022. The study was developed in response
to a Health Technology Assessment (HTA) programme call in 2018, inviting applications for a mixed-
methods study to explore and ascertain the evidence for effectiveness and cost-effectiveness of the
different bisphosphonate (BP) regimens compared to oral alendronate (ALN), as well as capturing the
experience and opinion of these communities.

The commissioned research question was:

What is the clinical and cost-effectiveness of alternative regimens of BP use in comparison to the
standard regimen of ALN in preventing osteoporotic fracture in adults?

=

Intervention: Alternative BP regimens for the prevention of osteoporotic fracture in adults.

2. Patient group: Adults diagnosed with osteoporosis and/or fragility fracture, where current guide-
lines recommend prophylactic treatment with BP.

3. Setting: Primary care and any other suitable setting.

Comparator: Current standard ALN regimen (as per guidelines).

5. Study design: (1) A systematic review and cost-effectiveness analysis of different BP regimens. (2) A
qualitative study to explore patient and clinician views and experiences of current regimens (includ-
ing, but not limited to, individuals who are engaged in research) and to identify the most important
research questions for these communities in relation to BP use.

6. Outcomes/outputs: Findings of the systematic review and cost-effectiveness, patient and clinician

experience and opinion; recommendations for future research, including research questions accept-

able to patients, clinicians and researchers.

»

Bisphosphonate and adherence in context

Osteoporosis is a condition that is characterised by low bone mass and structural deterioration of bone
tissue, resulting in bone fragility and susceptibility to fracture - ‘fragility fracture’.! The condition is
age-related and particularly common in postmenopausal women. Current National Institute for Health
and Care Excellence (NICE) guidelines recommend that people with osteoporosis and fragility fracture or
with osteoporosis and risk factors indicating high risk of future fracture should be offered BP treatment.?
This treatment has been shown to increase bone density and reduce the risk of fragility fracture by
20-70%, depending on the site of fracture.®->

Alendronate is recommended as the first-line BP treatment in adults in England and Wales;? however,
complex dosing instructions are required to support drug absorption and reduce side effects. This
medication is taken orally, once a week, at least 30 minutes before food or other medicines, with a
minimum of 200 ml of plain water, and patients are recommended to remain upright while taking it

and for at least 30 minutes after.® Taking ALN correctly (treatment compliance) is challenging for some
patients, in particular, older patients on multiple medications and those with underlying cognitive
impairment.”® Long-term treatment persistence (defined as the cumulative time duration from initiation
to discontinuation of therapy) is also poor with ALN. The reasons for this are multifactorial and include
scepticism over benefits and safety, lack of understanding of the consequences of non-treatment and
risk of or experienced side effects.”** In everyday clinical practice, long-term treatment adherence
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(encompassing both compliance and persistence)® with ALN is poor, ranging from 16% to 42% over
2 years.'®'” Alternative BP regimens to ALN are available and vary in frequency of use and/or route
of administration. These include monthly oral ibandronate (IBN), 3-monthly intravenous (IV) IBN and
yearly IV zoledronate (ZOL). These alternative BP regimens have been shown to improve long-term
adherence;'®-2t however, the most clinically and cost-effective regimen remains unclear. Furthermore,
clinicians should also take into account patient understanding, preferences and characteristics
around medication. What is most cost-effective in clinical trials may not be the most cost-effective or
acceptable in everyday clinical practice. Therefore, in keeping with the commissioning brief, a mixed-
methods research study was undertaken to explore and ascertain the evidence for effectiveness and
cost-effectiveness of the different BP regimens compared to ALN, as well as capturing the experience
and opinions of clinicians and patients.

Importance in terms of improving the health of patients

Osteoporosis is a common clinical condition, affecting over 3 million people in the UK. This leads

to weakening of the bones, making them fragile and more likely to fracture. In the UK, there are
approximately 536,000 new fragility fractures each year, comprising 79,000 hip fractures, 66,000
clinically diagnosed vertebral fractures, 69,000 forearm fractures and 322,000 other fractures (i.e.
fractures of the pelvis, rib and other long bones).?? The healthcare costs are enormous, estimated at
£4.4 billion per year and are expected to rise by 25% over the next 5 years,?® due to an ageing society.
Fragility fractures are a life-changing experience with consequent loss of mobility and independence,
social isolation, depression and increased mortality.?#2> Any fragility fracture approximately doubles
the risk of another fracture.?? A key priority of the NHS and NIHR (in its current themed call - complex
health needs) is to promote healthy ageing and prevent unplanned hospital admissions. Hip fractures
alone account for 85,000 unplanned admissions and 1.8 million bed-days in the UK per year.?¢ Effective
fracture prevention is therefore an important strategy in meeting this aim and would impact favourably
on several outcomes that are of importance to patients, including the ability to live independently,
pain, disability and death. Improving long-term adherence alone with fracture prevention treatments
from 60% to 80% would result in a saving to the NHS of £4.3 million over 5 years for secondary
prevention.?”:28

There is relatively little qualitative literature regarding patient experiences or preferences for BP
regimens; for example, a systematic review and meta-ethnography of patient experiences of living with
osteoporosis reported patient uncertainty about the purpose of medication but no findings relating

to experiences of taking BP.22.%° Hiligsmann et al. reviewed existing quantitative preference studies in
2016 and concluded that patients generally preferred less frequent dosing regimens but noted variation
in preferences.?**? One important limitation of these discrete preference studies is that patients were
asked to choose between hypothetical treatments and not real ones and were limited to four attributes
(efficacy, side effects, route and frequency of administration). In real life, other practical attributes, such
as how and how often the drug is administered, will also be important to patients. In a more recent
qualitative study exploring the reasons for non-adherence, upper gastrointestinal (Gl) side effects

with ALN were graphically described, although anticipation of side effects was as much a deterrent to
adherence as was actually experiencing the side effects.®® For those able to tolerate oral BP, various
strategies have been proposed to try and improve long-term adherence, which include the use of
reminders, patient education and treatment monitoring.3*-*” A Cochrane review of strategies to improve
treatment adherence highlighted the importance of more frequent patient interactions and regular
discussion over compliance issues.®® The International Bone Working Group on treatment adherence
recently recommended the routine use of bone turnover markers to aid treatment compliance.®” A
preferred alternative to oral BP, whether daily, weekly or monthly is an annual, IV infusion of BP (ZOL).
Patients have reported increased satisfaction with ZOL compared with weekly ALN and higher long-
term adherence.*>*! Administering BP intravenously is an obvious strategy to improve compliance, and
ZOL is inexpensive; however, needle phobia, infusion centre costs, side effects, scheduling reminders
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and the treatment burden of attending hospital for the infusion are potential barriers to long-term
persistence. Across Nottinghamshire, to address some of these challenges, IV ZOL is now administered
as first-line treatment to older patients with fragility fractures directly in their own home,*?> with high
patient preference and high satisfaction when compared to the same drug being administered during
attendance at a hospital-based infusion centre.*®* Within central Nottingham, IV ZOL is administered

as part of the community osteoporosis service, thereby addressing not only issues around drug
administration but also issues around patient education, benefits of treatment and long-term
persistence.** The recent HTA systematic review and economic evaluation of BP for the prevention of
fragility fractures, led by our co-applicants SD and NG*® and which informed the NICE TA464 guideline,?
concluded that BP are effective in preventing fragility fractures; however, the benefit-to-risk ratio in the
lowest-risk patients may be debatable given the low absolute quality-adjusted life-year (QALY) gains and
the potential for adverse events. While the model was structured to allow direct comparisons between
different BP, several simplifying assumptions were made that limited the accuracy of the comparisons
between the different BP treatments. For example, the model assumed equivalent treatment persistence
and adverse effects for all oral BP, whether they are given daily, weekly or monthly. One situation in
which this may be problematic is when considering the frequency of Gl adverse events, which relates to
oral administration. Similarly, the adverse events and treatment persistence for quarterly IV IBN were
assumed to be the same as those for yearly IV ZOL.
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Chapter 2 Systematic review of
bisphosphonate acceptability amongst
patients, clinicians and managers

ome text, tables and figures in this chapter have been reproduced from Paskins Z, et al. BMJ Open

2020;10:e040634. https:/doi.org/10.1136/bmjopen-2020-040634. This is an Open Access article
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence,
which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See https://creativecommons.org/licenses/by/4.0/. The text, tables
and figures below include minor additions and formatting changes to the original text.

Introduction

A recent network meta-analysis (NMA) demonstrated that BP treatment reduces the risk of fragility
fracture (depending on site) by 33-54%.2 Oesophageal or Gl-related side effects are the most common
adverse effects of oral BP use. To counter these, patients taking oral BP are required to remain upright
and fast for half an hour after ingestion. Rare side effects of BP include osteonecrosis of the jaw and
atypical femur fractures, both of which have received significant media attention. Such media reports
are temporally related to declining BP use.* Due to the Gl side effects and special instructions for taking
oral treatment, it has been suggested that alternative BP regimens, for example, IV ZOL, may promote
long-term adherence. Studies to date which have examined patient preferences for osteoporosis
treatment suggest that patients prefer injections given less frequently;*-4° however, research in other
chronic diseases shows that although adherence is improved with less frequent medications and that
patients prefer oral to injection treatment.>® In osteoporosis, the majority of studies that explore patient
preferences employ quantitative methods, for example, discrete choice experiments where patients

are asked to choose between hypothetical treatments in regard to various attributes (e.g. efficacy, side
effects, route and frequency of administration). Such studies cannot provide comprehensive insight

into patient views, experiences or the explanations for these preferences. In order to fully understand
the osteoporosis treatment gap, and ultimately improve adherence, it is important to understand the
perspectives of all relevant stakeholders: patients, healthcare professionals (HCPs), managers, payers
and academics.>>2 This can be achieved using the lens of ‘acceptability’, defined as ‘a multi-faceted
construct that reflects the extent to which people delivering, or, receiving a healthcare intervention
consider it to be appropriate, based on anticipated or experienced cognitive and emotional responses to
the intervention’>*>* In the context of a research programme designed to determine the research agenda
for optimising BP treatment, the primary aim of this chapter was to explore the acceptability of different
BP regimens among patients, clinicians and managers.

Methods

We conducted a systematic review and framework synthesis of qualitative studies exploring patient and
clinician views and experiences of BP. The conduct and reporting of this review followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The protocol for this
chapter was registered in PROSPERO (CRD42019143526).

Eligibility
To be eligible for inclusion, studies needed to report on patients’, clinicians’, academics’ and/or manager/
payers’ experiences and preferences regarding BP regimes for adults (> 18 years) with osteoporosis.
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BP needed to be mentioned by name, or there needed to be sufficient information that was specific to
BP (e.g. reference to the special instructions for use of oral BP) to deduce that study findings related
to BP, as agreed by two clinically experienced authors independently. Papers describing experiences
of osteoporosis more generally were included if there were findings relating to BP treatment in the
study abstract. Studies were only included if they were qualitative in design or mixed methods with

a qualitative component, relevant to a developed country setting and written in English. Studies

were excluded that involved paediatric patients, patients and clinicians receiving/recommending
other treatments for osteoporosis and studies in which BP were being used for other indications (e.g.
malignancy or Paget’s disease).

Search methods

Systematic searches were conducted in seven bibliographic databases {MEDLINE, EMBASE, AMED,
CINAHLPIlus, PsycINFO, ASSIA and Web of Science [Social Science Citation Index (SSCI) and
Conference Proceedings Citation Index-Social Science and Humanities (CPCI-SSH)]} from inception to
15 July 2019. The search strategy utilised database subject headings and text word searching in title,
abstract or keywords, combining terms for: (1) BP; (2) experiences and preferences and (3) qualitative
research, based on DeJean et al.s search filter. Search terms were adapted as appropriate for each
database platform.

In addition, grey literature was searched [DART Europe, Open Grey and National Digital Library of
Theses and Dissertations (NDLTD)]; the reference lists of all included studies and relevant systematic
reviews identified were checked, and key studies were citation tracked.

Study selection

Two-stage screening of articles against eligibility criteria was undertaken. Firstly, titles and abstracts
were screened, then full texts. At both stages, screening was conducted independently by sets of two
reviewers (co-applicants: NC, EC, ZP), and articles were excluded by agreement. Disagreements were
resolved through discussion or by third-reviewer adjudication.

Data extraction

For each paper, data extraction was completed independently by two researchers (co-applicants: ZP and
JW, or EC and FM). Key findings from the results sections of papers relating to BP were extracted; a ‘key
finding’ was defined as any sentence or statement relating to views or experiences of BP from the results
section of the paper or abstract. Wherever possible, the key finding was extracted as written by the
author, with minimal edits only for clarification, description of context or for consistency across papers.
For each paper, two authors extracted key findings independently and subsequently agreed on a final

list of key findings for each paper. Data were also extracted on participant numbers and demographics,
data collection technique, setting and country. Additionally, if available for patients, information was
extracted on their BP use, including type of drug and current status (adherent, non-adherent, decliner).

Quality appraisal

The quality of each study was assessed using the Critical Appraisal Skills Programme (CASP) qualitative
tool. This tool consists of 10 items split into 3 sections (qualitative suitability, data analysis and overall
quality). The first two sections consist of items related to qualitative suitability and data analysis,

which were evaluated as ‘yes’, ‘no’, ‘unclear’ or ‘partial’. The final question was an assessment based

on the overall quality of the paper; this was informed by responses to the previous items (indicating
methodological quality) and by the relevance of the study to the review objectives and was rated as
‘high’, ‘moderate’ or ‘low’. All papers were quality-appraised by three researchers independently (FM, SB,
JW). Disagreements were resolved through discussion with a fourth reviewer (ZP).

Synthesis

We used a framework synthesis approach informed by the ‘best fit' model described by Carroll
et al.>> The ‘best fit’ method offered a means to test, reinforce and build on an existing published
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model, conceived for a different but relevant purpose. This approach was chosen as a published

theory identified from the literature that conceptualised acceptability - the theoretical framework

of acceptability (TFA). The TFA is a relatively new framework which was developed to inform the
understanding of acceptability of complex interventions and consists of seven constructs: affective
attitudes - the emotions elicited by an intervention; intervention coherence - the extent to which an
intervention makes sense; perceived effectiveness - the perceived extent to which intervention will
achieve purpose; burden - the amount of effort required to participate in an intervention; self-efficacy -
individual’s confidence that they can perform the behaviour(s) required to participate in the intervention;
opportunity costs - the extent to which benefits, profits or values must be given up to engage in an
intervention; and ethicality - the extent to which an intervention has a good fit with an individual’s
values. The framework also incorporates temporal perspectives on anticipated and experienced
acceptability at three time points: before (prospective), during (experienced) and after (retrospective)
experience of an intervention.

The TFA has not previously been used to evaluate drug acceptability. We anticipated the seven
constructs of the TFA would be relevant to engagement with drug treatment; for example, burden
could relate to treatment burden associated with administering the drug or side effects. However, one
aspect which did not appear to be explicitly conceptualised within the framework was patient beliefs
about medicines. Studies across a range of long-term conditions, healthcare systems and cultures have
consistently shown that engagement with treatment is influenced by patients’ personal evaluation of
the medicine in question.>® Particularly important is how they judge their personal need for treatment
relative to their concerns about it. For this reason, we therefore included the Necessity-Concerns
Framework (NCF) to further explore the TFA domain relating to intervention coherence.

The first author initially conducted inductive open coding on the extracted data, before mapping the
codes to a draft framework derived from a priori themes (the domains of the TFA). Authors then met
to first discuss the themes and compare findings for each study and the ‘fit’ to the draft framework.

A preliminary synthesis was achieved using tabulation of studies, organising the studies into groups
relating to temporal perspectives and research questions and exploring relationships between studies
and between groups.

A final coding framework was agreed at a second meeting of authors. A second author (FM) recoded the
original key findings, where necessary, to the new framework to ensure all findings were represented.
Finally, relationships between themes and TFA and NCF domains were explored by further group
discussion. We used the Grades of Recommendation, Assessment, Development, and Evaluation
Confidence in the Evidence from Qualitative Reviews (GRADE-CERQual) approach to determine
confidence in our synthesised findings.*”

Results
The literature search identified 2040 unique articles, of which 25 met eligibility criteria (Figure 1).

A summary of the studies is shown in Table 1. The included studies were categorised into three
groups: perceptions of osteoporosis generally,>-%* healthcare service delivery issues unrelated to
osteoporosis (de-prescribing),®® interprofessional communication in primary care®® and studies specific
to osteoporosis treatments. The latter group was further subdivided into: those examining treatment
barriers,>¢7-7t adherence,’?>7* decision-making’>-7? or BP-related side effects.®%8! Only one study
examining adherence and one examining decision-making had research questions which specifically
related to BP.7378

The majority of studies were conducted in North America or Europe. Eight studies explored patient
views,%8-%> seven explored HCPs' views,%3-¢? seven had a mixed sample>70717477.7881 and two studies
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram. Reproduced from Paskins Z,
et al. BMJ Open 2020;10:e040634.

interviewed managers.>*¢° No studies included academic or payer participants. Of the 18 papers that
included patients, 10 studies described how many of the patients were on anti-osteoporotic medication;
however, only 2 reported the specific type of medication. Only one study reported patient experience of
receiving IV BP.62

The findings related to quality appraisal are summarised in Table 2. The most common limitations of
the included studies were lack of description of author reflexivity, lack of depth of analysis, use of
normative statements and relatively small samples or studies conducted in a single site which may limit
transferability of the findings. Furthermore, although the characteristics of the sample were generally
reasonably described, in order to address our research question, we required information about
medication use of participants which was frequently not described.

Using the CASP tool, 12 (48%) studies were scored as high value and the remaining 13 (52%) studies as
moderate value. For 5/13 (38%) studies scored as moderate in value, this was due to methodological
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TABLE 1 Summary of included studies

Studies in Group 1: Views of osteoporosis

First author Participant No. Data collection Qualitative approach or
and year Participants (male : female) BP use and adherence methods analysis method Recruitment setting
Besser Pts 14 (0:14) AOD unspecified Interview Framework analysis One hospital UK
201238
Jaglal HCPs 32(12:20) N/A Focus group Constant comparison Primary care Canada
2003 Family physicians (n = 32)
Otmar HCPs 16 (11:5) N/A Focus group Analytic comparison Primary care Australia
2012¢ GP (n = 14), practice nurse (n = 2) Constant comparison
Sale 2015*  Pts 28(2:26) 19/28 pts on AOD Interview Phenomenological study National osteoporosis Canada
Adherent (n = 19) patient group
Declined (n = 4)
Sale 2010%°  Pts 24 (6 :18) 9/24 pts on AOD Focus group Descriptive qualitative  Fracture clinic Canada
RIS (n = 8) study
Etidronate (n = 1)
Weston Pts 10(0:10) AOD unspecified Interview Interpretative phenome- Primary care UK
2011¢! nological analysis
Hansen Pts 15(0:15) AOD unspecified Interview Phenomenological Women attending DXAat 2 Denmark
2017¢2 Adherent (n = 12) hermeneutic approach  hospitals
Declined/stopped AOD
(n=23)
continued
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TABLE 1 Summary of included studies (continued)

First author
and year

Alami
20167°

Drew
2016%

Feldstein
2008t

Guzman-
Clark
200771

Merle
2019¢

Merle
2019¢

Studies in Group 2: Views of osteoporosis treatment (treatment barriers)

Participants

Mixed

HCPs

Nurse (n = 14), GP (nh = 2)
Specialists (n =17), orthopaedic
surgeon (n = 4)

Managers (n = 5), DXA technician
(n=1)

Mixed

Mixed

HCPs (GP)

Pts

Participant No.
(male : female)

Pts: 37 (0: 37)
HCPs: 18 (8 : 10)

43 (not given)

Pts: 10 (0: 10)
HCPs: 57 (not
given)

100 (94 : 6)

16 (11:5)

98 (53:45)

BP use and adherence

23/47 pts on AOD
Adherent (n = 19)
Declined/stopped AOD
(h=18)

N/A

AOD unspecified

24/100 pts on AOD

N/A

AOD unspecified

Data collection

methods

Focus group

Interview

Interview and
focus group

Focus group

Interview

Focus group

Qualitative approach or

analysis method

Grounded theory

Thematic approach

Content analysis

Thematic content
analysis

Descriptive thematic
analysis

Inductive thematic
analysis

Recruitment setting

Hospital/community over 5
regions

11 hospitals in 1 region

Primary and secondary care

Urban Academic Medical
Centre

Primary care

Recruited from two
existing research studies
and community (medical
insurance company)

France

UK

USA

USA

France

France
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TABLE 1 Summary of included studies (continued)

Studies in Group 2: Views of osteoporosis treatment (adherence)

First author Participant No. Data collection Qualitative approach or
and year Participants (male : female) BP use and adherence methods analysis method Recruitment setting
Iversen Mixed Pts: 32 (2: 30) AOD unspecified Focus group Open coding (thematic ~ Secondary care USA
201174 HCPs: 12 (5:7) analysis)
Lau 200872  Pts 37(0:37) 33/37 pts on AOD Focus group Mixed phenomenologi-  Primary care, secondary Canada
ALN (n = 9), etidronate cal design care and community
(h=5) pharmacies
RIS (n = 19)
Salter Pts 30 (0: 30) 20/30 pts on AOD Interview Framework analysis Primary care UK
201473 Adherent (n = 19)
Declined (n = 1)
Stopped AOD (n = 10)
Studies in Group 2: Views of osteoporosis treatment (decision-making)
Mazor Pts 36 (0:36) 15/36 pts on AOD Telephone (Thematic analysis) Primary care USA
20107 Adherent (n = 15) Interview
Declined (n = 10)
Stopped (n = 11)
Sale 20117  Pts 24 (6 :15) 14/21 pts on AOD Telephone Phenomenological study Hospital-based fracture Canada
Interview screening programme
Swart Mixed Pts: 26 (4 : 22) 10/26 pts on AOD Interview Thematic analysis with  Recruited from a fracture Netherlands
201877 HCPs: 13 (not Adherent (n = 10) elements of grounded prevention study
given) Declined (n = 16) theory
Scoville Mixed Pt: 18 (0: 18) N/A Videographic (Deductive checklist and Primary care (osteoporosis ~ USA
201178 HCP: 19 (12:7) descriptive) choice trial)
Wozniak Pts 12(3:9) 7/12 pts on AOD Interview Grounded theory Recruited from a fracture Canada
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20177¢

Adherent (n = 7)
Stopped (n = 5)

prevention trial nested in
secondary care
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TABLE 1 Summary of included studies (continued)

Studies in Group 2: Views of osteoporosis treatment (BP side effects)

First author Participant No. Data collection
and year Participants (male : female) BP use and adherence methods

Sturrock Mixed 24 (4:19) 13/23 pts on AOD Interview
20198
Sturrock Pts 17 (7 : 10) N/A Interview
20178

Studies in Group 3: Non-specific osteoporosis issues

Ailabouni HCPs 10 GPs N/A Interview
2016%
Sippli 2017¢ HCPs 28 (6:22) N/A Interview

Qualitative approach or
analysis method

Grounded theory

Grounded theory

Constant comparison

Content analysis

Recruitment setting

Three regions including
from secondary care

Primary care

Primary care

Primary care

UK

UK

New Zealand

Germany

AOD, antiosteoporosis drug; DXA, dual-energy X-ray absorptiometry; GP, general practitioner; RIS, risedronate.
Reproduced from Paskins Z, et al. BMJ Open 2020;10:e040634. https://doi.org/10.1136/bmjopen-2020-040634
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TABLE 2 Quality appraisal

CASP tool question

First author and year 1 2 3 4

Group1: Views of osteoporosis

Besser 20128 v Vv Vv p
Jaglal 2003¢ v v v
Otmar 2012¢ v v v/
Sale 2015 v v v /
Sale 2010¢° v vV v p
Weston 2011¢? v v v

Group 2: Views of osteoporosis treatment

Alami 20167° v/
Drew 2016% v v v
Feldstein 2008 v v v /
Guzman-Clark 20077* v v v
Merle 2019¢7 v vV v p
Merle 20194 v v v /
Iversen 201174 v Vv Vv p
Lau 200872

Salter 201473

Hansen 201742

5

AN D N N NN

D N NN

< SN NN

D N NN

AN

NN SN

AN D N N NN

D N NN

Moderate

Moderate
Moderate
High

Moderate

High

High
High
High

Moderate

Moderate

Moderate

Moderate
High

High
High

Comments

Small sample, no mention of data saturation, limited to ‘psychological’ factors affecting adherence
(discounting other factors by omission) and some use of normative statements

Few findings relevant to our research question

Well-conducted study, but limited findings relating to BP

Small single-site study, although data saturation was reached. Language does not always appear to
match approach (e.g. reporting patient’s ‘inability’ to link fractures to osteoporosis suggests prior
normative assumptions)

Only partially relevant for our review given the focus on a specific population (glucocorticoid-
induced osteoporosis)

Small sample (although data saturation reached) without attempt to structure to population and
analysis lacks depth to answer our objective relating to BP acceptability

Limited information relevant to our research question in view of general focus on osteoporosis

Single-centre study, although data saturation reached, limited information on coding/analysis and
no discussion of findings with relevance to wider literature

continued
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TABLE 2 Quality appraisal (continued)

CASP tool question
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First author and year 1 2 3 4

Comments

Mazor 20107° v v v v / vV u v Moderate Good relevance, single site. Descriptive approach without critical reflexivity or discussion of prior
assumptions

Sale 20117 High

Swart 201877 High

Scoville 201178 Moderate  Well-conducted videographic study, but data coded against deductive categories of reasons to
reject treatment, so limited potential to inform our objective about acceptability

Wozniak 201774 v v/ High

Sturrock 20198 v v 7/ High

Sturrock 2017%° v v / Moderate  Aim only partially relevant to study question

Group 3: Non-specific osteoporosis issues

Ailabouni 2016¢%° v Vv vV p Vv v/ vV V Moderate Relatively small (10 respondents) study, although data saturation reached. Only partially relevant
for current review with brief coverage of GP’s views on discontinuing BP in light of multimorbidities

Sippli 2017¢%¢ v v v v / v vV vV Moderate Limited findings related to our research question

GP, general practitioner.

Reproduced from Paskins Z, et al. BMJ Open 2020;10:e040634. https://doi.org/10.1136/bmjopen-2020-040634
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issues, and for 8/13 (62%) studies this was because the focus of the paper was less relevant to our
research question.

Fifteen individual subthemes were identified, which mapped to the seven domains of the TFA. Key
findings relating to ethicality related to conflict between BP and participants’ values and were
usually discussed as part of sense-making. For this reason, issues relating to ‘ethicality’ were
considered as part of ‘intervention coherence’, leaving six main themes, as shown schematically in
Figure 2.

Although it was possible to distinguish between two temporal perspectives related to anticipated and
experienced acceptability within most domains (with the exception of self-efficacy), the majority of
anticipated acceptability findings related to intervention coherence.

The findings of the review are discussed below with GRADE-CERQual (Confidence in the Evidence from
Reviews of Qualitative Research) ratings of confidence in Table 3.

Intervention coherence (high confidence)

Both before starting and during treatment, patients considered the perceived need or necessity for

BP based on their views of osteoporosis, including its seriousness and controllability, symptoms and
their perception of their own health. Perceived need was weighed up against concerns about medication,
including suspicion of drugs in general and specific concerns about BP safety, by both patients and
HCPs. HCPs sometimes used principles of ethicality to support perceptions of low necessity and their
reluctance to prescribe. The decision process of balancing necessity against concerns was influenced by
the doctor-patient relationship and wider societal influences, including friends, family and the general
media. This process influenced whether HCPs reported recommending BP. For patients, the decision
process could be explicit or tacit, was revisited over time and influenced both whether they initiated
treatment and subsequently adhered.

Perceived effectiveness (high confidence)

Both patients and HCPs expressed doubt or uncertainty about the mechanism of effectiveness of BP and
expressed a range of treatment expectations, including strengthening bone - improving bone density,
preventing worsening of osteoporosis - maintaining bone density and/or total fracture prevention.
Patients wanted proof or evidence of effectiveness through more structured monitoring and follow-up
and were disincentivised to continue treatment in the absence of evidence of perceived effectiveness.

s B
TFA Intervention Affective attitude Burden Opportunity costs Perc.e ived Self-efficacy
coherence effectiveness
N\ J
e N
Necessity Emotions Special instructions Comorbid conditions Mecha_nlsm of Sup_pgrtnpg
effectiveness routinisation
2 Concern Side effects Mofnlltlorlng and HCP knqwledge and
£ ollow-up attitudes
U
F= N
.—: Perception of Cost Service-level barriers
S5 own health
k=]
2
E
Ethicality
N\ J

FIGURE 2 Identified themes and subthemes mapped to the TFA. Reproduced from Paskins Z, et al. BMJ Open
2020;10:e040634. https://doi.org/10.1136/bmjopen-2020-040634.

Copyright © 2024 Sahota et al. This work was produced by Sahota et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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TABLE 3 GRADE-CERQual summary of qualitative findings

Methodological limitations Coherence Adequacy Relevance CERQual
- confidence
Review findings (and contributing studies) Concerns assessment
Intervention coherence: Minor None or very minor None or very minor Minor High
Both before starting and during treatment, 12/22 papers rated moderate The finding reflects the 22 papers contributed  Spread of studies from
patients considered the perceived need or value due to sample size, depth  complexity and variation of to this finding, and primary and secondary care
necessity for BP based on their views of of analysis or lack of reflexivity the data, and these influences  although some gave and range of countries.
osteoporosis, including its seriousness and con- on sense-making are well little detail, in-depth Uncertainties remain about
trollability, symptoms and their perception of supported by details in the insights were reported  sense-making-related
their own health. Perceived need was weighed underlying studies in 10 papers, and infor-  patients taking IV BP and
up against concerns about medication, including mation was consistent  influence of gender
suspicion of drugs in general and specific across studies

concerns about BP safety by both patients

and HCPs. HCPs sometimes used principles

of ethicality to support perceptions of low
necessity and their reluctance to prescribe. The
decision process of balancing necessity against
concerns was influenced by the doctor-patient
relationship and wider societal influences,
including friends, family and general media.
This process influenced whether HCPs reported
recommending BP. For patients, the decision
process could be explicit or tacit, was revisited
over time and influenced both whether they
initiated treatment and subsequently adhered.

Perceived effectiveness Minor None or very minor None or very minor Minor High
Both patients and HCPs expressed doubt or 7/15 papers rated moderate The finding reflects the 15 papers contributed ~ Spread of studies from
uncertainty about the mechanism of effective-  value, mostly (4/7) due to limited complexity and variation of to this finding. Some primary and secondary care

ness of BP and expressed a range of treatment  relevant content. Methodological the data, and these issues are  gave little detail, but and range of countries.
expectations, including strengthening bone - concerns relate to depth of supported by details in the in-depth insights were  Uncertainties remain about
improving bone density, preventing worsening  analysis or lack of reflexivity? underlying studies reported in 6 papers, perceived effectiveness of

of osteoporosis - maintaining bone density and information was IV BP

and/or total fracture prevention. Patients consistent

wanted proof or evidence of effectiveness
through more structured monitoring and
follow-up and were disincentivised to continue
treatment in the absence of evidence of
perceived effectiveness.
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TABLE 3 GRADE-CERQual summary of qualitative findings (continued)
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Methodological limitations Coherence Adequacy Relevance CERQual
confidence
Review findings (and contributing studies) Concerns assessment
Self-efficacy: Minor None or very minor None or very minor Minor High
Measures to help patients integrate medication 7/15 papers rated moderate The finding reflects the 17 papers contributed ~ Spread of studies from
taking into their daily routines (supporting value, mostly (4/7) due to limited complexity and variation of to this finding. Some primary and secondary care
routinisation), and the provision of information  relevant content. Methodological the data, and these issues are  gave little detail, but and range of countries.
and support, enhanced their feeling of having concerns relate to depth of supported by details in the in-depth insights were  Uncertainties remain about
control over their health and confidence to analysis or sample size? underlying studies reported in 5 papers, self-efficacy relating to IV
adhere to BP. Clinicians reported barriers to and information was BP
supporting adherence related to perceptions consistent
of their knowledge and attitudes, with several
knowledge gaps and uncertainties reported
and the perception that osteoporosis was
not a priority. Finally, service-level barriers
which impaired clinicians’ self-efficacy in
recommending and managing patients on BP
included uncertainty about professional roles
and responsibilities, capacity, access to IV
drugs and communication and IT systems.
Affective attitudes: Minor None or very minor Moderate Moderate Moderate
The emotions elicited by BP were closely 2/8 papers rated moderate value The finding reflects the data, Reports of affective Uncertainties remain about
related to intervention coherence. BP were due to depth of analysis orlack  supported by details in the attitudes were mostly affective attitudes towards
associated predominantly with negative emo- of reflexivity? underlying studies descriptive with little injectable BP received in
tions of fear (of side effects) and annoyance depth hospital
(with special instructions); however, positive
emotions of reassurance and hope were
noted in two studies, linked to the anticipated
protection that BP could incur.
Burden: Minor None or very minor Moderate Moderate Moderate
The burden or effort of oral BP was described 4/11 papers rated moderate The finding reflects the data, Reports mostly Uncertainties remain about
mostly relating to the special instructions value due to sample size, depth  and these aspects of burden descriptive with little burden of indirect costs
to take oral BP or experienced side effects, of analysis? are supported by details in the depth and a possible (travel, dental checks) and
although costs incurred were also a potential underlying studies focus on presence of burden due to IV BP
source of burden. burden (side effects)
rather than absence
continued

¢L¥04ddAM/0TEE0T 10d

TZ ON 8Z ‘IOA 20T Judwssassy ASojouyda] yyesH



8T

yn-oeayiuAielqiisjeuinofmmm Aleiqr sjeudnor yHIN

TABLE 3 GRADE-CERQual summary of qualitative findings (continued)

Methodological limitations Coherence Adequacy Relevance CERQual
- confidence
Review findings (and contributing studies) Concerns assessment
Opportunity costs: None or very minor Moderate Moderate Moderate Low
Circumstances where competing priorities 4/11 papers rated moderate No discussion of the alterna- Reports were limited, No information about
challenged adherence or initiation of BP were value, but this was mostly (n = 3) tive explanation that having lacked depth, and three values, benefits that have
described relating to comorbid conditions. The  due to limited relevant content ~ comorbid conditions may papers contained little  to be given up to partake in
presence of comorbid conditions was described rather than methodological facilitate BP acceptability content relevant to the IV BP, which are likely to be
as resulting in less time to support discussion concerns. research question different and likely limited
about BP in consultations and result in recom- sampling of patients with
mendation of, and adherence to, BP being given complex health needs

relative low priority.

IT, Information Technology.
a concerns considered minor because of the methodological strength of the other papers in this domain and low likelihood that reflexivity would after finding.
Reproduced from Paskins Z, et al. BMJ Open 2020;10:e040634. https:/doi.org/10.1136/bmjopen-2020-040634
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Self-efficacy (high confidence)

Measures to help patients integrate medication taking into their daily routines (supporting
routinisation), and the provision of information and support, enhanced their feeling of having control
over their health and confidence to adhere to BP. Clinicians reported barriers to supporting adherence
related to perceptions of their knowledge and attitudes, with several knowledge gaps and uncertainties
reported and the perception that osteoporosis was not a priority. Finally, service-level barriers which
impaired clinicians’ self-efficacy in recommending and managing patients on BP included uncertainty
about professional roles and responsibilities, capacity, access to IV drugs and communication and

IT systems.

Affective attitudes (moderate confidence)

The emotions elicited by BP were closely related to intervention coherence. BP were associated
predominantly with negative emotions of fear (of side effects) and annoyance (with special instructions);
however, positive emotions of reassurance and hope were noted in two studies, linked to the
anticipated protection that BP could incur.

Burden (moderate confidence)

The burden or effort of oral BP was described mostly relating to the special instructions to take oral BP or
experienced side effects, although costs incurred were also a potential source of burden. Only one study
included the experience of a patient on an IV BP. This patient described low treatment burden as she
only had to go once a year and felt no side effects (62).

Opportunity costs (low confidence)

There were few descriptions of ‘benefits, profits or values’ being given up to take BP. However,
circumstances where competing priorities challenged adherence or initiation of BP were described
relating to comorbid conditions. The presence of comorbid conditions was described as resulting in less
time to support discussion about BP in consultations and resulted in recommendation of, and adherence
to, BP being given relative low priority.

Discussion

This systematic review used the lens of acceptability to understand perceptions of BP and the problem
of poor adherence. We have identified, with high confidence, how patients and HCPs make sense
(coherence) of BP by balancing perceptions of need against concerns, how uncertainty prevails about
perceived effectiveness of BP and how a number of individual and service factors have potential to
increase self-efficacy in recommending and adhering to BP. We identified with moderate confidence that
BP taking induces fear but has the potential to engender reassurance, and that both the side effects and
special instructions for taking oral BP can be a source of treatment burden. Finally, we identified with
low confidence that multimorbidity plays a role in people’s perception of BP acceptability.

To our knowledge, this is the first use of the TFA, originally developed to evaluate acceptability of
complex interventions, to evaluate the acceptability of medication. We explored the utility of the

TFA from two perspectives, as an explanatory model for both patient and clinician acceptability and
engagement. The TFA was useful for understanding and combining patient and clinician viewpoints;
however, there was considerable overlap between domains; perceived efficacy, affective attitudes and
self-efficacy beliefs are all likely to impinge on sense-making or intervention coherence. The TFA alone
does not provide a comprehensive framework for understanding patient acceptability or engagement
with medicines, and of course, it was not intended to do so. The sense-making aspect of the framework
appeared pivotal, and the explanatory value of the framework was enhanced by the incorporation of
the NCF to operationalise key engagement-related beliefs. In the context of BP, concern and associated
fears predominate among patients, and perceived need may be underestimated if the consequences

of osteoporosis and fragility fractures are not explained. In our findings, sense-making was dynamic.

Copyright © 2024 Sahota et al. This work was produced by Sahota et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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SYSTEMATIC REVIEW OF BISPHOSPHONATE ACCEPTABILITY AMONGST PATIENTS

Patients re-evaluated perceptions of BP over time, expressing uncertainty relating to what represents
successful treatment and citing perceived lack of effectiveness as a reason to discontinue. This is likely
to be a particular problem for BP, as opposed to other drugs commonly taken for prevention, such as
statins and antihypertensive, where measures of feedback and effectiveness are more readily available.

The NICE guidelines for medicine adherence emphasise the need to take into account perceptions

(e.g. necessity beliefs and concerns) and practicalities (e.g. capability and resources) that will affect
individuals’ motivation and ability to start and continue with treatment.?? However, interventions
designed to improve BP adherence are often designed to ‘educate’ or persuade the patient of
importance and are often not targeted to eliciting or addressing health beliefs or informed by
underpinning mechanisms of change. There is therefore a need to ensure that any further design of
interventions - to promote BP adherence - draws on more comprehensive theoretical models of patient
engagement with health conditions and medicines, such as the Extended Common Sense Model.® This
model situates individuals’ perceptions about drugs and practical issues related to capability, in the
context of illness and treatment representations.

Specifically, our findings suggest a need for clinicians to support patients to understand the need for
treatment, to allay concerns where possible and to define what constitutes successful BP treatment.
Furthermore, clinicians need to support patients in evaluating the advantages and disadvantages

over time, given the dynamic nature of these decision processes. It is clear from our findings that
clinicians also have necessity-concern dilemmas relating to BP. A number of studies reported clinicians
themselves perceiving low patient need, high concerns and perceptions that treatment was not practical.
This is perhaps in contrast with a previous quantitative study in asthma which demonstrated that
clinicians held stronger positive beliefs about medicines than patients.?* It is unclear to what extent the
perceptions in our findings were generalisations or applied in specific circumstances, or to what extent
these views were negotiated on an individual basis in discussion with patients. Problems may arise in
the consultation if clinicians assume patients share their views and then maybe less likely to explore
patient perceptions of needs or concerns. Furthermore, the limitations of interviewing HCPs are well
documented; the accounts presented in an interview may not represent clinicians’ underlying beliefs or
behaviours, meaning that observational methods may be more appropriate to fully understand clinical
decision-making.t> Given that the clinician has a pivotal role in sense-making, interventions are also
likely needed to address clinician knowledge, attitudes and beliefs. By including the views of clinicians
and managers, we have also identified a range of service-level barriers to promoting BP adherence
relating to lack of clarity about professional roles, both across primary and secondary care, and within
primary care, use of IT systems and access to IV treatments.

Strengths and limitations

A strength of this review is the comprehensive search, use of underpinning theoretical framework,
inclusion of clinician views in addition to patients and use of the GRADE-CERQual to give confidence in
our findings, which has facilitated a clear identification of where further research is needed. Areas where
we have identified moderate or low confidence are in need of further research and specifically relate

to the influence of multimorbidity on sense-making, burden and self-efficacy in BP users, the extent to
which IV BP may overcome issues related to treatment burden and self-efficacy and the impact of BP

on affective attitudes and emotions. Furthermore, we have identified gaps in our understanding of how
clinicians make decisions in practice and how views of BP may be influenced by gender. Given that many
osteoporosis drugs have a different evidence base and licensing arrangements in men, this is an area in
need of further study.

The main limitation of this review relates to the lack of clarity in many of the included studies in
the results sections about which osteoporosis treatments or BP were being referred to, meaning
that in some cases we may have overinterpreted findings relating to BP that were about other
osteoporosis drugs. However, all of our review findings were identified from a comparison of data
from several studies, and as BP represent the mainstay of osteoporosis treatment, we consider that
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overinterpretation is unlikely. As there was frequently little detail about medication participants were
taking or referring to, it is also possible that we have missed relevant studies. Only two studies reported
the views of managers, but unfortunately neither of these studies distinguished professional roles in the
presentation of results, so a further need exists to explore perceptions of this group and perceptions of
payors and academics. Finally, although the population from which each study sampled was reasonably
well described, it was not always possible to appreciate if the setting was primary or secondary care; the
majority of studies appeared to recruit from primary care, which may explain the lack of findings related
to IV BP and limit the transferability of our findings to non-primary care settings.

Conclusion

In summary, using the lens of acceptability, we have identified the factors that influence how patients
and clinicians make sense of BP, described the experience of BP taking in terms of burden and factors
that both facilitate and hinder confidence in taking, and prescribing and monitoring BP. Our findings
demonstrate the need for a theoretically informed, whole-system approach to enable clinicians and
patients to get the best from BP treatment. Patients need comprehensive support that takes account
of the perceptions (e.g. treatment necessity beliefs and concerns) and practicalities (e.g. capability and
resources) that influence their motivation and ability to start and continue with treatment. Clinicians
need to moderate patient expectations and clarify what constitutes BP treatment success. Further
research is needed to explore perspectives of managers, patients receiving IV BP, men receiving BP and
the use of BP in the context of multimorbidity.

Copyright © 2024 Sahota et al. This work was produced by Sahota et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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Chapter 3 Qualitative interview study on
the experiences and acceptability of different
bisphosphonate regimens

ome text, tables and figures in this chapter have been reproduced from Paskins Z, et al. BMJ Open
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distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence,
which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See https://creativecommons.org/licenses/by/4.0/. The text, tables
and figures below include minor additions and formatting changes to the original text.
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Permission for reuse is in place as per: © The Author(s) 2022. Published by Oxford University Press on
behalf of the British Geriatrics Society. All rights reserved. The text, tables and figures below include
minor additions and formatting changes to the original text.

Introduction

Our findings from Chapter 2 identified the need for a theoretically informed, whole-system approach to
enable clinicians and patients to get the best from BP treatment. Patients need comprehensive support
that takes account of the perceptions (e.g. treatment necessity beliefs and concerns) and practicalities
(e.g. capability and resources) that influence their motivation and ability to start and continue with
treatment. Clinicians need to moderate patient expectations and clarify what constitutes BP treatment
success. Further research is needed to explore perspectives of managers, patients receiving IV BP, men
receiving BP and the use of BP in the context of multimorbidity.

Therefore, the aim of this qualitative study was to elicit patients’ and clinicians’ experiences of using
different BP regimens and understand patients’, clinicians’ and service and research leads’ preferences
for alternative BP regimens compared to first-line oral ALN treatment.

Methods

Sampling

The inclusion criteria for patients participating were adults who had taken or received BP for the
prevention of fragility fractures within the previous 24 months, and they needed to have the capacity
to provide informed consent. The purpose of the interviews was to explore patients’ experiences

of BP treatment regimens for the prevention of fragility fractures, focusing on which BP were most
acceptable to patients. Originally, we planned to recruit participants via regional primary and secondary
care clinicians and the regional Clinical Research Network. Due to COVID-19, recruitment methods
were adapted.

With ethical approval, in January 2020 [North West-Preston Research Ethics Committee (REF: 19/
NW/0714)], semistructured interviews were conducted between June 2020 and August 2020 and
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March 2021. A study advertisement in the Spring 2020 edition of the Royal Osteoporosis Society (ROS)
newsletter invited individuals to take part in one telephone semistructured interview. Replies were
used as part of purposive sampling, thus ensuring that the sample included enough participants who
had experience of oral BP, IV BP and those who had experience of both types of treatment. Once major
COVID-19 restrictions had been lifted, the research team were able to engage with clinicians across the
region, via professional networks, to support the recruitment of patients who were receiving IV BP in
the community. Such experiences were sought since community provision of IV BP is not usual practice
across the UK.

A total of 78 participants with a mean age of 69.9 years were recruited through the advertisement in the
ROS newsletter and through engagement with clinicians via professional networks. Forty-three patients
had most recently taken oral BP (for the majority of these participants, the current or most recent oral
BP that they had taken was ALN tablets). Thirty-seven participants had most recently received IV ZOL
BP infusions in hospital or community settings. Interviews ranged in duration from 20 to 60 + minutes.
Table 4 provides an overview of participants’ demographics.

Clinicians, specialist experts and service lead sampling

In order to understand the wider contexts of BP treatments and the service systems surrounding

them, general practitioners (GPs), secondary care clinicians, specialist experts (including those involved
in research), as well as those providing and leading novel treatments were recruited for qualitative
interviews. These groups were purposefully sampled to include those with a good knowledge of the BP
regimens in use and involved the following approaches.

First, GPs were contacted through a snowball approach, beginning with the existing professional
networks of the study team. Although it was originally planned to focus GP recruitment on the practices
in which patient samples were drawn from, due to the COVID-19 changes identified in patient
recruitment, existing networks allowed the identification of GPs both with and without specialist/
research involvement and commissioning/service leadership for osteoporosis and BP treatment. Study
team members identified potential participants, and a research advertisement was also placed in the

TABLE 4 Participant demographics (patients)

Participant demographics N

Gender
Female 73
Male 5
Age group
Under 50 years 1
50-60 years 7
61-70 years 37
71-79 years 21
80 + years 12

Bisphosphonate treatment history

Oral BP only 41
IV BP only 13
Different BP 24

Reproduced from Narayanasamy M, et al. Age Ageing 2022. https:/doi.org/10.1093/ageing/afac255
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West Midlands Comprehensive Local Research Network (CLRN) newsletter for research-active GPs. GPs
who were interested in taking part were invited to contact the study team and were then sent a formal
invitation e-mail/letter and Participant Information Sheet.

Second, we contacted specialist clinicians, including those involved in research and service leadership.
These respondents were identified through snowball sampling, beginning with the study team. Eligible
participants identified by the study team were sent a Study Information pack, which included an
informal invitation e-mail/letter and participant information sheet.

Third, we sampled from two specific areas where different or novel first-line BP regimens are used.
This included participants from around the country (Table 5), where first-line ALN is recommended
with a programme of blood test monitoring which is not usual practice elsewhere in the UK. Potential
participants were sent a formal invitation e-mail/letter and participant information sheet.

In total, we recruited 23 clinicians and clinical specialists, including those active in research and service
leadership. Interviews ranged in duration from 20 to 60 + minutes, and the background of participants is
provided in Table 5.

Data collection

Interview schedules for participants were developed in collaboration with the study team and steering
group, which included patient and public involvement and engagement (PPI) representatives and
comprised questions about patients’ experiences of the osteoporosis diagnosis, perceptions about
their BP treatment regimen(s) and clinician and service factors. The interview schedule was piloted with
two PPI representatives and refined as appropriate. All participants provided informed consent. All
interviews were conducted over the telephone.

Data analysis

Interviews were digitally recorded, transcribed verbatim and anonymised. The interview transcripts were
uploaded to NVivo (version 12) (QSR International, Warrington, UK) and were subjected to intense open
coding to identify early ideas and issues (referred to in NVivo as ‘nodes’). Two researchers independently
coded the first five transcripts and then compared analyses, allowing interpretations of the data to be
critically assessed, refined and agreed. Once first-level nodes had been agreed, the remaining transcripts
were coded according to these by two researchers. Newer subnodes were added over time to enable

TABLE 5 Details of clinicians and clinical specialists, including those active in research and service leadership

Clinician
stakeholder Total number of
group interviewees Location(s) Specific services Specific roles
GPs 9 West Midlands (n = 5) General practice (n = 8) GP partner (n = 5)
Northeast England (n = 2) Single Point of Access Salaried GP (n = 4)
Southeast England (n = 1) service (n = 1) Osteoporosis/musculo-
East Midlands (n = 1) skeletal specialist roles
(n=2)
Secondary 10 East Midlands (n = 7) Secondary care bone Consultants (n = 7)
care clinicians West Midlands (n = 3) specialist services, for Specialist nurses (n = 3)
and service example bone clinics and
specialists fracture liaison services
(nh=10)
Providers of novel 4 Midlands (n = 3) Community nursing Nursing lead and
treatments Yorkshire and the service (n = 3) nursing team members
Humber (n = 1) Secondary care bone (n=3)
specialist service Consultant (n = 1)

Reproduced from Narayanasamy M, et al. Age Ageing 2022. https://doi.org/10.1093/ageing/afac255
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specific and relevant issues to be categorised effectively. These subnodes were developed and agreed
by two researchers. Once all the transcripts had been coded, the process of iterative categorisation®
was used to provide a clear and rigorous written trail reflecting the development of themes from initial
nodes. This involved identifying key NVivo nodes as particularly pertinent to the research question
and exporting the content to Word. Table 6 describes these nodes and what aspects of the data

they captured.

Once exported into Word, the data that had been coded to each node were examined and
systematically reread. Summary and interpretive notes were added, reflecting on the content of the
theme in relation to other themes, research questions and prior literature. The results below first cover
the degree to which different forms of treatment were acceptable to patients, with data interpretation
considered in relation to our definition of ‘acceptability’ based on Sekhon et al's (2017) framework,?”
which proposes that it is a multifaceted construct underpinned by seven key domains. These domains
are collectively known as the TFA and their descriptive definitions are conveyed in Table 7. The codes
were then formally mapped to the TFA as a framework, providing appropriate constructs to capture key
dimensions of treatment acceptability and engagement.

Results

Acceptability of treatment regimes

Patients’ acceptability and engagement behaviours were captured through the TFA domains. Participant
identifiers at the end of each quote indicate their role as patient, clinician, specialist, research expert

or service lead. For patient participants, it also indicates the BP treatment they reported experience of.
O = oral BP treatment only; IV = intravenous BP treatment only; Dif = experience of different types of
BP treatment.

Intervention coherence and perceived effectiveness

Participants' views on ‘intervention coherence’ and ‘perceived effectiveness’ were often closely related,
with both requiring participants to make sense of how, and to what extent, the medication could be said
to be ‘working’. For the BP medicine, this commonly involved developing both a conception of the future
risk posed by reducing bone density and the potential reduction of such risk. Many patients described

TABLE 6 NVivo nodes of priority

NVivo node Description

Reflections on engagement Reported reasons why people engaged in treatment regimens and how they
engaged

Reflections on non-engagement Reported reasons why people did not engage in treatment regimens and how they
disengaged

Stopping Why people stopped engaging in treatment regimens and factors that were causing

people to consider stopping
Difficulties of use or receiving Reported difficulties with treatment regimens, for example experiencing side effects

Disruptions and inconveniences Reported factors that made treatment regimens disruptive and inconvenient, for
example needing to remain upright for 30 minutes to take oral BP

Perceptions of effectiveness What individuals understood to be a sign of effectiveness and/or indication that the
treatment was working, and how they thought this could be measured/assessed

Oral vs. other types of treatment What direct comparisons have individuals made between different treatment types

Reproduced from Narayanasamy M, et al. Age Ageing 2022. https://doi.org/10.1093/ageing/afac255
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TABLE 7 Description of TFA domains, adopted for Sekhon et al.8”

TFA domain Description

Affective attitude An individual's feelings about intervention

Burden How much effort is perceived to be necessary for individuals to participate in
intervention

Ethicality How well the intervention aligns with individuals’ value systems

Intervention coherence How well the individual understands the intervention and how it works

Opportunity costs The extent to which benefits, profits or values need to be sacrificed for the individual

to engage in intervention
Perceived effectiveness Perceptions around the likelihood of an intervention to achieve its purpose

Self-efficacy Individuals’ confidence that they can undertake the necessary behaviour to participate
in the intervention

Reproduced from Narayanasamy M, et al. Age Ageing 2022. https:/doi.org/10.1093/ageing/afac255

the treatment as a way of avoiding a negative consequence of ongoing bone deterioration. This is
sometimes derived from the personal experience of seeing a family member suffer:

The state of my father really, because mentally he was one hundred percent, and physically he was an
absolute wreck. His spine had bent completely.
(BO42_Dif)

The desire to avoid fractures was identified as a key motivation for engaging in treatment, particularly
for patients who had already experienced one:

Oh, just because I'd had, I'd fallen and broken my hip and I didn’t want to fall and break something
else again.
(BO76_1V)

This motivation had also been observed by secondary care clinicians:

In more, let’s say 70- or 80-year-olds who have had a hip fracture, then they tend not to question it at all,
they just go for whichever you tell the best we will take it, that sort of thing.
(BO02c)

Moreover, one specialist nurse suggested that certain types of fractures prompted patients to take
osteoporosis and the prospect of treatment seriously:

I mean a lot of patients are really scared of like the Dowager’s Hump. The spinal fractures tend to, if
you tell somebody they've got a fracture in their spine they’re more likely to buy into treatment and
understanding because they desperately don’t want to curve over. So that’s a huge thing, but when
patients have just like fractured a wrist or a humerus or a hip, yeah, then you do struggle to get them to
buy into actually it is quite serious.

(BO12c)

As BP do not necessarily address any felt symptoms, the coherence of the medication involved
envisioning it as providing a level of protection from either such acute or chronic health problems.

And when they said | would be having it | felt good because it’s protecting me, that’s what | thought
you know.
(BO101V)
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In some instances, patients felt they had sufficient support to understand this protection and were
reassured by a good relationship with HCPs.

| felt that everything had been explained and | just thought [treatment] was a way of preventing it getting

worse really.
(BO68_Dif)

This was particularly the case where participants felt they had perceived tangible evidence of the
treatment working, which drove them to continue taking the medication. This was often prompted by
receiving positive results from Dual Energy X-ray Absorptiometry (DEXA) scans denoting improved
T-scores. (A T-score is an indication of how close the person’s bone density is to the average peak
bone density.)

My hip then improved over three years to -1.1, so OK, it was a slight improvement but as the consultant
said, ‘it is an improvement, and it hasn’t got worse’. And | think well, something is working somewhere
along the line ... That encouraged me then just to keep going with it.

(BO 9_0)

Others disclosed feeling motivated by the fact that they had not sustained fractures since
beginning treatment:

I haven’t had any more vertebral fractures and just to take the positives from that, but yeah, and I'm able
to walk and do all sorts of things.
(BO65p_Dif)

In these cases, patients developed hope that treatment would maintain or improve their bone density.
Therefore, working to attain these goals also encouraged patients to engage in treatment:

And if it adds another five years or longer, ten years of me having a more stable life, | want that, I'll go for
it, thank you.
(BO55p_0)

However, uncertainties about the effectiveness of BP treatment were also very common, and several
questioned the degree to which their efforts to adhere were working. Underpinning this, participants
described a wide variability in the level of information, support and/or feedback. This included perceived
limitations or contradictions in the way in which the medication was explained.

| was waking up in the middle of the night, thinking I'm not doing it, I'm not going to take it. The side
effects aren’t explained to you, well not to me when they were discussing this was the medication that
you're going to get.

(B0O27p_0)

And my first initial reaction was ‘you’re taking something for osteoporosis that causes a fracture!” And it
didn’t make sense. It was almost too much to take on-board at the time. And from that to say, ‘will you
just pop in and collect your prescription and start taking it- ‘mm-mm, no way’!

(B0O13p_0)

Further, patients often perceived wide gaps in their ongoing care. For example, a patient spoke about
requesting a scan, as opposed to waiting for this to be initiated by her GP, in order to ascertain whether

her bone health had improved, which was important for her:

...That’s why | asked for the scan, because | thought, I'm doing all this, I'm doing all this running, I'm doing
these weights, I'm doing this diet, I'm taking all the tablets, I'm doing everything that | can do, | needed to
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know if it was actually making a difference ... | can’t say what was making the difference but all together it
was making a difference and that made me feel better sticking with everything.
(BO71p_0O)

Similarly, others on oral BP described disappointment at the poor follow-up and lack of opportunities to
discuss effectiveness, which left them uncertain as to whether the treatment was still appropriate:

I do think that somebody should have carried out a proper, as | said before, a proper review after five years
... and said you know ‘I think you need another DEXA scan to see if that’s the right drug.
(B0O31p_0)

The only time | was made aware of the reading from the DEXA scan was when it was the first one in
2010. And so, the subsequent ones, I've never had a patient’s copy, or | don’t really know whether there’s

been an improvement.
(BO19p_0)

Moreover, even when follow-up was planned, the timescale for accessing another DEXA scan after oral
BP had been prescribed was sometimes perceived to be too long:

I found that the DEXA scan that | was eventually referred to was quite informative. But | feel the gap
between, well 5 years before you can have another one. | feel as if I'm a little bit in the dark about what’s

going on and I've got an enquiring mind, so I like to know more.
(B038p_0)

The variation in treatment plans and follow-up in primary care was reflected in GPs’ responses. While
some had a specialist interest in osteoporosis and had set up systems for periodic checks on patients
(e.g. 3 months following treatment initiation), others commented on the lack of scope to check patient
adherence or review medication. One GP also mentioned the lack of incentives in the form of quality
outcome payments.

Well if we had infinite resources then | would have a sort of annual review in general practice but that’s

never going to happen because GPs are just too busy at the moment.
(BOO6c)

I think we're as I've already discussed, not good at picking up when compliance drops off. Because actually
we haven't got a formal strategy for auditing or reviewing, non-requesting of medication and that’s
actually a quite tricky to identify, but perhaps not impossible.

(BO16c)

Patients receiving IV treatment generally had fewer concerns over effectiveness and coherence of

the medication. This could be seen as due to the fact that this group had more regular scheduled
appointments, as well as the way that the administration of the treatment required the presence of a
HCP. This enabled more opportunities for patients to interact with clinicians to discuss the reasons for
taking the medication and also how to deal with any side effects:

So, she took me through absolutely everything to make sure | didn’t suffer once I'd had the Zoledronate
[intravenous treatment]. And | think it was so much easier for her to tell me face to face. | mean she could
have done it on the phone, but as opposed to just sending the instructions, which they did too, they did

send instructions in the mail as well.
(BO50p_Dif)
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The care particularly centred on the second infusion was so reassuring ... | felt so well looked after. And
having it explained to me I think several times in several different ways because people realised that | just
wasn'’t taking stuff in.

(BO66p_IV).

This was further enhanced when IV treatment was provided at home, with the nursing team taking on
larger responsibility for organising the appointment, and then being able to focus exclusively on one
patient for the duration of the treatment. This included opportunity to discuss effectiveness and the
findings or previous scans:

Well, | think they give reassurance, and they give you their time, because | was very impressed with the
chap, who came last week, because when | asked about my DEXA scan results he had to go out to the
car to get his laptop and he, you know he wasn’t rushing me. He got his laptop, and he sorted out exactly
what the data was from the DEXA scan and told me all the data.

(BO81p_IV)

Further, patients on IV BP also tended to have well-established time points for follow-up:

Oh, I'm just sent a letter with an appointment date and time. And | can sort of change it, if it’s not
convenient ... it’s always been alright.
(BO80p_IV)

Secondary care consultants confirmed that appointments and follow-up plans were well established for
patients on IV BP, underpinned by clear rationales, including scheduling a point at which such treatment
could be reviewed:

The nurses follow them up regularly to do the infusion. After three infusions, we will see them, look at the
DEXA to see whether they need to remain a bit longer on the bisphosphonates.
(BO02c)

This was reflected in the views of the community team delivering IV treatment in community settings
who valued the opportunity to provide direct and individual care.

So from, just comparing to when | worked in the hospital and obviously being in their home address, there
is only one patient, so your attention is a hundred percent on that person or the people that are in the
room with you.

(B022¢)

Having clarity around when DEXA scans were going to be scheduled was important for enabling
patients to see a potential end point for treatment. One patient pointed out that this is what made IV BP
treatment particularly favourable:

And it's time limited as well, knowing that it’s just for three years and then | will have a bone scan and
hopefully it’s better, it's quite nice as well because you see light at the end of the tunnel with yet one more
health condition.

(BO66p_1V)

Moreover, a few patients seemed to have higher expectations of IV treatment itself, even before scan

results were attained. They associated the format of this type of treatment as facilitating a direct, and

seemingly stronger, intervention for the actual problem of osteoporosis. This was reflected in patients’
comparisons with previous oral BP treatment:
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I had no sort of medical expertise at all, but to have an infusion would seem to me to get to the heart of
the matter more than a pill!
(BO51p_Dif)

While this might not have been an explicit message from health professionals, the IV treatment was
often seen as a ‘step up’ in the intensity of care for patients who had previously been on oral BP. In
this context, a greater efficacy of IV treatment was seen to make sense. Some clinicians providing IV
treatments did indeed suggest these would be more effective than oral BP, as captured by a specialist
nurse below:

So if we give IV we know there’s no absorption problems, it's getting straight in, so it will be effective
basically, if it's not going to be effective IV then it’s never going to be effective sort of thing.
(B0O03¢)

In most instances, however, clinicians described IV treatments as recommended due to side effects,
non-adherence and/or intolerance to ‘first-line’ oral treatments.

Opportunity costs and burden

When the BP treatments required patients to make sacrifices (i.e. ‘opportunity costs’) and/or the
regimens were regarded as burdensome, this contributed to overall negative views, which balanced
against whether the treatment was seen as effective and coherent. Although a small portion of patients
who were on or who had been on oral BP found the regimen relatively straightforward when weighed
against the benefits, a larger portion identified wide-ranging costs and burdens. Most commonly,
patients described struggling with the general treatment routine, which was regarded as complex, and
the disruption this caused to their morning habits.

| find it a total burden to be honest ... I'm an early riser, and | do like to wake up early and have a cup of
tea, | know this is all trivial, but just have to swallow a huge amount of water with this tablet, and then sit
around for half an hour, trying to occupy myself - it just, it’s just alien.

(B0O37p_0)

This could be seen to be exacerbated when the patients had other commitments, priorities or health
issues:

To take the pill and to sort out the timing of it and everything, | just couldn’t be dealing with that, because
I had quite a lot of stresses in other areas of my life, emotional stresses and stuff like that.
(BO51p_Dif)

As a point of contrast, others highlighted that their personal circumstances facilitated dealing with
the burdens.

It’s a bit of a pain | have to admit, if you want to get on and you're going out to take it. But it wasn't - that
had nothing to do with the reason why | stopped taking it. | was able to fit that into my daily life quite
easily. | can imagine had | been working it might have been a little harder.

(BO32p_0)

The common problems for patients on oral BP were the restrictions around not being able to eat straight
away and also needing to remain upright. The latter was particularly challenging for patients who had
previously suffered from particular fractures or other conditions which affected their posture:

I mean, in fact you can sort of sit bolt upright but I'm not very good at that, so | always seem to hunch a
bit and since | had the fractures that’s really not possible.
(BO14p_Dif)
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Other patients highlighted the practical difficulties of the oral BP treatment regimen which prevented
them from taking them properly, such as not being able to swallow the tablets:

I really couldn’t get them down my throat, because | knew that | would start gagging and a good chance of
vomiting and | can’t live like this, you know.
(BO54p_Dif)

The requirement to follow strict instructions caused high levels of burden for some patients, to the
extent that they felt that their mental well-being was compromised:

| try to keep active for an hour - because I'm frightened, you're frightened taking that particular
Alendronic Acid. | don't like taking it, | find it a real inconvenience.
(B027p_0)

General practitioners in the study also recognised the challenges their patients faced in terms of
medication burden.

You're not meant to take particular drugs at the same time, isn't it, either, | don’t think, that then messes

up timing for other medications, so yes, if it was a pill that you just take at the same time as your anti-

hypertensives and your aspirin and your lansoprazole then | think compliance would be much better.
(B010c¢)

Some patients on oral BP discussed developing strategies to cope with the more challenging aspects
of the regimen, thus reducing costs and burdens. This included planning ahead, thinking positively,
engaging with the ROS and setting reminders:

I've got an alarm on my phone to remind me that it's Wednesday and I've got to take my Alendronic Acid.
(BO71p_0)

In some cases, this also included adapting instructions to make the oral BP regimen more bearable:

So, | was really suffering and in the end | just thought I'm going to make my own rules up here. So, | was
doing an hour, | was doing a pint [of water], sometimes more than a pint, | was not moving, because if |
moved | suffered all day.

(BO50p_Dif)

In comparison with the costs and burdens of oral treatment, patients generally identified practical
challenges and inconveniences relating to accessing IV BP treatment, as opposed to the treatment per
se. This included travelling to hospital appointments, issues around parking and navigating one’s way
around the hospital:

| think I had to go to something like atrium three which didn’t happen to be marked and it was all a bit, it
was a bit confusing and a bit open, but | found it. | blundered my way towards it. It wasn’t ideal.
(B023p_Dif)

Such issues were removed for patients receiving IV treatment at home. Having home-based IV treatment
also enabled some patients to cope better with the regimen since they would have faced difficulties with
travelling due to the physical restrictions caused by osteoporosis and/or comorbidities:

I would prefer it at home, because it is a bit of a struggle for me to get to places, you know with the

multiple sclerosis.
(BO75p_Dif)
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Moreover, having IV BP treatment at home was valued since it enabled patients to receive such
treatment even more comfortably:

That’s great, because you see, | went to have scans in the hospitals, and | knew what a scan was
like and a drip and all that kind of thing. And | was just, well | was amazed to be able to sit in my
favourite chair.

(B082p_Dif)

In addition, the fact that the IV treatment regimen required a nurse to administer, it took much of the
work out for the patients and did not seem to cause much inconvenience for patients having it at home:

They just come into the dining room, the chair is pulled out, they set their gear up on the table and we're
away, ho problem ... | mean how could it be better? You just sit down, she puts a needle in, pops it in and
then Bob’s your Uncle! No problem!

(BO77p_Dif)

Thus, IV treatment seemed to offer patients a regimen that was lower burden, with fewer opportunity
costs. Some patients who had direct experience of both oral and IV BP even suggested that side effects
from the latter treatment regimen were more favourable:

Basically, it's a morning and a day of feeling woozy and that’s it for in my case eighteen months, you know,
compared with wrestling yet another lot of pills to take every week.
(BO14p_Dif)

This was similarly reflected in the experience of those delivering IV treatments for patients at home.

They're in their own home at the end of the day. If they can’t be comfortable there where can they
be comfortable? So we have even done a few infusions in the garden sometimes because the weather
is nice.
(B0O22c)

A small number of patients did comment on difficulties with the administration of IV treatment,

for example, having the needle inserted into the vein, and clinicians reported that a number of
patients were concerned about needles. There were also some patients who felt happy with the
oral BP regimen, and a small number drew on points of comparison with the IV treatment to justify
their preference:

| just [worry] about side effects and if you put intravenously, you know, how you counter them. And |
thought I’'m not going down this road at the moment.
(BO13p_0O)

Generally, though, there were more positive accounts relating to IV treatment regimens, with patients
enthusing about the overall ‘experience’. They recounted the staff approaches that contributed to little
burden and opportunity costs on the part of the patients:

It's wonderful, they even come round and offer you a cup of tea and a sandwich or whatever. Oh, they're
just really friendly, really welcoming and getting you sat down, ask you which arm you want in, making
sure you're comfortable, you've got something to put your feet on, you've got something to read. No, |
couldn’t fault them at all.

(B063p_Dif)

Regardless of treatment type, a regimen which led to no side effects or manageable side effects enabled
patients to cope with their treatment regimens, supporting acceptability and engagement. But for
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patients where side effects were particularly severe, this was enough to cause them to stop engaging in
the treatment:

And | just thought the side effects from the Alendronate just weren’t worth it, they were impacting my life.
(B032p_0)

For some patients who did not experience severe side effects, this did not preclude the worry that these
could occur. Such concern served to be a burden for some, while living with the risk of such side effects
was one of the costs required for engaging in the treatment:

You know, it does worry me that if | have to have a tooth out there could be complications ... it’s adding to

my decision to stop when I've been on it for five years.
(BOO5p_0)

Mostly, those on IV treatments were less concerned with side effects. While one patient on oral BP did
worry more about the potential side effects from the IV treatment, the comparison between the two
could also be seen in light of higher levels of support for patients receiving IV treatment, as noted above.
Professional support and care may have helped to both reduce side effects as well as reduce the concern
of these occurring.

Ethicality

In the context of BP treatment acceptability and engagement, the TFA domain of ‘ethicality’ was linked
to the extent to which patients regarded the treatment regimens as aligning with their individual values
and whether they perceived the treatment to be fair and suitable for their needs. This often related to
the way in which they had come to be prescribed the treatment and the manner in which the treatment
had been offered to them.

For some patients who were prescribed ALN oral BP, they felt that their personal wishes had been
dismissed, which led to negative attitudes towards the treatment:

| wrote to my doctor and said I'd read all the information, so when she started prescribing, ‘pretty please
prescribe the soluble tablet, which to my way of thinking was the least harmful or least - the one | could
tolerate most, of the options. And that got ignored, and | got sent the prescription for the Alendronic
tablet, and | refused to take it. | took it once, and I just found it so difficult | felt I'm not taking it - I'd
rather not have it.

(B0O37p_0)

Even for patients who had come to accept any inconveniences of the oral BP treatment regimen and
were engaging in the treatment, many still expressed dissatisfaction with the fact that they had not been
presented with other treatment options:

| shouldn’t complain really because so many people have so many things, and their lives are really dictated
by their meds. But what annoys me is the reluctance to actually discuss any options.
(B044p_0)

One patient described the ramifications of her GP discounting the advice of the osteoporosis nurse to
offer the patient a soluble form of ALN to minimise the risk of Gl side effects:

So basically, I've always had a dodgy tummy. And so, if they give me medication, they give me the stomach
liner thing as well. And so [the osteoporosis nurse] said to me ‘Well you might be advised to take the
bisphosphonate in a soluble solution form’. So, when | told the GP this, he said ‘No, you can’t have that,
you've got to have the Alendronate tablet. And | assume it’s because it was cheaper. So, | started off on
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the Alendronate. Well, it got to about four months in, or three to four months in and | was, it had made my
tummy bad.
(BO18p_0)

On the other hand, other patients did not find it a problem that they had not been presented with
alternative options, and in fact, this encouraged them to engage in the treatment because of the
implications of osteoporosis:

I was, you know | never enjoyed the fact that | had to have my glass of water and potter around the house
but well, there was sort of no option, so | was perfectly happy. | knew what, | know what osteoporosis
can do.

(BO23p_Dif)

Moreover, some patients felt that oral BP were right for them, particularly when they could identify
improvements in health which they attributed to the treatment. As such, they did not wish to pursue
other options:

I mean when | look back to what it was like when | first had the spinal fractures, you know it was

unbelievably painful, and then now as | say, | can mow the grass, pick up weeds, do all these sort of

things - clean windows. And so | mean I'm very happy on it really. | can’t see any reason to change it.
(BO11p_0O)

For some patients on IV BP treatment, they had previously been on oral BP and could make direct
comparisons between both regimens. IV BP treatment was generally viewed as easier to engage in with
optimal frequency due to being just once a year. This suggested that the IV treatment regimen was a
better fit with their lifestyle and therefore more suitable:

I know it’s only little things really but the convenience of having something once a year compared to 52

times a year is amazing.
(BO74p_Dif)

While this could be seen as pointing to the generally lower burden of IV treatment, it could also be
identified that such comparisons played into overall perceptions of equity; namely, it was more common
for those on IV treatment to see themselves as being treated fairly.

Self-efficacy and affective attitude

In the context of accepting and engaging in BP treatments, the balancing of the aforementioned TFA
domains could be seen to shape patients’ overall feelings of self-efficacy and affective attitudes towards
their regimens. As per Table 1, self-efficacy reflected patients’ confidence in their abilities to undertake
the necessary behaviours to engage in the treatment. Affective attitude is related to patients’ feelings
towards their treatment.

Positive affective attitudes of patients, including gratitude and hope for the future were apparent when
they understood the reasons for the treatment, felt they had made sense of its potential effects and felt
that they were well supported by clinicians and the wider service. This often appeared to be facilitated
by regular contact with professionals and access to diagnostic tests to track the progress of bone health.

The consultant that diagnosed it, because he looked back at this x-ray and saw it and he just put
everything into action and was very clear ... so professional ... And yes, so that was very positive for me.
And the actual treatments, because I've always felt quite secure and quite happy with them.

(BO60p_IV)
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No, but | do appreciate, that you know the trouble, | do appreciate having the treatment that I've had.
Because, if it helps my bone density then that’s really good.
(BO81p_IV)

Many of the patients on IV treatment had previously had difficulties in adhering to regimen for oral BP
and were therefore pleased to have ‘arrived at’ a more acceptable form of treatment. Having experience
of both types of regimens led to some patients enthusing about IV treatment. Being able to reflect on
negative experiences of oral BP led to them conveying positive affective attitudes and feelings about

IV treatment.

No, when considering the tablets, | was rather pleased that | was getting this one ... | thought | would
come off the better actually.
(BO76p_IV)

And then of course | hit the jackpot with the infusion and that’s marvellous.
(BO14p_Dif)

[Intravenous treatment is] just wonderful ... I've never been up nor down or anything, and compared to
what | was suffering with, fabulous. For me it’s been great.
(BO30p_Dif)

Others on IV treatment who had not previously been on oral treatments made speculative comparisons,
weighing up the negatives against the positives. The IV treatment was often regarded as the better
option, leading to feelings of satisfaction:

I've talked to people afterwards who just have the tablet, and they’re surprised that | had the infusion, but
I was quite happy to have the infusion.
(BO81p_IV)

Equally, some patients on oral BP felt positively towards the tablets and that they were in control of
managing them themselves:

I managed the five years without missing them, | think. It was convenient having the tablets because once
or twice we were on holiday, to just take them with you and do the same thing.
(BO64p_Dif)

Moreover, this patient also highlighted that the COVID-19 pandemic had made the prospect of going to
hospital to receive IV treatment more burdensome, thus leading to a more negative affective attitude:

I'm not looking forward to going to the hospital with all these COVID problems.
(BO64p_Dif)

Further, despite curiosity about alternative treatments, when the experience of oral BP had been
unproblematic, patients described being happy to remain on their current regimen:

Not that | would want to change over, but it was only just something that | read. So no, | wouldn’t want
that anyway. I'm quite happy with my tablets.
(BO11p_0)

It might be nice to know that they were aware that there are alternatives, but | don’t take a massive

amount of notice of what they are because, at the moment, I'm quite happy on the Risedronate.
(B024p_0)
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This was also the case for patients who had had a treatment break and needed to resume the oral
BP regimen:

I was very happy to go back on Alendronic Acid having had no trouble previously.
(BO39p_0)

Regardless of treatment type, in circumstances where opportunity costs and burdens were low, patients
expressed high levels of self-efficacy, sharing their confidence in being able to execute the necessary
actions to partake in the treatment regimen:

...so | think all in all [the tablet] definitely agrees with me, and it’s so easy to take. You just get into a
routine you know, like Friday morning, | know exactly what I'm doing and what times I'm doing it at
you know.

(B011p_0O)

...they were a good, shaped tablet, you know, they were oblongs - not big round ones. I've had all sorts of
trouble with big round tablets. But they’re a good shape. | had no trouble in swallowing it with a full glass
of water.

(BO64p_Dif)

Sometimes, patients discussed the steps that were taken to reduce the burden of undergoing treatment
and how such measures made them feel more positive and able to cope with the regimens, thus
increasing their self-efficacy. By nature of the oral BP regimen, such strategies had to be instigated by
the patients themselves. For example, one patient discussed keeping herself occupied during the period
when she needed to remain upright after taking the tablet:

Interviewer: Did you manage to fit it into your weekly routine?

Oh yes, because | got loads of jobs done while | was upright and swallowing loads of water.
(BO53p_Dif)

In contrast, for patients receiving IV treatment, it was often the healthcare staff who could facilitate a
smooth and comfortable experience for them:

I know what [the staff are] there for and yeah, | just, put your arm out and keep it in a safe place. So,
they just, put you in a comfortable position. And then they just do it, so ... | don't really feel anything to
be honest.
(BO78p_1V)

Also, when the treatment aligned with one’s personal beliefs, this also led to positive affective attitudes
and higher levels of self-efficacy. Patients openly expressed their satisfaction when they believed that
they were on the most appropriate treatment for osteoporosis:

| need to be on a treatment. | think [intravenous is] the best one for me at the moment but I'm fully aware
I am at high fracture risk anyway.
(BO23p_Dif)

Some patients described positivity at being on what they perceived to be the right treatment,
particularly if their experience of previous treatments had been negative:

I was really sort of rather pleased that I'd finally achieved, you know, some other treatment and | didn’t
have to keep taking the wretched [oral] bisphosphonates.
(BO14p_Dif)
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Therefore, perceived fairness of treatment allocation, including the timing of this allocation, also
appeared to be related to the patients’ affective attitudes.

Discussion

We have demonstrated how patients’ acceptability and engagement in BP treatment can be described
and explained through the seven TFA domains. Specifically, we have described how the balancing

of specific TFA domains impacted on the extent to which patients with osteoporosis accepted and
engaged in their treatment, manifesting as self-efficacy and affective attitude. By nature of treatment
format, lower regularity of treatment, more established contact points and follow-up with HCPs, IV BP
treatment was generally perceived to offer lower opportunity costs, be less burdensome and was often
regarded as appropriate treatment by patients. This latter point was the case for some patients who had
previous negative experiences with oral BP. Moreover, there were often more opportunities to build up
coherence around IV treatment and develop confidence around its effectiveness since such patients
were more likely to have frequent contact with HCPs, who could address patients’ queries and explain
details around the treatment on more than one occasion. In addition, dual-energy X-ray absorptiometry
(DXA) scans (bone density scans used to measure how much bone tissue an individual has undertaken to
help assess fracture risk) tended to be implemented at earlier points compared with patients taking oral
BP, thus providing a means to measure the success of treatment.

Crucially, TFA domains were found to be interconnected, with patients balancing treatment burden,
opportunity costs and ethicality issues against treatment coherence and perceived effectiveness. The
outcome of this balancing act ultimately determined patients’ attitudes towards, and engagement in,
their treatment regimens, thus informing their affective attitudes and self-efficacy.

This is conveyed in Figure 3.

Few studies have previously investigated patient acceptability and engagement for different BP
treatment regimens. Roh et al.8® investigated adherence to BP amongst patients with limited health
literacy. The study found that adherence rates were significantly higher amongst patients who were
receiving quarterly IV BP compared with those taking weekly oral BP. Moreover, another study found
that 65% of newly diagnosed patients with osteoporosis preferred an annual infusion compared with
weekly oral BP treatment, and this preference was particularly apparent in patients with a higher
perceived risk of future fractures.?’ This may suggest that patients have more confidence that IV BP
treatment will be more effective in reducing fracture risk. This certainly reflects the findings of the
current study, which highlighted that perceived effectiveness was a key factor in influencing self-efficacy
and affective attitude, ultimately impacting treatment acceptability and engagement.

Regarding specific patient groups, two studies?®?! identified that postmenopausal women with
osteoporosis preferred treatments that occurred less frequently, citing such regimens as more
comfortable, simpler and enabling them to take fewer tablets. This suggests that weekly oral BP
regimens are harder to adhere to for certain patient groups due to the frequency and perceived
complexity. Furthermore, domiciliary treatment, such as IV drugs at home, may be more beneficial

for older patients living with long-term conditions due to the challenges associated with travelling to
hospital appointments, including distance, reduced mobility and pain, as highlighted by participants in
the study and also in other studies.®>?® This could be seen as consistent with wider calls to shift aspects
of services for chronic conditions away from acute facilities, although this shift remains an ongoing
policy and funding challenge.?*

Despite the recognised challenges with taking oral BP, there were clear examples in the current study
where participants accepted and engaged with oral BP when opportunity costs and burden levels

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/WYPF0472 Health Technology Assessment 2024 Vol. 28 No. 21

( N\ ( N\
Burden, for . )
example Opportunity Intervention
side effects B fo.r € )fample coherence,
sacrificing for example
Sl E e understanding
( ) how to
participate in
Perceived
Ethicality, effectiveness, \ )
for example for example seeing
questioning bene:flts O,f
whether engaging with
treatment choice

Affective
attitude

Self-efficacy

When Burden, Opportunity costs and
negative Ethicality were and
Intervention coherence and a sense of
Perceived effectiveness were , this
led to higher Self-efficacy and a positive
Affective attitude regarding treatment
regimens.

. J

FIGURE 3 Relationship between TFA domains. Reproduced from Narayanasamy M, et al. Age Ageing 2022. https://doi.
org/10.1093/ageing/afac255.

were low. Similarly, a study investigating BP treatments in women with breast cancer®> confirmed

that most participants had been able to accommodate oral BP treatment into their lifestyle and were
completely satisfied with the treatment. This suggests that such regimens are not always burdensome
for patients and that opportunity costs can be met. However, in the current study, there were patients
who continued to engage amid difficult circumstances, such as side effects which were burdensome,
and where treatment had a significant impact on lifestyle. In these cases, the TFA cannot account as
strongly for such patients’ experiences. Such patients may have prioritised the outcome of treatment
(i.e. the hope of improved bone health and fewer fractures) more highly than the treatment experience,
thus withstanding the negative aspects of treatment. The complexities of using the TFA in the context
of examining treatment acceptability found that there were overlaps between TFA domains, and that
it is not always a comprehensive framework for offering understanding into patient acceptability and
engagement with medicines. Other frameworks such as the NCF?¢ may be helpful in understanding
and transforming adherence-related beliefs and behaviours. This framework understands patients’
adherence to be the outcome of a cost-benefit analysis whereby adherence is likely to be higher when
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the perceived need for treatment is prioritised over the risk of negative consequences such as side
effects. This lens may be relevant to understanding some patients in our sample who pursued treatment
amid high burden levels and significant opportunity costs.

Strengths and limitations

A key strength of this study is the fact that a large sample of participants were recruited to provide
in-depth insight into different experiences of BP treatment regimens. The main limitation is that findings
were largely drawn from a sample of participants who had membership with the ROS, with a smaller
number recruited through NHS services. This may have caused the sample to be biased, for example,

it may have largely comprised individuals who had the financial means to fund membership and who
were possibly taking a more proactive approach to their health by investing in resources. This may
restrict applicability to other patient groups, such as those who are financially disadvantaged and those
who are less proactive in their care and treatment. Moreover, our sample of patients receiving IV BP
comprised those receiving ZOL only and not 3-monthly IV IBN treatment. However, the paper has been
able to effectively demonstrate to some extent the relevance of TFA domains in explaining attitudes
and behaviours around acceptability and engagement in BP treatment regimens. Moreover, utilising the
TFA domains to explain acceptability and engagement of IV BP treatments is particularly novel. It will be
useful to explore whether such findings apply to other patient groups.

The study has identified several questions for further research, including whether it would be feasible
and appropriate to offer specific patients first-line IV ZOL treatment for osteoporosis and how
acceptability and engagement can be optimised. In addition, it has also highlighted the possibility of
treating long-term conditions in alternative ways, such as in the community, which may be favourable
for an ageing population, where hospital travel may be challenging due to comorbidities and the COVID-
19 pandemic. These uncertainties will feed into a research priority-setting exercise alongside other
questions which have arisen from the wider research study programme.

Conclusion

Intravenous BP, ZOL treatment was generally more acceptable to patients. Such regimens were
perceived to be more straightforward to engage in, although a portion of patients taking oral BP were
satisfied with their current treatment. The TFA was a useful model in accounting for how patients accept
and engage in BP treatments but was limited as a comprehensive framework that could explain all
patient experiences. Further research is needed to identify whether findings apply across other patient
groups, how acceptability and engagement can be optimised and to identify other frameworks for
investigating patient acceptability of, and engagement in, BP treatment regimens.
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Chapter 4 Effectiveness of bisphosphonates
for the prevention of fragility fractures: an
updated systematic review and network meta-
analyses

ome text, tables and figures in this chapter have been reproduced from Paskins Z, et al. BMJ Open

2020;10:e040634. https:/doi.org/10.1136/bmjopen-2020-040634. This is an Open Access article
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence,
which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See https://creativecommons.org/licenses/by/4.0/. The text, tables
and figures below include minor additions and formatting changes to the original text.

Some text, tables and figures in this chapter have been reproduced from Bastounis A, et al. JBMR

Plus 2022;e10620. https://doi.org/10.1002/jbm4.10620. This is an Open Access article distributed in
accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence, which permits
others to distribute, remix, adapt and build upon this work, for commercial use, provided the original
work is properly cited. See https://creativecommons.org/licenses/by/4.0/. The text, tables, figures below
include minor additions and formatting changes to the original text.

Some text, tables and figures in this chapter have been reproduced from Bastounis A, et al. Osteoporos
Int 2022;33:1223-3. This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt
and build upon this work, for commercial use, provided the original work is properly cited. See: https:/
creativecommons.org/licenses/by/4.0/. The text, tables and figures below include minor additions and
formatting changes to the original text.

Introduction

Bisphosphonates, such as ALN, risedronate (RIS), IBN and IV ZOL, have been found to be effective in
reducing the risk of osteoporotic fragility fractures.? However, there is no conclusive evidence regarding
their comparative effectiveness in specific patient groups, such as patients with low bone mineral
density (BMD).?” This can be accounted for by the paucity of comparative trials that would provide
insight on how BP works through time in the light of adverse events associated with the use of BP. There
is a need, therefore, to undertake a comparative evaluation of BP, testing their effectiveness in reducing
the risk of fragility fractures. Adherence to BP is crucial to realise clinical benefits and reduce the risk of
fractures; however, recent studies suggest that adherence to oral and parenteral BP is suboptimal and
tends to decrease over time.?®?? Adherence could be conceived as an umbrella term which encompasses
the following terms: (1) initiation, (2) implementation and (3) discontinuation of treatment.°%%0! |nitiation
of treatment refers to the time when people start a prescribed medication (i.e. receive the first dose of

a prescribed medication), implementation refers to the level of compliance to the dosing regimen of a
prescribed medication from the first to the last dose and discontinuation refers to the time when people
stop taking their prescribed medication.'®?

The aim of this chapter was to conduct two systematic reviews with NMAs to explore treatment
effectiveness and treatment adherence. The treatment effectiveness systematic review was an update
of a systematic review that was previously published as part of a NICE HTA report* but also included
an update of the estimates regarding the comparative effectiveness of the BP to inform an economic
evaluation regarding BP benefit-to-risk ratio. NMA techniques are particularly well suited in the context
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of pharmacological interventions when we seek to compare three or more interventions simultaneously,
combining both direct and indirect evidence across different networks of studies.!®* NMA can be
performed either by adopting a Bayesian approach®* or by a frequentist approach.® In these NMAs,

a Bayesian approach was followed as it is well suited for informing the cost-effectiveness analysis. The
second systematic review sought to provide estimates regarding users’ probability to adherence in

BPs' treatment, exploring patterns of discontinuation, persistence and compliance among people with
different clinical profiles.

Methods

Both systematic reviews were registered with PROSPERO (updated review: CRD42020177155;
adherence review: CRD42020177166) and reported following the PRISMA Extension Statement
for Reporting of Systematic Reviews Incorporating Network Meta-Analyses of Health Care
Interventions checklist.*%

Eligibility criteria

The eligibility criteria of both reviews regarding the population and interventions of interest were the
same and have been described elsewhere.?? Only studies in which the interventions of interest (ALN,
IBN-1V, IBN-oral, RIS and ZOL) were assessed within their licensed doses for treating osteoporosis.
Studies that reported data for both licensed and unlicensed dose study groups were considered eligible
only if data for the licensed groups were separately reported. Studies reporting comparisons among

the interventions of interest were considered eligible for inclusion. In the updated review, we targeted
the following outcomes: fragility fractures, BMD at the femoral neck, mortality, adverse effects and
health-related quality of life (HRQoL), with only randomised controlled trials (RCTs) eligible for inclusion.
In the adherence review, the outcomes of interest were persistence and compliance, quantified either as
continuous (e.g. absolute numbers or rates) or discrete measures (e.g. absolute number of participants
being persistent/compliant based on pre-specified thresholds). In this review, RCTs, non-randomised
parallel comparative studies and observational (both prospective and retrospective) studies were
considered eligible for inclusion. In the RCTs, persistence was indirectly inferred by assessing the total
number of participants who dropped out at 12 and 24 months; in the observational studies, persistence
was inferred by assessing the total number of participants who discontinued their treatment based on
treatment refill gaps, using data from claim databases or medical records. In the observational studies,
compliance was indirectly measured by assessing ‘treatment continuity’ and using percentages/absolute
numbers of medication possession ratios (MPR) and number of users with MPRs over a pre-specified
threshold. Reports published as abstracts or conference presentations were excluded where insufficient
details were reported. RCTs which were judged otherwise eligible but did not report outcome data per
treatment arm or reported zero dropouts for both arms were excluded. Studies which reported the
outcomes of interest for BP groups collapsed or studies reporting comparisons based solely on the
frequency of administration (e.g. daily vs. weekly) were also excluded.

Search strategy and information sources

A set of comprehensive search strategies were undertaken to systematically identify eligible studies in
both systematic reviews. The search strategies comprised the following main elements: searching of
electronic databases (including unpublished data and trial registries), extensive keyword hand-searching
and scrutiny of bibliographies of retrieved papers.

The following databases were searched in both reviews:
e MEDLINE® In-Process and Other Non-Indexed Citations and MEDLINE (Ovid), including PubMed
e EMBASE (Ovid)

e Cochrane Database of Systematic Reviews (Wiley Interscience)
e Cochrane Central Register of Controlled Trials (CENTRAL) (Wiley Interscience)
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Cumulative Index to Nursing and Allied Health Literature (CINAHL, EBSCO)
Database of Abstract of Reviews of Effects (Wiley Online Library)

HTA Database (CRD Database)

NHS Economic Evaluation Database (CRD Database)

e OpenGrey

e Science Citation Index (ISI Web of Knowledge)

e CPCI - Science (Web of Science)

e ClinicalTrials.gov.

Searches of the updated review covered the period from September 2014 to 1 March 2021. Searches
of the adherence review covered the period from January 2000 to 25-26 March 2021. In both reviews,
all potentially relevant citations were downloaded to Endnote X8 Reference Manager bibliographic
software (version 8.0; Clarivate Analytics, Philadelphia, PA, USA).

Study selection, data collection process and data items

Selected studies were imported into Rayyan online software.®” Two independent reviewers screened
studies for relevance based on titles/abstracts and later full texts (AB and TL) with disagreements
resolved through discussion or by consulting a third reviewer (JLB/OS). Two independent reviewers (AB,
TL) conducted full-text screening with a high level of agreement observed in both reviews (k = 0.91

in the update review and k = 0.84 in the adherence review). A standardised and pilot-tested data
extraction form was used to extract relevant data in both reviews. One reviewer (AB) extracted data,
with a second reviewer (TL) independently checking at least 50% and 80% of the extracted records in
the updated and adherence review, respectively. Data extracted consisted of the following categories:
(1) descriptive statistics (e.g. number recruited and randomised, participants’ characteristics); (2)
baseline data on outcomes of interest (e.g. comorbidities, fractures at baseline, alcohol use, number
of falls); (3) moderators of action [e.g. glucocorticoids (GC) use, patients with osteoporosis, history of
fractures/fractures at baseline]; (4) intervention characteristics (e.g. drug type, administration mode,
concomitant treatments) and (5) statistics and relevant data on the outcomes of interest expressed
either as continuous or binary outcomes [clinical outcomes such as fractures, BMD changes, HRQolL,
adverse events mortality, number of participants who dropped out from RCTs, number of users who
discontinued with BP treatment, number of users with varying compliance levels based on pre-specified
thresholds, mean/range MPR, mean number of infusions/tablet counts, proportion of days covered
(PDC) percentage, mean duration of BP treatment]. Authors were contacted when there was lack of
data on outcomes of interest and/or further information was needed in order to attest eligibility of
relevant studies.

Geometry of networks

Both treatment-placebo (PLB) and treatment-active comparisons were examined, and network plots
were created for all outcomes. In both reviews, nodes indicate the different treatments included in
the analysis, and thickness of edges connecting the nodes indicates the number of studies informing
each comparison (thicker lines indicate more populated comparisons). In the adherence review, node
size indicates the number of studies included in each node, and thickness of lines indicates the overall
sample size informing each comparison (thicker edges indicate more populated pairwise comparisons).

Risk of bias within individual studies

The methodological quality of the included RCTs was independently assessed at the study level by
two reviewers (AB, JLB) using the Cochrane Collaboration risk of bias tool 1.0 (94). The Cochrane
Collaboration risk of bias tool 1.0 addresses the following specific domains: sequence generation,
allocation concealment, blinding of participants and personnel, blinding of outcome assessment and
incomplete outcome data and selective outcome reporting. Studies were rated with a low risk of bias
in the randomisation sequence if they provided an explicit statement on how they performed the
randomisation. Open-label trials were rated as high risk in the ‘blinding’ category, whereas higher
than 20% attrition at 12 months’ follow-up resulted in high-risk rating in the ‘incomplete outcome
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data’ category. The methodological quality of the included observational studies was independently
assessed at the study level by one reviewer (AB), with a second reviewer (JLB) independently checking
50% of the included studies. Any disagreements were resolved through discussion. The assessment of
methodological quality in observational studies was undertaken using the Cochrane Collaboration Risk
Of Bias In Nonrandomised Studies of Interventions tool (ROBINS-1).1°¢ Risk-of-bias plots were created by
using the ‘robvis’ tool.1%*

Summary measures and methods of analysis

Updated review

Fractures, mortality and adverse events were reported in a binary form (number of participants
experiencing at least one event out of the total number of participants). The data generation process
followed a binomial likelihood, assuming an underlying Poisson process for each trial arm. The
complementary log-log link function was used to model the NMAs for the binary outcomes.'® Log
hazard ratios (HRs) were estimated from the median and corresponding 95% credibility intervals (Crls)
from the 2.5th and 97.5th centiles of the posterior distribution. Treatment ranking probabilities for

all fracture outcomes were reported. Changes in BMD were reported as percentage changes per arm
from baseline [mean percentage difference per arm plus standard error (SE) of the mean (SE)]. The data
generation process followed a normal likelihood. The identity link function was used to model the NMA
for BMD change, including study duration as a trial-level covariate and assuming an equal interaction
effect between treatments and reference treatment one.!'° The treatment effects represented the mean
difference (MD) between the percentage change in the treatment group and the comparator group.
Mean percentage difference plus 95% Crl were estimated from the posterior distribution. Treatment
ranking probabilities and surface under the cumulative ranking (SUCRA) were reported for the

BMD data.t?

Two different modelling strategies were considered for the treatment effects: (1) a standard, independent
random (treatment)-effects model*'? was fitted for assessing the comparative effectiveness of BPs in
increasing femoral neck BMD and (2) exchangeable treatment-effects models (i.e. effects model where the
treatment effects are assumed to arise from a common distribution according to the class of drug)*'3114
were fitted for assessing the comparative effectiveness of BPs in preventing fractures, deaths and adverse
events, given the relative paucity of data in the aforementioned variables. For BMD changes, the model
was completed by using conventional reference prior distributions: (1) trial-specific baseline, ui ~ N(O,
1002); (2) treatment effects relative to reference treatment, d1k ~ N(0, 1002) and (3) between-study
standard deviation (SD) of treatment effects, T ~ U(0, 5). Due to the paucity of data, we used a weakly
informative prior distribution for the between-study SD [i.e. T ~ half-normal HN(0, 0.322)] for the

NMAs of hip and wrist fractures and specific-type adverse events (i.e. influenza-like symptoms, myalgia,
nasopharyngitis and headache). Based on clinical plausibility, a weakly informative prior distribution for
the between-study SD [i.e. T ~ half-normal HN(O, 0.322)] was used for the NMA of mortality data. All
analyses were conducted using OpenBUGS (MRC Biostatistics Unit, Cambridge, UK) and R Studio (R
version 4.0.3), using the ‘gemtc’ and ‘rjags’ packages. Convergence to the target posterior distributions was
assessed using the Gelman-Rubin statistic for three independent chains with different initial values. For all
outcomes, results were based on three independent chains of initial values and 105,000 iterations after a
burn-in of 50,000 iterations. Most of NMAs exhibited moderate correlation between successive iterations
of the Markov chain, so they were thinned by retaining every 10th sample.

Adherence review

In RCTs, the number of dropouts at 12 and 24 months was reported in a binary form (number of
participants who dropped out subtracted from the total number of participants per arm). The data
generation process was assumed to follow a binomial likelihood, while NMAs were modelled using

the logit function. Log odds ratios (ORs) were estimated from the median and corresponding 95% Crl
from the 2.5th and 97.5th centiles of the posterior distribution. In retrospective observational studies,
discontinuation was reported in a binary form (number of participants who discontinued the treatment,
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as this is indicated by pre-specified refill gaps). Given the absence of control conditions in retrospective
observational cohorts, ALN was used as the reference treatment. The data generation process was
assumed to follow a binomial likelihood. To account for different trial durations, an underlying Poisson
process was assumed for each trial arm. The probabilities of any of the aforementioned binary
outcomes were considered non-linear functions of event rates, so we modelled the NMAs for the
binary outcomes using the complementary log-log link function. Log HRs were estimated from the
median and corresponding 95% Crl from the 2.5th and 97.5th centiles of the posterior distribution.
Treatment ranking probabilities and SUCRA were also reported.'*! For studies including ZOL users,
meaningful (> 12-month) follow-up assessments were selected and included in the NMA. In case,
there was a follow-up assessment at 12 months only, ZOL arms were excluded from the NMA. For
those observational studies which were not included in the discontinuation NMA, effect sizes of
discontinuation or persistence were summarised using the vote-counting synthesis method based on
the direction of effects.!'> Similarly, data on compliance drawn from both RCTs and observational studies
were summarised based on the vote-counting synthesis method. Findings from both syntheses are
presented using cross-study visual displays.t

Assessment of inconsistency

Consistency of evidence for the NMAs of RCTs was assessed using the node-splitting method'*-1*? in

R Studio (R version 4.0.3). Differences between direct and indirect evidence in all network loops were
calculated, with p values < 0.05 indicating the presence of significant inconsistency. In the case of fracture
data, inconsistency was assessed for vertebral fractures only. For non-vertebral fractures, no indirect
evidence was available. For hip fractures, an assessment of inconsistency was not performed because the
direct evidence between ALN and RIS was provided by one small, and unbalanced in terms of sample size,
study with zero events in one arm. For wrist fractures, an assessment of inconsistency was not performed
because the direct evidence between ALN and RIS was provided by the same small study, and the only
direct evidence between ALN and oral IBN-oral was provided by the only three-arm study included in the
NMA. For BMD data, the assessment of inconsistency was performed after excluding an outlier study,
which was the only study informing the direct relationship between ZOL and ALN, and the three-arm
study, which was the only study providing direct evidence for the relationship between RIS and IBN-oral.
For the overall adverse event outcome, an assessment of inconsistency was not formally performed
because the fit of the model with the data was poor. For myalgia, headache and pyrexia, assessment of
inconsistency was not performed because there was no indirect evidence. For influenza-like symptoms, an
assessment of inconsistency was not performed because there was only one small study with zero events
in the control arm informing the direct relationship between IBN-oral and PLB and three small studies with
zero events in control arms informing the direct relationship between ZOL and PLB. Due to the multiple
arms reported per study in retrospective observational studies included in the adherence review, a formal
assessment of inconsistency in persistence NMA was not performed.

Credibility of the findings

Credibility of findings on persistence was assessed in RCTs only by following the confidence in
network meta-analysis (CINeMA) approach,*?® where the credibility of findings is accounted for

by the assessment of: (1) within-study bias, (2) reporting bias, (3) indirectness, (4) imprecision, (5)
heterogeneity and (6) incoherence. In this NMA, HR/OR ranging from 0.8 to 1.25 was used to indicate
clinical significance in binary outcomes, while a MD of 2.71 (1/2 SD of baseline control arms) was used
to indicate clinical significance in the continuous outcomes (i.e. BMD femoral neck). CINeMA'’s freely
available web application!?* was used to assess credibility of the findings.

Results

Updated review
A PRISMA flow diagram shows the selection of papers for inclusion and exclusion in the updated
systematic review (Figure 4). A total of 6623 articles were retrieved, of which 1889 were duplicates.
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FIGURE 4 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the selected studies in
the updated review. Reproduced from Bastounis A, et al. JBMR Plus 6:¢10620. https://doi.org/10.1002/jbm4.10620.

Overall, 4535 studies were excluded following title and abstract screening, and 170 were excluded
following full-text screening. Data from 25 newly identified trials obtained from 29 published reports
were added to the data obtained from 43 trials identified in the previous review (92) resulting in a total
of 68 trials out of 47,007 participants.

Network structures and geometry

Four networks were created for fracture data. Data for vertebral and hip fractures provided us with

one closed loop of evidence. Data for non-vertebral fractures did not provide us with a closed loop of
evidence, and the indirect effects were drawn from a single study. Similarly, data for wrist fractures
provided us with a single loop after removing the only three-arm study of the network. Data for BMD
provided us with five closed loops after removing the single three-arm study, whereas three of the loops
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were accounted for by single studies. A total of 28,340 (n_ . = 27) participants received BPs (n,_ . =5)
to prevent vertebral fractures. The most commonly studied treatments were ZOL (n = 10) and RIS (n = 10).
PLB was used as the comparator arm in 24 studies. The most frequently used comparisons were ZOL
versus PLB (n = 9) and RIS versus PLB (n = 8). A total of 26,435 (n_ .. = 19) received BPs (n, . . =5)
for preventing non-vertebral fractures. The drug that was more commonly studied was ZOL (n = 7). PLB
was used as the comparator arm in 18 studies. The most commonly studied comparisons were ZOL
versus PLB (n = 7) and ALN versus PLB (n = 6). A total of 28,570 (n_ . = 44) participants received BPs
(N, eatments = D) Providing us with data for femoral neck BMD. Data were drawn from 43 two-arm studies
and 1 three-arm study. The studied medications were more commonly ALN (n_ . =23)andRIS (n_ . = 16).
PLB was used as the comparator arm in 37 studies. The most commonly studied comparisons were ALN
versus PLB (n = 17 studies) and RIS versus PLB (n = 11 studies). No trials testing IBN-IV against any of
the aforementioned BPs were identified.

Characteristics of studies and risk of bias within individual studies

Of the 25 new trials of 6318 participants identified from 29 published reports, covering the period from
2014 to 2021, 10 studies were conducted in China,*?> 13 5 studies were conducted in Europe,'32-13¢ 3
were conducted in the USA,¥7-1% 3 were conducted in Oceania,*°-142 1 in Japan,*** 1 in South Korea'#*
and 2 were conducted internationally.?*514¢ Four extensions of original trials'¥’-1*° and one ancillary
substudy of a main trial'®” were available, accounting for the total number of eligible studies identified.
In two cases,®**14 trials published before 2014 were deemed eligible for inclusion and included in

the updated review after receiving clinicians’ feedback. The sample sizes of the trials identified in the
updated review ranged from 30 to 2000 participants.

Overall, 19 trials recruited exclusively female participants. In nine trials, most of the participants had
received a diagnosis of osteoporosis before entering the study, participants in nine trials fulfilled the
criteria for secondary causes of osteoporosis and participants in four trials received the treatments of
interest post operation, whereas the majority of participants had a history of fractures or were recruited
on the basis of fractures at baseline in six trials. Overall, 15 trials identified in the updated review
provided us with data regarding the occurrence of fractures, whereas 13 trials provided data regarding
percentage BMD change at the femoral neck and 3 provided data regarding absolute BMD changes. All
but two of the newly identified trials reported prevalence of adverse events. In total, the overall risk of
bias was high in 12 trials. Most of the high-risk ratings were observed in the ‘blinding of participants and
personnel’ and ‘incomplete outcome data’ domains.

Synthesis of results on the main outcomes (updated review)

Primary outcome: vertebral fractures

Data were available from 27 RCTs. The model fitted the data relatively well [data points: 54; total
residual deviance (Dres): 56.34; deviance information criterion (DIC): 298.5]. The between-study SD was
estimated to be 0.18 (95% Crl 0.01 to 0.46), whereas the between-treatment SD was estimated to be
0.19 (95% Crl 0.01 to 0.46). All treatments were associated with beneficial treatment effects relative to
PLB, and all treatment effects were statistically significant (p < 0.05) (Table 8). ZOL, ALN and RIS were
also found to exert clinically significant effects. ZOL was associated with the greatest effect (HR 0.38;
95% Crl 0.28 to 0.49) and was most likely to be the most effective treatment (probability: 0.55).

Primary outcome: non-vertebral fractures

Data were available from 19 RCTs. The model fitted the data well (data points: 38; Dres: 28.57; DIC:
224.8). The between-study SD was estimated to be 0.08 (95% Crl 0.06 to 0.24), whereas the between-
treatment SD was estimated to be 0.21 (95% Crl 0.005 to 0.99). All treatments were associated with
beneficial treatment effects relative to PLB, with RIS, ALN and ZOL being statistically significant

(p < 0.05) (see Table 8). RIS was associated with the greatest effect (HR 0.7; 95% Crl 0.53 to 0.84) and
was most likely to be the most effective treatment (probability: 0.44). ZOL was found to be comparably
effective, showing more precise effects (HR 0.71; 95% Crl 0.61 to 0.81).
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Primary outcomes: hip fractures and wrist fractures

Data on the occurrence of hip fractures were available from 14 RCTs. The model fitted the data well
(data points: 28; Dres: 22.22; DIC: 144.8). The between-study SD was estimated to be 0.1 (95% Crl O to
0.33), whereas the between-treatment SD was estimated to be 0.36 (95% Crl O to 1.8). All treatments
were associated with beneficial treatment effects relative to PLB, whereas ZOL, ALN and RIS were
found to exert statistically significant treatment effects (p < 0.05). ZOL (HR 0.61; 95% Crl 0.47 to 0.79)
and ALN (HR 0.61; 95% Crl 0.4 to 0.86) were associated with the greatest effects, with the effects of
the former being clinically significant. Data on the occurrence of wrist fractures were available from 10
RCTs, with one RCT comparing three treatments. The model fitted the data well (data points: 21; Dres:
21.83; DIC: 95.26). The between-study SD was estimated to be 0.29 (95% Crl O to 0.68), whereas the
between-treatment SD was estimated to be 0.44 (95% Crl 0.01 to 1.8). All treatments were associated
with beneficial treatment effects relative to PLB, although the treatment effects were not statistically
significant (p > 0.05). ZOL was associated with the greatest effect, with HR 0.54 (95% Crl 0.04 to 1.36)
and was most likely to be the most effective treatment (probability: 0.47).

Outline of results on the secondary outcomes

Eleven NMAs were conducted on secondary outcomes (Appendix 1, Figure 13). ZOL was found to

be significantly worse compared to PLB on overall adverse events (HR 1.52; 95% Crl 1.19 to 1.96),
arthralgia (HR 1.95; 95% Crl 1.17 to 3.01), headache (HR 2.76; 95% Crl 2.32 to 3.29), influenza-like
symptoms (HR 6.05; 95% Crl 3.07 to 10.86), myalgia (HR 5.21; 95% Crl 4.35 to 6.3) and pyrexia
symptoms (HR 9.37; 95% Crl 7.11 to 15.56). The model fit with the data was poor on overall adverse-
events outcome (Dres: 91.23; data points: 77), good on arthralgia outcome (Dres: 31.98; data points:
32), moderate on headache outcome (Dres: 25.46; data points: 22), poor on influenza-like symptoms
outcome (Dres: 35.93; data points: 24), relatively good on myalgia outcome (Dres: 24.69; data points:
22) and moderate on pyrexia outcome (Dres: 27.27; data points: 24).

Risk of bias across studies and credibility of findings

Risk-of-bias assessment at outcome level was undertaken for all studies conferring data on vertebral
fractures and BMD. For vertebral fractures, most of the major concerns were detected in the
comparisons of RIS versus PLB (> 70%) and ALN versus RIS (> 40%), with the former being informed by
eight direct comparisons and the latter by one direct comparison. From mixed treatment comparisons,
findings drawn from two treatment PLB comparisons were rated as highly credible (ALN vs. PLB; ZOL
vs. PLB). Findings drawn from RIS versus PLB and RIS versus ZOL comparisons were considered of
moderate credibility, with the latter being informed by only one direct pairwise comparison. Findings
drawn from ALN versus IBN-oral and ALN versus RIS comparisons were considered of low credibility,
with the former comparison being informed by a small study of zero events in the control group.

From indirect comparisons, evidence drawn from the treatment-PLB comparison (PLB vs. IBN-oral)

and one active comparison (ALN vs. ZOL) were both rated as highly credible, whereas the rest of the
indirect comparisons produced evidence of low credibility. For percentage BMD change, most of the
major concerns were detected in the active comparison of ALN versus RIS (marginally > 10%), with

four studies providing evidence. Proportion of evidence drawn from studies with major concerns was

< 10% in the rest of the comparisons. Apart from two active comparisons (ALN vs. ZOL; IBN-oral vs.
ZOL), all the comparisons provided us with highly credible findings. With regard to the two comparisons
providing us with evidence of low credibility, the direct evidence for the comparison of ALN versus ZOL
was drawn from a single, outlier study.

Adherence review

A PRISMA flow diagram (Figure 5) shows the selection of papers for inclusion and exclusion. A total of
10,030 articles were retrieved, of which 1729 were duplicates. Overall, 7976 studies were excluded
following title and abstract screening, and 220 were excluded following the full-text screen. Data were
extracted from 59 RCTs drawn from 69 published reports and 43 observational studies drawn from 45
published reports, resulting in a total population of 2,656,659 participants. Table 9 lists all the studies
(see Appendix 2 list of references).
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TABLE 8 Table presenting NMA estimates
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Z0L 3.80(2.07 ZOL 0.33(0.23 RIS -
to 4.80) to 0.43)
1.15(0.24 ALN 3.10(2.40 0.88(0.58 ALN 0.43(0.33 0.98(0.82 ZOL -
to 2.08) to 3.80) to 1.21) to 0.53) to 1.35)
1.31(-0.08 0.15(-1.00 IBN-oral 2.30(0.21 0.87 (0.37 0.99 (0.47 IBN-oral - 0.95(0.50 0.98 (0.55 IBN-oral -
to 2.73) to 1.32) to 4.30) to 1.82) to 2.18) to 1.33) to 1.36)
1.76 (0.82 0.6(-0.09 0.45(-0.80 RIS 2.40(1.05 0.76 (0.50 0.88(0.6 0.91(0.37 RIS 0.54 (0.39 0.92(0.65 0.93(0.74 0.99(0.63. ALN -
to 2.74) to 1.31) to 1.72) to 3.30) to 1.07) to 1.22) to 1.82) to 0.69) to 1.11) to 1.11) 1.5)
4.02(3.20to 2.86(2.37 2.70(1.56 2.25(1.61 PLB 0.38(0.28 0.44(0.33 0.44(0.02 0.50(0.37 PLB 0.70(0.53 0.71(0.61 0.75(0.51 0.77(0.63 PLB
4.84) to 3.36) to 3.86) to 2.87) to 0.49) to 0.57) to 0.94) to 0.66) to 0.84) to 0.81) to 1.26) to 0.91)

IBN-oral, Ibandronate 150 mg.

Reproduced from Bastounis A, et al. Osteoporos Int 2022;33(6):1223-3. https://doi.org/10.1007/s00198-022-06350-w. Epub 21 February 2022. PMID: 35188591; PMCID:
PMC9106630. (lower triangle) and direct estimates (upper triangle) of efficacy of BP. From the left to the right: (1) % BMD change at femoral neck, (2) vertebral fractures and (3) non-
vertebral fractures. Posterior MDs (95% Crl) are presented for percentage BMD change at femoral neck and posterior median HRs (95% Crl) for vertebral and non-vertebral fractures.

Note

Treatments are reported in order of relative ranking for efficacy. Comparisons between treatments should be read from left to right, and their HR is in the cell in common between the
column-defining treatment and the row-defining treatment. HRs < 1 favour the column-defining treatment for the network estimates and the row-defining treatment for the direct
estimates.
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FIGURE 5 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the selected studies in
the adherence review. Reproduced from Bastounis A, et al. Osteoporos Int 2022;33(6):1223-3. https://doi.org/10.1007/
s00198-022-06350-w. Epub 21 February 2022. PMID: 35188591; PMCID: PMC9106630.

Overall, for persistence, 16,577 participants were included in the NMAs of RCTs, and 985,484 BP users
were included in the NMAs of retrospective observational studies.

Networks’ structure and geometry

Two network plots comparing BP effects on the absolute numbers of dropouts were created. Data

on dropouts at 12 months provided six closed loops of evidence (see Appendix 3, Figure 14). Overall,
30 two-arm and 1 three-arm studies were included in the analysis, resulting in a total of 10,419
participants. The most studied treatment was ALN (n_ .. = 16), while PLB was used as a comparator
in 24 studies. Data on dropouts at 24 months provided four closed loops of evidence (see Appendix 4,
Figure 15). Overall, 21 two-arm and 1 three-arm studies were included in the analysis, resulting in a
total of 6158 participants. The most studied treatment was ZOL (n_ . = 10), while PLB was used as a
comparator in 19 studies. One network was created for discontinuation data drawn from observational
studies (see Appendix 5, Figure 16). Overall, 8 two-arm, 12 three-arm and 4 five-arm studies were
included in the analysis. The most common treatments were ALN and RIS, with each contributing 23
arms in the analysis. Studies’ characteristics and risk of bias within individual studies are shown in
Table 9.

Of the included trials, 31 were conducted in North America or in multiple countries. Overall, 38 trials
exclusively targeted female participants, while in 21 trials, most of the participants fulfilled the criteria of
osteoporosis. In total, the overall risk of bias was high in 18 trials. The majority of observational studies
adopted a retrospective design, while three of them adopted a prospective comparative design. Twenty
observational studies were conducted in Europe, and 18 studies were conducted in the USA. In 14
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TABLE 9 Table of studies’ characteristics

Study ID
Reference list
included as an
appendix

Study
design Country

Adachi et al., 2009 RCT

Adami et al.,
2020

Bala et al., 2014

Retr.

RCT

Canada and
Colombia

USA

NR

% patients
with prior
N2/gender (%)/ incidence of
age (mean, SD)® fractures
438/F (100)/ALN: P (6.8)
65.4 (10.5); PLB:
65.7 (9.9)
73,800/F (100)/  P(NR)
NR

163/F (100)/RIS:  NR
62 (6); PLB: 61 (4)

Drugs

ALN;
PLB

ALN;
RIS; ZOL

RIS; PLB

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

10 mg/ NR NR
oral/daily

NR/oral;
IV/NR

P (NR) P (NR)

35 mg/ NP NP
oral/
weekly

Compliance

NR

NR

NR

Persistence/discontinuation

Discontinuation (n/N, total),
3 months

ALN: 54/291

PLB: 17/147

Discontinuation due to AEs
(n/N, total), 3 months

ALN: 39/291

PLB: 14/147

Discontinuation due to other
reasons (n/N, total), 3 months

ALN: 15/291
PLB: 3/147

Discontinuation (n/N, %),
=24 months

ALN: 20,455/59,251, 34.5%
RIS: 2388/6806, 35.1%
ZOL: 3438/7743, 44.4%

Discontinuation (n/N, total),
12 months

RIS: 9/109

PLB: 2/54

Discontinuation due to AEs
(n/N, total), 12 months

RIS: 4/109

PLB: 0/54

Discontinuation due to other
reasons (n/N, total),

12 months

RIS: 5/109

PLB: 2/54
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Belhassen et al.,
2017

Berecki-Gisolf
et al., 2008

Study

design Country

Retr.

Retr.

France

Australia

N2/gender (%)/
age (mean, SD)®

946/NR/NR

756/F (100)/80
(5.94)

% patients
with prior
incidence of
fractures

NR

NR

Dose/
mode/

frequency % GC users

ALN; NR
IBN; RIS;
Z0L

ALN; RIS 70 mg
(ALN);
35mg
(RIS)/oral/
weekly

NR

NR

% patients
with (PM)
OoP

NR

P (100)

Compliance

NR

NR

Persistence/discontinuation

Persistence (refill gap > 12

months):

12 months: ALN: 328/453
(72.4%); IBN: 148/182
(81.3%); RIS: 236/310
(76.1%); ZOL: 1/1

24 months: ALN: 252/453
(55.6%); IBN: 117/182
(64.3%); RIS: 176/310
(56.8%); ZOL: 0

36 months: ALN: 218/453
(48.1%); IBN: 92/182
(50.5%); RIS: 152/310 (49%);
Z0L: 0

48 months: ALN: 196/453
(43.3%); IBN: 76/182
(41.8%); RIS: 131/310
(42.3%); ZOL: 0

60 months; ALN: 159/453
(35.1%); IBN: 0; RIS: 100/310
(32.3%); ZOL: 0

Median discontinuation
(years):

ALN: 1; IBN: 1.9; RIS: 1.2;
Z0L: 1

Discontinuation (without
any switch): ALN: 177/453;
IBN: 79/182; RIS: 130/310;
Z0L: 1

Persistence failure ALN (ref.)
vs. RIS (refill gap 2 half the
prescription duration)

HR = 1.19 (95% CIl 0.98 to
1.46); p = 0.09
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Black et al., 2007
(Ext.)

Black et al., 2012
Black et al., 2015
(HORIZON)

Study
design Country

RCT Multicentre
(USA;
Australia;
Argentina;
Belgium;
Canada;
Colombia;
Finland,;
France;
Germany;
Hong-Kong;
Hungary; Italy;
New Zealand;
Norway;
Poland;
Sweden;
Switzerland;
Thailand)

N2/gender (%)/
age (mean, SD)®

7765/F
(100)/ZOL: 78
(4.71); PLB: 78.1
(4.85)

% patients
with prior
incidence of
fractures

P (NR)

ZOL;
PLB

Dose/
mode/

frequency % GC users

5 mg/IV/
annually

NP

% patients
with (PM)
(0]

P (100)

Compliance

Compliance 100%

Persistence/discontinuation

Discontinuation (n/N, total),

(n/N, per infusion),

36 months

36 months

ZOL: 3086/3875
PLB: 3174/3861
Compliance 66.6%

ZOL: 641/3876
PLB: 607/3889
Discontinuation due to AEs

(n/N, total), 36 months

(n/N, per infusion),

36 months

ZOL: 344/3875
PLB: 359/3861
Compliance 33.3%

(n/N, per infusion),

36 months
ZOL: 432/3875
PLB: 319/3861

ZOL:80/3876
PLB: 70/3889
Discontinuation (n/N, total),

108 months

ZOL: 21/95
PLB: 18/95
Discontinuation due to AEs

(n/N, total), 108 months

ZOL: 2/95
PLB: 1/95
Discontinuation due to

other reasons (n/N, total),

108 months

ZOL: 19/95
PLB: 17/95
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Bone et al., 2000

Bonnick et al.,
2006

Extension of
Rosen et al., 2005
(FACT)

Study

design Country

RCT

RCT

USA

USA

N2/gender (%)/
age (mean, SD)®

142/F (100)/ALN:
61 (8); PLB: 62 (9)

1053/F
(100)/64.4 (9.5)

% patients
with prior
incidence of
fractures

NR

ALN;
PLB

ALN; RIS

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

10 mg/ NR P (100)
oral/daily

70 mg; NP P (100)

35 mg/

oral/

weekly

Compliance

NR

NR

Persistence/discontinuation

Discontinuation (n/N, total),
24 months

ALN: 24/92

PLB: 16/50
Discontinuation due to AEs
(n/N, total), 24 months
ALN: 6/92

PLB: 5/50

Discontinuation due to
other reasons (n/N, total),
24 months

ALN: 18/92

PLB: 11/50

Discontinuation (n/N, total),
12 months

ALN: 82/520

RIS: 79/533
Discontinuation due to AEs
(n/N, total), 12 months
ALN: 33/520

RIS: 33/533
Discontinuation due to
other reasons (n/N, total),
12 months

ALN: 49/520

RIS: 46/533

Persistence (n/N), 24 months
ALN: 375/411

RIS: 375/414
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Boonen et al.,
2012

Boonen et al.,
2009

% patients
with prior
incidence of
fractures

N2/gender (%)/
age (mean, SD)®

Country

RCT Europe, South  1199/F (0)/67 P (NR)
America, (26)
Africa,
Australia

RCT Europe, 284/F (0)/RIS: 60 P (NR)

Lebanon, (11); PLB: 62 (11)

Australia, USA

Drugs

Z0L;
PLB

RIS; PLB 35 mg/

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

5mg/IV/ NP NA
annually

P (100) NA
oral/
weekly

Compliance

Number not
receiving the 2nd

Persistence/discontinuation

Discontinuation (n/N, total),

24 months

infusion (n/N, %)
ZOL: 52/588 (8.8%)
PLB: 53/611 (8.7%)

Compliance (%)
RIS: 98
PLB: 91

ZOL: 58/588
PLB: 71/611
Discontinuation due to AEs

(n/N), 24 months

ZOL:11/588
PLB: 11/611
Discontinuation due to other

reasons (n/N), 24 months

ZOL: 39/588
PLB: 60/611

Discontinuation (n/N, total),

24 months

RIS: 16/191
PLB: 18/93
Discontinuation due to AEs

(n/N, total), 24 months

RIS: 7/191
PLB: 9/93
Discontinuation due to other

reasons (n/N, total),

24 months

RIS: 9/191
PLB: 9/93
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Calabria et al.,
2016

Study

design Country

Retr.

Italy

N2/gender (%)/
age (mean, SD)®

40,003/F
(88.25)/71 (10)

% patients
with prior
incidence of
fractures

NR

Drugs
ALN; RIS

Dose/
mode/

frequency % GC users

70 mg
(ALN);
35mg
(RIS)/oral/
weekly

P (NR)

% patients
with (PM)
OP

NR

Compliance

MPR > 80%

(6 months):

ALN: 8029/15,521
(51.7%)

ALN and chol.:
5826/10,485
(55.6%)

RIS: 7836/13,997
(56%)

MPR > 80% (12
months):

ALN: 6855/15,521
(44.2%)

ALN and chol.:
5005/10,485
(47.7%)

RIS: 6715/13,997
(48%)

MPR > 80%

(36 months):

ALN: 4952/15,521
(31.9%)

ALN and chol.:
3540/10,485
(33.8%)

RIS: 4880/13,997
(34.9%)

Persistence/discontinuation

NR
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Carbonell-Abella
etal., 2015

Study

design Country

Retr.

Spain

N2/gender (%)/
age (mean, SD)®

127,722/F
(77.5)/66.9 (11)

% patients
with prior
incidence of
fractures

NR

ALN;
RIS;
IBN-oral

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

70 mg, NR NR
10 mg

(ALN);

5mg,

35mg

(RIS); 150

mg (IBN)/

oral/daily;

weekly;

monthly

Compliance

NR

Persistence/discontinuation

Discontinuation, SHR (95%
Cl) (filling gap = 6 months)
ALN (weekly): ref.

ALN (daily): HR = 1.64
(95% Cl 1.52 to 1.76)

RIS (daily): HR = 1.86
(95% Cl 1.74 to 1.99)

RIS (weekly): HR = 1.12
(95% Cl 1.10 to 1.14)

IBN (monthly): HR = 1.06
(95% Cl 1.04 to 1.08)
Discontinuation (filling gap
> 12 months):

ALN (weekly): ref.

ALN (daily): HR = 1.74

(95% Cl 1.61 to 1.88)

RIS (daily): HR = 1.98

(95% Cl 1.84 to 2.12)

RIS (weekly): HR = 1.15
(95% Cl 1.13t0 1.17)

IBN (monthly): HR = 1.11
(95% Cl 1.09 to 1.14)
Persistence 12 months:

ALN (weekly): 22,012/55,117
ALN (daily): 70/497

IBN (monthly): 4750/13,270
RIS (weekly): 7892/25,312
RIS (daily): 33/430
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Cheen et al.,
2012

Chengetal.,
2015

Study
design

Retr.

Retr.

Country

Singapore

USA

N2/gender (%)/
age (mean, SD)*

798/F (92)/68.5
(10.8)

8495/F
(100)/66.2 (11.5)

% patients

with prior
incidence of
fractures Drugs

P(47.1) ALN; RIS

P(13.6); 13 ALN;
(ALN); 11.6  IBN; RIS
(IBN); 12

(RIS)

Dose/
mode/

frequency % GC users

NR/oral/
daily;
weekly

NR/
oral/NR;
monthly

NR

NR

% patients
with (PM)
OoP

NR

P (35.8);
22.2 (ALN);
46.8 (IBN);
35.3 (RIS)

Compliance

Mean MPR
24 months (%, SD, n)

Persistence/discontinuation

Mean persistence 12 months
(n/N, %, 30-day refill gap)

ALN: 79.3 (27.6%),
n=497,p=0.67
RIS: 78.3 (27.3%),

n =301

MPR > 80%

(24 months)

ALN: 66%,n = 497,
p=0.13

RIS: 60.8%, n = 301

MCR = 80%

(12 months)
ALN (n = 5458):
31.3%

IBN (n = 1696):
30.4%

RIS (n = 1341):
25.6%
Weight-adjusted
compliance

12 months (women

ALN: 352/497 (70.8%)
RIS: 199/301 (66.1%)

Persistence (12 months,
60-day refill gap)

ALN: 1916/5458 (35.1%)
IBN: 573/1696 (33.8%)

RIS: 388/1341 (28.9%)
Weight-adjusted persistence
12 months (%)

ALN: 35.1

IBN: 33.8

RIS: 28.9

Weight-adjusted persistence

aged = 50 and
increased risk of

12 months (women aged = 50

and increased risk of fracture,

fracture, 60-day refill

60-day refill gap)

gap)

ALN (n = 2820):
32.8%

IBN (n = 1062):
30.1%

RIS (n = 716): 25%

ALN (n = 2820): 36%
IBN (n = 1062): 33.4%
RIS (n = 716): 28%
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Cheung et al.,
2020

Cosman et al.,
2016

Cryer et al., 2005

Study
design Country

RCT

RCT

RCT

% patients

with prior
N2/gender (%)/ incidence of
age (mean, SD)® fractures

Australia 76/F (0)/ZOL: P (NR)
68.3(7.77); PLB:
69 (7.01)

USA 175/F (100)/ALN: P (NR)
66.9 (7.5); PLB:
67.8(7.8)

USA 454/F (100)/ALN: NP
64.6 (10); PLB:
65.8 (9.9)

ZOL;
PLB

ALN;
PLB

ALN;
PLB

Dose/
mode/

% patients
with (PM)

frequency % GCusers OP

5 mg/IV/
annually

70 mg/
oral/
weekly

70 mg/
oral/
weekly

NP (95% NR

received

ADT)

NP P (100)
NP P (100)

Compliance

NR

NR

NR

Persistence/discontinuation

Discontinuation (n/N),
12 months

ZOL: 4/39

PLB: 11/37
Discontinuation (n/N),
24 months

ZOL: 13/39

PLB: 15/37

Discontinuation (n/N, total),
12 months

ALN: 19/87

PLB: 20/88

Discontinuation due to AEs
(n/N), 12 months

ALN: 3/87

PLB: 6/88

Discontinuation due to other

reasons (n/N), 12 months
ALN: 16/87
PLB: 14/88

Discontinuation (n/N, total),
6 months

ALN: 31/224

PLB: 31/230
Discontinuation due to AEs
(n/N), 6 months

ALN: 10/224

PLB: 20/230
Discontinuation due to other

reasons (n/N), 6 months
ALN: 21/224
PLB: 11/230
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Study

design Country

Curtis etal., 2012 Retr.

Curtis et al., 2006 Retr.

Downey et al.,
2006

Retr.

USA

USA

USA

N2/gender (%)/
age (mean, SD)®

1621/F (ZOL:
98.2; IBN1: 94.5;
IBN2: 94.2)/NR

1158/F: 77 (ALN);
80 (RIS)/ALN: 53
(13); RIS: 53 (13)

9105/F
(100)/64.4 (10.4)

% patients
with prior
incidence of
fractures

10.2%
(ZOL), 9.1%
(IBN1), 7.7%
(IBN2)

13% (ALN)
10% (RIS)

NR

IBN1
and 2
(same
drug -
different
cohorts);
Z0L

ALN; RIS

ALN; RIS

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

62.5(Z0L) P(NR)
72.4 (IBN1)

46.1 (IBN2)

5mg; 3
mg/IV/
annually;
quarterly

10 mg, 70 P (100) NR
mg (ALN);

5 mg,

35mg

(RIS)/

oral/daily,

weekly

ALN:10 NR NR
mg, 70 mg

(80.7%);

RIS: 5 mg,

35mg

(69.2)/

oral;

weekly

Compliance

Number of infusions

Persistence/discontinuation

PDC 18-27 months

18-27 months
ZOL: 1.7 (SD = 0.5)
IBN1: 4.4 (SD = 2.7)
IBN2: 5.3 (SD = 2.9)
1 infusion recipients

(mean, SD)

ZOL: 82 (SD =18),n =775
IBN1: 58 (SD = 31), n = 275
IBN2: 62 (SD = 31),n = 571
PDC 2 80% at 18 months

only (%)
Z0L: 31.9
IBN1:18.5

IBN2: 14

MPR (%, SD)

ALN: 72 (26),

n =754

RIS: 74 (26), n = 404,
p > 0.05 (NS)

MPR 12 months (%

(%, ref.: ZOL)

Z0L: 61

IBN1: 43, p < 0.0001

IBN2: 49, p < 0.0001

PDC > 80% at 18-27 months

(%)
ZOL: 62.8, ref.
IBN1: 36, p < 0.0001

IBN2: 33.3, p < 0.0001

Discontinuation (= 3 months
gap, mean duration: 39
months), (HR, 95% Cl)

HR (ref.: RIS) = 1.04 (0.86 to
1.25)

Computed by graph

Discontinuation (mean time),

days on drug, SD)

12 months

ALN: 60.7 (28.64),
n=6881,p <0.001
RIS: 58.4 (28.64),
n=2224

ALN: 2.53,n = 6881

RIS: 2.53,n = 2224
Persistence rate (%)

12 months (refill gap

> 30 days)

ALN: 1466/6881 (21.3%)
RIS: 431/2224 (19.4%)
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Duckworth et al.,
2019

Dugard et al.,
2009

Durden et al.,
2017

Study
design

RCT

Retr.

Retr.

Country
UK

UK

USA

N2/gender (%)/
age (mean, SD)®

421/F (86)/ALN:
63.8 (8.5); PLB: 63
(8.5)

40/F (100)/74.5
(7.1)

33,435/F
(100)/=64.9 (10.4)

% patients
with prior
incidence of
fractures

P (100)

P (48.4)

NR/
ALN-daily:
9.4; ALN-
weekly: 7.4;
IBN-
monthly:
5.7; IBN-
quarterly:
5.5;
RIS-daily:
11.3; RIS-
weekly: 6.4;
ZOL: 8.2

ALN;
PLB

ALN; RIS

ALN;
IBN; RIS;
Z0L

Dose/
mode/
frequency

70 mg/
oral/
weekly

NR

10 mg,
70 mg;

3 mg;
150 mg;
5 mg,

35 mg;

5 mg/oral;
IV/daily;
weekly;
quarterly;
monthly;
annual

% GC users

NP

P (10.2)

NR

% patients
with (PM)
OoP

NR

P (100)

ALN-daily:
12.1; ALN-
weekly:
16.8; IBN-
monthly: 19;
IBN-
quarterly:
49.7;
RIS-daily:
22.6;
RIS-weekly:
24.3; ZOL:
49.2

Compliance

Compliance (n/N),

Persistence/discontinuation

Discontinuation (n/N, total),

6 months
ALN: 184/215
PLB: 175/206

MPR > 80,
60 months
ALN: 10/35
RIS: 2/5

MPR 2 80% (%, n),

6 months
ALN: 17/215
PLB: 24/206

Persistence 5-year (n/N, refill

gap > 12 months)
ALN: 18/35
RIS: 2/5

Persistence 12-month,

12 months:
ALN-daily: 19.2
(n=224)
ALN-weekly: 31.3
(n=19,486)
IBN-monthly: 31.7
(n=5981)
IBN-quarterly: 20.6
(n=165)

RIS-daily: 26.4
(n=53)
RIS-weekly: 22.1
(n=2968)

ZOL: 98.5 (nh = 4558)
MPR > 80% (%, n),
24 months:
ALN-daily: 12.5
(n=224)
ALN-weekly: 22.8
(n=19,486)
IBN-monthly: 22.3
(n=5981)
IBN-quarterly: 15.2
(n=165)

RIS-daily: 11.3
(n=53)
RIS-weekly: 15.5
(n=2968)

ZOL: 38.5 (nh = 4558)

n/N (&), 60-day refill gap
ALN-daily: 71/224 (31.7%)
ALN-weekly: 7541/19,486
(38.7%)

IBN-monthly: 2345/5981
(39.2%)

IBN-quarterly: 56/165
(33.9%)

RIS-daily: 23/53 (43.4%)
RIS-weekly: 1000/2968
(33.7%)

ZOL: 4558/4558 (100%)
Persistence 24 months,
n/N (&), 60-day refill gap
ALN-daily: 44/224 (19.6%)
ALN-weekly: 4618/19,486
(23.7%)

IBN-monthly: 1370/5981
(22.9%)

IBN-quarterly: 32/165
(19.4%)

RIS-daily: 11/53 (20.8%)
RIS-weekly: 606/2968
(20.4%)

ZOL: 1545/4558 (33.9%)
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Study
design Country

Dursun et al., RCT
2001

Turkey

Eastell et al., RCT European
2014 countries
Extension

Eastell et al.,

2011

Eisenberg et al., Retr. USA
2015

% patients
with prior
incidence of
fractures

N2/gender (%)/
age (mean, SD)®

101/F (100)/ALN: NR
60.26 (8.58);

Calcium: 60.26

(8.58)

114/F (100)/ALN  NR
= 65.7 (4.39); PLB
= 65 (4.9)

27,905/F NR
(100)/66.1 (9.7)

Dose/
mode/
frequency % GC users

ALN; 10 mg/ NR
PLB oral/daily
(calcium)
ALN; 70 mg/ NR
PLB oral/

weekly
ALN; NR/oral/  NR
IBN; RIS NR

% patients
with (PM)
OP Compliance

P (100) NR

P (ALN = NR

82.5; PLB =

82.5)

P (100) MPR 2> 70% 12

Persistence/discontinuation

Discontinuation (n/N, total),
24 months

ALN: 13/51

PLB: 15/50

Discontinuation (n/N, total),
12 months

ALN: 5/57

PLB: 8/57

Discontinuation due to AEs
(n/N), 12 months

ALN: 3/57

PLB: 2/57

Discontinuation due to other

reasons (n/N), 12 months
ALN: 2/57

PLB: 6/57

Discontinuation (n/N, total),
24 months

ALN: 3/41

PLB: 6/39

Discontinuation 12 months

months (n/N, %),

(n/N, refill gap > 60 days)

13-24 months:
ALN: 6725/15,917,
59.2, p < 0.001

IBN: 1974/5249,
17.4

RIS: 2669/6739,
235

Compliance (OR, SE)

ALN: ref.

IBN: 1.02 (1.07),
p=0.81

RIS: 0.92 (1.06),
p=0.14

Higher OR indicate
higher likelihood to
be compliant

ALN: 9585/15,917
IBN: 3441/5249
RIS: 4217/6739
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Eisman et al.,
2004

Fan et al., 2013

Study

design Country

RCT

Retr.

Multicentre
(Europe;
Americas;
Africa;
Asia-Pacific)

USA

N2/gender (%)/
age (mean, SD)®

449/F (94.2)/ALN:
63.6 (9); PLB: 63.6
(8.5)

44,635/F (100)/
NR

% patients
with prior
incidence of
fractures

NR

NR

Drugs

ALN;
PLB

ALN;
IBN; RIS

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

70 mg/ NR NR
oral/
weekly

70mg; 35 NR NR
mg; 150

mg/oral/

weekly;

monthly

Compliance

NR

MPR (%)
ALN: 55,p < 0.05
IBN: 51

RIS: 52

Persistence/discontinuation

Discontinuation (n/N, total),
3 months

ALN: 18/225

PLB: 10/224
Discontinuation due to AEs
(n/N), 3 months

ALN: 11/225

PLB: 6/224
Discontinuation due to other
reasons (n/N), 3 months
ALN: 7/225

PLB: 4/224

Persistence (45-day refill gap)

(n/N, %)

ALN: 8837/25,207, 35.1,

p < 0.001

IBN: 225/739, 30.4,

p < 0.001

RIS: 6066/18,689, 32.5,

p < 0.001

Discontinuation (n/N, %, refill

gap > 45-day)

ALN: 16,132/25,207, 64,

p < 0.001

IBN: 504/739, 68.2,

p < 0.001

RIS: 12,418/18,689, 66.4,

p < 0.001

Discontinuation (HR, 95% Cl)
ALN: ref.

IBN: 1.3(1.2 to 1.4), p < 0.001
RIS: 1.1 (1.06 to 1.11),

p < 0.001
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Flodin et al.,
2014

Fogelman et al.,
2000

Gallagher et al.,
2008

Study
design

RCT

RCT

Retr.

Country

Sweden

Multicentre
(France;

UK; the
Netherlands;
Belgium;
Germany)

UK

% patients

with prior

N2/gender (%)/
age (mean, SD)®

fractures

53/F (70.8)/79 (9) P (100)
359/F (100)/RIS:  RIS: 32;
65(6.7); PLB: 64  PLB: 30
(6.7)

44,531/F (81.2)/ 11,460
NR (25.7%)

incidence of

Drugs
RIS; PLB

RIS; PLB

ALN; RIS

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

35mg/  NR NR
oral/
weekly

5mg/oral/ NR P (100)

daily

10 mg, 70 P (32) NR
mg; 5 mg,

35 mg/

oral/daily,

weekly

Compliance

NR

NR

MPR mean FUp ~

Persistence/discontinuation

Discontinuation (n/N, total),
12 months

RIS: 3/28

PLB: 1/25

Discontinuation due to other
reasons (n/N), 12 months
RIS: 3/28

PLB: 1/25

Discontinuation (n/N, total),
24 months

RIS: 38/177

PLB: 37/180
Discontinuation due to AEs
(n/N, total), 24 months

RIS: 19/177

PLB: 14/180
Discontinuation due to other
reasons (n/N, total),

24 months

RIS: 19/177

PLB: 23/180

Persistence mean FUp ~ 2.3

2.3 years, OR (95%

years, RR (95% Cl), (refill gap

Cl)

ALN: ref.

RIS: 1.30 (95% ClI
1.22 to 1.39, more
likely to be compli-
ant), p < 0.05

< 3 months)

ALN: ref.

RIS: 1.06 (95% Cl 1.02 to
1.09, more likely to continue),
p <0.05
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Gold et al., 2006
Ext.: Gold et al.,
2009

Greenspan,
Perrera et al.,
2015

Greenspan,
Vujevich et al.,
2015

Greenspan et al.,
2003

Study

design Country

Retr.

RCT

RCT

RCT

USA

USA

USA

USA

% patients
with prior
incidence of
fractures

N2/gender (%)/
age (mean, SD)®

6 months period:  NR
208,762 (compli-
ance); 240,001
(persistence); 12
months period:
232,489 (compli-
ance); 263,383
(persistence)/F

(IBN: 94.2; RIS:
93.2)/67.3(9.4)

181/F (100)/ZOL: P (ZOL: 52;
85.4 (5.66); PLB:  PLB: 41)
85.5(4.8)

109/F (100)/RIS: NP
65 (1); PLB: 64 (1)

186/F (100)/ALN:
71 (4); PLB: 72 (5)

P (ALN: 39;
PLB: 33)

Drugs
IBN; RIS

Z0L;
PLB

RIS; PLB

ALN;
PLB

Dose/
mode/

frequency % GC users

150 mg; NR
35 mg/

oral/

monthly;
weekly

5mg/IV/  P(NR)

annually

35mg/ NP
oral/
weekly

10 mg/ NP
oral/daily

% patients

with (PM)
(o]

P (100)

P (ZOL: 48;
PLB: 45)

NP

NR

Compliance

MPR (%, SD),

6 months

IBN: 78.5 (20.4),
p < 0.0001

RIS: 83.3 (17)
MPR (%, SD), 12

Persistence/discontinuation

Persistence (days, SD), 6
months (refill gap > 90 days)
IBN: 100.1 (67.4), p < 0.0001
RIS: 144.3 (55.5)

Persistence (days, SD), 12
months (refill gap > 90 days),

months

IBN: 74.68 (22.56),
p < 0.0001

RIS: 80.15 (18.9)

Mean CDA (%, SD%),

6 months

IBN: 52.8 (31.5)
RIS: 72.7 (24.6),
p < 0.0001

Mean CDA (%, SD%),

12 months
IBN: 43.38 (32.96)
RIS: 64.54 (29.86),
p < 0.0001

NR

Compliance > 80%

HR (95% Cl)

IBN: 151.54 (137.24)
RIS: 250.04 (132.34)

HR =1.77 (1.73 to 1.82),
p < 0.0001

Discontinuation (n/N, total),
24 months

ZOL: 25/89

PLB: 18/92

Discontinuation (n/N, total),

(%), (range)
RIS: 90-98
PLB: 89-96

Compliance = 80%

24 months
RIS: 7/55
PLB: 7/54

Discontinuation (n/N, total),

medication
ALN: 58/93
PLB: 63/93

36 months
ALN: 8/93
PLB: 10/93
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Grey et al., 2017
Ext.

Grey et al., 2014
Grey et al., 2012

Hadji et al., 2016

Study

design Country

RCT

Retr.

New Zealand

Germany

N2/gender (%)/
age (mean, SD)®

90/F (100)/Z0OL:
66 (8); PLB: 63 (8)

138,839

(ALN: 90,077;
IBN-oral: 6235;
IBN-IV: 20,472;
RIS: 18,089; ZOL:
3966)/F (100)/NR

% patients
with prior
incidence of
fractures

NP

NR

Drugs

ZOL;
PLB

ALN;
IBN-oral;
IBN-1V;
RIS; ZOL

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

5mg/IV/ NP NP
annually

70 mg; NR NR
150 mg;

3mg;

35 mg;

5 mg/

oral; IV/

weekly;

monthly;

annually

Compliance

NR

NR

Persistence/discontinuation

Discontinuation (n/N),

12 months

ZOL: 3/45
PLB: 3/45
Discontinuation (n/N),
24 months
ZOL: 3/45
PLB: 6/45
Discontinuation (n/N),
60 months
Z0L: 5/41
PLB: 9/34

Persistence in % (>60-day
refill gap), 12 months
ALN: 30.1

IBN-oral: 30.1

IBN-IV: 42.9

RIS: 31.4

ZOL: 33.8

Persistence in % (>60-day
refill gap), 24 months
ALN: 17.3

IBN-oral: 16.7

IBN-IV: 24.8

RIS: 17.5

ZOL: 20.9
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Study
design Country

N2/gender (%)/
age (mean, SD)®

% patients
with prior
incidence of
fractures

Drugs

Dose/
mode/
frequency % GC users

% patients
with (PM)
(o]

Compliance

Persistence/discontinuation

Persistence in % (> 30-day
refill gap), 12 months
ALN: 21.5

IBN-oral: 18.4

IBN-IV: 31.1

RIS: 22.6

ZOL: 20.3

Persistence in % (> 30-day
refill gap), 24 months
ALN: 9.7

IBN-oral: 7.3

IBN-IV: 15

RIS: 10.2

ZOL: 6.5

Persistence in % (> 90-day
refill gap), 12 months
ALN: 35.6

IBN-oral: 35

IBN-IV: 48.2

RIS: 36.9

Z0L: 39.7

Persistence in % (> 90-day
refill gap), 24 months
ALN: 22.5

IBN-oral: 21.2

IBN-IV: 30.2

RIS: 22.6

ZOL: 29.5
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Hadji et al., 2014

Hadji et al., 2012

Study

design Country

Prosp.

RCT

Germany

Germany

% patients

with prior

N2/gender (%)/
age (mean, SD)®

fractures

1802/F (100)/
ALN: 71.7 (9.3);
IBN: 71.8 (9.3)

P (NR)

604/F (100)/ALN: NP
68.1(7.86); ZOL:
67.6 (8.05)

incidence of

Drugs

ALN;
IBN

ALN;
Z0L

Dose/
mode/

frequency % GC users

70 mg;

3 mg/
oral; IV/
weekly;
quarterly

70 mg;
5mg/
oral; IV/
weekly;
annually

P (NR)

NP

% patients
with (PM)
(0]

P (100)

P (100)

Compliance

Discontinuation due

Persistence/discontinuation

Persistence in % (> 120-day
refill gap), 12 months

ALN: 39.7

IBN-oral: 39.4

IBN-IV: 54.4

RIS: 41.4

Z0L:43.7

Persistence in % (>120-day
refill gap), 24 months

ALN: 26.5

IBN-oral: 25.1

IBN-IV: 36.7

RIS: 26.9

ZOL: 34.1

Persistence (days) 12 months

to non-compliance
(n, %)

IBN: 130/901
(14.4%)

ALN: 229/901
(25.4%), p < 0.001

Compliance rate (%)

IBN: 343, n = 901
ALN: 327,n =901, p < 0.001

Discontinuation (n/N, total),

ALN: 80.9
ZOL: NR

12 months
ALN: 24/196
ZOL: 19/408
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TABLE 9 Table of studies’ characteristics (continued)

Study ID % patients
Reference list with prior
included as an Study N2/gender (%)/ incidence of
appendix design Country age (mean, SD)® fractures
Halpern et al., Retr. USA 17,284 (ALN: Commercial:
2011 10,068; IBN: 4; medicare:
651; RIS: 6565)/F 6.8
(100)/commercial:
59.3(8.6);
medicare: 75.7
(6.5)
Hansen et al., Retr. Denmark 100,556 (total P (39)
2013; population)/F
Hansen et al., (84.5)/70.4
2015
Ho and Kung, RCT Hong Kong 58/F (100)/ALN: P (37)
2005 60.6 (5.5); PLB:

62 (4)

Dose/
mode/

frequency % GCusers OP

ALN; 5mg, 10
IBN; RIS  mg; NR;
5 mg,
35 mg/
oral/daily,
weekly
ALN; NR
IBN; RIS
ALN; 70 mg/
PLB oral/

(Calcium) weekly

% patients
with (PM)
Commercial: P (100)
17.9;
medicare:
16.5
P (24) NR
NR P (100)

Persistence/discontinuation

Compliance

MPR = 50%(%) NR
(commerecial) (FUp:
180 days)

ALN: 32

IBN: 30

RIS: 31.4

MPR = 50%(%)
(medicare) (FUp:
180 days)

ALN: 42.7

IBN: 28.5

RIS: 44

NR Persistence in mean years
(mean FUp ~ 5.2 years,
56-day refill gap)

ALN: 4.01 (95% Cl = 3.96 to
4.06)

IBN: 3.86 (95% Cl = 3.5 to
4.22)

RIS: 2.79 (95% Cl = 2.69 to
2.89)

Discontinuation 60 months
(n/N, %)

ALN: 3504/15,235, 23
IBN: 321/1459, 22

RIS: 91/276, 33

NR Discontinuation (n/N, total),
12 months
ALN: 1/29
PLB: 3/29
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Study

Hooper et al., RCT
2005

lolascon et al., Retr.
2013

Jones et al., 2008  Retr.

design Country

Australia

Italy

Canada

% patients
with prior
N2/gender (%)/ incidence of
age (mean, SD)® fractures
254/F (100)/RIS: P (19.5)
52.5(3.1); PLB:
52.6 (3.3)
12,798/F NR
(92.2)/ALN: 68.6
(10.2); ALN + Vit.
D: 69 (10.1); IBN:
68.6 (9.9); RIS:
68.4(10.2)
37,032/F(100)/ NR
NR

Drugs
RIS; PLB

ALN;
ALN +
Vit. D;
IBN; RIS

ALN; RIS

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

5mg/oral/ NR NP
daily

NR/oral/  NR NR
NR

70mg; 35 NR NR
mg/oral/
weekly

Compliance

NR

NR

NR

Persistence/discontinuation

Discontinuation (n/N, total),

24 months

RIS: 26/129

PLB: 32/125
Discontinuation due to AEs

(n/N, total), 24 months

RIS: 7/129
PLB: 8/125
Discontinuation due to other

reasons (n/N, total),

24 months

RIS: 19/129

PLB: 24/125

Persistence 12 months

(n/N, %) (30-day refill gap)
ALN: 292/2317,12.6

ALN + Vit. D: 707/4501, 15.7
IBN: 341/1581, 21.6

RIS: 695/4399, 15.8

Persistence (n/N, %) 6
months (30-day refill gap)
ALN: 16,752/23,266, 72,
p=0.11

RIS: 9801/13,766,71.2
Persistence 12 months
(n/N, %) (30-day refill gap)
ALN: 13,099/23,266, 56.3,
p < 0.0001

RIS: 7489/13,766, 54.4
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Karimi et al.,
2019

Kjellberg et al.,
2016

Klotz et al., 2013

Study

design Country

RCT

Retr.

RCT

Iran

Denmark

Canada

N2/gender (%)/
age (mean, SD)®

80/F (100)/ALN:
56.5 (6.3); PLB:
55.3 (4.0)

38,234/F
(100)/71.7 (9.24)

186/F (0)/ALN =
73.5(8.1); PLB =
73.7 (8.6)

% patients
with prior
incidence of
fractures

NR

NR/21.2

P (43)

ALN;
PLB

ALN;
IBN; RIS

ALN;
PLB

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

70 mg/ NP NR

oral/

weekly

NR/oral/  NR P (33.6)
NR

70 mg/ NP NA

oral/

weekly

Compliance

P (100)

MPR = 70%, OR
(95% Cl) (higher
ORs indicate higher

compliance)

ALN: ref.

IBN: 1.49 (1.32 to
1.68), p < 0.001
RIS: 0.84 (0.74 to
0.96),p =0.011

NR

Persistence/discontinuation

Discontinuation (n/N, total),
3 months

ALN: 10/40

PLB: 10/40

NR

Discontinuation (n/N, total),
12 months

ALN: 6/84

PLB: 10/102
Discontinuation due to AEs
(n/N, total), 12 months

ALN: 0/84

PLB: 6/102

Discontinuation due to other

reasons (n/N, total),
12 months
ALN: 6/84
PLB: 4/102
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TABLE 9 Table of studies’ characteristics (continued)

Study ID % patients
Reference list with prior Dose/ % patients
included as an Study N2/gender (%)/ incidence of mode/ with (PM)
appendix design Country age (mean, SD)® fractures frequency % GCusers OP Compliance Persistence/discontinuation
LaFleur et al., Retr. USA 35,650/F P(21.1) ALN; NR/oral;  P(11.9) P(19.7) NR Discontinuation (n/N), HR
2015 (100)/65.7 (12.5) IBN; RIS; IV/NR (95% Cl), mean FUp ~ 52.8
ZOL months (90-day refill gap)
ALN: 26,571/32,971,
HR = ref.

IBN: 52/78, HR = 0.86 (0.67
to 1.14), p > 0.05(NS)

RIS: 1845/2261, HR = 1.07
(1.02to 1.12), p < 0.05
ZOL: 155/340,HR = 0.58
(0.49 to 0.68), p < 0.05

Landfeldt et al., Retr. Sweden 54,883/F (ALN: P (ALN: ALN; RIS 70 mg; 35 P (ALN: NR NR Persistence proportion
2012 85.8); (RIS: 15.4); P (RIS: mg/oral/  19.6); (RIS: (%, 95% Cl n/N) maximum
87.4)/ALN: 71.1 15.1) weekly 19.9) FUp: 2.33 years (refill gap
(10); RIS: 69.7 (10) (> 95% > 8 weeks)
in both ALN: 51.7 (51.2 to 52.2),
arms) 23,920/46,265
RIS: 50.6 (49.5 to 51.8),
4361/8618
Lewiecki et al., Prosp. USA 545/F (100)/66 P (32) IBN- 150 mg; P(9.8) P (68.13) Drug-intake = 75% Discontinuation 12 months
2008 (10.6) oral/ 3 mg/ IBN-IV: 325/392 (n/N)
IBN-1V oral; IV/ IBN-oral: 101/145 IBN-IV: 86/396
monthly; IBN-oral: 40/149
quarterly Discontinuation due to AEs
12 months (n/N)
IBN-IV: 41/396

IBN-oral: 25/149
Discontinuation due to other
reasons 12 months (n/N)
IBN-I1V: 45/396

IBN-oral: 15/149
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Study

design Country

Lester et al., 2008 RCT

Lietal, 2012

Retr.

UK

UK

N2/gender (%)/
age (mean, SD)®

50/F (100)/IBN:
66.7 (11.39); PLB:
67.36 (5.81)

44,526/F
(100)/71.4 (11)

% patients
with prior
incidence of
fractures

NR

P(32.3)

Drugs
IBN; PLB

ALN;
IBN; RIS

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

150 mg/  NR NR
oral/
monthly

5mg, 10
mg; 70
mg; 30
mg, 35
mg; 150
mg/oral/
daily;
weekly;
monthly

P (20.6) P (58.1)

Compliance

NR

NR

Persistence/discontinuation

Discontinuation (n/N, total),
24 months

IBN: 4/25

PLB: 6/25

Discontinuation due to AEs
(n/N, total), 24 months

IBN: 2/25

PLB: 1/25

Discontinuation due to other

reasons (n/N, total),
24 months
IBN: 2/25
PLB: 5/25

Persistence (median time in
days, 95% Cl)

ALN (daily): 56, NR

RIS (daily): 98 (86 to 110)
ALN (weekly): 221

(211 to 224)

RIS (weekly): 223

(210 to 225)

IBN (monthly): 300

(270 to 338)

Rates of persistence 6
months (%, 95% Cl), (n/N),
(= 30 days refill gap)

ALN (daily): 27.0 (26.3 to
27.7), 1379/5107

RIS (daily): 37.8 (36.5 to
39.1), 725/1918

ALN (weekly): 52.8 (52.4 to
53.1), 14,899/28,218

RIS (weekly): 53.1 (52.4 to
53.7),4598/8660
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Study
design

Country

N2/gender (%)/
age (mean, SD)*

% patients
with prior
incidence of
fractures

Drugs

Dose/
mode/
frequency % GC users

% patients
with (PM)
OoP

Compliance

Persistence/discontinuation

IBN (monthly): 56.8 (55.1 to
58.5), 354/623
Rates of persistence

12 months (%, 95% Cl), (n/N),

(> 30 days refill gap)

ALN (daily): 17.6 (16.9 to
18.2), 899/5107

RIS (daily): 26.4 (25.2 to
27.6),506/1918

ALN (weekly): 41.3 (40.9 to
41.7),11,654/28,218

RIS (weekly): 41.0 (40.3 to
41.6), 3551/8660

IBN (monthly): 46.5 (44.7 to
48.3), 290/623

Rates of persistence

36 months (%, 95% Cl), (n/N),

(> 30 days refill gap)

ALN (daily): 6.5 (6.0 to 6.9),
332/5107 RIS (daily): 9.6 (8.8
to 10.5), 184/1918

ALN (weekly): 24.6 (24.2 to
25.0), 6942/28,218

RIS (weekly): 19.5 (18.9 to
20.1), 1689/8660

IBN (monthly): 32.1 (29.8 to
34.3), 200/623

Rates of persistence

60 months (%, 95% Cl), (n, N),

(> 30 days refill gap)
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Liang et al., 2017

Lima et al., 2019

Liu et al., 2019

Study
design

RCT

Prosp.

RCT

Country

China

Brazil

China

N2/gender (%)/
age (mean, SD)®

285/F (100)/Z0L:
57.22 (2.81); PLB:
57.48 (3.18)

158/F
(61.66)/RIS: 55.6
(39.54); PLB:
52.66 (32.62)

482/F (ZOL:
47.87, PLB: NR)

% patients
with prior
incidence of
fractures

P (NR)

NR

P(zOL:
9.91; PLB:
12.4)

Drugs

Z0L;
PLB

RIS; PLB

Z0L;
PLB

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

5mg/IV/  NR P (100)
annually

35 mg/ NP P (28)
oral/
weekly

5mg/IV/ NP NP
annually

Compliance

NR

NR

NR

Persistence/discontinuation

ALN (daily): 2.8 (2.5 to 3.1),
143/5107

RIS (daily): 4.9 (4.3 to 5.6),
94/1918

ALN (weekly): 16.9 (16.5 to
17.3),4769/28,218

RIS (weekly): 8.9 (8.2 to 9.6),
771/8660

IBN (monthly): NA

Discontinuation (n/N),
6 months

ZOL: 5/175

PLB: 5/110
Discontinuation (n/N),
12 months

Z0L: 10/175

PLB: 10/110
Discontinuation (n/N),
24 months

ZOL: 20/175

PLB: 15/110

Discontinuation (n/N),
12 months

RIS: 8/73

PLB: 7/85

Discontinuation (n/N, total),
12 months

ZOL: 6/353

PLB: 3/129
Discontinuation (n/N, total),
24 months

ZOL: 14/353

PLB: 8/129
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TABLE 9 Table of studies’ characteristics (continued)

Study ID

Reference list

included as an Study

appendix design Country

N2/gender (%)/
age (mean, SD)®

Livi et al., 2019 RCT Italy
60.6 (9.57); PLB:
60.5 (10.64)

2127/F (ZOL:
76.7; PLB:
75.5)/Z0L: 74.4
(9.48); PLB: 74.6
(9.86)

Lyles et al,, 2007 RCT International

171/F (100)/IBN:

% patients

with prior Dose/ % patients

incidence of mode/ with (PM)
fractures Drugs frequency % GCusers OP Compliance
NP IBN; PLB 150 mg/ NR NP NR

oral/

monthly
P (NR) Z0L; 5mg/lV/  NR P (ZOL: NR

PLB annually 42.3; PLB:
41.1)

Persistence/discontinuation

Discontinuation (n/N, total),

60 months

IBN: 17/89
PLB: 10/82
Discontinuation due to AEs

(n/N, total), 60 months

IBN: 5/89
PLB: 1/82
Discontinuation due to other

reasons (n/N, total),
60 months

IBN: 12/89

PLB: 9/82

Discontinuation (n/N, total),
36 months

ZOL: 295/1065

PLB: 316/1062
Discontinuation due to AEs
(n/N, total), 36 months

ZOL: 21/1065

PLB: 18/1062
Discontinuation due to other

reasons (n/N, total),
36 months

ZOL: 274/1065
PLB: 298/1062
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

McClung et al.,
2014

McClung,
Bolognese et al.,
2009

McClung, Miller
et al., 2009

Study
design

RCT

RCT

RCT

Country

Argentina,
Austria,
Belgium,
Canada,
Denmark,
Spain and USA

USA

USA

% patients
with prior
incidence of
fractures

N2/gender (%)/
age (mean, SD)*

103/F (100)/ALN: NP
67.1(5.8); PLB: 67
(6.5)

160/F (100)/IBN: NP
53.7 (3.6); PLB:
53.4(3.8)

383/F (100)/Z0OL: NP
59.6 (8.0); PLB:
60.5 (8.0)

Drugs

ALN;
PLB

IBN; PLB

Z0L;
PLB

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

70mg/ NP P (100)
oral/

weekly

150 mg/  NR NP
oral/
monthly

5mg/oral/ NR NP
annually

Compliance

NR

NR

NR

Persistence/discontinuation

Discontinuation (n/N, total),
12 months

ALN: 2/51

PLB: 5/52

Discontinuation due to AEs
(n/N, total), 12 months

ALN: 0/51

PLB: 1/52

Discontinuation due to other

reasons (n/N, total),
12 months
ALN: 2/51
PLB: 4/52

Discontinuation (n/N, total),
12 months
IBN: 12/77
PLB: 10/83

Discontinuation (n/N, total),
24 months

ZOL: 27/181

PLB: 14/202
Discontinuation due to AEs
(n/N, total), 24 months

ZOL: 3/181

PLB: 1/202

Discontinuation due to other

reasons (n/N, total),
24 months

ZOL: 24/181

PLB: 13/202
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

McClung et al.,
2007

Study
design

RCT

Miller et al., 2008 RCT

Modi et al., 2017

Retr.

Country
USA

North and
Latin America;
Europe; South
Africa

USA

N2/gender (%)/
age (mean, SD)*

225/F (100)/ZOL:
67.6 (8.3); ALN:
68.0 (7.5)

1747/F
(100)/ALN: 65.6;
IBN: 65.6

3,361/F
(100)/1BN: 71.5
(7.6); ZOL: 72.6
(7.3)

% patients
with prior
incidence of
fractures

P (ALN:
38.2;
IBN: 39)

P (IBN: 9.4;
ZOL: 12.2)

Drugs

Z0L;
ALN

ALN;
IBN

IBN; ZOL

Dose/
mode/

frequency % GC users

5mg; NR
70 mg/

IV; oral/
annually;
weekly

70 mg; NR
150 mg/

oral/

weekly;
monthly

3mg; 5 P (IBN: 30;
mg/IV/ ZOL: 26.4)
quarterly;

annually

% patients
with (PM)
OoP Compliance

P(zOL: NR
41.6;
ALN: 30.4)

P (100) NR

P(IBN:87.1; NR
ZOL: 87.3)

Persistence/discontinuation

Discontinuation (n/N, total),
24 months

Z0L:7/113

ALN: 2/112

Discontinuation due to AEs
(n/N, total), 24 months
ZOL:4/113

ALN: 1/112

Discontinuation due to other

reasons (n/N, total),
24 months

ZOL: 3/113

ALN: 1/112

Discontinuation (n/N),
12 months

ALN: 88/873

IBN: 86/874

Discontinuation (%), 6
months

IBN (30-day refill gap): 60.5,
n=233

ZOL (30-day refill gap): NA,
n=3128

IBN (60-day refill gap): 54.5
ZOL (60-day refill gap): NA
IBN (90-day refill gap): 49.4
ZOL (90-day refill gap): NA
Discontinuation (%),

12 months

IBN (30-day refill gap): 77.7
ZOL (30-day refill gap): 73.5
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Study
design Country

N2/gender (%)/
age (mean, SD)®

% patients
with prior
incidence of
fractures

Drugs

Dose/
mode/
frequency % GC users

% patients
with (PM)
(o]

Compliance

Persistence/discontinuation

IBN (60-day refill gap): 72.1
ZOL (60-day refill gap): 64.5
IBN (90-day refill gap): 69.1
ZOL (90-day refill gap): 59.2
Discontinuation (%),

18 months

IBN (30-day refill gap): 87.7

ZOL (30-day refill gap): NA
IBN (60-day refill gap): 83.1
ZOL (60-day refill gap): NA
IBN (90-day refill gap): 80.9

ZOL (90-day refill gap): NA
Discontinuation (%),

24 months

IBN (30-day refill gap): 91.5

ZOL (30-day refill gap): 89.1
IBN (60-day refill gap): 88.1
ZOL (60-day refill gap): 82.8
IBN (90-day refill gap): 87.5
ZOL (90-day refill gap): 79.8
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Nakamura et al.,
2017

Netelenbos et al.,
2011

Study
design

RCT

Retr.

Country

Japan

The
Netherlands

N2/gender (%)/
age (mean, SD)*

665/F (ZOL:
93.63; PLB:
94.25)/Z0L:
74 (5.4); PLB:
74.3 (5.4)

7994 (persis-
tence); 100,684
(compliance)/F
(80)/NR

% patients

with prior

incidence of

fractures Drugs

P (ZOL: Z0L;

91.2; PLB

PLB: 89.4)

NR ALN;
IBN; RIS

Dose/
mode/

frequency % GC users

5mg/oral/ NR
annually

10mg, 70 P(31.1)
mg; 150

mg; 5 mg,

35 mg/

oral/daily

weekly;

monthly;

daily,

weekly

% patients
with (PM)
OoP

P (ZOL:
62.4;
PLB: 72)

P(14.2)

Compliance

NR

MPR 2> 80% (%, n),

Persistence/discontinuation

Discontinuation (n/N, total),

24 months

ZOL:75/333

PLB: 48/332
Discontinuation due to AEs

(n/N, total), 24 months

ZOL: 15/333
PLB: 6/332
Discontinuation due to other

reasons (n/N, total),
24 months

ZOL: 60/333

PLB: 42/332

Persistence 12-month (n/N,

12-month

ALN (daily): 92.2,
n=23101

ALN (weekly): 91.2,
n=55,195

ALN (weekly) plus
vitamin D3: 92.3,

n=8279

IBN: 89, n = 3279
RIS (daily): 91.6,
n=1010

RIS (weekly): 91.5,
n = 24,866

RIS (weekly) plus
calcium: 93.1,
n = 4954

&) (refill gap < 12 months)
ALN (daily): 60/241 (23.2%)
ALN (weekly): 1605/3698
(43.4%)

ALN (weekly) plus vitamin
D3: 509/965 (52.7%)
IBN: 205/443 (46.3%)

RIS (daily): 33/82 (40.2%)
RIS (weekly): 825/1818
(45.4%)

RIS (weekly) plus calcium:
317/747 (42.4%)
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Orwoll, Binkley
etal., 2010

Orwoll, Miller,
etal., 2010

Orwoll et al.,
2000

Study

design Country

RCT USA

RCT North
America;
Australia

RCT USA and
10 other
countries

% patients

with prior
N2/gender (%)/ incidence of
age (mean, SD)® fractures
135/F (0)/IBN: P (IBN: 48;
63.9 (11.2); PLB: PLB: 32)
65 (10.6)
302/F (0)/64.0 P (ZOL:
(10.44) 63.6;

ALN: 70.3)

241/F (0)/ALN: 63 P (ALN: 49;
(13); PLB: 63/12  PLB: 52)

Drugs

IBN; PLB

Z0L;
ALN

ALN;
PLB

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

150 mg/ NP P (NR)
oral/

monthly

5 mg; NP P (ZOL:
70 mg/ 42 .4;

IV; oral/ ALN: 35)
annually;

weekly

10mg/  NR P (NR)
oral/daily

Compliance

Compliance (> 80%),

Persistence/discontinuation

Discontinuation (n/N, total),

(n/N), 12 months

12 months

IBN: 69/85
PLB: 40/47

Compliance (> 80%),

IBN: 16/87

PLB: 6/48

Discontinuation due to AEs
(n/N, total), 12 months

IBN: 4/87

PLB: 3/48

Discontinuation due to other

reasons (n/N, total),
12 months

IBN: 12/87

PLB: 3/48

Discontinuation (n/N, total),

(n/N), 24 months

24 months

ZOL: 128/154
ALN: 120/148

NR

ZOL: 17/154

ALN: 24/148
Discontinuation due to AEs
(n/N, total), 24 months

ZOL: 6/154

ALN: 12/148
Discontinuation due to other

reasons (n/N, total),
24 months
Z0L:11/154

ALN: 12/148

Discontinuation (n/N, total),
24 months

ALN: 21/146

PLB: 16/95
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Overbeek et al.,
2017

Paggiosi et al.,
2014

Study

design Country

Retr.

RCT

The
Netherlands

UK

N2/gender (%)/
age (mean, SD)®

35,557/F
(74-99)/NR

172/F (100)/IBN:
66.9 (7.2); ALN:
67.8 (7.8); RIS:
66.8 (6.7)

% patients
with prior
incidence of
fractures

NR

P (IBN: 9;
ALN: 23;
RIS: 7)

ALN;
IBN; RIS;
Z0L

IBN;
ALN; RIS

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

10mg, 70 NR NR
mg; 150

mg; 5 mg,

35 mg;

5 mg/oral;

IV/daily;

weekly;

monthly;

annually

150 mg; NR P (NR)
70 mg;

35 mg/

oral/

monthly;

weekly;

weekly

Compliance

NR

Compliance in %

Persistence/discontinuation

Persistence (refill gap < 60
days), 12 months

ALN (daily): 140/661

ALN (weekly): 12,417/22,165
IBN-1V: 28/40

IBN-oral: 907/1742

RIS (daily): 69/230

RIS (weekly): 5815/10,483
ZOL: 236/236

Persistence (refill gap < 60
days), 24 months

ALN (daily): 78/532

ALN (weekly): 7658/17,645
IBN-IV: 13/29

IBN-oral: 619/1575

RIS (daily): 32/205

RIS (weekly): 3699/8943
ZOL: 106/162

Discontinuation (n/N, total),

(table count)
IBN: 85.8
ALN: 80.9
RIS: 71.6

12 months

IBN: 14/57

ALN: 13/57

RIS: 12/58

Discontinuation (n/N, total),
24 months

IBN: 25/57

ALN: 26/57

RIS: 27/58
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TABLE 9 Table of studies’ characteristics (continued)

Study ID

Reference list

included as an Study

appendix design Country

Pazianas et al., Retr. USA

2012

Penning-van Retr.  The

Beest et al., 2006 Netherlands

Reid et al., 2018 RCT New Zealand

Reid et al., 2009 RCT European
countries (12);
Australia;
Hong Kong;
Israel; USA

% patients
with prior
N2/gender (%)/ incidence of
age (mean, SD)® fractures
264,679/F P (= 9.65)
(92.4)/64.9-65.8
1446/F P(2.2)
(100)/71.6 (8.7)
2000/F P (zZOL:
(100)/Z0OL: 71 (5); 23.7; PLB:
PLB: 71 (5.1) 23.8)
833/RIS: 67; ZOL: P (14)
68/54.56 (14.26);
ZOL: 54.27
(14.55)

Drugs

ALN; RIS

ALN; RIS

ZOL;
PLB

RIS; ZOL

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

NR/oral/ P (17.7) NR
NR
10mg,70 P(2349)  NR

mg; 5 mg/
oral/daily;
weekly;
daily

5mg/lV/  NR NP
annually

5mg; 5 P (100) P (NR)
mg/oral;
IV/daily;

annually

Compliance

MPR 2 66.6%, 36
months FUp

ALN:
63,273/167,366
RIS: 38,081/97,313
OR (95% Cl) = 0.945
(0.93 to 0.96),

p < 0.001 (favouring
RIS group)

NR

NR

NR

Persistence/discontinuation

NR

Persistence 12-month (<30
days refill gap), RR (95% Cl)
(higher RR more likely to
persist)

ALN (daily): 327/946, Ref.
ALN (weekly): 176/339,
RR =1.56 (1.32 to 1.85)
RIS (daily): 68/161,

RR =1.15(0.92 to 1.43)

Discontinuation (n/N, total),
72 months

ZOL: 64/1000

PLB: 75/1000

Discontinuation (n/N, total),
12 months

ZOL: 31/416

RIS: 31/417

Discontinuation due to AEs
(n/N, total), 12 months

ZOL: 9/416

RIS: 6/417

Discontinuation due to other

reasons (n/N, total),
12 months

ZOL: 22/416

RIS: 25/417
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Reid et al., 2006
Extension of
Reid et al., 2008

Reid et al., 2000

Study

design Country

RCT

RCT

Europe;
Middle East;
Americas;
Asia-Pacific

Europe

N2/gender (%)/
age (mean, SD)®

936/F (100)/ALN:
64.3; RIS: 63.6

196/F (PLB: 62;
RIS: 64)/PLB: 59
(12); RIS: 58 (12)

% patients
with prior
incidence of
fractures

P (ALN:
35.5; RIS:
31.8)

P (PLB: 37;
RIS: 35)

Drugs
ALN; RIS

RIS; PLB

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

70 mg; 35 NR P (NR)
mg/oral/

weekly

5mg/oral/ P (100) P (PLB: 33;
daily RIS: 34)

Compliance

NR

NR

Persistence/discontinuation

Discontinuation (n/N, total),
12 months

ALN: 38/468

RIS: 44/468

Discontinuation due to AEs
(n/N, total), 12 months

ALN: 19/468

RIS: 29/468

Discontinuation due to other

reasons (n/N, total),

12 months

ALN: 19/468

RIS: 15/468
Discontinuation (n/N, total),
24 months

ALN: 366/403

RIS: 350/395

Discontinuation (n/N, total),
12 months

RIS: 18/100

PLB: 24/96

Discontinuation due to AEs
(n/N, total), 12 months

RIS: 16/100

PLB: 17/96

Discontinuation due to other

reasons (n/N, total),
12 months
RIS: 2/100
PLB: 7/96
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Study

Reyes et al., 2017 Retr.

Ringe et al., 2006 RCT
Extension of
Ringe et al., 2009

design Country

Spain

Germany

N2/gender (%)/
age (mean, SD)®

13,035/F (100)/
NR

316/F (0)/RIS:
55.8(10.5); PLB:
58 (10.3)

% patients
with prior
incidence of
fractures

P (23.89)

ALN;
IBN; RIS

Dose/
mode/

frequency % GC users

NR

NR

P (RIS: 51.3; RIS; PLB 5mg/oral/ NR

PLB: 51.3)

daily

% patients
with (PM)
(o] Compliance

P (60.37) NR

P (RIS: 59.5; NR
PLB: 58.2)

Persistence/discontinuation

Persistence (< 90-day refill
gap), 12 months

ALN: 5223/10,938

IBN: 450/1115

RIS: 328/982

Persistence (< 90-day refill
gap), 24 months

ALN: 3159/10,938

IBN: 214/1115

RIS: 169/982

12-month IR of discontinua-
tion (95% Cl)

ALN: 74.17 (72.27 to 76.12)
IBN: 90.11 (83.51 to 97.22)

RIS: 111.25 (103.05 to
120.12)

24-month IR of discontinua-
tion (95% Cl)

ALN: 66.3 (64.84 to 67.79)
IBN: 86.02 (80.58 to 91.82)
RIS: 98.62 (92.06 to 105.63)

Discontinuation (n/N, total),
24 months

RIS: 10/158

PLB: 6/158
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Sambrook et al.,
2012

Scotti et al., 2014

Sestak et al.,
2014
Extension
Sestak et al.,
2019

RCT

Retr.

RCT

N2/gender (%)/
age (mean, SD)®

Country

265/F (0)/56.4
(14.33)

Australia;
Belgium;
Czechia;
Estonia;
Finland;
France;
Hong Kong;
Hungary;
Israel;
Lithuania;
Poland;
Romania;
Spain;
Switzerland;
UK; USA

Italy 28,558/F
(100)/72 (9.6)

International
(Europe;
Pacific Ocean)

500/F (100)/60

% patients
with prior
incidence of
fractures

NR

NR

NP

Drugs
ZOL; RIS

ALN; RIS

RIS; PLB

Dose/ % patients
mode/ with (PM)
frequency % GCusers OP

5 mg; P (100) NR
5 mg/

IV; oral/

annually;

daily

10 mg, 70 P (37.4) P (100)
mg; 5 mg;

35 mg/

oral/daily;

weekly

35 mg/ NR NP
oral/
weekly

Compliance

NR

NR

NR

Persistence/discontinuation

Discontinuation (n/N, total),

12 months

ZOL:14/131

RIS: 14/134
Discontinuation due to AEs

(n/N, total), 12 months
ZOL:4/131

RIS: 2/134

Discontinuation due to other

reasons (n/N, total),
12 months

Z0L: 10/131

RIS: 12/134

PDC > 80% (mean FUp ~ 5.3

years)
ALN: 3153/23,454
RIS: 1022/5104

Discontinuation (n/N, total),
36 months

RIS: 108/253

PLB: 89/247
Discontinuation (n/N, total),
60 months

RIS: 128/253

PLB: 114/247
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Sheehy et al.,
2009

Shietal., 2017

Shilbayeh et al.,
2004

% patients
with prior
Study N2/gender (%)/ incidence of
design Country age (mean, SD)® fractures Drugs
Retr. Canada 32,804/F: 91.1 3.8 (RIS-br.), ALN; RIS
(RIS-br.), 89.2 4.1 (ALN-
(ALN-br.), 86.6 br.), 7.2 ALN
ALN (gen.)/NR (gen.)
RCT China 160/F (100)/ALN: P (NR) ALN;
59.8 (4.7); PLB: PLB
59.4 (4.5)
RCT Jordan 63/F (100)/57 NR ALN;
PLB

Dose/
mode/

frequency % GC users

70mg; 35 NR
mg/oral/
weekly

70 mg/ NP
oral/
weekly

10 mg/ NR
oral/daily

% patients
with (PM)
(o]

NR

P (100)

P (50)

Compliance

NR

NR

NR

Persistence/discontinuation

Discontinuation (refill gap
> 1.5 times the duration of
dispensation)

ALN (br.): ref.

ALN (gen.): HR = 2.08
(1.89, 2.28)

RIS (br.): HR = 1.11 (1.07,
1.15)

Discontinuation (n/N, total),
12 months

ALN: 6/80

PLB: 9/80

Discontinuation due to AEs
(n/N, total), 12 months

ALN: 1/80

PLB: 0/80

Discontinuation due to other

reasons (n/N, total),
12 months
ALN: 5/80
PLB: 9/80

Discontinuation (n/N, total),
12 months

ALN: 7/27

PLB: 18/36
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TABLE 9 Table of studies’ characteristics (continued)

Study ID

Reference list

included as an Study
appendix

Shin et al., 2017 RCT
Siris et al., 2011 Retr.

Smith et al., 2004 RCT

design Country

South Korea

USA

Australia

N2/gender (%)/
age (mean, SD)®

167/F (100)/IBN:

54.5(9.3); PLB:
55.1(8.6)

460,584/F
(100)/63.6 (10.9)

145/F (49)/67
(8.6)

% patients
with prior
incidence of
fractures

NP

P(1.24-2.8)

P (NR)

Drugs
IBN; PLB

ALN;
IBN; RIS

ALN;
PLB

Dose/
mode/

frequency % GCusers OP

150 mg/
oral/
monthly

NR/oral/
NR

10 mg/
oral/daily

% patients
with (PM)
P (100) NP
P(15.8 P (324
- 20) -36.2)
P (Inhaled P (100)
corticos-
teroids:
88; oral
corticoster-

oids: 17)

Compliance

NR

Mean MPR (%, n/N)
(mean FUp: 2.4
years)

ALN: 53.3

IBN: 56

RIS: 53.1

Compliance (median,

Persistence/discontinuation

Discontinuation (n/N, total),
12 months

IBN: 22/86

PLB: 18/81

Discontinuation due to AEs
(n/N, total), 12 months

IBN: 1/86

PLB: 0/81

Discontinuation due to other

reasons (n/N, total),
12 months
IBN: 21/86
PLB: 18/81

NR

Discontinuation (n/N, total),

IQR)
ALN: 0.97 (0.09)
PLB: 0.96 (0.095)

12 months
ALN: 24/65
PLB: 26/79
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Reginster et al.,
2000

Ext.: Sorensen et
al., 2003

Study
design

RCT

Country

Australia and
Europe

N2/gender (%)/
age (mean, SD)®

814/F (100)/RIS:
71(7); PLB: 71 (7)

% patients
with prior
incidence of
fractures

P (100)

Drugs
RIS; PLB

Dose/
mode/
frequency % GC users

5mg/oral/ NP
daily

% patients
with (PM)
OP

P (100)

Compliance

NR

Persistence/discontinuation

Discontinuation (n/N, total),

12 months

RIS: 74/407

PLB: 77/407
Discontinuation (n/N, total),

36 months

RIS: 156/407

PLB: 186/407
Discontinuation due to AEs

(n/N, total), 36 months

RIS: 65/407
PLB: 83/407
Discontinuation due to other

reasons (n/N, total),

36 months

RIS: 91/407
PLB: 103/407
Discontinuation (n/N, total),

60 months

RIS: 20/135

PLB: 25/130
Discontinuation due to AEs

(n/N, total), 60 months

RIS: 10/135
PLB: 16/130
Discontinuation due to other

reasons (n/N, total),

60 months

RIS: 10/135

PLB: 9/130
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Stoch et al., 2009

Stuss et al., 2016

Study

design Country

RCT

RCT

USA

Poland

N2/gender (%)/
age (mean, SD)®

173/F (ALN: 61.4;
PLB: 52.5)/ALN:
51.9 (14.4); PLB:
54.6 (14.8)

54/F (100)/IBN:
68. 1(8.1); PLB:
69.2(8.1)

% patients
with prior
incidence of
fractures

NP

P (IBN: 28.6; IBN; PLB 150 mg/

PLB: 6.7)

Drugs

ALN;
PLB

Dose/
mode/

frequency % GC users

70 mg/
oral/
weekly

oral/
monthly

P (100)

NP

% patients
with (PM)
(o]

P (100)

P (100)

Compliance

Compliance (%

actual n of days vs.

Persistence/discontinuation

Discontinuation (n/N, total),

12 months

expected n of days)

ALN: 87.4
PLB: 88.5

NR

ALN: 33/114

PLB: 16/59
Discontinuation due to AEs
(n/N, total), 12 months
ALN: 10/114

PLB: 11/59
Discontinuation due to other
reasons (n/N, total),

12 months

ALN: 23/114

PLB: 5/59

Discontinuation (n/N, total),
6 months

IBN: 5/34

PLB: 5/20

Discontinuation due to AEs
(n/N, total), 6 months

IBN: 3/34

PLB: 0/20

Discontinuation due to other
reasons (n/N, total), 6 months

IBN: 2/34
PLB: 5/20

STINLOVYL ALITIOVES 40 NOILNIATAd FHL ¥O4 STILVYNOHASOHJSIF 40 SSINIAILD3443



‘pa1Id 9 3snw uoyedljgnd ayj Jo |0 Y} pue ‘Ateiqi] sjeudnor YHIN - 924nos uonedljgnd sy ‘(s)ioyine [eulSuio ‘o[

3y} uouNquINe 404 */0't/Aq/SaSUaDI| /10 SUOWIWIOIBALIERID//:sdNY 995 “pajnqlne Ajdadoud si 31 jeyy papiaoid asodind Aue Joy pue wnipaw Aue ul uorjejdepe pue uoyyonpoidas

pue yjesH Joj 23e3S JO AJE}a1daS By} AQ Panss| J0eSjU0D SUILOISSIWILIOD B JO SWLIS} 3y} Japun °|p 32 ejoyes Aq paanpoid Sem >JOm Syl ‘b 32 e304eS $Z0Z © SuAdod

‘uolINqISIP ‘@SN Pa3dLIsaIUN spwIRd YdIYM ‘@IUad1| 0"y Ad DD UOLINGLITY SUOWWIOD) SALESID B} JO SWS} dU} Japun panguisip uoredljgnd ssa2oy uadQ Ue s| sy "aied) [e120S

16

TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Valimaiki et al.,
2007

Van Bodegraven
etal., 2014

RCT

RCT

Country

Finland; The
Netherlands;
Norway;
Spain; Sweden

The
Netherlands

N2/gender (%)/
age (mean, SD)®

171/F (100)/65.9
(6.8)

131/F (54)/42
(13)

% patients
with prior
incidence of
fractures

P (NR)

NR

Dose/
mode/

Drugs frequency % GC users

RIS; PLB  5mg/oral/ NP

daily

RIS; PLB 35 mg/
oral/
weekly

NP

% patients
with (PM)
OoP

NP

NP

Compliance

Compliance (mean,

Persistence/discontinuation

Discontinuation (n/N), 12

SD), 24 months

months

RIS: 0.938 (0.141)
PLB: 0.901 (0.164)
Compliance mean

RIS: 16/114
PLB: 14/57
Discontinuation (n/N, total),

(%, SD)
RIS: 93.8 (14.14)
PLB: 90.1 (16.46)

NR

24 months

RIS: 19/114

PLB: 14/56

Discontinuation due to AEs
(n/N, total), 24 months

RIS: 10/114

PLB: 9/56

Discontinuation due to other

reasons (n/N, total),

24 months

RIS: 9/114

PLB: 5/56

Mean persistence in days
(SD)

RIS: 646.6 (207.9)
PLB: 622.9 (230.8)

Discontinuation (n/N, total),
24 months

RIS: 8/64

PLB: 5/67
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list

included as an Study
appendix

Van Bovenetal.,, Retr.
2013

Wade et al., 2012 Retr.

design Country

The
Netherlands

USA

N2/gender (%)/
age (mean, SD)®

8445/F
(75.6)/67.5 (13.5)

33,558 (total
population)/F
(94)/59.5

% patients
with prior
incidence of
fractures

NR

P(7.22)

Drugs

ALN;
RIS; IBN

ALN;
IBN; RIS

Dose/
mode/
frequency % GCusers OP
10mg, 70 P(21.2) P (NR)
mg (ALN);

5 mg,

35 mg

(RIS);

150 mg

(IBN)/

oral/

daily and

weekly

(ALN;

RIS);

monthly

(IBN)

10 mg, 70 P (14.53)
mg; 5 mg,

35 mg;

150 mg,

3 mg/oral;

IV/daily;

weekly;

monthly,

quarterly

P (52.5)

% patients
with (PM)

Compliance

NR

Mean 12-month
MPR (SD), n
ALN: 0.58 (0.35),
n=18,328

IBN: 0.57 (0.36),
n = 5063

RIS: 0.58 (0.36),
n=10,167
Mean 24-month
MPR (SD), n
ALN: 0.50 (0.36),
n=11,232

IBN: 0.47 (0.35),
n = 2492

RIS: 0.50 (0.36),
n= 6398

Persistence/discontinuation

Persistence 12-month (< refill

30-day gap)

ALN-daily: 60/137 (43.7%),
HR =1.8(95% Cl 1.41 to 2.3)
RIS-daily: 31/71 (44.1%), HR
=1.55(95% Cl 1.12 to 2.16)
ALN-weekly (branded):
1145/1931 (59.3%), HR = 1
(95% C1 0.89 to 1.12)
ALN-weekly (generic, ref.):
1742/3030 (57.5%)
RIS-weekly (branded):
1887/3083 (61.2%), HR =
0.92 (95% Cl 0.84 to 1.01)
RIS-weekly (generic): 36/73
(48.9%), HR = 1.04 (95% ClI
0.75 to 1.45)

IBN-monthly: 63/108
(58.5%), HR = 0.93 (95% ClI
0.69 to 1.25)

NR
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TABLE 9 Table of studies’ characteristics (continued)

Study ID

Reference list

included as an Study

appendix design Country

Weiss et al., 2007 Retr. USA

11)

N2/gender (%)/
age (mean, SD)®

165,955/F
(100)/ALN: 67.3
(11); IBN: 66.6
(10.6); RIS: 67.1
(

% patients
with prior
incidence of
fractures

NR

Drugs

ALN;
IBN; RIS

Dose/ % patients
mode/ with (PM)

frequency % GCusers OP Compliance

10 mg, NR NR NR
70 mg;

150 mg;

35 mg/

oral/

weekly;

monthly

Persistence/discontinuation

Persistence in days (SD), (refill

gap < 30 days), HR (95% Cl);
OR (discontinuation)

ALN: 116 (121), HR = ref,;
OR = ref.

IBN: 98 (113), HR = 1.098,
p < 0.0001; OR = 1.383,

p < 0.0001

RIS: 113 (120), HR = 1.02,

p = 0.0003; OR = 1.065,

p < 0.0001

Persistence in days (SD), (refill

gap < 45-day)

ALN: 129 (128)

IBN: 114 (124)

RIS: 124 (127)

Persistence in days (SD), (refill

gap s 60-day)
ALN: 136 (131)
IBN: 121 (128)
RIS: 131 (130)
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TABLE 9 Table of studies’ characteristics (continued)

Study ID

Reference list

included as an Study

appendix design Country

% patients

with prior Dose/

incidence of mode/

fractures Drugs frequency % GC users

N2/gender (%)/
age (mean, SD)®

Xuetal., 2013 Retr.  USA 36,855/F (=> 90)/ Commercial: ALN; NR NR
commercial: 58.6  8.6; MAPD: IBN; RIS

(6.4) 1 MAPD: 73.6 15.2

(7.6)

Yan et al., 2009 RCT China 560/F (100)/ALN: NP ALN; 70 mg/ NP
65.19 (6.47); PLB: PLB oral/
64.66 (5.87) weekly

% patients
with (PM)
OoP Compliance

Commercial: NR
38.1;
MAPD: 55.5

P (100) NR

Persistence/discontinuation

Discontinuation at 36 months

(%, total n) (refill gap = 90-
day, commercial database)
ALN (gen.): 55.8,n = 678
ALN (br.): 57.1, n = 2429

IBN: 66.4,n = 1341

RIS: 55.2,n = 1948
Discontinuation at 36 months

(%, total n) (refill gap > 90-day,

MAPD database)

ALN (gen.): 51.6,n = 7692
ALN (br.): 57, n = 11,395
IBN: 67.4, n = 3483

RIS: 64, n = 7889

Discontinuation (n/N, total),
12 months

ALN: 53/280

PLB: 42/280
Discontinuation due to AEs
(n/N, total), 12 months
ALN: 28/280

PLB: 19/280
Discontinuation due to
other reasons (n/N, total), 12
months

ALN: 25/280

PLB: 23/280
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

% patients
with prior
incidence of
fractures

N2/gender (%)/
age (mean, SD)®

Study
design Country

Zambon et al., Retr. Italy 11,863/F P (14)
2008 (100)/72
Zhang et al., RCT China 219/F (100)/ALN: NP
2015 65.6 (8.0); PLB:
64.8 (7.4)
Zhou et al.,, 2020 RCT China 123/F NR
(25.2)/83.54
(2.99)

Dose/
mode/

frequency % GC users

ALN; RIS 10 mg, P(19)

70 mg;
5mg, 35
mg/oral/
daily,
weekly

ALN; 70 mg/ NR
PLB oral/
(calcitriol) weekly

ALN; 70 mg/ NP
PLB oral/
weekly

% patients
with (PM)
(o]

P (100)

P (NR)

NP

Compliance

NR

NR

Compliance (100%

Persistence/discontinuation

Discontinuation HR (95%
Cl) (refill gap > length of
time covered by a given
dispensation)

ALN: ref.

RIS: 0.762 (0.695 to 0.836),
p < 0.05

Discontinuation (n/N, total),
12 months

ALN: 16/111

PLB: 7/108

Discontinuation due to AEs
(n/N, total), 12 months

ALN: 8/111

PLB: 1/108

Discontinuation due to
other reasons (n/N, total), 12

months
ALN: 8/111
PLB: 6/108

Discontinuation (n/N, total),

use of drug), 18

18 months

months
ALN: 3/62
PLB: 8/61

ALN: 3/62
PLB: 8/61
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TABLE 9 Table of studies’ characteristics (continued)

Study ID
Reference list
included as an
appendix

Ziller et al., 2012

Study
design

Retr.

Country

Germany

% patients
with prior
N2/gender (%)/ incidence of
age (mean, SD)" fractures
268,568/F NR
ALN-daily: 65.9;
ALN-weekly: 85.8;
ALN-vit. D: 85.6;

IBN-oral: 92; IBN-
1V: 86.7; RIS-daily:
85.5; RIS-weekly:
87.4; RIS-calcium:
88.6; ZOL: 55.4/
ALN-daily: 73.4;
ALN-weekly:
74.7; ALN-vit. D:
74.1; IBN-oral:
72.5; IBN-IV: 72;
RIS-daily: 75.4;
RIS-weekly: 74.2;
RIS-calcium: 74;
ZOL:70.4

ALN;
IBN; RIS;
ZOL

Dose/
mode/ with (PM)
frequency % GCusers OP

% patients

10 mg, NR NR
70 mg;
150 mg;

3 mg;
5mg,

35 mg;

5 mg/oral;
1V/daily,
weekly,
monthly,
annually

Compliance

MPR (mean in %)

Persistence/discontinuation

Persistence in days (mean)

ALN (daily): 33
ALN (weekly): 57
ALN + vit. D: 53
IBN-oral: 62
IBN-IV: 70

RIS (daily): 47

RIS (weekly): 53
RIS + cal.: 58
ZOL: NA

MPR > 80%

ALN (daily): 15.8
ALN (weekly): 37.3
ALN + vit. D: 32.6
IBN-oral: 44.5
IBN-IV: 53

RIS (daily): 28.8
RIS (weekly): 30.2
RIS + cal.: 38.8

ALN (daily): 141

ALN (weekly): 239.8

ALN + vit. D: 218.7

IBN-oral: 256.4

IBN-1V: 278.6

RIS (daily): 190.9

RIS (weekly): 218.7

RIS + cal.: 238.7

ZOL: 365

Post 12-month persistence
(n/N, %), refill gap > 6 months
ZOL:8617/13,132, 65.62%
IBN-IV: 7089/12,525, 56.6%
IBN-oral: 7326/14,426,
50.78%

ALN (weekly):
69,663/155,637,44.76%
ALN (plus vit. D):
5538/14,666,37.76%

ALN (daily): 583/3359,
17.34%

RIS (plus calcium):
9010/21,309, 42.28%

RIS (weekly): 8481/24,126,
35.15%

RIS (daily): 335/1107, 30.26%

ADT, androgen deprivation therapy; AEs, adverse events; br., branded; cal., calcium; chol., cholecalciferol; CDA, cumulative drug availability; Ext., extension; F, female; FACT, fosamax

actonel comparison trial; FUp, follow-up; gen., generic; IQR, interquartile range; MAPD, medicare advantage prescription drug; MCR, medication coverage ratio; NA, not applicable;

NP, not present; NR, not reported; OP, osteoporosis; P, present; PM, postmenopausal; Prosp., prospective; ref., reference group; Retr., retrospective; RR, risk ratio; vit., vitamin D.

a Total number of patients included in the analyses is reported, unless otherwise stated. Reproduced from Bastounis A, et al. Osteoporos Int 2022;33(6):1223-3. https://doi.org/10.1007/
s00198-022-06350-w. Epub 21 February 2022. PMID: 35188591; PMCID: PMC9106630

b When overall mean age is not reported, drug-specific group mean ages are reported instead.
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studies, the majority of participants fulfilled the criteria of osteoporosis. Overall, three studies received
a moderate risk-of-bias rating, two received a critical risk-of-bias rating and the rest received a serious
risk-of-bias rating.

Synthesis of results on persistence: measured using dropouts in randomised controlled

trials

A NMA was used to compare the effects of ALN, RIS, ZOL and IBN-oral relative to PLB on the total
number of dropouts at 12 months. Overall, data were available from 30 two-arm and 1 three-arm RCTs.
The network provided nine direct treatment comparisons. Each of the direct comparisons between ALN
versus ZOL and RIS versus IBN-oral was informed by one small study. Eight contrasts were checked

for inconsistency between direct and indirect evidence. None of the comparisons showed significant
evidence of inconsistency, as assessed using Bayesian p values (p > 0.05). The model fitted the data
relatively well (difference < 3), with a Dres of 64.8 being close to the number of data points included in
the analysis, which was 63 (DIC = 369). The between-study SD was estimated to be 0.16 (95% Crl 0.009
to 0.41), implying mild heterogeneity in treatment effects between RCTs. Users of ZOL and RIS were
less likely to drop out compared to PLB users, with none of these effects being statistically significant.
The lowest likelihood of dropping out was detected in ZOL users OR = 0.73 (95% Crl 0.51 to 1.05;
probability: 0.88; SUCRA: 0.95).

A NMA was used to compare the effects of ALN, RIS, ZOL and IBN-oral relative to PLB on the total
number of dropouts at 24 months. Overall, data were available from 21 two-arm and 1 three-arm RCTs.
The network provided eight direct treatment comparisons. Each of the direct comparisons between ALN
versus IBN, ALN versus RIS and RIS versus IBN-oral were informed by one small study. Three contrasts
were checked for inconsistency between direct and indirect evidence. None of the comparisons showed
significant evidence of inconsistency, as assessed using Bayesian p values (p > 0.05). The model fitted
the data well, with a Dres of 45.51 being close to the number of data points included in the analysis,
which was 45 (DIC = 276.7). The between-study SD was estimated to be 0.34 (95% Crl 0.09 to 0.64),
implying mild to moderate heterogeneity in treatment effects between RCTs but with reasonable
uncertainty. Users of ALN, RIS and IBN-oral were less likely to drop out compared to PLB users, with
none of these effects being statistically significant. The lowest likelihood of dropping out was detected
in IBN-oral users OR = 0.72 (95% Crl 0.31 to 1.66; probability: 0.54; SUCRA: 0.72).

Synthesis of results on persistence: measured using discontinuation of treatment data

from observational studies

A NMA was used to compare the effects of RIS, ZOL, IBN-oral and IBN-IV relative to ALN on the
absolute number of people who discontinued their BP treatments. Overall, data were available from 24
retrospective observational studies. The model fitted the data well, with a Dres of 73.27 being close

to the number of data points included in the analysis, which was 73 (DIC = 762.5). The between-study
SD was estimated to be 0.24 (95% Crl 0.19 to 0.31), implying mild heterogeneity in treatment effects
between observational studies with reasonable uncertainty. Users of ZOL and IBN-IV were less likely

to discontinue compared to ALN, with the effects of the former being statistically significant (Table 10).
The lowest likelihood for discontinuation was detected in ZOL users HR = 0.73 (95% Crl 0.61 to 0.88;
probability: 0.88; SUCRA: 0.97). Heterogeneity of effects was explored by undertaking a post hoc meta-
regression on the absolute number of discontinuers using refill-gap as a moderator variable. Although
slightly decreased in magnitude, the direction of effects remained the same. The model fit remained
almost the same, with a Dres of 72.63 (DIC: 755.9). The between-study SD was estimated to be 0.29
(95% Crl 0.20 to 0.42), implying mild heterogeneity in treatment effects between RCTs with reasonable
uncertainty. Higher medication effects on discontinuation were detected in participants with longer refill
gap thresholds, although the results were not statistically significant = -0.23 [95% confidence interval
(Cl) -0.72 to 0.21].
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TABLE 10 Table presenting NMA estimates

Z0L

0.76 RIS
(0.53 to

1.11)

0.73 0.95
(0.51to (0.72to
1.05) 1.26)
0.69 0.90
(0.49 to (0.69 to
1.02) 1.20)

0.64 (0.39 0.83(0.54
t01.02)  to1.23)

0.81
(0.47 to 1.39)

0.97
(0.66 to 1.5)

PLB

0.94 ALN
(0.75 to 1.20)

0.87 0.92 IBN-
(0.60 to 1.24) (0.63 to 1.27) oral

IBN-oral

0.86 (0.37
to 2.05)

0.84(0.36
to 2.00)

0.72(0.33
to 1.66)

0.67 (0.28
to 1.68)

RIS 0.84
(0.55 to
1.30)

0.97 (0.56 ALN 0.78

to 1.74) (0.41 to
1.52)

0.84 (0.57 0.86(0.53 PLB
to 1.24)  to1.37)

0.78 0.80(0.47 0.92(0.66 ZOL
(047to to1.33) to1.32)
1.31)

Z0L -

0.86 IBN-IV -
(0.68 to 1.09)

0.73 0.84 ALN
(0.61t0 0.88) (0.68 to 1.06)

0.73 0.84 0.99 IBN-oral
(0.6t00.88) (0.67 to 1.06) (0.87 to 1.13)

0.67 0.77 0.91 0.91 RIS
(0.56 t0 0.80) (0.62t0 0.97) (0.82to 1.01) (0.80 to 1.04)

IBN-1V, Ibandronate 3 mg intravenous; IBN-oral, ibandronate 150 mg oral.
Reproduced from Bastounis A, et al. Osteoporos Int 2022;33(6):1223-3. https://doi.org/10.1007/s00198-022-06350-w. Epub 21 February 2022. PMID: 35188591; PMCID:
PMC9106630 (lower triangle) and direct estimates (upper triangle) regarding BP effectiveness on persistence. Measured using dropout data from RCTs and discontinued treatment data
from observational studies. From left to right: (1) number of participants who dropped out from RCTs at 12 months, (2) number of participants who dropped out from RCTs at 24 months
and (3) number of participants who discontinued BP treatment in observational studies. Posterior Ors (95% Crl) are reported in persistence (dropout). NMAs of RCTs and posterior
median HRs (95% Crl) are reported in persistence (discontinuation) NMA of retrospective observational studies.

Note

Treatments are reported in order of relative ranking for efficacy. Comparisons between treatments should be read from left to right, and their OR/HR is in the cell in common between
the column-defining treatment and the row-defining treatment. ORs and HRs < 1 favour the column-defining treatment for the network estimates and the row-defining treatment for

the direct estimates.
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Discussion

Updated review

Overall, 44 trials provided data for femoral neck BMD, whereas 27 and 19 trials provided data for
vertebral and non-vertebral fractures, respectively. Only 14 and 10 trials provided data for hip and wrist
fractures, respectively. ZOL was found to be the most effective treatment in preventing the occurrence
of vertebral fractures and increasing femoral neck BMD. ZOL was also found to be comparably effective
to RIS and ALN in preventing non-vertebral fractures and hip fractures, respectively. ZOLs effects in
preventing hip and vertebral fractures and increasing femoral neck BMD were found to be clinically
significant. In addition, treatment effects in preventing vertebral fractures were found to be stronger in
people with osteoporosis compared to PLB. Uptake of ZOL was also found to be accompanied by more
frequently reported adverse events; however, these events are likely to be short-lived. Based on these
updated estimates, ZOL could be considered as the first-line treatment for people who experience or are
at increased risk of fragility fractures.

These findings arguably have important implications for clinical decision-making in terms of the
preferred therapeutic approach for people with varying fracture risk. It has recently been suggested
that anabolic treatments should be preferred as the first-line treatment for people who are at high risk
for developing osteoporotic fractures.*>* Although recent evidence has shown that anabolic treatment
is more effective than BP in reducing fracture risk in females who are at high risk of developing
fractures,'>21%3 its effectiveness has only been tested against oral BP. There is therefore an urgent need
for future comparative studies to test the effectiveness of anabolic treatments versus ZOL in reducing
the fracture risk in high-risk populations. This becomes more apparent when the imminent fracture risk
and the need to expedite clinical decision-making?>41>5 are taken into account. Based on our findings,
ZOL seems to be a promising treatment that could decrease the imminent fracture risk for high-risk
populations within 24 months after administration. Future studies should investigate whether ZOL or
anabolic treatments are more effective in reducing imminent fracture risk in high-risk populations.

Adherence review

For persistence, results from the NMA from RCTs showed that ZOL users may be less likely to drop

out from trials at 12 months, although these effects were marginally non-significant. Results from the
NMA using data from the observational studies showed that ZOL and IBN-IV users were less likely to
discontinue their treatment over time, with ZOL users being statistically significantly more persistent
compared to oral BP users. Data drawn from the vote-counting synthesis were in line with the results
of NMAs, where ZOL and IBN-IV users were more likely to persist with their treatment, with ZOL

users being more persistent compared to their IBN-1V counterparts. Users of ALN and RIS showed
comparable persistence rates; however, when we restricted our analysis to weekly administration, ALN
users were found to be more likely to persist to treatment over time. Due to the paucity of data and the
heterogeneity in reporting compliance data, we were unable to perform NMAs, but synthesis based on
vote counting found that compliance to ZOL was greater within 24 months after the initiation of their
treatment. Users of IBN-IV were found to be more compliant compared to IBN-oral users. Users of ALN
were found to be more compliant than RIS users, while mixed evidence was observed in the comparison
between ALN and IBN-oral users.

These findings have important implications for clinical practice and future research. In general,
persistence to BP treatment was found to decrease after 12 months, stressing the need to address
adherence barriers according to BP treatment and people with different clinical profiles. Nevertheless,
ZOL users were found to be less likely to discontinue their treatment over time, and they showed higher
compliance rates. These findings are partly in line with the results from the dropout NMA at 12 months.
Without ignoring the interplay of individual and contextual factors, which affect participation and
adherence in clinical trials,*>%'>” we can assume that most ZOL users are likely to receive at least two
infusions before discontinuing their treatment. The use of ZOL has been generally recommended for at
least 3 years® and, although reduced adherence rates have been observed in ZOL users after the first
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year,'*® simpler drug regimens can improve adherence rates.'>® Results of vote-counting synthesis on oral
BPs were partly in line with the NMA results. ALN and RIS users showed comparable persistence rates;
however, ALN users were found to be more compliant than their RIS counterparts. When we restricted
our synthesis to weekly administration of both BP, weekly ALN users were found to be more persistent
to treatment compared to RIS weekly users. Given that ALN is the most widely prescribed medication,
clinical decision-making should consider, alongside its clinical effectiveness, ways in which ALN users
could be assisted to receive medication properly and remain on treatment long-term.

Strengths and limitations

Updated review

These NMAs provide updated estimates regarding the BP effect in preventing the occurrence of
fractures. This updated systematic review has several strengths. First, this review includes a robust
search strategy with clearly demarcated eligibility criteria, covering a wide range of databases, trial
registries and grey literature. Second, this review employed gold-standard methods in analysing,
reporting and assessing the quality of findings, which in turn facilitates clinical decision-making.
Inevitably, this review also has some limitations. First, treatment networks for hip and wrist fractures
were sparse, something that might limit the generalisation of our conclusions regarding BPs’ effects on
those outcomes. Second, none of the included studies had tested IBN-1V against any other BP or PLB,
preventing the provision of updated estimates regarding IBN-IV effectiveness. Third, there was scarcity
of data regarding BPs’ effects on male populations and populations with exposure to GC. Fourth, there
were a large number of studies with an overall high-risk rating in the risk-of-bias assessment.

Adherence review

This systematic review has several strengths. First, this review includes a robust search strategy,
covering a wide range of databases, trial registries and grey literature. Second, this systematic review
employed gold-standard methods in conducting, reporting and assessing the credibility of findings.
Third, this systematic review included both RCTs and observational studies, adopting a combined
approach to synthesise data. Inevitably, this review also has some limitations. First, participants’
persistence on BP treatments in RCTs was assessed by using the total number of dropouts as a proxy
measure. Given that this was the only way to capture discontinuers in RCTs, dropout NMA findings
should be interpreted under this limitation. Second, persistence in the NMA of observational studies
was assessed as the absolute number of discontinuers per BP treatment based on varying refill gaps
and without accounting for the censored follow-up time. Third, due to the scarcity of data on males,

a subgroup analysis of persistence rates between males and females was not conducted. Fourth,
compliance was indirectly assessed by measuring treatment continuity based on different measures.
Although a NMA would be more informative, vote-counting synthesis is well suited in the presence of
incomplete and highly heterogeneous data in both observational studies and RCTs. Fifth, this review did
not assess the comparative effectiveness of BP against monoclonal antibody and anabolic medications.
Sixth, the paucity of data precluded the subgroup analysis between participants receiving BP for primary
prevention and those receiving BP for secondary prevention purposes.

Conclusion

Zoledronate was found to be the most effective BP compared to ALN, RIS and IBN-oral for reducing the
risk of fragility fracture. Adherence was higher in intravenously administered BP users. Clinical decision-
making could be facilitated by taking into account adherence patterns in BP users who are at increased
risk of fractures. Depending on its cost-effectiveness, ZOL could be considered as a first-line option for
people at increased risk of subsequent fractures.
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Chapter 5 Economic evaluation of
bisphosphonates for the treatment of
osteoporosis

ome text in this chapter has been reproduced from Mattia L, et al. Bone 2022;158:116347. This is an

Open Access article distributed in accordance with the terms of the Creative Commons Attribution
(CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: https:/creativecommons.org/licenses/
by/4.0/. The text, where applicable, below includes minor additions and formatting changes to the
original text.

Parts of Table 11 are reproduced from Davis S., et al. Health Technol Assess 2016;20(78). This is an Open
Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)
license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The
tables include minor additions and formatting changes to the original text.

Introduction

The aims of the economic evaluation were to assess the cost-effectiveness of alternative BP regimens
compared to oral ALN. The economic evaluation was based on the model developed by ScCHARR to
inform the NICE technology appraisal of BP (TA464).%> The key areas updated relate to the following
parameters, informed from the data available from Chapter 4:

e treatment efficacy
e treatment persistence
e adverse effects.

In addition, we have also updated the costs to reflect current prices. Updates to the model made
during the NICE appraisal of non-BP to incorporate new HRQoL data and include DXA have also been
retained.’® Drug and administration costs for BP treatment have also been updated. All other model
inputs and assumptions not discussed below are unchanged from the model used in TA464. A summary
of the key features of the model is provided in Table 11.

Methods

Brief overview the of model structure

The model used a discrete event simulation (DES) framework to simulate lifetime costs and QALYs for
a cohort of patients treated using each of the alternative BP treatment regimens (ALN, RIS, IBN-oral,
IBN-or, ZOL). A schematic of the model structure is shown in Figure 6. The key clinical events modelled
are fractures at the hip, vertebrae, wrist or proximal humerus, all-cause mortality and fracture-related
mortality, with the latter only possible following hip or vertebral fractures. Fractures are associated
with an acute cost in the year of fracture and an ongoing cost in subsequent years. Costs in the model
are estimated from a NHS and Personal Social Services (PSS) perspective, including costs incurred in
primary and secondary care and social care provided in the home. In addition, hip fractures are also
associated with an increased risk of new admission to a residential care home, with an associated

cost for a proportion of patients whose residential care is not self-funded. Fractures are associated
with a reduction in HRQoL, with separate decrements applied in the first and subsequent years after

Copyright © 2024 Sahota et al. This work was produced by Sahota et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

101


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

ECONOMIC EVALUATION OF BISPHOSPHONATES FOR THE TREATMENT OF OSTEOPOROSIS

TABLE 11 Overview of the modelling methodology and key data sources®

Model feature Description

Decision To assess the cost-effectiveness of alternative BP compared to oral ALN and the

problem value of further research into the relative benefits of alternative BP compared to
oral ALN

Type of Cost-effectiveness analysis (benefits expressed as QALYs) and EVPI analysis

economic

evaluation

Population/ The model simulates the heterogeneous patient population eligible for risk

subgroups assessment under CG146. The population is stratified into 10 risk categories, and

results are presented for each risk category. The EVPI analysis focuses on those risk
categories where ALN is currently recommended

Interventions RIS
Oral IBN
IV IBN
IV ZOL
Comparators Oral ALN
(No treatment is also modelled in order to estimate outcomes for the BP treatments)
Perspective NHS and PSS
Model type DES with heterogeneous patient population
Model events? Clinical events are fracture, death (all-cause mortality and fracture-related mortality)

and nursing home admission. There are four possible fracture events (hip, wrist,
vertebral and proximal humerus) with fractures at other sites included by increasing
the incidence of these events.

Dummy events are used to update attributes 1 year after fracture and to update
fracture risks once treatment finishes

Time horizon Lifetime (up to the age of 100)
Duration of Persistence with treatment for ALN and ZOL was taken from observational studies.
treatment Data from reviews on HRs for treatment discontinuation compared to ALN were

used to estimate treatment persistence for RIS and oral IBN.
Data from reviews on HRs for treatment discontinuation compared to ZOL were
used to estimate treatment persistence for IV IBN

Natural Time to fracture is based on the estimate of absolute fracture risk for major

history? osteoporotic fractures (hip, wrist, proximal humerus and vertebral) provided by
Qfracture or which is uplifted to include fractures at additional sites.’ The distri-
bution of fractures across different sites is based on incidence data from Sweden.
The increased risks of fracture following incident fracture are based on a published
systematic review

Effectiveness The HRs from the systematic review and NMA (see Chapter 4) are applied for the
duration of treatment. Some effectiveness is assumed to persist beyond treatment
during the ‘offset period’. A linear decline in treatment effect is assumed during this

time
Adverse Upper Gl side effects for oral BP and flu-like symptoms for IV BP are included by
events applying one-off cost and QALY deductions in the first month of treatment.

Relative risk of Gl side effects for oral BP informed by systematic review (see www.
ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpec-
tancies/bulletins/nationallifetablesunitedkingdom/2020t02022#:~:text=We%20
have%20als0%20published%20single,females%2C%20respectively%2C%20in%20
2021)

Mortality? All-cause mortality is based on UK life tables.
Fracture-related mortality is based on estimates of excess mortality attributable to
hip and vertebrae from a case-control study using routine data from UK general
practice
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TABLE 11 Overview of the modelling methodology and key data sources (continued)

Model feature Description

Utility data Utility decrements based on EQ-5D scores pre and post fracture were obtained
from a systematic review. Utility decrement for nursing home admission was
based on a single study identified from the literature that used EQ-5D. Variation in
baseline utility by age and gender was based on UK EQ-5D population estimates

Resource use The analysis includes drug, administration and monitoring costs for interventions
and unit costs and costs of fracture, including those falling on primary care, secondary care and
PSS.

Postfracture costs were based on a case-control study which used routine data from
UK general practice. Nursing home admission following hip fracture was based on a
UK observational study of discharge destinations.

Unit costs are taken from NHS reference costs, PSSRU unit costs, the primary care
National Drug Tariff and the eMIT database of generic drug costs in secondary care.
Costs are reported in Great British pounds (£)

Cost yearis 2021

Discounting 3.5% per annum for both costs and QALYs
Sensitivity Probabilistic sensitivity analysis was undertaken for the base-case scenario to esti-
analysis mate the mean costs and benefits when taking into account parameter uncertainty.

Structural uncertainty was assessed through scenario analysis, where parameters
were set to their mid-point values

EQ-5D, EuroQol-5 Dimensions.

Reproduced from Davis S, et al. Health Technol Assess 2016;20(78):1-406. https://doi.org/10.3310/hta20780. Health

Technol Assess 2018;20(78):407-24. PMID: 27801641; PMCID: PMC5107884

a See Dauvis et al. (2016) for further details on all aspects of the model not described below that are being updated in
this analysis.

b Additional sites were allocated based on clinical expert judgements on similarities in expected costs and disutilities, as
follows: femoral shaft included with hip; scapula, clavicle, sternum and rib included with wrist; tibia, fibula, pelvis and
humeral shaft included with proximal humerus.

fracture, with a further decrement applied to patients admitted to a nursing home following fracture.
The prevention of fractures therefore results in QALY gains through the avoidance of these HRQoL
decrements, in addition to the QALY gains achieved by preventing fracture-related mortality. Future
costs and benefits are discounted at 3.5% per annum.

Patient cohort

The model is a patient-level simulation that takes into account the heterogeneous patient characteristics
present within the cohort simulated. The cohort simulated all patients eligible for fracture risk
assessment within CG1446. It therefore includes both men and women, patients with and without a

prior fracture, those with steroid-induced osteoporosis, those with secondary osteoporosis and those
with other risk factors for fragility fractures. In addition, a proportion of the cohort is assumed to reside
in a care home at the start of simulation. The characteristics of each individual within the population

are simulated. Life expectancy, body mass index (BMI), steroid use, prior fracture and residential status
(care home or community dwelling) are sampled dependent on age and sex, whereas the remaining
Qfracture risk factors are sampled based on their prevalence within the Qfracture cohort. The Qfracture
algorithm estimates the risk of fracture for each simulated individual. As cost-effectiveness varies

with baseline risk of fracture, results were presented for fracture risk categories defined according to
deciles of absolute risk. This allowed identification of the optimal strategy for patients according to their
fracture risk. As the primary aim of the analysis was to compare alternative BP to ALN, the presentation
of the expected value of parameter information (EVPI) analysis focused on those groups where ALN
was recommended. The NICE quality standard (Q5149) provides a table of treatment thresholds that
vary by age, with the intervention threshold in the lowest age group being a 10-year absolute fracture
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Fracture-related death

Residential care admission

Vertebral fracture Hip fracture

Proximal humerus fracture All-cause mortality

Wrist fracture

FIGURE 6 Clinical events that can occur during a patient’s lifetime in the DES.

risk of 5.9% (NICE 2017). Based on this, we have presented EVPI results for the 8th, 9th and 10th risk
categories, as the average risk in the 8th risk category is 5.5% (range of 4.6-6.6%).

Treatment duration

The intended treatment duration was assumed to be 5 years for oral BP and 3 years for IV ZOL. This
was based on the national osteoporosis guideline group (NOGG) guideline that states that ‘treatment
review should be performed after 3 years of IV ZOL therapy and 5 years of oral BP.*%* Many patients
do not persist with treatment for the full intended treatment period. The review and NMA of treatment
persistence based on observational studies (see Chapter 4) found that patients treated with IV ZOL

had a statistically significantly lower risk of stopping treatment early compared to those being treated
with ALN. Those being treated with IBN-1V had a lower risk of stopping early than those treated with
ALN and those treated with RIS had a higher risk, but in both cases, the difference was not statistically
significantly different. The risk of stopping treatment with IBN-oral and ALN was very similar.

The duration of treatment persistence for ALN was estimated based on a study by Morley et al.*é? which
used routine data from the UK’s Clinical Practice Research Datalink (CPRD), which is a longitudinal
database of primary care records. This study was selected as it is based on UK data and provided more
up-to-date estimates than the study of CPRD data, which was used previously. The data provided by
Morley et al. were pooled across all forms of oral BP, but the estimates obtained are considered to

be reasonably representative of the expected treatment persistence for ALN as it comprises 89% of
prescriptions for oral BP (Prescription Cost Analysis March 2021). The mean treatment persistence

for ALN was calculated by estimating the area under the time-to-discontinuation Kaplan-Meier curve
up to 60 months for patients taking oral BP. The estimates presented by Morley et al. for patients not
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previously treated for osteoporosis were considered most appropriate for informing the choice of BP as
BP are generally the first treatment offered. We reconstructed the synthetic patient-level data from the
Kaplan-Meier data presented by Morley et al. using the methods described by Guyot et al.}¢® These were
used to estimate a restricted mean survival (assuming no one is treated beyond 60 months) of 1.92 years
(95% CI 1.89 to 1.94). For RIS and IBN-oral, the HRs for treatment persistence relative to ALN from the
NMA of observational studies were applied to the Kaplan-Meier curve for ALN to estimate equivalent
Kaplan-Meier curves for the other two oral BPs. The areas under these curves were then calculated to
provide an estimate of mean treatment persistence when incorporating the uncertainty in the risk ratios
(RRs) for treatment persistence. The estimates of mean treatment persistence were 1.81 (95% Cl 1.68 to
1.94) and 1.91 (95% Cl 1.66 to 2.14) for RIS and IBN-oral, respectively.

For IV ZOL, the CPRD was not considered to be a suitable source of data as Morley et al. state that
treatments such as IV ZOL, which are primarily administered in secondary care, may be inadequately
captured in the CPRD. No UK source of data on treatment persistence for IV ZOL in secondary care was
identified in the review of adherence studies. However, a Swedish study by Spangeus et al.*¢* reporting
persistence for [V ZOL up to 3 years was identified during the review process (it was not included in the
review as it did not compare adherence across two or more treatments). The Swedish system is similar
to the UK system in that it is a tax-financed system in which patients do not pay for treatment at the
time of need, and it is likely to be more reflective of persistence in the UK NHS than estimates obtained
from insurance-based healthcare systems. An average duration of treatment persistence for IV ZOL of
2.59 years (95% Cl 2.51 to 2.66) was estimated from the Swedish study. The Cl was estimated by using
beta-distributions to sample the proportion discontinuing at 1 and 2 years.

No suitable estimate of treatment duration was identified for IBN-1V from the adherence review,
Chapter 4. Therefore, the HR for treatment discontinuation for IBN-IV relative to ZOL from the review
and NMA of observational studies, Chapter 4, was applied to estimate the expected proportion of
patients who would be persisting on treatment at 1, 2 and 3 years for IBN-IV, and a linear reduction
between these points was assumed. The mean treatment duration based on the area under the curve
was estimated to be 2.30 years (95% Cl 2.06 to 2.55), where the Cl incorporates the uncertainty in the
HR for treatment discontinuation for IBN-1V compared to IV ZOL.

Treatment costs

Drug costs for oral BP were estimated using the NHS Drug Tariff'%> NHS Business Services Authority
2021. Where multiple preparations are available, it is assumed that the lowest cost preparation will be
prescribed. For IV BP, which is administered in secondary care, drug costs were based on the electronic
market information tool (eMIT) database of generic drug costs in secondary care (eMIT 2021). For IV
ZOL, the cost of the 5 mg/100 ml preparation licensed for use in osteoporosis is significantly higher
now than it was in previous years (£67.84 in 2021 vs. £13.24 in 2018). This price increase is believed to
be due to temporary supply issues for the generic formulation, and it was noted by clinical experts that
it has become routine clinical practice in some areas to make up the 5 mg dose using two 4 mg vials,
which are marketed for another indication and which have a significantly lower price (£3.54 per 4 mg).
We applied the price for the 5 mg preparation in our base-case analysis and have explored the impact of
assuming that two 4 mg vials are used to make up the 5 mg dose in a scenario analysis.

Administration costs were assumed to be zero for oral BP. Administration of IV BP was assumed to occur
as a day-case procedure for both ZOL and IBN-IV. As no suitable NHS reference cost could be identified
for day-case administration of IV BP, the approach used in TA464 was to assume that the costs for the
day-case procedure would be similar to the administration of simple parenteral chemotherapy (SB127).
This assumption has been maintained in the current analysis. Administration costs, which are based on
2019/2020 NHS reference costs, are summarised in Table 12. We have assumed that patients would
receive a DXA scan on completion of treatment (3 years for [V BP and 5 years for oral BP) as part of the
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assessment of whether treatment should be continued. This is in keeping with the recommendation in
the NOGG guideline and the approach taken when the model was updated for the appraisal of non-BP.
The cost of DXA was applied in the model by including the annualised cost of DXA within the drug cost,
such that lower DXA costs are incurred when patients are assumed to stop treatment early. The cost for
DXA was based on the NHS reference cost for direct access DXA (£84.59 for RD50Z). The monitoring
costs, based on 2019/2020 NHS reference costs, are summarised in Table 11.

Treatment offset

For all BP, it was assumed in the model that the treatment effect persists for some time after treatment
is stopped, as the effect of the treatment on BMD does not reverse immediately at the point that
treatment is discontinued. The time taken for the treatment effect to reduce to zero is described as

the offset period in the model. In keeping with the assumptions made in previous cost-effectiveness
analyses, we assumed that the offset period for ALN was equivalent to the treatment duration. This was
based on evidence that it took 5 years for hip BMD to return to pre-treatment levels when treatment
with ALN was discontinued after 5 years in the FLEX study.¢61¢7

For RIS, two studies reported findings that gains in hip BMD were lost in the year following treatment
discontinuation.'¢%168 For IBN-oral data were limited, but one study which used a daily dose of IBN

TABLE 12 Summary of treatment-specific model inputs

ALN RIS IBN oral IBN IV IVZOL
Intended treatment duration (years) 5 5 5 3 3
Mean persistence (years) 1.92 1.81 1.91 2.30 2.59
Offset period (years) 1.92 1 1 1 6.04
Drug acquisition costs
Dosing unit 70 mg 35 mg 150 mg 3 mgin 3 ml 5 mgin 100 ml
Dosing frequency Weekly Weekly Monthly Quarterly Annual
Unit cost (£) 0.87 per 4 2.06 per 4 2.29 per 1 10.89 per 1 67.84 per 1
Total drug cost/year (£) 11.34 26.85 27.48 43.58 67.84
Administration costs
Route of administration Oral Oral Oral \% v
Resource use for administrations N/A N/A N/A Outpatient Day case
Cost per administration N/A N/A N/A £295.92 £295.92
No. administrations/year N/A N/A N/A 4 1
Total admin costs/year (£) 0.00 0.00 0.00 1183.68 295.92
Monitoring costs
Years between DXA 5 5 5 3 3
Annualised BMD measurement 16.92 16.92 16.92 28.20 28.20
costs (£)
Total annual costs (£) 28.26 43.77 44.40 1255.44 391.95
Total (undiscounted) cost over 54.22 79.12 84.62 2887.90 1013.87

duration of treatment persistence (£)
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found that hip BMD returned to pre-treatment levels 1 year after completing 1 year of treatment.*®’
Based on this, we have assumed that RIS and IBN-oral have a 1-year offset period in the base-case
analysis but have explored an offset period equal to treatment duration in a sensitivity analysis. IV

ZOL is thought to have a longer offset period than ALN, as femoral neck BMD was found not to have
returned to baseline after 3 years of IV ZOL, followed by 3 years of PLB in the HORIZON-PFT extension
study.?® Based on this, we have applied the assumption used in previous models, which is that 3 years
of treatment with IV ZOL is expected to provide up to 10 years of effect. We have therefore assumed

in the base-case analysis that the offset period for IV ZOL is 2.3 times the treatment duration [i.e.

(10 - 3)/3 = 2.3]. We have explored setting the offset period equal to treatment duration for IV ZOL in
a sensitivity analysis. For IBN-IV, we have made the same assumption as previous models,'’° which have
assumed that the offset time for IBN-IV is equivalent to that for IBN-oral as there is a lack of studies
reporting treatment efficacy following discontinuation for IBN-IV.

Treatment efficacy

The model uses the patient’s characteristics to estimate their risk of fracture when receiving no
antifracture medication based on the Qfracture algorithm. The risks of fracture for patients on each
treatment pathway were estimated by adjusting the fracture risks estimated by the Qfracture algorithm
to take into account the efficacy of treatment. The model applied the HRs for fracture estimated from
the updated review and NMA described in Chapter 4. The same efficacy estimates have been applied to
both men and women, as a previous network analysis found that there was no evidence of differential
treatment effect by sex. These HRs were applied for the duration of treatment persistence. Treatment
efficacy was assumed to wane linearly over the offset period such that no further treatment effect is
assumed beyond the end of the offset period.

For hip, vertebral and wrist fractures, the HRs from the relevant NMA were applied, but for proximal
humerus fractures, data from the non-vertebral fracture NMA were applied. No data were included in
the networks for IBN-1V. We assumed that the treatment efficacy of IBN-IV was equivalent to that of
IBN-oral. This was based on the fact that both the 150 mg monthly oral dose and the quarterly 3 mg
IV dose were licensed on the basis that they were non-inferior to the 2.5 mg daily dose on BMD
outcomes.71-173

Adverse effects

The review of RCTs described in Chapter 4 identified that arthralgia, headache, myalgia, pyrexia and
influenza-like symptoms were all statistically significantly more common for patients having IV ZOL

than for patients having PLB. No other BP treatment was found to have a statistically significant higher
risk of these adverse effects when compared to PLB, although no data were available for IBN-IV. The
cluster of symptoms associated with IV ZOL appears to occur within the same time period (within 3 days
of infusion) and is sometimes referred to as an ‘acute-phase reaction’'’* They are also more common

at the time of the first infusion. We have therefore assumed that they occur together as a cluster of
symptoms and have used the data reported for influenza-like symptoms to estimate the risk of patients
experiencing an acute-phase reaction, which could include arthralgia, headache, myalgia, pyrexia or
other influenza-like symptoms. The NMA for influenza-like symptoms was used to estimate the absolute
difference in these symptoms between patients treated with IV ZOL and those treated with PLB. This
gave an increased risk of influenza-like symptoms of 6.8% (95% Cl 3.3% to 12.7%) attributable to
treatment with IV ZOL. An identical risk was applied to IBN-1V as there were no comparative data and it
was assumed that the acute-phase reaction would be similar for other IV BP. Symptoms were assumed
to last 3 days and occur only on the first dose (HRQoL data applied during this period are discussed
below). For patients experiencing flu-like symptoms following administration of IV BP, a QALY loss of
0.005 was applied based on the approach used in TA464 in which a utility multiplier of 0.35 was applied
for a period of 3 days. This was based on a study reporting a utility value of 0.34 in patients with flu-like
symptoms relative to a baseline value of 0.97 prior to flu-like symptoms.'’>

Copyright © 2024 Sahota et al. This work was produced by Sahota et al. under the terms of a commissioning contract issued by the Secretary of State for Health and 107
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,

reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the

title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.



108

ECONOMIC EVALUATION OF BISPHOSPHONATES FOR THE TREATMENT OF OSTEOPOROSIS

The model developed to inform TA464 included a risk of 3% for Gl adverse effects for oral BP based on
a review of observational studies by Lloyd et al.*> In that analysis, the risk of experiencing a Gl adverse
effect was estimated from a study reporting adverse effects for ALN, and it was assumed that an equal
event rate would apply to all three oral BPs. However, in this analysis, we are interested in capturing
any uncertainty regarding the difference in side effects between the different oral BPs. Therefore, in
this analysis, we have applied the RRs versus ALB obtained from the NMA, to the absolute risk of 3%,
to estimate the risk of Gl adverse effects for RIS and IBN-oral. This gave risks of 3% (95% Cl 2% to
5%) and 4% (95% Cl 2% to 8%), respectively, for RIS and IBN-oral. We did not include any Gl adverse
effects for IV BP, as although they are reported, they were considered to be part of the ‘acute-phase
reaction’, which has already been incorporated within the risk of influenza-like symptoms. For patients
experiencing Gl adverse effects, we have applied a QALY loss of 0.0075 and a cost of £39 for a GP
appointment?’¢ at the start of treatment.

Disease costs

NHS resource following fracture in TA464 was based on two UK resource use studies which reported
costs for hip and non-hip fractures and included activity in both primary care and secondary care.”7178
These were combined with NHS reference costs to estimate NHS costs in the year following fracture
and in subsequent years for each fracture type (hip, vertebral, wrist and proximal humerus). These
fracture costs were retained in the current analysis, but they were uplifted to reflect current prices
using PSSRU inflation indices.'”” Similarly, costs for home help and residential/nursing home admission
incorporated in the model for TA464 were retained but were similarly uplifted to reflect current prices.
Costs following fracture are summarised in Table 13.

Health-related quality of life

In the model developed to inform TA464, the impact of treatment on HRQoL was incorporated through
the impact of treatment on fragility fractures and adverse events. Although HRQoL was included as

an outcome in the safety and efficacy review, it was only reported in two studies, and neither of these
reported using a preference-based measure of HRQoL that would be suitable for incorporation in the
economic model. Therefore, there was insufficient evidence to incorporate a difference in HRQoL
measured directly between BP regimens, and the previous approach to model HRQolL through its impact
on fragility fractures and adverse events was maintained.

The main source of utility data in the model for TA464 was the Swedish KOFOR study,'”” which was
later expanded into the ICUROS international study.® At the time the model was developed for TA464,

TABLE 13 Costs and utility values applied following fracture or new admission to residential care

Parameter i Vertebrae Proximal humerus Wrist New admission to residential care
Costs in year of fracture? (£) 9063 4594 1437 947 25,938
Costs in subsequent years? (£) 117 365 77 77 25,938
Utility multiplier in year of fracture  0.55° 0.68° 0.78¢ 0.83*> 0.625¢
Utility in subsequent years 0.86> 0.85° 1.00¢ 0.99> 0.625¢

a Data applied in TA464 but inflated using PSSRU inflation indices.
b Svedbom et al. (2018).

¢ Abimanyi-Ochom et al. (2015).

d Data from Tidermark et al. previously applied in TA464.
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only short-term data (4 months post fracture) were available from the ICUROS study, so the KOFOR
study, which had longer follow-up (12 months), was preferred. However, an updated review of the
impact of fragility fractures on HRQoL was conducted during the NICE appraisal of non-BP.*"! In that
review, a set of more recent publications were identified describing longer-term utility values from the
ICUROS study.'®%181 Based on that review, the model had been updated to include these more recent
estimates. These publications provide a source of utility values that is based on the EQ-5D, using

a UK time trade-off valuation set, which is NICE's preferred method for estimating utility values.!8?
They provide estimates of utility pre-fracture (based on recall shortly after fracture) and at 4, 12 and
18 months post fracture, allowing an average utility value to be estimated in both the year of fracture
and in subsequent years. Utility values were provided for all four fracture sites, providing consistency
in the methods used, although only three out of the four fracture sites (hip, wrist and vertebral) were
reported from the whole international cohort.*®* Therefore, the estimate for proximal humerus fracture
was taken from the Australian arm of the ICUROS study.'®? These updated utility estimates were
retained for the current analysis. The utility value for patients admitted to residential care following
fracture previously applied in TA464 was also retained. Utility values applied following fracture or
nursing home admission (see Table 13).

Approach to sensitivity analysis

A probabilistic sensitivity analysis (PSA) was conducted to estimate the mean costs and QALYs gained
when taking into account the uncertainty in the parameter values used in the model. The sampling

of parameters was consistent with the methods previously reported by Davis et al.** The exceptions
were the parameters capturing efficacy, treatment persistence and adverse events, which have all been
updated in this analysis. For the estimates of treatment efficacy, we used the convergence diagnosis
and output analysis (CODA) samples from the NMA described in Chapter 4. We assumed that the mean
treatment persistence for ALN was normally distributed using the 95% Cl calculated from the Kaplan-
Meier data from Guyot et al.'** We used beta distributions to sample the proportion discontinuing IV
ZOL at 1 and 2 years?®¢> and generated sampled estimates of mean treatment persistence for IV ZOL.
For the remaining oral and IV treatments, we applied the CODA samples from the HRs for treatment
persistence relative to the baseline treatment persistence curves for ALN and IV ZOL, respectively. For
the adverse effects of Gl symptoms on oral BP, we applied the CODA samples for the relative risk of
Gl symptoms in patients having RIS and IBN-oral compared to ALN. This was applied to a fixed risk of
3% for ALN. For the adverse effect of flu-like symptoms in patients having IV ZOL, we used the CODA
samples from the NMA described in Chapter 4 to estimate the absolute risk of flu-like symptoms for IV
ZOL and applied this identically to both 1V BP.

For the base-case cost-effectiveness estimates, we ran the model for 2 million patients with a single set
of parameter samples per patient. As cost-effectiveness is dependent on absolute fracture risk, results
were presented by risk category, with each category representing a decile of absolute fracture risk and
therefore informed by approximately 200,000 patients.

Structural sensitivity analyses were conducted to explore whether the results were sensitive to different
model assumptions. To reduce model computation time, the structural sensitivity analyses were
conducted using mid-point parameter inputs rather than using the full PSA version of the model.

Value of information analysis

Expected value of parameter information provides an estimate of how much more net monetary
benefit could be achieved if every parameter informing the model was known precisely, and this
allowed the decision-maker to refine their choice of treatment accordingly. The value of knowing every
model parameter precisely is known as the overall EVPI. In addition, partial EVPI can be estimated for
single parameters or groups of parameters, and this can tell the decision-maker how much more net
benefit could be achieved if perfect information was known just about those particular parameters.'83
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EVPI is useful in determining which model parameters are associated with the greatest decision
uncertainty and would therefore be priorities for further research. It should be noted that EVPI does
not address whether a particular study to obtain further research data would be worthwhile, as this
would also depend on the ease of obtaining further data and how much this is likely to reduce the
current uncertainty.

The EVPI was estimated for the higher risk categories (8-10), where there is overlap between the risk
level in those categories and the risk levels at which patients qualify for treatment according to the
treatment thresholds in the NICE clinical standard. The no-treatment option was excluded for the EVPI
calculation as we are interested in which parameters drive decision uncertainty regarding whether
alternative BP should be used instead of ALN.

In addition to estimating the overall EVPI, partial EVPI was estimated for parameters that are specific
to the individual BP: treatment persistence, adverse event rates and HRs for fracture risk reduction.
The EVPI was calculated by running a cohort of 50,000 patients repeatedly for 1000 different sets

of parameter inputs. Then the SAVI tool was used to estimate the partial EVPI using non-parametric
regression for groups of parameters'8

Results

Base-case results

The adverse clinical outcomes avoided for each BP treatment compared to no treatment are summarised
in Table 14. These are based on average outputs from the probabilistic model (run for a cohort of 2
million patients, resampling parameter inputs for each patient). It can be seen that the fractures avoided
by IV ZOL treatment are higher than for the other BP treatments. This is largely driven by the longer
duration of treatment persistence and the longer offset period. Of the remaining treatments, ALN
prevents the most hip and vertebral fractures, which translates into fewer fatal fractures and fewer

new admissions to nursing/residential care. Although IBN-IV prevents slightly more fractures overall
than ALN, this is driven by it preventing more wrist fractures, which have a smaller impact on costs and
utilities than hip and vertebral fractures.

The base-case cost-effectiveness results from the probabilistic model are summarised in Table 15,
which shows the incremental cost-effectiveness ratio (ICER) for each treatment relative to no
treatment within each risk category. It can be seen that ALN has an ICER under £20,000 per

QALY relative to no treatment from the sixth risk category, RIS from the eighth risk category and
IBN-oral from the ninth risk category (10-year average risks of 2.7%, 5.5% and 8.4%, respectively).
Table 16 shows the ICERs for each of the alternative BP relative to ALN. It can be seen that all of

the alternative BPs, except IV ZOL, are dominated by ALN in that they have a higher cost and lower
QALY gain. The ICERs for IV ZOL compared to ALN are greater than £30,000 per QALY across all risk
categories. While ICERs are useful when determining which treatment is cost-effective compared to
no treatment, it can be more helpful to use incremental net monetary benefit INMB) to determine the
most cost-effective intervention. Treatments which are cost-effective compared to no treatment have
an INMB relative to no treatment that is greater than zero, and the optimal treatment has the highest
INMB. Figure 7 shows the variation in INMB (when valuing a QALY at £20,000) with absolute risk.
Results for risk levels above 40% were not plotted, as the estimates are unstable at high levels as they
are based on very small numbers of patients.

From Figure 7 it can be seen that each of the BP, with the exception of IBN-IV, achieves an ICER under
£20,000, relative to no treatment, once a certain level of absolute risk is reached because their INMB
becomes positive. The risk levels required for the BP to achieve an ICER under £20,000 compared to no
treatment are 1.9%, 4.0%, 6.7% and 26.9% for ALN, RIS, IBN-oral and IV ZOL. However, even at higher
levels of absolute risk, ALN is the most cost-effective intervention, as it has the highest INMB. Figure 7
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TABLE 14 Clinical outcomes across the whole population eligible for fracture risk assessment

Adverse clinical outcomes avoided per 100,000 patients treated when compared to no

treatment
Proximal Nursing home/ Total LYS gained
Total Hip Vertebral humerus  Wrist residential Fatal per patient vs.
fractures fracture fracture fracture fracture care admission fracture no treatment
ALN 424 126 113 53 132 23 20 0.00151
RIS 404 86 81 59 179 16 14 0.00100
IBN 365 44 89 47 184 9 8 0.00060
(oral)
IBN 428 53 104 56 214 11 10 0.00068
(V)
IV 1239 265 259 148 567 52 41 0.00319
Z0L

also shows the Cls around the estimates of INMB. These widen at higher levels of absolute risk, but
there is no crossing of the Cls until the risk is above 30%. The Cls for INMB for ALN and RIS do overlap
at higher levels of absolute risk, and they overlap substantially when the risk reaches 40%. This suggests
there may be some uncertainty regarding the most cost-effective treatment, but only at very high levels
of absolute risk.

Scenario analysis results

A scenario analysis was conducted to explore the impact of assuming that all treatments have an offset
time equal to treatment duration, which is consistent with what was assumed for ALN. This scenario
analysis was run using a cohort of 2 million patients but with parameters fixed at their mid-point values.
Figure 8 shows the base-case results when running the model in this manner, and Figure 9 shows the
scenario analysis assuming an offset time equal to treatment duration for all drugs. It can be seen by
comparing Figures 8 and 9 that this had the impact of bringing the INMBs estimates for RIS and IBN-oral
closer to those for ALN. Therefore, both RIS and IBN-oral have an ICER under £20,000 compared to no
treatment in the 7th risk category in this scenario. It also reduced the INMBs for IV ZOL and increased
the INMBs for IBN-IV. However, the overall conclusion that the INMB was highest for ALN across all 10
risk categories was unchanged.

A scenario analysis was conducted exploring the impact of assuming that clinicians use two 4 mg vials to
make up the 5 mg dose of IV ZOL. This reduced the risk level at which IV ZOL achieved an ICER under
£20,000 versus usual care from 26.9% to 19.9%. However, it did not alter the conclusion that ALN was
more cost-effective than IV ZOL at all levels of absolute risk. A scenario analysis was also conducted to
explore increasing the annual cost of prescribing oral BP to reflect prescribing time and dispensing fees
for monthly prescriptions in addition to drug costs. A cost analysis exploring the differences in costs
between monthly and quarterly prescribing of repeat prescriptions from a UK NHS perspective assumed
that GPs take just under a minute (49 seconds) to process a repeat prescription.'®* Applying the unit cost
per hour of GP activity (E156 per hour) and the cost of pharmacy dispensing fees (£1.29 per item) would
result in an additional cost of £40.96 per annum for oral BP or £78.64 across the average duration of
treatment persistence. Under these assumptions, IV ZOL would still not be the optimal treatment, even
at higher levels of absolute risk. However, the risk level at which ALN would achieve an ICER under
£20,000 compared to no treatment would increase to 5.0%. This would have no impact on current
recommendations as the lowest intervention threshold, according to the NICE Quality Standard, is a
10-year absolute fracture risk of 5.9%.
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TABLE 15 Incremental cost-effectiveness ratios vs. NT and treatment with maximum NMB by risk category for Qfracture

Risk category 1 p 3 4 5 6 7 8
Qfracture score (%) 0.5 0.7 1.0 14 20 2.7 3.9 55

ALN (£) 147,158 65,238 53,581 32,471 23,002 7487 3674 Dominates
RIS (£) 324,992 155,655 119,906 104,826 65,443 27,846 24,390 12,317
IBN (oral) (£) 361,368 151,306 190,001 97,999 114,879 57,259 45,647 21,066
IBN (IV) (£) 15,180,545 5,011,285 5,214,323 3,787,207 4,375,584 2,153,472 1,517,354 1,007,064
IVZOL () 984,029 529,580 429,053 332,504 252,373 171,363 120,270 87,487
Max NMB

at £20K NT NT NT NT NT ALN ALN ALN

at £30K NT NT NT NT ALN ALN ALN ALN

9

8.4
Dominates
Dominates
4719
849,143
59,632

ALN
ALN

10

16.0
Dominates
Dominates
172
591,036
40,542

ALN
ALN

NT, no treatment.
Note

Dominates means a treatment has both lower cost and higher QALYs; Max NMB at £20K and £30K identifies the optimal treatment when valuing a QALY at £20,000 and £30,000,

respectively; Qfracture score is the average 10-year risk of fracture across the risk category.
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TABLE 16 Incremental cost-effectiveness ratios vs. ALN by risk category for Qfracture

Risk category 1 2 3 4 5 6 7 8 9 10
Qfracture score (%) 0.5 0.7 1.0 1.4 2.0 2.7 3.9 5.5 8.4 16.0

RIS Dominated Dominated Dominated Dominated Dominated Dominated Dominated Dominated Dominated Dominated
IBN (oral) Dominated Dominated Dominated Dominated Dominated Dominated Dominated Dominated Dominated Dominated
IBN (V) Dominated Dominated Dominated Dominated Dominated Dominated Dominated Dominated Dominated Dominated
IVZOL (£) 1,437,173 839,103 676,889 551,636 403,936 318,228 206,192 155,529 122,559 105,722
Note

Dominated means a treatment has both higher cost and lower QALYs; Max NMB at £20K and £30K identifies the optimal treatment when valuing a QALY at £20,000 and £30,000,
respectively; Qfracture score is the average 10-year risk of fracture across the risk category.
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FIGURE 7 Incremental net monetary benefit for BP compared to usual care plotted against absolute risk.

Expected value of parameter information results

Figure 10 shows the partial EVPI indexed to overall EVPI for risk categories 8-10 for various groups

of parameters. It can be seen that the HRs for hip fracture account for a high proportion of the overall
EVPI, and this is fairly consistent across risk categories 8-10 (denoted D8-D10 on the plot). It can also
be seen that the HRs for any type of fracture for IBN-oral are also quite important and that both of
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FIGURE 8 Incremental net monetary benefit compared to usual care for 10 risk categories when using mid-point

parameter inputs - base case.
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FIGURE 9 Incremental net monetary benefit compared to usual care for 10 risk categories when using mid-point
parameter inputs - assuming offset equal to treatment duration.

these are being driven by a high EVPI for the HR of hip fracture in IBN-oral as a single parameter. The
decision uncertainty associated with adverse events and treatment persistence is minimal in comparison.
This is because there is a great degree of uncertainty around the HR for hip fracture for IBN-oral.
Consequently, the probability that IBN-oral is the most cost-effective BP is 22%, 21% and 10% in risk
categories 8, 9 and 10, respectively (when valuing a QALY at £20,000), whereas the probability that RIS
is the most cost-effective BP is less than 5% in each of these risk categories, and the probability that
either of the IV BP is the most cost-effective BP is < 0.1%.
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FIGURE 10 Expected value of perfect information for groups of parameters in risk categories 8-10 indexed to total EVPI.
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Discussion

The previous economic evaluations conducted to inform the NICE appraisal of BP made several
simplifying assumptions that limited the accuracy of the comparisons between the different BP
treatments. For example, long-term persistence with treatment and the incidence of adverse events
were assumed to be the same for all oral BPs. The key strength of this analysis is that it has taken the
model used previously to inform the NICE appraisal of BP and has incorporated updated systematic
reviews to better quantify the relative advantages of alternative BP regimens in terms of treatment
persistence and adverse effects. It has also included an EVPI analysis to identify the key areas of
decision uncertainty when selecting the optimum BP treatment regimen.

The economic evaluation has identified that when selecting the most cost-effective BP in those with
a risk level sufficient to be currently eligible to receive ALN, the most important area of decision
uncertainty relates to the relative efficacy of IBN-oral compared to ALN in preventing hip fractures.
This is due to the wide Cl for the RR of hip fracture for IBN-oral relative to PLB, which is based on a
single RCT. This factor is more important than uncertainty surrounding adverse effects or treatment
persistence. The higher administration costs for IV BP mean that there is minimal uncertainty relating
to whether IV BP is more cost-effective. This is despite the fact that IV ZOL is predicted to result in
fewer fractures than ALN due to its higher treatment persistence and a longer offset period. Whether
alternatives to hospital administration, such as IV ZOL delivered in a home care setting, are more cost-
effective requires further evaluation.

Strengths and limitations

Limitations of this analysis include the minimal comparative data available for IBN-IV, which meant that
it was necessary to assume that IBN-IV had efficacy similar to IBN-oral and adverse events similar to
ZOL. Therefore, the results for IBN-IV should be treated with caution. In the NMA conducted to inform
the NICE appraisal of BP, studies that reported outcomes for the daily 2.5 mg IBN-oral were included
in the analysis, despite the fact that this was not a licensed dose of IBN-oral. However, in the previous
analysis, efficacy estimates from this unlicensed dose were applied in the economic model for the
licensed doses of IBN-oral (i.e. 150 mg monthly IBN-oral and the quarterly 3 mg IBN-1V), where data
specifically from these licensed doses were lacking in the NMA. The approach taken in our review and
economic evaluation was to limit the data to trials reporting outcomes for licensed doses of IBN, which
better reflects the evidence gap for IBN-oral and IBN-IV. This is preferable given that one of the aims
of this project was to identify where further research to reduce uncertainties in the current evidence
base would be useful. Finally, our analysis was conducted from a UK NHS and PSS perspective, and the
conclusions are not expected to apply to other countries or healthcare settings.
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Chapter 6 Research priorities regarding the
use of bisphosphonates for osteoporosis: a
United Kingdom priority-setting exercise

ome text in this chapter has been reproduced from Bastounis A, et al. Osteoporos Int 2022;33:1223-

3. This is an Open Access article distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See https://creativecommons.org/
licenses/by/4.0/. The text below includes minor additions and formatting changes to the original text.

Introduction

In order to enhance adherence to BP, and thus contribute to addressing the osteoporosis care gap,

it is important to understand perspectives of all relevant stakeholders in using these drugs. There

are many possible research agendas to pursue and, traditionally, researchers have identified health
research priorities. However, PPl in research, including the prioritisation of research agendas, is now
well established.®5-1% Involving patients and the public ensures that research is grounded in patient
relevance, research questions are meaningful and important research topics are identified that
researchers may not have previously considered.’”> Over the last decade, a number of initiatives, such as
INVOLVE, part of the NIHR, have been established to facilitate and promote active public involvement
in all aspects of research, including priority setting. The James Lind Alliance (JLA) was formed in 2004
and aimed to bring patients and clinicians together in a new way to identify and address important
uncertainties about the effects of care and treatments.*®

Despite the apparent revolution in patient engagement, evidence suggests the mismatch between the
research that is conducted and the research patients want still persists. A previous report commissioned
by the JLA established that the majority of charitable funders in the UK funded research in a responsive
mode, with only a minority funding research that met pre-identified priorities.'** With respect to BP as a
treatment for osteoporosis, no studies have investigated the research priorities of stakeholders. Paskins
et al. (2017) conducted the first national study of public and patient research priorities in osteoporosis
and fracture.'® Participants were asked to indicate their top priority for research across 40 different
research items. Understanding the safety and benefit of osteoporosis drug treatments was identified

as the second priority research area. However, a need was identified for more refinement to translate
this research focus into specific research questions. This paper aims to address this gap by conducting a
research prioritisation exercise to understand priorities relating to BP treatment regimens for prevention
of osteoporotic fractures in adults.

Methods

We used a three-step approach based on the JLA methodology for identification and prioritisation of
research questions.’”® An overview of the methods is shown in Figure 11. This prioritisation study did not
require ethics approval as per the JLA guidance.

Step 1: gathering uncertainties

Uncertainties were gathered from (1) Chapters 2-5 and (2) existing published research
recommendations. Over a series of four group meetings, the group study team reviewed and discussed
the findings from (1) Chapters 2-5 and generated a list of potential arising uncertainties. A final meeting
involved a patient advisory group (PAG) to further inform the process. Separately, a systematic search
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FIGURE 11 Overview of methods.

of relevant electronic databases and websites of professional organisations was conducted to identify
(2) research recommendations highlighted within recent clinical guidelines. Databases searched
included Epistemonikos, NICE, SIGN, Guidelines international network, Guidelines.co.uk and TRIP
database. Inclusion criteria were (1) international guidelines from non-low- or middle-income country
(LMIC), (2) about osteoporosis (including glucocorticoid osteoporosis), (3) published since 2016 and (4)
developed on behalf of a professional organisation. Exclusion criteria were: (1) guidelines from LMIC,
(2) about osteoporosis only in the context of another specific health condition, (3) published before
2016 and (4) written by individuals not representing a broader organisation. Attempts were made to
translate guidelines that were not in the English language. Relevant sections on recommendations for
research were extracted, and a list of research recommendations was produced. Subsequently, research
recommendations were considered as in- or out-of-scope initially by two members of the study team
(ZP, NC) and then approved by the whole team, with in-scope recommendations defined as relating to
the use of BP. This generated a list of research recommendations.

Step 2: processing and refining uncertainties

Using stakeholder input, we refined the list of uncertainties from (1) and research recommendations
(2) into research questions. One 3-hour stakeholder meeting was convened with patients and carers,
clinicians (medical and non-medical) and academics to include representatives from primary and
secondary care. Potential participants were invited from the ROS Effectiveness Working Group of the
Bone Research Academy, Nottingham osteoporosis patient support group and clinical networks of the
study team. We recorded the professional role and sex of attendees, but we did not collect data on

age or ethnicity. The list of uncertainties and list of research recommendations [outputs from (1) and
(2)] were circulated to attendees before the meeting. In the meeting, within small groups, the list of
uncertainties were discussed and refined, with some uncertainties combined as appropriate. Attendees
and study team members had the opportunity to suggest additional uncertainties during this process.
The uncertainties were also categorised into groups. Each uncertainty was then refined into a research
question with particular attention to defining the population and setting, intervention, comparison and
outcomes of interest.’”” These were then combined with (2) forming a final list of research questions (3).

In order to validate that the research questions (3) were true research questions and not already
answered, a search was subsequently conducted of the Cochrane Database of Systematic Reviews,
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PubMed and references of NICE guidelines, SIGN clinical guidelines, NOGG guidelines and ROS
guidance for any relevant systematic reviews. If no systematic review was found to exist, the research
question proceeded to Step 3.

Step 3: prioritisation

A full-day online workshop was convened in February 2022, aiming for between 12 and 30 participants
to include a mix of patients, carers and primary and secondary care clinicians. Potential participants
were invited as per the Step 2 workshop; in addition, the workshop was advertised on Twitter and via
the Keele research User Group to particularly target lay, non-medical and primary care representatives.
People were allocated on a first-come, first-served basis with the aim of achieving a balance of
attendees across professional and lay groups. Study team members attended and acted as facilitators but
did not vote or discuss ranking. Information on participant interests and disclosures was collected and
reviewed to ensure balance across the group. Participants were sent the research questions in advance
and asked to rank their top twenty questions before the workshop. Participants were permitted to send
in pre-ranking if interested but unable to attend the workshop. In the workshop, an adapted nominal
group technique was used. As per updated JLA guidance for online workshops, a four-step approach was
used (removing a fifth plenary step, which has been difficult to operationalise online).1?® The workshop
started with a plenary session to introduce the task and explain the background. Thereafter, four small
groups compared and discussed their initial pre-workshop rankings. After a break, the same groups then
produced their own combined ranking of at least the top 20 questions. The ranking of the four small
groups was then combined and shared with the group in a plenary session. Finally, a second round of
group prioritisation took place, to revise the shared ranking, in new small groups. These small group
rankings were combined, reviewed and agreed as the final prioritised list.

Patient and public involvement

Members of the Nottingham ROS (NotROS) Support Group were involved in a series of meetings

to discuss the design of the BLAST-OFF research programme and confirmed that understanding
acceptability of BP from a range of perspectives was important. A PAG helped the study team identify
the research uncertainties emerging from BLAST-OFF and public contributors were involved in both
stakeholder groups (Steps 2 and 3).

Results

Step 1: gathering uncertainties

The study team and PAG identified 22 uncertainties. Eleven uncertainties were informed by Chapter 2,
9 by Chapter 3, 11 by Chapter 4 and 7 by Chapter 5. The PAG talked about the importance of outcomes
other than fracture, for example, meeting people’s information needs. They discussed and particularly

informed uncertainties relating to how patients could be supported to make decisions, how treatment

could be made easier and how effectiveness could be monitored.

Sixty-nine potential clinical guidelines were identified, of which 17 included relevant research
recommendations (Figure 12).

Sixteen research recommendations were informed from the clinical guidelines; six of these
overlapped with uncertainties from our study. In addition, the clinical guideline research
recommendations highlighted populations in need of specific study, including men, people without
BMD-defined osteoporosis, frail older adults, those with cognitive impairment and those with
glucocorticoid-induced osteoporosis.

Step 2: processing and refining uncertainties
Eleven people attended Workshop 1. Characteristics of those attending are listed in Table 17.
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FIGURE 12 Search for clinical guidelines results.

The group was asked to consider the specific populations highlighted in the research recommendations
when rewording and refining all the research uncertainties; younger adults emerged as a further group
from discussion where further research was needed. Following the workshop, the uncertainties and
research recommendations were finalised into 33 distinct research questions.

Step 3: prioritisation

Thirty-three questions went forward for prioritisation, organised into five categories relating to
patient factors and patient support; clinical support and policy; safety; effectiveness and delivery.

TABLE 17 Characteristics of workshop attendees

Workshop 1 Workshop 2
Characteristics of participants N (%) N (%)
HCPs 5(42) 8 (40)
Female 2 (40) 5(63)
Secondary care doctor 5(100) 4 (50)
Nurse/allied health professional 0 2(25)
Primary care clinicians 0 2(25)
Public contributor 7 (58) 12 (60)
Female 5(71) 10 (83)
Patient representative 6 (86) 12 (100)
Carer 1(14) 0
Total number 12 20
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Twenty people attended Workshop 2, with a further individual (a GP) submitting individual rankings for
consideration in the first small group work without attending. Characteristics of attendees were similar
to those shown in Table 17.

The final top 10 priorities are shown in Box 1. Research questions 11-20 were also ranked, with the
remainder unranked (attached in Appendices 6 and 7, Boxes 2-3).

Discussion

This chapter reports, for the first time, topics of importance to stakeholders in the research of BP
treatment regimens for the prevention of osteoporotic fracture in adults, refining previously identified
priority areas into specific questions. We identified a number of previously undescribed priority areas
relating to BP regimens for people with osteoporosis, including research into the best regimen for
people aged under 50 and research comparing the safety, clinical and cost-effectiveness of IV treatment
given in peoples’ homes versus hospitals. Furthermore, there was also a particular call to research
patient factors influencing treatment selection and effectiveness, highlighting the importance of this
research being underpinned by the ethos of personalised care.

BOX 1 Finalised top 10 research priorities

Which people with osteoporosis should be offered IV BP first line to optimise medicine effectiveness?
What is the optimal duration of treatment with BP for people with osteoporosis?

What is the role of bone turnover markers in determining the duration of treatment breaks in people
with osteoporosis?

What healthcare support do people with osteoporosis receiving BP need for medicine optimisation?
How can primary care practitioners be supported to make decisions about BP with people

with osteoporosis?

What is the comparable safety, clinical and cost-effectiveness of ZOL administered in community (homes or
GP surgeries) versus in hospital for people with osteoporosis?

How do we ensure quality standards are met for people with osteoporosis receiving BP?

What is the long-term model of care for people taking oral BP in primary care?

What is the best BP choice and frequency for people aged under 50 with osteoporosis?

O How can people with osteoporosis be supported to make decisions about taking BP?

ok bR

o

B0 e~

The top research priority ‘Which people with osteoporosis should be offered IV BP first line to optimise
medicine effectiveness?’ could be influenced by a range of different patient factors, which, in turn, would
influence treatment selection and effectiveness. Patients are typically not given a choice between oral
or IV BP. While clinicians may choose to offer IN BP on the basis of tolerability and safety issues, more
empirical evidence is needed which specifically investigates which patients would benefit most from
first-line 1V treatment. Published research recommendations and previous prioritisation exercises largely
focus on safety and optimal duration of drug treatment,'??-2°* both of which were included within the
top 10 research priorities identified in this study. However, the top 10 list also highlights the importance
of developing a long-term model of care, providing more support for ongoing medicine optimisation

and researching the role of monitoring (bone turnover markers). These areas have been highlighted in a
recent rapid realist review exploring the effective characteristics of interventions to support medicine
optimisation in osteoporosis, which identified a need for a person-centred model of long-term care for
osteoporosis;?? interestingly, this review also highlighted the need and role of providing primary care
practitioners with decisional support to improve patient outcomes - also highlighted in our top 10.

The question relating to ensuring quality standards are met highlights the importance of knowledge
mobilisation and applied health services research, which addresses barriers to implementation of

clinical guidelines.
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The previous prioritisation exercise in this area identified that ‘having easy access to advice and
information from health professionals’ was the highest rating research priority. This top 10 includes
the more specific question ‘supporting people with osteoporosis to make decisions about taking BP".
Our preceding qualitative research identified that people reported the benefits of BP to be ambiguous;
previous research studies have investigated the role of decision support in osteoporosis, and ongoing
development work and trials will hopefully provide further evidence to support this area over the
coming years.203.204

Our findings highlight the importance of conducting priority-setting exercises which involve all
stakeholders and to not solely focus on guideline recommendations. Of the top 10 identified research
priorities in this study, only 3 were derived from guideline recommendations (research priorities 3, 4
and 8). Particularly novel questions relate to the use of ZOL in the community and the best BP regimen
for young adults. Research has shown that the majority of guidelines do not include the views of public
and patients?®> and, when mentioned, their views were only conceptualised as preferences for one
medication over another.

Strengths and limitations

While the study provided some important insights, it is subject to some limitations. Patient and caregiver
responses within the workshops may have been influenced by the presence of HCPs. Furthermore,

the stakeholders involved might not be entirely representative of the wider population. The study may
not have adequately represented underserved populations, and stakeholders’ ethnicity data were not
collected; this may have affected the final questions prioritised. Employing survey methods may have
identified a more representative sample of stakeholders; however, qualitative research to inform priority
setting is well-established and useful. The strengths of the study included the comprehensive guideline
search, which ensured existing, relevant and published research recommendations were included and
discussed when gathering uncertainties to discuss within the workshops. The depth of research in

the BLAST-OFF study was also a strength, particularly the qualitative interview study, which included
in-depth, rich descriptions from 78 patients receiving BP regimens.

Conclusions

In summary, this prioritisation exercise highlights the importance of including stakeholders when
setting research priorities and provides a more in-depth understanding of the priorities of stakeholders
in BP regimens. While some research priorities, such as supporting people with osteoporosis to make
decisions about their treatment, are being addressed, the findings illustrate a need for further research
to address the issues relating to patient factors influencing treatment selection and effectiveness

and how to optimise long-term care. In addition, these findings have implications for research into
implementation to address the care gap and education of HCPs.
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Chapter 7 Patient and public engagement and
involvement

We have worked closely with ROS UK - the only UK-wide charity dedicated to improving the care
of people with osteoporosis and the NotROS Patient Support Group. NotROS has 250 members
in Nottingham, is actively involved in fund-raising events, holds local awareness campaigns and
educational update meetings and is closely aligned to ROS. Supporting research is featured highly within
the NotROS group, and a number of patients are currently involved as research lay members.

Following the commissioned call, we undertook two focus groups, one with the ROS (n = 3) and one
with NotROS (n = 7), who influenced the design of this application, choice of study outcomes and
agreed to be involved throughout the study. In particular, the NotROS group was keen that we include
the views of patients offered a range of treatments, who have received treatments both in the hospital
and the community and the views of older as well as younger patients. ROS felt it would be important
to include the views of commissioners since often their views were in conflict with those of the patients
due to competing healthcare priorities and cost-efficiency savings. In terms of dissemination, ROS
were keen we include webinars, which they have found to be effective and wide-reaching and happy
to support stakeholder and dissemination events given their established networks. Two members of
NotROS agreed to be co-applicants, both with previous research experience, and ROS agreed to be a
co-investigator to support the delivery on the study.

In addition, both of our co-applicants from NotROS have had a range of alternative BP treatments over
the last 10 years, from daily ALN, weekly ALN and monthly IBN to more recently IV ZOL (both as a day

case attendee in hospital and community IV ZOL service at home). Thus, they were able to present their
own experiences as well as those of service users.

Our PPI groups were closely involved in the further management of the research, supporting the
regulatory approvals, developing participant information resources, contributing to the reporting of

the research and dissemination of research findings. More specifically, ROS UK took a leading role in
convening and ensuring a nationally representative sample of multidisciplinary stakeholders at the
stakeholder/consensus events (Stage 2) and will support a wider national dissemination programme. The
proposed dissemination programme will include outputs to policy-makers, commissioners, operational
managers and change agents, health professionals, patients and the public. ROS have a successful
record of organising and delivering both national and regional multistakeholder events, and costs have
been included for the stakeholder events (three bespoke regional dissemination meetings and three
dissemination webinars).

AB and MH are named co-applicants for the NotROS group and worked with the Study Management
Group throughout the project. Their experiences as patients suffering with osteoporosis and access to
services (as described above) were found to be invaluable in better understanding the patient journey.
AB and MH were also able to draw on the wider views of the NotROS 250 patient membership support
group at regular intervals throughout the study. Our PPl members from the NotROS group were further
supported by the hospital PPI team.
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Chapter 8 Overall discussion and conclusion

ome text in this chapter has been reproduced from Paskins Z, et al. BMJ Open 2020;10:e040634.

https://doi.org/10.1136/bmjopen-2020-040634. This is an Open Access article distributed in
accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence, which permits
others to distribute, remix, adapt and build upon this work, for commercial use, provided the original
work is properly cited. See https://creativecommons.org/licenses/by/4.0/. The text below includes
minor additions and formatting changes to the original text.

Some text in this chapter has been reproduced from Narayanasamy M, Bishop S, Sahota O, Paskins

Z, Gittoes N, Langley T. Acceptability and engagement amongst patients on oral and intravenous
bisphosphonates for the treatment of osteoporosis in older adults. Age Ageing 2022;51(11):afac255.
https:/doi.org/10.1093/ageing/afac255. Permission for reuse is in place as per: © The Author(s) 2022.
Published by Oxford University Press on behalf of the British Geriatrics Society. All rights reserved. The
text below includes minor additions and formatting changes to the original text.

Some text, tables and figures in this chapter have been reproduced from Bastounis A, et al. Osteoporos
Int 2022;33:1223-3. This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt
and build upon this work, for commercial use, provided the original work is properly cited. See https:/
creativecommons.org/licenses/by/4.0/. The text, tables and figures below include minor additions and
formatting changes to the original text.

Discussion

We have identified, through a systematic review of previous studies on patient and clinician experiences
of BP treatment, how patients and HCPs make sense (coherence) of BP by balancing perceptions of need
against concerns, how uncertainty prevails about BP perceived effectiveness and a number of individual
and service factors that have potential to increase self-efficacy in recommending and adhering to BP.
We identified with moderate confidence that BP taking induces fear, but has the potential to engender
reassurance, and that both the side effects and special instructions for taking oral BP can be a source

of treatment burden. The use of TFA was originally developed to evaluate acceptability of complex
interventions. We explored the utility of the TFA from two perspectives, as an explanatory model

for both patient and clinician acceptability and engagement. The TFA was useful for understanding

and combining patient and clinician viewpoints; however, there was considerable overlap between
domains; perceived efficacy, affective attitudes and self-efficacy beliefs are all likely to impinge on
sense-making or intervention coherence. The TFA alone does not provide a comprehensive framework
for understanding patient acceptability or engagement with medicines. The sense-making aspect of

the framework appeared pivotal, and the explanatory value of the framework was enhanced by the
incorporation of the NCF to operationalise key engagement-related beliefs.

The systematic review of previous studies was followed by prospective qualitative interviews, which
was designed to examine the experiences of alternate BP regimens through the seven TFA domains.
This showed that IV BP treatment with ZOL was generally more acceptable to patients than oral BP
treatment. Such regimens were perceived to be more straightforward to engage in, although a portion
of patients taking oral BP ALN were satisfied with their current treatment. Balancing of the specific
TFA domains impacted the extent to which patients with osteoporosis accepted and engaged in their
treatment, manifesting as self-efficacy and affective attitude. Crucially, the TFA domains were found
to be interconnected, with patients balancing treatment burden, opportunity costs and ethicality
issues against treatment coherence and perceived effectiveness. The outcome of this balancing act
ultimately determined patients’ attitudes towards, and engagement in, their treatment regimens, thus
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informing their affective attitudes and self-efficacy. The complexities of using the TFA in the context
of examining treatment acceptability found that there were overlaps between TFA domains and that
it is not always a comprehensive framework for offering understanding into patient acceptability and
engagement with medicines. Other frameworks, such as the NCF, may be helpful in understanding
and transforming adherence-related beliefs and behaviours. This framework understands patients’
adherence to be the outcome of a cost-benefit analysis whereby adherence is likely to be higher
when the perceived need for treatment is prioritised over the risk of negative consequences such as
side effects.

Conducted in parallel to systematic review of previous studies and prospective qualitative interviews,
our systematic review and NMA of previous studies of effectiveness found that IV ZOL was the most
effective BP compared to ALN, RIS and oral IBN in preventing the occurrence of vertebral fractures
and increasing femoral neck BMD. IV ZOL was also found to be comparably effective to RIS and ALN in
preventing non-vertebral fractures and hip fractures, respectively. Uptake of IV ZOL was also found to
be accompanied by more frequently reported adverse events; however, these events were short-lived.
For persistence, results from the NMA from RCTs showed that IV ZOL users may be less likely to drop
out from trials at 12 months, although these effects were marginally non-significant. Results from the
NMA using data from the observational studies showed that IV ZOL and IBN-IV users were less likely to
discontinue their treatment over time, with IV ZOL users being statistically significantly more persistent
compared to oral BP users. Data drawn from the vote-counting synthesis were in line with the results
of NMAs, where IV ZOL and IBN-IV users were more likely to persist with their treatment, with IV ZOL
users being more persistent compared to their IBN-IV counterparts. Due to the paucity of data and the
heterogeneity in reporting compliance data, we were unable to perform NMAs, but synthesis based

on vote counting found that compliance to IV ZOL was greater within 24 months after the initiation of
their treatment. Users of IBN-IV were found to be more compliant compared to IBAN-oral users. Users
of ALN were found to be more compliant than RIS users, while mixed evidence were observed in the
comparison between ALN and IBN-oral users.

Using data from the systematic review and NMA on effectiveness and NMA on persistence, we updated
the previous economic evaluations conducted to inform the NICE appraisal of BP. The previous NICE
model made several simplifying assumptions that limited the accuracy of the comparisons between

the different BP treatments. For example, long-term persistence with treatment and the incidence of
adverse events were assumed to be the same for all oral BP. The key strength of our analysis was that
we took a model used previously to inform the NICE appraisal of BP and incorporated our systematic
review and NMA on effectiveness and NMA on persistence to better quantify the relative advantages
of alternative BP regimens in terms of treatment persistence and adverse effects. It has also included

an expected value of perfect information analysis to identify the key areas of decision uncertainty when
selecting the optimum BP treatment regimen. Our economic evaluation identified that higher hospital
administration costs for IV ZOL meant that there was minimal uncertainty relating to whether IV ZOL
was more cost-effective, despite the fact that IV ZOL was predicted to result in fewer fractures than
ALN due to having higher treatment persistence and a longer offset period. Whether alternatives to
hospital administration, such as IV ZOL delivered in a home care setting, are more cost-effective requires
further evaluation.

Our concluding, final prioritisation exercise highlighted topics of importance to stakeholders in the
research of BP regimens for the prevention of osteoporotic fracture in adults, refining previously
identified priority areas into specific questions. Our top research priority identified was ‘Which people
with osteoporosis should be offered IV ZOL first line to optimise medicine effectiveness?’ This could be
influenced by a range of different patient factors, which, in turn, would influence treatment selection
and effectiveness. Patients are typically not given a choice between oral or IV ZOL. Whilse clinicians
may choose to offer IV ZOL on the basis of tolerability and safety issues, more empirical evidence

is needed which specifically investigates which patients would benefit most from first-line IV ZOL.
Published research recommendations and previous prioritisation exercises largely focus on safety and
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optimal duration of drug treatment, both of which were included within the top 10 research priorities.
However, our top 10 list also highlighted the importance of developing a long-term model of care,
providing more support for ongoing medicine optimisation and researching the role of monitoring
(bone turnover markers). Overall, of the top 10 identified research priorities in this study, only 3 were
derived from guideline recommendations. Particularly novel questions relate to the use of IV ZOL in the
community and the best BP regimen for young adults.

Equality, diversity and inclusion

In our qualitative study, our sample population was largely drawn from a sample of participants who had
membership with the ROS, with a smaller number recruited through NHS services. The majority of the
participants were white. This may have caused the sample to be biased, for example, it may have largely
comprised individuals who had the financial means to fund membership and who were possibly taking

a more proactive approach to their health by investing in resources. This may restrict its applicability to
other patient groups, such as those who are financially disadvantaged and those who are less proactive
in their care and treatment.

Future studies may consider recruiting through GP practices. This method may also address some issues
related to ethnicity since the majority of our recruited population was white.

In the stakeholder meetings, the stakeholders involved might not be entirely representative of the wider
population. The study may not have adequately represented underserved populations, and stakeholders’
ethnicity data were not collected, which may have affected the final questions prioritised. Furthermore,
patient and caregiver responses within the workshops may have been influenced by the presence

of HCPs.

Future studies may give greater consideration to ethnicity mix in the stakeholder group.

The research team itself was widely representative, with male and female members, members from

the BAME community, and experience and expertise across the research team. PPl members were
representative of the disease and ongoing treatment modalities. Two junior researchers were supported
directly by the senior members with supervised development opportunities.

Conclusions

We have identified the factors that influence how patients and clinicians make sense of BP, describe
the experience of BP taking in terms of burden and identified factors that both facilitate and hinder
confidence in taking, and prescribing and monitoring BP. Our findings demonstrate the need for a
theoretically informed, whole-system approach to enable clinicians and patients to get the best from BP
treatment. Patients need comprehensive support that takes account of the perceptions (e.g. treatment
necessity beliefs and concerns) and practicalities (e.g. capability and resources) that influence their
motivation and ability to start and continue with treatment. IV ZOL treatment was generally more
acceptable to patients. IV ZOL was found to be the most effective BP and with greater adherence;
however, there was uncertainty relating to whether IV ZOL was more cost-effective due to the high
hospital administration costs. The prioritisation exercise highlighted the importance of including
stakeholders when setting research priorities and provided a more in-depth understanding of the
priorities of stakeholders in BP regimens. While some research priorities, such as supporting people with
osteoporosis to make decisions about their treatment are being addressed, the findings illustrate a need
to address the issues relating to patient factors influencing treatment selection and effectiveness and
how to optimise long-term care.
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OVERALL DISCUSSION AND CONCLUSION

Further research is needed to explore perspectives of managers, patients receiving IV BP, men receiving
BP and the use of BP in the context of multimorbidity. Research is also needed to support people to
make decisions influencing treatment selection and effectiveness, and establish how to optimise long-
term care, using frameworks for investigating patient acceptability of and engagement in treatment.

In addition, research is needed to explore the clinical and cost-effectiveness of IV ZOL delivered in
alternate settings, such as the community, compared to ALN treatment.
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Appendix 3 Network plots
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o
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Note. ALN, Alendronate; IBN-oral, Ibandronate 150 mg oral; PLB, placebo; RIS, Risedronate; ZOL, Zoledronate

*Network(a): Treatment nodes indicate the study treatments, whereas edges’ thickness indicates the number of studies supporting
each comparison.

**Network(b): Nodes' size is proportionate to studies-per-treatment included in the analysis. Edges’ thicknesses are proportionate to
sample informing each comparison. Different colours indicate the ratings in the risk of bias (cyan: low-risk; orange: high-risk; navy: no
information).

FIGURE 14 Network plots of dropout at 12 months NMA. Reproduced from Bastounis A, et al. Osteoporos Int
2022;33(6):1223-3. https://doi.org/10.1007/s00198-022-06350-w. Epub 21 February 2022.
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Appendix 4 Treatment ranking probabilities

IBN-oral

PLB

ALN

RIS

Z0L

IBN-oral

Note. ALN, Alendronate; IBN-oral, Ibandronate 150 mg oral; PLB, placebo; RIS, Risedronate; ZOL, Zoledronate

Network(a): Treatment nodes indicate the study treatments, whereas edges’ thickness indicates the number of studies supporting
each comparison.

Network(b): Nodes’ size is proportionate to studies-per-treatment included in the analysis. Edges’ thicknesses are proportionate to
sample informing each comparison. Different colours indicate the ratings in the risk of bias (cyan: low-risk; orange: high-risk; navy: no
information).

FIGURE 15 Network plots of dropout at 24 months NMA. Reproduced from Bastounis A, et al. Osteoporos Int
2022;33(6):1223-3. https://doi.org/10.1007/s00198-022-06350-w. Epub 2022 Feb 21.
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Appendix 5 Additional analyses (sensitivity
analyses and meta-regressions)

IBNiv

IBN-oral

ALN

RIS

Z0L

Note. ALN, Alendronate; IBN-IV, Ibandronate 3 mg intravenous; IBN-oral, Ibandronate 150 mg oral; RIS, Risedronate; ZOL, Zoledronate
Network: Treatment nodes indicate the study treatments, whereas edges’ thickness indicates the number of studies supporting each

comparison.

FIGURE 16 Network plot for discontinuation NMA. Reproduced from Bastounis A, et al. Osteoporos Int 2022;33(6):1223-3.
https://doi.org/10.1007/s00198-022-06350-w. Epub 2022 Feb 21.
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Appendix 6 Risk of bias assessment

BOX 2 Research questions ranked 11-20

Health Technology Assessment 2024 Vol. 28 No. 21

11.
12.
13.

14.
15.

16.

How can oral BP effectiveness be defined, explained and monitored to promote medicines optimisation for
people with osteoporosis?

How do we better identify people with osteoporosis who will have difficulty taking or continuing with

oral BP?

What is the optimum frequency to give ZOL to maximise clinical and cost-effectiveness in people

with osteoporosis?

Is lowering the dose of BP an alternative approach to a treatment break for people with osteoporosis?
What is the incidence and what are the risk factors for BP (prescribed for osteoporosis)-related
osteonecrosis of the jaw and atypical femur fracture?

What is the best BP choice and frequency for people who are unable to manage their medicines specifically
due to cognitive impairment?

Which resources or incentives for primary care would optimise the use of BP for people with osteoporosis?
How do we define and manage treatment failure in people with osteoporosis taking BP?

What is the comparable safety, clinical and cost-effectiveness of ZOL versus ALN in people at high risk

of fracture?

What is the best BP choice, dose and frequency for people with low BMI or kidney impairment?
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Appendix 7 Quality of evidence

BOX 3 Unranked research questions

e  What proportion of a population need to adhere to their BP to deliver clinical and cost-effectiveness?

e  What different regimens of ZOL are used in practice for people with osteoporosis and what is patients’
adherence to these regimens?

° Does dose reduction of BP decrease the risk of atypical femur fractures for people with osteoporosis?

e What is the role of Fracture Risk Assessment Tool (FRAX) in informing decisions about BP treatment breaks
in people with osteoporosis?

e  What is the comparable frequency and duration of adverse events (side effects) of the different BP?

e  What is the effect of BP on fracture healing, in people with fragility and atypical femur fractures?

e  What is the comparable safety, clinical and cost-effectiveness of ZOL versus ALN in people with steroid
induced osteoporosis?

e  What is the best BP choice and frequency for people who are unable to manage their medicines?

e  What is the comparable safety, clinical and cost-effectiveness of ZOL versus anabolic agents in people with
osteoporosis at very high fracture risk?

e  What is the comparable safety, clinical and cost-effectiveness of ZOL versus anabolic agents in people with
steroid-induced osteoporosis?

e  What is the comparable safety, clinical and cost-effectiveness of oral IBN versus ALN in people
with osteoporosis?

e  What is the comparable clinical and cost-effectiveness of BP combined with other non-pharmacological
approaches versus BP alone in people with osteoporosis?

e  What is the best way to measure renal function when considering BP treatment?
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Appendix 8 Assessment of inconsistency

TABLE 18 Amendments to the study protocol

Amendment Protocol
no. version no. Details of changes made
SAO01 (V1.1) 30 April Change PIC sites to research sites as interviews are done on site.
2020 Remove University Hospitals Birmingham and add Haywood Community

Hospital. Add 2 community osteoporosis sites
Categorised as non-substantial

NSAO01 v1.2 15 May COVID-19 contingency - additional recruitment from ROS members
(COVID-19 2020 Protocol v 1.2 30 April 2020
Amendment) Poster for ROS recruitment v1.0 30 April 2020

Verbal consent form v1.0 30 April 2020
PIS patient open recruitment call ROS v1.0 30 April 2020
Patient reply form v1.0 30 April 2020

SA02 v1.3 29 July To add separate G.P and clinician interview schedules.
2020 Add new interview schedules to protocol appendix 10.1
Update SOE to v2.0 to change postage cost from SSC to Research cost.
Interview schedule clinicians v1.0 26 February 2020
Interview schedule G.Ps v 1.0 26 February 2020
Schedule of events v2.0 18 March 2020

NSA 02 vi14 To facilitate telephone or web-based patient and clinician interviews
(CoVID-19 rather than face-to face contact under the current COVID-19 restric-
Amendment) tions. To justify over recruitment of primary and secondary care patients

via open invitation to reach data saturation as an end point.
Protocolv 1.4

Verbal consent Script and Confirmation Form patient v1.0 2 October
2020

Verbal Consent Script and Confirmation Form clinician v1.0 2 October
2020

Patient Information Sheet v1.2 2 October 2020

Clinician Information sheet v1.2 2 October 2020

G.P and Health Professional Invitation letter 1.0 10 September 20
Clinic patient invitation letter v1.2 9 September 2020

PIC, Participant Identification Centre; PIS, patient information sheet.

Copyright © 2024 Sahota et al. This work was produced by Sahota et al. under the terms of a commissioning contract issued by the Secretary of State for Health and 169
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,

reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the

title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.









EME
HSDR
HTA
PGFAR
PHR

Part of the NIHR Journals Library
www.journalslibrary.nihr.ac.uk

This report presents independent research funded by the National Institute for Health and Care Research (NIHR).

The views expressed are those of the author(s) and not necessarily those of the NHS, the NIHR or the
Department of Health and Social Care

Published by the NIHR Journals Library



	Bisphosphonate alternative regimens for the prevention of osteoporotic fragility fractures: BLAST-OFF, a mixed-methods study
	List of tables
	List of figures
	List of boxes
	List of abbreviations
	Plain language summary
	Scientific summary
	Chapter 1 Background and introduction
	Response to the commissioned call
	Bisphosphonate and adherence in context
	Importance in terms of improving the health of patients

	Chapter 2 Systematic review of bisphosphonate acceptability amongst patients, clinicians and managers
	Introduction
	Methods
	Eligibility
	Search methods
	Study selection
	Data extraction
	Quality appraisal
	Synthesis

	Results
	Intervention coherence (high confidence)
	Perceived effectiveness (high confidence)
	Self-efficacy (high confidence)
	Affective attitudes (moderate confidence)
	Burden (moderate confidence)
	Opportunity costs (low confidence)

	Discussion
	Strengths and limitations

	Conclusion

	Chapter 3 Qualitative interview study on the experiences and acceptability of different bisphosphonate regimens
	Introduction
	Methods
	Sampling
	Clinicians, specialist experts and service lead sampling
	Data collection
	Data analysis

	Results
	Acceptability of treatment regimes
	Intervention coherence and perceived effectiveness
	Opportunity costs and burden
	Ethicality
	Self-efficacy and affective attitude

	Discussion
	Strengths and limitations

	Conclusion

	Chapter 4 Effectiveness of bisphosphonates for the prevention of fragility fractures: an updated systematic review and network meta-analyses
	Introduction
	Methods
	Eligibility criteria
	Search strategy and information sources
	Study selection, data collection process and data items
	Geometry of networks
	Risk of bias within individual studies
	Summary measures and methods of analysis
	Updated review
	Adherence review

	Assessment of inconsistency
	Credibility of the findings

	Results
	Updated review
	Network structures and geometry
	Characteristics of studies and risk of bias within individual studies
	Synthesis of results on the main outcomes (updated review)
	Primary outcome: vertebral fractures
	Primary outcome: non-vertebral fractures
	Primary outcomes: hip fractures and wrist fractures

	Outline of results on the secondary outcomes
	Risk of bias across studies and credibility of findings

	Adherence review
	Networks’ structure and geometry

	Synthesis of results on persistence: measured using dropouts in randomised controlled trials
	Synthesis of results on persistence: measured using discontinuation of treatment data from observational studies

	Discussion
	Updated review
	Adherence review
	Updated review
	Adherence review


	Strengths and limitations
	Conclusion

	Chapter 5 Economic evaluation of bisphosphonates for the treatment of osteoporosis
	Introduction
	Methods
	Brief overview the of model structure
	Patient cohort

	Treatment duration
	Treatment costs
	Treatment offset

	Treatment efficacy
	Adverse effects

	Disease costs
	Health-related quality of life
	Approach to sensitivity analysis

	Value of information analysis
	Results
	Base-case results
	Scenario analysis results
	Expected value of parameter information results

	Discussion
	Strengths and limitations


	Chapter 6 Research priorities regarding the use of bisphosphonates for osteoporosis: a United Kingdom priority-setting exercise
	Introduction
	Methods
	Step 1: gathering uncertainties
	Step 2: processing and refining uncertainties
	Step 3: prioritisation
	Patient and public involvement

	Results
	Step 1: gathering uncertainties
	Step 2: processing and refining uncertainties
	Step 3: prioritisation

	Discussion
	Strengths and limitations
	Conclusions

	Chapter 7 Patient and public engagement and involvement
	Chapter 8 Overall discussion and conclusion
	Discussion
	Equality, diversity and inclusion
	Conclusions

	Acknowledgements
	References
	Appendix 1 Search strategies 
	Appendix 2 List of references from Table 9
	Appendix 3 Network plots 
	Appendix 4 Treatment ranking probabilities 
	Appendix 5 Additional analyses (sensitivity analyses and meta-regressions) 
	Appendix 6 Risk of bias assessment 
	Appendix 7 Quality of evidence 
	Appendix 8 Assessment of inconsistency 


