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Abstract
With the recognition that a sentinel fracture leads to a high imminent risk of fracture, we discuss the implications and challenges of using imminent fracture risk in the secondary fracture prevention setting.

Dear Editor
With an estimated 520,000 fragility fractures every year in the United Kingdom, delivering effective and efficient healthcare for this patient group has significant consequences for patients, families, the NHS and society[1]. A fragility fracture is a major risk factor for further fractures[2], and healthcare systems are now beginning to recognise the benefits of secondary fracture prevention[3]. Despite this, less than 50%  of patients receive effective secondary fracture prevention after a fragility fracture[4]. This has led to national[5, 6] and international[7-11] initiatives to improve clinical services by implementing fracture liaison services (FLSs). Successful funding of a new FLS is usually influenced by the number of fractures it is expected to prevent in the first few years after an index fracture. The expected number of fractures prevented is in turn determined by the baseline risk of subsequent fracture, the number of patients at high enough fracture risk to warrant anti-osteoporosis medication (AOM) and the degree of fracture risk reduction by AOMs. Underestimating fracture risk in the post-fracture period will lead to fewer expected fractures prevented and lower perceived benefit of the FLS by payers, and importantly also by patients, families, healthcare providers and payers. Tools are available to determine the long-term risk of fracture based on patient factors, including previous fracture [12-15]. Of these, FRAX and QFracture have been incorporated within UK NICE clinical guidance[16], and the FRAX -derived intervention threshold is used to guide recommendations for AOM in the NHS[17]. 
The risk of subsequent fracture is time-dependent, with much higher fracture risk in the first two years after an index fracture, a period that might be termed as “imminent fracture risk” (IFR) (Figure 1) [18-20]. Recency of fracture is one of several determinants of IFR. Whereas FRAX and similar models include previous fracture history, the focus of these algorithms has been on use in primary care, and the recency and site of fracture are not considered both of which significantly influence imminent risk. Linear interpolation of FRAX risk, for example by dividing the 10-year probability by 5 to estimate the 2-year probability (“interpolated-FRAX”), thus necessarily underestimates shorter-term risk immediately following a fracture [21]. This is particularly relevant to the FLS population given that by definition all cases have had a recent fracture[22]. Below we explore the potential benefits and challenges presented by the concept of IFR for assessing the benefits of an FLS service, and potential implications for clinical assessment in the context of immediate secondary prevention.  
Many definitions of IFR or near-term risk have been used, varying by the sites of the index and subsequent fractures included and the period of interest [18, 23, 24]. Given the time-dependency of subsequent fracture risk, we suggest IFR in the FLS setting could be defined as the risk of any subsequent fragility fracture within two years of the index fracture when the majority of recurrent fractures have occurred[21]. 
Estimating the IFR within an FLS population is feasible. From observational cohort studies, the rate of subsequent fragility fracture within two years in women varies from 7.6 to 23.2% [19, 21, 25, 26]. Important determinants of the absolute IFR include age, gender, fracture site, bone mineral density and specific comorbidities [18, 21, 23-28]. 
For IFR to be relevant in the FLS setting, consideration should be given to the therapeutic modalities that can rapidly reduce fracture risk well within the two years after an index fracture. Traditional treatment strategies in the UK have used a stepwise approach driven by cost and tolerability[29] with oral bisphosphonates offered as first-line therapy. Significant fractures occur in the period of IFR despite treatment with oral bisphosphonates as these agents do not provide optimal fracture risk reduction early after initiation, requiring at least 6 to 12 months of adherent therapy before a significant difference in non-vertebral fracture rates is observed [30], with oral agents reaching maximal observed reduction in fracture risk by 36 months[31, 32].  Recently, in head-to-head randomised controlled trials, specific AOMs (teriparatide[33], romosozumab[34] and denosumab[35]- noting the denosumab trial had a randomized open-label alendronate comparator arm) demonstrate both earlier onset of fracture reduction and superiority over oral bisphosphonates within the IFR period of 2 years, and so could be classified as potent AOMs. 
For fracture liaison services, the expected number of fractures prevented is directly related to the expected fracture rate in the IFR period and the risk reduction through the use of quicker acting potent AOMs. For example, for a population represented by 1,000 UK women aged 75 years with a previous fracture and a femoral neck BMD T-score of -2.9, using interpolated-FRAX, the expected number of major osteoporotic fractures within two years is 66 [36]. Using fracture reductions from an indirect treatment comparison at 12 and 24 months for specific fracture sites, based on data from all relevant RCTs identified through a systematic literature review [36], the number of major osteoporotic fracture expected to be prevented within two years varies from 9 to 33 by AOM per 1,000 patients treated immediately following index fracture (Figure 2). When the same model uses IFR instead of interpolated-FRAX, the estimated number of subsequent fractures increases to 107 and the number of fractures avoided almost doubles (mean increase of 91%). Moreover, as IFR applies every time a fracture occurs, potential additional fractures avoided and their consequences can be expected to compound over patients’ lifetimes with its corresponding positive impact on patients’ quality of life and societal costs[37]. 
While IFR has clear implications for the planning and justification of FLS services; it also leads to the equally clear message that potent AOMs should be considered promptly following a fragility fracture. The use of potent AOMs in an IFR approach to risk assessment is in line with treat-to-target strategies recommending potent AOMs used first followed by maintenance therapy with bisphosphonates afterwards [38-41]. However, the route to the incorporation of IFR in clinical assessment pathways, as opposed to its use in service planning, is yet to be defined. For example, the specific threshold required for a patient to be recommended potent AOMs might be based on an IFR threshold reached as well as age, gender, bone mineral density, fracture type, number and recency. In certain situations, the skeletal site of the fracture and the number of previous fractures may suffice. Alternatively, since IFR markedly influences FRAX 10 year fracture probability, a threshold based on a modified form of this metric might offer a further way forward.
There are many apparent challenges of implementing an IFR approach for UK FLSs. For it to be effective, eligible patients need to be identified, investigated,  initiated and adhering to AOM soon after the index fracture. Results from the 2017 UK national audit of FLSs demonstrated that only 6% of submitted patients had a sentinal vertebral fracture,  41% of patients were monitored within 16 weeks of index fracture, and 31% had initiated therapy[5]. Improving detection of vertebral fractures is likely to require integration with radiology systems[42]; reducing the time to treatment is likely to need integration of FLS directly into existing orthopaedic pathways, minimising additional clinical workup[43]. While the benefits of potent AOMs in the setting of a recent fracture have not been formally tested, subgroup analyses from studies stratified by recency of fracture have been encouraging[34, 44]. Further, there are no comparative data with intravenous bisphosphonates and the potent AOMs listed above. The data informing IFR calculations and potential benefits mainly come from non-UK sources, where fracture risk may differ due to genetic and environmental factors. The benefits need to be weighed against costs, potential side-effects and the ability of the NHS to rapidly identify, investigate and initiate therapy in the real-world setting. From a payer perspective, work is urgently needed to simulate the impacts of incorporating an IFR approach into secondary fracture prevention on the clinical and cost-effectiveness of the intervention in a real-world FLS population, considering differences in age, gender, fracture site and type of AOM administered. This is particularly relevant for FLSs, whose current benefits are usually calculated based on a uniform interpolation of fracture risk using 10-year values and generic alendronate. Consideration of prior fracture location and recency in future versions of FRAX may thus offer a further opportunity to assess these impacts, especially given the global priority for establishing the benefits for sustainable resourcing of effective FLSs[42]. 
In summary, we recommend the IFR approach to address the need for accurate estimation of the expected number of fractures prevented in the FLS setting and guide recommendation of specific, potent AOMs that demonstrate a rapid onset of fracture protection and superiority over oral bisphosphonates. 
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