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Background: There is increasing prevalence of asthma and chronic obstructive pulmonary disease (COPD) worldwide leading to increased inhaler use. However, there are concerns with inhaler compliance resulting in different patented inhalers and longer acting formulations. As a result, inhalers are now among the highest expenditure items in ambulatory care in Scotland leading to multiple initiatives to keep within budget without compromising care. Method: Assess inhaler utilization and expenditure between 2001 and 2017 alongside health authority initiatives. Results: 137% increase in inhaler utilisation between 2001 and 2017, and a two fold increase in expenditure, driven by increasing use of patented combination inhalers to address concerns. This is very different to the oral markets where expenditures on proton pump inhibitors, statins and antihypertensives have fallen considerably recently despite appreciably increased volumes with increasing use of low-cost generics. However, inhaler expenditure has started to fall with increasing use of lower cost combinations and initiatives to reduce the steroid burden alongside monitoring patient care. Conclusion: Challenges with using and changing inhalers has meant this market has not followed other high-volume drug classes following patent loss. This is starting to change, with the situation being monitored to enhance efficient prescribing alongside continued good quality care. 

[bookmark: _Toc526980771]1. Introduction

[bookmark: _Hlk8632765]There is increasing prevalence of asthma and chronic obstructive pulmonary diseases (COPD) worldwide, with asthma now one of the most common non-communicable chronic diseases [1]. Globally asthma affects 334 million people and is rising particularly in developing countries [1,2], which negatively impacts on their quality of life and survival [1]. In the UK, 5.4 million people are currently receiving treatment for asthma, and in Scotland one in 14 of the population currently receives treatment for asthma. However, prevalence rates have plateaued in recent years [3]. Globally, it is estimated there were 251 million cases of COPD in 2016, with the number of cases likely to rise with increasing aging populations and more people smoking [4,5].  By 2030, COPD will be one of the top ten causes of death worldwide without improvements in prevention and management [2,6,7]. It is estimated that approximately 3 million people in the UK currently have COPD [8], with prevalence rates increased by 9% between 2008 and 2012 [5]. 

Concerns with the extent of asthma and COPD among countries, with their associated impact on morbidity and mortality, have resulted in efforts globally, regionally, and nationally to improve patient care, which include guideline production and quality improvement strategies [1,9-13]. In the UK, the Quality and Outcomes Framework (QoF) includes targets to measure, monitor and improve the identification and management of patients with asthma and COPD [14,15]. In Scotland, there has also been the Scottish Intercollegiate Guidelines Network (SIGN) guidelines for asthma [16] as well as the publication of the Clinical Standards guidance for patients with COPD, recognising that during the last decade COPD was the only major cause of death increasing in Scotland [17]. There was a further update on best practice guidance for COPD in 2017 with COPD accounting for 122,000 emergency bed days annually in Scotland with an average inpatient stay costing GB£3000 per patient [8].

There have also been national respiratory prescribing strategies in Scotland to promote appropriate, evidence-based, and cost-effective prescribing of treatments for asthma and COPD, predominantly inhalers, as NHS Scotland currently spends over GB£125 million per year on respiratory medicines [18]. Typically, in patients with asthma, inhaled corticosteroids (ICS) are first line treatment followed by combined long acting -agonists (LABAs)/ICS for more severe asthma, with short acting -agonists (SABAs) used as rescue ‘reliever’ therapy [1,13,16,19]. Tiotropium is also now being prescribed for patients with asthma. In COPD, both LABAs and long acting muscarinic antagonists (LAMAs) have been used alone or in combination, with LAMA use growing with studies showing a greater effect in reducing exacerbations and hospitalisations [20,21]. The use of LABA/ICS inhalers for COPD has also grown in recent years following a number of studies [22-27]. However, there are now concerns with the increased risk of serious pneumonia [27]. As a result, more recent guidance suggests that combination LABA/ ICS should only principally be prescribed in COPD patients with asthma-like symptoms with exacerbations in view of potential adverse effects [12,21]. It can be difficult though to assess differences in outcomes between the different combination formulations and inhaler types [28-32]; consequently, the choice of inhaler device and ease of use do play an appreciable role in the choice of device prescribed with poor inhaler technique known to compromise care [33-37].

[bookmark: _Hlk4770707][bookmark: _Hlk8589310]Scrutiny regarding the quality and costs of prescribing for patients with respiratory diseases has grown in recent years with, as mentioned, NHS Scotland currently spending over GB£125 million per year on respiratory medicines [18]. This makes the inhalers the second highest medicine category in Scotland [18]. Increasing expenditure on inhalers has been driven by the availability of new patented devices to address concerns with their effectiveness and adherence despite the patents on many of the active ingredients expiring, with poor inhaler technique and adherence known to considerably increase the costs of asthma and COPD [38]. Concerns with the overall cost of inhalers in Scotland, but mindful of the need to ensure good quality care, has also resulted in a number of initiatives to improve the prescribing of inhalers to patients with asthma and COPD to help ensure the optimal use of available resources [19,20,39-41].  This is because both asthma and COPD can be lifelong conditions once diagnosed, requiring regular monitoring and review of current therapeutic strategies, presenting a considerable challenge in terms of the budget implications with different treatment approaches whilst remaining firmly focused on improving clinical outcomes along with patient safety. This patient focus has meant that inhalers are typically prescribed by their brand name with the potential exception of ABA MDIs. This is because pharmacists in Scotland are not allowed to substitute a branded product with a generic [42].

It is envisaged that the inhaler market will be very different from the typical oral markets where considerable savings can be made following generic availability as seen with the Proton Pump Inhibitors (PPIs), statins, and antihypertensives [42-44]. Firstly, there are known concerns with how well or not patients have used their inhalers in the past resulting in activities including patient education and actively involving patients with inhaler choices to help address this [33,45-50]. As mentioned, concerns with adherence and poor technique have also resulted in new inhaler devices being developed as well as new medicines being developed including LABAs and LAMAs as well as longer acting steroids. Secondly, there are concerns for subsequent patient care if patients are switched between inhaler types without their consent, knowledge or training [49,51,52]. Lastly, there are concerns with switching between different inhalers with the same active ingredients in view of potential issues such as appropriate dosing and adherence [41].  

We are also aware that alternatives to Seretide® and Symbicort® are typically priced at a discount of only 20 to 30% below originator prices rather than the 85 to 95% reductions seen for generic PPIs, statins and selective serotonin re-uptake inhibitors (SSRIs) versus pre-patent loss prices [42,53,54]. As a result, expenditure on LABA/ ICS and LAMA inhalers has grown in recent years to become the highest of any medicine type in Scotland. To help address this, new lower cost LABA/ ICS inhalers, e.g. Fostair® (beclomethasone/ formoterol) and Revlar® (fluticasone furoate/vilanterol) have recently been promoted by the Health Boards in Scotland as the preferred first and second line choices [39-41]. There were concerns initially that these new inhalers did not have the same dose range as Seretide® and Symbicort®, which made it difficult to titrate care. In addition at the time of their launch, there were ongoing initiatives with Health Boards to encourage physicians to step down inhaler doses particularly the steroid burden in line with current guidance (BTS/ SIGN). Consequently, it was perceived as challenging to initiate this steroid dose change as well as switch patients between different inhaler types. There was also a need for all key stakeholders to become comfortable with Fostair® or Revlar®, which resulted in a gradual uptake initially as well as acknowledging the resource implications with patient training [50].There have also been concerns with the licensed indications of these alternatives versus Seretide® and Symbicort® when initially available. 

Consequently, there is a need to investigate the effects of these multiple national and regional activities on the utilisation and expenditure patterns of the different inhalers used in the management of asthma and COPD in Scotland. The findings will be used as a basis for reviewing and debating potential future policies to improve the quality and efficiency of prescribing for both asthma and COPD given concerns with expenditure within resource constrained environments but mindful of the need to continue to ensure good quality care. We are aware that there have been publications assessing the impact and factors associated with poor inhalation techniques as well as different educational policies to address concerns [34,37,38,49,50]. However, we are not aware of any study that has assessed the influence of multiple international, national and regional policies on inhaler utilisation and expenditure patterns during the past seventeen years to provide future guidance. 

[bookmark: _Toc526980772]2. Methodology

Utilisation and prescribing patterns of inhalers in Scotland were assessed using the prescription costs analysis (PCA) data compiled by the Information Services Division (ISD) of NHS Scotland from 2001 to 2017 [55]. This is an open source data set collecting data on the utilization and expenditure of medicines dispensed in community pharmacies in Scotland. NHS Scotland is a universal healthcare system serving the entire Scottish population, with currently no co-payment for medicines in Scotland. The information from the PCA included: the generic (INN) name, commercial name(s), formulation(s), drug strength(s), number of dispensed units, cost per unit and total gross expenditure. All costs are depicted in Great Britain pounds (GB£s). No attempt was made to allow for inflation as typically medicine costs in Scotland appreciably fall once generics become available and prices for originators are typically fixed [42,43]. 
 
Data on inhaled medicines from the following classes as defined by the British National Formulary [56] were incorporated into the study: SABAs, SAMAs (short acting muscarinic antagonists), LABAs, LAMAs, mast cell stabilisers, ICS as well as combinations such as SABA/SAMA, LAMA/LABA, ICS/LABA and ICS/SABA. We concentrated on guideline recommended inhalers for patients with asthma and COPD, acknowledging that in patients with asthma a LABA is typically not prescribed without an ICS and in COPD, an ICS is not licensed without a LABA. Consequently, both are typically given in combination.

Between 2001-2017, 144 individual inhalers were included covering both originators, alternatives to originators and generics. In terms of active ingredients, the following were available during the study period although a number of these inhaler types are no longer available: five SABAs (salbutamol, terbutaline sulphate, fenoterol hydrobromide, orciprenaline sulphate and reproterol hydrochloride), two SAMAs (ipratropium bromide and oxitropium bromide), three LABAs (salmeterol, formoterol fumarate and olodaterol), three LAMAs (tiotropium, aclidinium bromide and umeclidinium bromide), two mast cell stabilisers (nedocromil sodium and sodium cromoglicate), five ICS (budesonide, beclometasone dipropionate, ciclesonide, fluticasone propionate and mometasone furoate), one SABA/SAMA (salbutamol with ipratropium), three LAMA/LABA (umeclidinium bromide with vilanterol trifenatate, aclidinium bromide with formoterol fumarate and tiotropium with olodaterol), five ICS/LABA (salmeterol with fluticasone propionate, budesonide with formoterol fumarate, fluticasone furoate with vilanterol, fluticasone propionate with formoterol fumarate and beclometasone dipropionate with formoterol fumarate)  and one ICS SABA (beclometasone dipropionate with salbutamol).

From the PCA data, the units dispensed (typically an inhaler) and associated expenditure patterns were calculated for each drug class. When presenting and assessing utilisation data, NHS Scotland regularly uses defined daily doses (DDDs) as well as DIDs (DDDs/ 1000 inhabitants/ day) in line with international guidelines [57-59]. However, for the purpose of this study, items dispensed in community pharmacies, which were typically an inhaler, was used in order to track actual prescriptions to assess the influence of guidelines/legislation e.g. encouraging the prescription of combined LABA/ICS inhalers. In addition, DDDs are not available for combination inhalers [58]. We used a segmented regression analysis to assess the influence of the various initiatives to enhance the prescribing of newer formulations of ICS/ LABAs such as Fostair® or Revlar® as they became increasing endorsed by the Health Boards. We also plotted changes in the utilisation and expenditure patterns for the various inhaler ingredients over time.

These multiple initiatives undertaken by Scottish Health Boards and NHS Scotland to influence physician prescribing were consolidated using the 4E methodology in line with previous studies: Education (guidelines and academic detailing interventions), Engineering (organisational/managerial interventions e.g. prescribing indicators), Economics (financial incentives for prescription) and Enforcement (enforced regulations by health authorities – although not generally applying to Scotland) [42,44,60-63]. Examples of enforcement including compulsory INN prescribing in Lithuania, compulsory generic substitution in Sweden and restrictions on the prescribing of patented statins in Austria and Finland [64-67]. However, such activities are difficult in Scotland [42].  

No ethical approval was needed as only publicly sourced aggregated drug utilisation and expenditure data was used for analysis. No patient level data was accessed.

[bookmark: _Toc526980773]3. Results

[bookmark: _Hlk526242654]Table 1A in the Appendix summarises the various drug classes, the name of the first in class, as well as the number of strengths and formulations available during the course of the study.
[bookmark: _Toc526980775]
3.1 Demand-side initiatives
Table 1 summarises some of the many NHS Scotland and Health Board activities during the study period to influence the utilisation and expenditure of inhalers for asthma and COPD in Scotland. This includes safety concerns if patients are inappropriately prescribed high dose inhaled steroids as well as concerns with the increasing costs of Seretide® [8,16,17,39,40,57,59,68-79].



Table 1 - Summary of various initiatives, guidelines and policies introduced regionally and nationally in Scotland between 2001-2017

	Measure
	Year
	National or Regional
	Initiative

	Education
	2001
	National
	MHRA warning of systemic side effects following high dose fluticasone

	
	2003 - 2016
	National
	SIGN guidance on asthma – first published 2003 and updated 2016

	
	2003 and updated 
	Regional GGC
	Guideline on the management of Asthma

	
	2004 and updated
	Regional (GGC)
	Guideline on the management of COPD

	
	2006
	Regional (GGC)
	ICS formulary recommendations updated emphazising potency differences of CFC-free beclomatasone inhalers  

	
	2008 and updated
	Regional (Forth Valley) and Lothian
	Guideline on the management of COPD as well as a guide to support changes to CFC free inhaled corticosteroid devices

	
	2010
	National 
	Guidance on clinical standards for patients with COPD

	
	2009 - 2014
	Regional (Lothian)
	Lothian COPD Guidelines, updated in 2010, 2014 and recently. In 2011, Lothian introduce Fostair® onto the formulary and provided guidance when stepping up asthmatic patients from Clenil® or Qvar® (two formulations of beclomethasone with different particle sizes)

	
	2013
	Regional (GGC)
	Respiratory Inhaler Identification Guide as well as revised COPD Guideline

	
	2014 - 2016
	National 
	Respiratory Prescribing Strategy 2014 to 2016 and updated for 2018 to 2021

	
	2014
	Regional (Tayside)
	COPD Guidelines

	
	2016
	Regional (Lothian)
	· Fostair® and Relvar® as combination ICS/ LABA for asthma and COPD with Seretide and Symbicort no longer recommended
· LAMAs: First choice: umeclidinium bromide and second choice: aclidinium bromide. In 2018, this changed to Seebri® (Glycopyrronium)

	
	2016
	Regional (GGC)
	Prescribing guidance for asthma including Fostair® and Relvar® as preferred ICS/ LABA combination

	
	2017
	National
	COPD Best Practice Guidance

	
	2017/ 2018
	Regional (GGC)
	Braltus – (tiotropium) accepted onto the formulary

	
	2017/ 2018
	Reginal (Lothian and other Boards)
	Following GOLD guidance – Health Boards producting advice on stepping patients with COPD off ICS/LABA combinations

	Engineering
	2003
	National (Audit Scotland)
	Consider substituting salbutamol dry powder automated inhalers with standard inhalers for patients with asthma

	
	2009
	National 
	Better Health, Better Care and HEAT Targets:
· Establish respiratory Managed Clinical / Care Networks including working together to improve the management of asthma in children and young people
· Achieve agreed reductions in the rates of hospital admissions and bed days of patients with COPD and Asthma from 2006/7 to 2010/11

	
	2009
	Regional (GGC)
	Practice pharmacist medication reviews for patients with COPD

	
	2010
	Regional (Tayside)
	2010/11 Seretide® Cost-minimisation initiative

	
	2010
	Regional (GGC)
	Fluticasone inhalers cost-minimisation initiative

	
	2012
	National (Therapeutic Indicators)
	The proportion of high dose ICS prescribed of all ICS inhalers prescribed for asthma or chronic obstructive pulmonary disease

	
	2013
	National (Audit Scotland)
	Consider substituting salbutamol dry powder automated inhalers with standard inhalers for patients with asthma

	
	2013 - 2017
	National (Therapeutic indicators - NTIs)
	· The proportion of high strength corticosteroid inhalers prescribed compared with the total amount of inhalers, with typically high dose ICS under the care of a paediatrician. This changed in 2016 to:
· High dose corticosteroid inhalers as a percentage of all corticosteroid inhalers.
· Medium and high strength corticosteroid  inhalers prescribed to children.  
· Fostair® excluded from 2016 BTS/ SIGN guidance with Health Boards uncertain whether it should be counted as high strength or not. As a result, the NTIs in Scotland were reported with or without Fostair® as a high strength ICS
· It is recommended that patients on high dose ICS carry a steroid card

	
	2014 - 2016
	National 
	Respiratory Prescribing Strategy 2014 to 2016 and updated for 2018 to 2021

	
	2016
	Audit Scotland
	Highlighting that inhalers containing salmeterol with fluticasone propionate has the highest total cost in ambulatory care in Scotland (£35.5 million)

	
	2016
	National and Regional
	Patients receiving ICS to be reviewed every three months to facilitate stepping down and reduce excessive high dose steroid prescribing 

	
	2014
	Lothian
	Lothian respiratory MCN Action Plan 2014 to 2015 launched building on earlier plans

	
	2014
	Regional (Fourth Valley)
	Respiratory MCN updated the FV formulary choices for Asthma and COPD 


	
	2017
	Regional (GGC)
	Triple therapy inhalers for COPD added to formulary

	
	2017/ 2018
	Reginal (Lothian and other Health Boards)
	Following GOLD guidance – Advice produced locally including how to consider withdrawing ICS from some COPD patients 

	
	2018
	Regional (GGC)
	Moving patients with COPD to triple therapy

	Economics
	2002
	National
	Tiotropium approved for general use by the Scottish Medicines Consortium

	
	2014-2017
	National and Regional
	Local Enhanced Service (LES) for prescribing outlined where practices are paid for targets achieved 


	
	2018-19
	Regional (GGC)
	Prescribing Initiative for combination inhalers

	Enforcement
	2006-9
	National
	Withdrawal of CFC containing metered-dose inhalers


NB: MCN = Managed Clinical Network. Health Authorities in Scotland are called Health Boards

[bookmark: _Toc526980776]3.2 Utilisation and Expenditure Patterns 
Both utilisation and expenditure on inhalers steadily increased between 2001 and 2017. Total items dispensed increased from 3.44 million units in 2001 to 4.72 million units in 2017 with expenditure increasing from GB£48.63 million in 2001 to GB£95.16 million in 2017 respectively (Figures 1 and 2). This represents a 136.8% increase in items dispensed and 195.7% increase in total expenditure during the study period. 

More specifically, there was a steady increase in dispensed items for LABAs/ ICS during the study period, with the use of SABAs continually increasing each year as well but at a lower rate (Figure 1). Alongside this, there was a steady decline in the use of single-agent ICS inhalers and single-agent LABA inhalers, reflecting recommended treatment approaches (Table 1). There has also been an increase in the prescribing of LAMAs following their availability and more recently LAMA/ LABA combinations but from a low base. Conversely a steady decline in the use of SABAs and SAMAs in combination (Figure 1) and limited use throughout of ICS/ SABA combinations. The decline in the use of ICS/ SABA combinations reflects their withdrawal from the market place.

Figure 1: Utilisation (items dispensed of the different inhaler types in Scotland by drug class between 2001 and 2017 (Source ISD Scotland – [55]



During this period, there was also steady increase in expenditure on combination LABA/ ICS until recently (Figure 2), as well as increased expenditure on LAMAs. Expenditure on these two combinations has driven the increase in expenditure on inhalers in Scotland in recent years. Overall, expenditure on these combination inhalers rose from 8.6% of total inhaler expenditure in 2001, to 32.4% in 2004, to 63% in 2009 soon after the launch of LAMAs, and 78.7% in 2017.

Figure 2: Expenditure (GB£) on different inhaler types in Scotland between 2001 and 2017 (Source ISD Scotland – [55])


There has been a steady decline in the utilisation and expenditure of originator LABAs/ ICS in recent years following the availability and endorsement of alternative inhalers, e.g. Fostair® and Relvar® (Table 1) (Figures 3 and 4). It is envisaged that the utilisation of LABA/ ICS combinations will plateau or even fall following the change in GOLD guidance (Table 1). The change in the prescribing of Seretide® and Symbicort® to alternative inhalers such as Fostair® and Relvar® has been significant, i.e. p<0.001. 



Figure 3: Total utilisation of LABA/ICS inhalers in Scotland between 2001 and 2017 (Source ISD Scotland – [55])



As seen (Figure 4), this change in LABA/ ICS utilisation patterns (Figure 3) has resulted in their expenditure falling in recent years with growing use of lower priced alternative inhalers (Fostair® and Relvar®). In addition, initiatives to encourage lower strength steroid inhalers in recent years (Table 1) also facilitated in reduced expenditures. Fostair® and Relvar® now account for 24.5% of total expenditure on LABAs/ ICS (2017) in Scotland and growing rapidly (6.8% in 2015 and 13.2% in 2016). This reduction in expenditure of Seretide® and Symbicort® with a corresponding increase in expenditure of alternative LABA/ ICS inhalers such as Fostair® and Relvar® has also been significant (p<0.001). 



[bookmark: _Hlk4781025]Figure 4: Total expenditure (GB£) on LABA/ICS inhalers in Scotland between 2001 and 2017 (Source ISD Scotland – [55])





4. Discussion

The utilisation patterns of the different inhaler types for patients with asthma and COPD (Figure 1) is in line with national and regional guidance (Table 1) with inhaled ICS used initially in patients with asthma, with combination ICS/ LABAs used for maintenance and further treatments added when required. In patients with COPD, LAMAs are increasingly recommended alongside LABA/ LAMA combinations as well as triple therapy with increasing fears about using combination LABAs/ ICSs unless patients also have asthmatic features (Table 1).  The effect of these guidelines can also be seen with limited utilising of mast cell stabilisers (Figure 1) in line with their exclusion. 

The growth in the utilisation of inhalers in Scotland is also in line with increasing prevalence rates especially for COPD [5]. The higher utilisation of Seretide® over Symbicort® (Figure 3) may be due to the preference of clinicians as opposed to any appreciable differences in clinical outcomes. This may have arisen because GSK is a long-standing company in this area in the UK, initially through Allen and Hanburys. However, further research is needed before any definitive statements can be made.

Inhaler expenditure increased from GB£48.63 million in 2001 to GB£85.91 million in 2010 and to GB £95.17 million in 2017 (Figure 2), enhanced by the prescribing of Seretide®, Symbicort® and Spiriva®. Traditionally, as mentioned, the focus of managing patients with asthma and COPD in Scotland has been on educating patients to improve their inhaler technique and adherence rates [33,38]. In addition, making sure optimal doses of ICS are given, which in recent years has meant a reduction in the steroid burden (Table 1). However, the high and growing expenditure on originator ICS/ LABAs up to 2010 resulted in Health Board initiatives to increase the use of alternative inhalers (Table 1 – Figure 3). Concurrent with this, there has been ongoing monitoring of patients to ensure care is not compromised. In addition, regular monitoring of inhaler prices especially when originator companies lower their prices to help retain or slow down their decline in utilisation. The increasing use of alternative inhalers coupled with initiatives to reduce the steroid burden and associated costs appears to have moderates the growth in overall inhaler expenditure (Figures 2 and 4) for now at least. 

[bookmark: _Hlk8629721]The usage and expenditure patterns for respiratory inhalers (Figures 1 and 2) did not follow the same patterns as seen with other common classes of medicines prescribed in ambulatory care in Scotland when medicines lose their patent such as antihypertensive medicines, PPIs, SSRIs and statins [42-44,53]. Consequently, we did not see appreciable reductions in inhaler expenditures as the constituent medicines lost their patents with the launch of newer inhalers replacing the older ones (Appendix 1A) and, as mentioned, price reductions with newer inhalers being more modest [42,43]. As a result, expenditure on inhalers increased by 195.7% between 2001 and 2017 with utilisation only increasing by136.8%. This increase in expenditure reflects the promotion of ICS/ LABA combination therapies until recently for patients with COPD (Table 1), the more modest price reductions of Fostair® and Relvar® compared to Symbicort® and Seretide®, as well as the challenges of treating patients with respiratory diseases including concerns with regularly switching patients between inhalers particularly if there are colour changes [80]. This was an issue with Relvar® limiting initially its use in practice. Concerns with switching patients to different inhalers whose condition is relatively controlled has the potential for increasing exacerbations. The extent though of this increased risk is under debate with some authors suggesting that any risk is so high that any switching of inhalers is unwarranted and could be costly [38,52,81]; however, others have suggested there is no real risk and patient care and clinical outcomes are of the same standard when using alternative inhalers [82]. 

Overall, constant monitoring of patients coupled with education on inhaler techniques as well as other initiatives helps ensure patients in Scotland are treated as well as possible within available resources. Such approaches are facilitated by the fact that community pharmacists cannot substitute branded medicines in the UK [42].   This situation is being closely monitored though in view of the recognised need to continue to offer high standards of care to patients with asthma and COPD in Scotland but mindful of the current high expenditure on inhalers. There are also concerns that the expiry dates of the newer inhalers are being reduced once opened, and this situation will also be closely monitored. One potential approach is that all key stakeholder groups become used to a more limited number of inhalers so adherence and outcomes can be maximised. However, the range has to be sufficient to cover patient needs.

[bookmark: _Toc526980778]Limitations
We are aware it cannot be categorically assumed that all inhalers in this study are being prescribed for the treatment of asthma or COPD. However, it is believed that the prescribing of these inhalers for other indications is currently very limited. There was also an inability to assess adherence to the different inhalers including the newer combination inhalers, or their impact on patient outcomes, using the PCA data. In addition, prescribing and dispensing data are not always equal to each other. Despite these limitations, we believe our findings are robust providing direction for the future.

[bookmark: _Toc526980779]5. Conclusion
We believe this is the first comprehensive study in the UK and across Europe to evaluate the influence of multiple international, national and regional initiatives on the utilisation and expenditure patterns of different inhalers used for the management of asthma and COPD in recent years. 

Overall, the utilisation and expenditure patterns for inhalers used for the treatment of asthma and COPD in Scotland have not experienced the same trends as other high volume classes in ambulatory care in terms of decreasing expenditure despite increasing utilisation once standard medicines in the class lose their patent. This is due to a number of factors including the need to have a range of inhalers to choose from, the patent situation associated with new devices and new formulations, concerns with switching, and more modest price reductions with the newer alternative combination inhalers compared to their originators. 

For any health service with finite resources, cost is a key consideration as seen recently regarding Scotland’s Health Board advice on Fostair® and Relvar®. However, improved patient care and safety is paramount for patients with asthma and COPD as seen by the various international, national and regional initiatives and guidelines which have appreciably influenced prescribing patterns in Scotland, most notably resulting in the increasing use of LABA/ICS inhalers (until recently) and reduced prescribing of single agent ICS and LABA inhalers. However, further research is need to fully assess the cost-effectiveness of the different approaches in Scotland including educational and other initiatives to enhance patient adherence and improve future care efficiently. Ideally, all key stakeholder groups should work together to rationalise the inhaler choices available and improve familiarity to help conserve costs within a constrained resource environment. These are projects for the future.

[bookmark: _Hlk8631963]Key issues:
· There is increasing prevalence of asthma and COPD across countries, with both priority areas in Scotland
· There has been the continual launch of new patented inhalers to help address concerns with adherence to inhalers. This coupled with increased prevalence rates has meant a two fold increase in inhaler expenditure in Scotland between 2001 and 2017
· As a result, NHS Scotland spends over GB£125 million per year on respiratory medicines, with expenditure on LABA/ ICS and LAMA inhalers becoming the highest of any medicine type in Scotland
· However concerns with the availability of the full dose range of alternative combination inhalers to Seretide® over Symbicort®, coupled with the need to be cautious initially as healthcare professionals and patients became more familiar with alternative inhalers and their more modest price reductions, has resulted in total expenditure in inhalers plateauing in recent years compared with the appreciable reductions in expenditure on oral medicines once generics become available. Recent initiatives to reduce the steroid burden have also impacted on expenditures
· There is ongoing monitoring of patients to ensure care is not compromised with the increasing use of alternative combination inhalers, and this will continue
· The utilisation of combination ICS/ LABAs in COPD will be affected by recent concerns with their safety
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Appendix

Table 1A – Summary of different inhaler drug classes (Source ISD Scotland – [55])

	Drug Class
	Active Ingredient
	Originator
	Number of strengths and formulations (2001 vs. 2017)

	SABA
	Salbutamol
	Ventolin®
	19 - 15

	
	Terbutaline Sulphate
	Bricanyl®
	6 - 2

	
	Fenoterol Hydrobromide
	Duovent®
	6 - 0

	
	Orciprenaline Sulphate
	Alupent®
	4 - 0

	
	Reproterol Hydrochloride
	Bronchodil®
	2 - 0

	SAMA
	Ipratropium Bromide
	Atrovent®
	6 – 2

	
	Oxitropium Bromide
	Oxivent®
	4 - 0

	LAMA
	Tiotropium
	Spiriva Respimat®
	0 - 2

	
	Aclidinium Bromide
	Eklira Genuair®
	0 - 2

	
	Umeclidinium Bromide
	Incruse Ellipta®
	0 - 2

	Mast Cell Stabilisers 
	Nedocromil Sodium
	Tilade®
	4 - 2

	
	Sodium Cromoglicate
	Intal®
	8 - 2

	ICS
	Budesonide
	Pulmicort®
	10 - 14

	
	Beclometasone Dipropionate
	Becotide®
	42 - 19

	
	Ciclesonide
	Alvesco®
	6

	
	Fluticasone Propionate
	Flixotide®
	22 - 14

	
	Mometasone Furoate
	Asmanex®
	0 - 8

	SABA/SAMA
	Salbutamol/Ipratropium
	Combivent®
	1 - 0

	LAMA/LABA
	Umeclidinium Bromide/ Vilanterol
	Anoro®
	0 – 0

	
	Tiotropium/Olodaterol
	Spiolto Respimat®
	0 – 1

	ICS/LABA
	Salmeterol/Fluticasone Propionate
	Seretide®
	0-11

	
	Budesonide/Formoterol Fumarate
	Symbicort®
	0 - 6

	
	Fluticasone Furoate/Vilanterol
	Relvar Ellipta®
	0 - 2

	
	Fluticasone Propionate/Formoterol Fumarate
	Flutiform®
	0 - 3

	
	Beclometasone Dipropionate/Formoterol Fumarate
	Fostair®
	0 - 4

	ICS/SABA
	Beclometasone Dipropionate/Salbutamol
	Ventide®
	1 - 0


NB: There have been changes in the availability of different inhaler types during the course of the study as well as CFC and CFC-inhaler types. Some formulations were also never licensed in the UK but may have had limited use.  
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Monies in multiples of GBP£ x106



SABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	1723191	1774224	1812093	1810846	1832310	1866834	1906539	1934375	2049068	2109740	2130641	2199997	2242248	2240958	2343497	2345073	2371581	SABA/SAMA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	83245	95849	112412	127366	128137	118108	104552	86841	17256	0	0	0	0	0	0	0	0	SAMA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	153616	160567	164274	156011	117113	96750	81533	71244	86240	78107	65622	53580	44477	37813	32451	27590	22760	LABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	260530	273897	269584	250819	225275	198613	179011	160035	144084	132619	121758	112666	104426	97073	94322	86328	71479	LAMA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	0	0	0	0	0	0	0	986	11174	22267	33693	39444	38715	40592	55805	101521	216662	LAMA/LABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	0	0	0	0	0	0	0	0	0	0	0	0	0	0	98	8105	44764	Mast cell stabilisors 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	11400	9516	8031	6120	4617	3617	2758	1396	832	871	966	1561	1537	1375	1384	1472	1383	ICS	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	1142719	1131668	1102420	1022822	953119	876579	816126	776256	761296	742055	718487	712566	701604	674286	686146	662215	641046	ICS/LABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	67820	135015	229049	349993	492318	628176	731160	816929	911935	989717	1046645	1108002	1154690	1184145	1242142	1293427	1354041	ICS/SABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	4104	3644	2862	1404	36	0	0	0	0	0	0	0	0	0	0	0	0	Year

Total dispensed items (units) x105



SABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	7843742.0500000007	8294778.7600000007	8619972.4100000001	8732033.3800000008	8605813.6099999901	9078888.459999999	10388988.16	10581693.020000001	11196105.570000002	11424452.66	8571123.5099999905	8707652.8200000003	8506927	8381003.3300000001	8637189.3800000008	8309189.3400000008	8114439.4500000002	SABA/SAMA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	802321.95000000042	918202.65	1076298.6000000001	1223487.6000000001	1235316.9000000004	1145836.05	1032529.3700000001	897072.39000000013	167956.93	0	0	0	0	0	0	0	0	SAMA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	1165159.01	1235929.56	1286789.47	1225207.1500000008	712929.9	555593.69999999879	470652.74	416352.16000000003	521066.26999999996	565706.05000000005	478017.85	393607.1	323659.55000000005	275623.84000000003	256393.84	216228.40000000002	177419.6	LABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	9344847.569999991	9866478.3999999911	9733832.4000000004	9572877.1999999899	8872532.2999999877	7470456.6599999992	6806091.3599999994	6116477.580000001	5532976.9300000034	5105976.6899999995	4726539.46	4436288.5600000005	4119715.2300000004	3821129.79	3671330.8499999987	3324454.13	2755876.4099999997	LAMA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	0	0	0	0	0	0	0	50034.600000000006	497457.7200000002	979398.80999999936	1521816.6600000001	1840629.96	1809425.56	1767509	2217227.6	3876150	7854954.8000000007	LAMA/LABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3607.5	321912.5	1926242.5	Mast cell stabilisors 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	367885.63	310875.44	269689.2	218411.31	155559.64000000001	91982.19	87665.760000000009	58864.840000000011	50803.68	52840.619999999995	51723.560000000005	61222.219999999994	56900.08	51527.98	63631.55	60445.69	56934.25	ICS	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	24893141.050000001	24463952.399999999	23253091.820000004	20860867.509999998	18496985.969999976	14889509.920000002	13091449.169999991	13752896.149999989	13747887.25	12063663.410000002	11116867.200000001	10911921.440000001	10570459.930000002	10040788.19999999	10016577.180000002	9583732.6899999883	9120613.6799999904	ICS/LABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	4184452.6499999994	8345479.5299999993	14030953.690000001	20069956.739999998	27393179.259999998	33887999.890000001	40354753.640000001	46131966.300000004	52227929.330000006	55714793.810000002	59336211.440000005	62667704.870000005	64506290.18	65690437.82	67427207.989999995	67365622.270000011	65161131.49000001	ICS/SABA	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	35576.880000000012	31983.419999999976	25539.040000000001	12352.179999999988	314.36	0	0	0	0	0	0	0	0	0	0	0	0	Year

Monies in multiples of GBP£ x106




2

