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ABSTRACT
Objective
To compare the cost-effectiveness of budesonide/formoterol  in a single inhaler used as Maintenance and
Reliever Therapy (SMART) versus fixed higher-dose budesonide/formoterol  plus as-needed terbutaline reliever  (FHDBF)  or fixed  dose  fluticasone/salmeterol  plus  as-needed  terbutaline  reliever  (FDFS)  in controlling asthma in adults and adolescents.
Methods
An economic evaluation was conducted by applying Canadian costs to the results of a large (N=3,335)
international   randomized,   double-blind,   controlled   trial  in  which  health  resource   utilization   was
prospectively collected. Although no Canadian subjects were enrolled in this clinical trial, it was assumed that the results would apply to Canadian patients. Primary outcome measurements included time to first exacerbation and the number of severe exacerbations. Costs included direct medical costs (physician/emergency  room visits, hospitalizations,  asthma drug costs) and productivity (absenteeism). The time horizon was six months, which corresponded to the duration of the trial. Prices were obtained from 2006 Canadian sources. Both healthcare and societal perspectives were considered. Deterministic univariate sensitivity analyses were conducted.
Results
In the clinical trial, SMART was superior to FHDBF and FDFS with respect to total number of severe
exacerbations  (RR  0.72;  95%  CI  0.57,  0.90;  p=0.0048;  RR  0.61;  95%  CI  0.49,  0.76;  p<0.001, respectively).  Exacerbation rates (reported as events per patient per 6 months) were 0.12 for SMART,
0.16 for FHDBF, and 0.19 for FDFS. All treatments provided similar improvements  in lung function,
asthma control days and asthma-related quality of life. The mean cost per patient per 6 months was $545 in the SMART  arm versus $690 in the FHDBF arm and $842 in the FDFS arm from the healthcare perspective; and $676 for SMART, $838 for FHDBF, and $954 for FDFS from the societal perspective. SMART was dominant (more effective, less expensive) in the base case analysis from both the healthcare and societal perspectives. The results were robust under sensitivity testing.
Conclusions
The SMART strategy, which allows budesonide/formoterol  to be used as both maintenance and reliever medication, is dominant over the alternate strategies of fixed higher dose budesonide and formoterol plus as-needed terbutaline or fixed dose salmeterol and fluticasone plus as-needed terbutaline.
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he  main  goals  of  asthma  therapy  include reducing  or  eliminating  asthma  symptoms, preventing asthma exacerbations, and maintaining the best possible lung function while minimizing any  adverse  effects  from  medication.1    Inhaled
corticosteroids  (ICSs)  have  been  considered  the
mainstay of therapy. However, many patients treated with an ICS alone continue to be symptomatic. In an effort to find alternative strategies  to increasing  the dose of ICS, clinical evidence has emerged supporting the use of combination therapy with ICSs and long acting β2 agonists  (LABAs)  for  the  treatment  of  patients
with moderate-to-severe asthma.2,3
Patients who need both an ICS and a LABA
can take their medications separately or combined in  one  inhaler.  The  advantage  of the individual multiple inhaler approach is that each dose of medication can be titrated independently of the other. The main disadvantage of this approach is that it is often cumbersome and confusing, as patients require at least three inhalers, an ICS inhaler and a LABA inhaler for maintenance therapy, and a short acting β2 agonist (SABA) inhaler,   for  relief  from  symptoms.   Thus,  the
multiple inhaler approach can contribute to poor treatment adherence, a problem that is well recognized  in  patients  with  asthma.4   Combining the ICS and LABA in one inhaler simplifies the treatment   regimen,   potentially   contributing   to better  adherence  and,  ultimately,  better  disease
control. Currently, in Canada, there are two ICS/LABA fixed combination products: budesonide/formoterol (Symbicort®) and salmeterol/fluticasone (Advair®).a  More recently, another treatment approach providing even greater regimen simplification has been described. This approach involves the use of a single inhaler containing a combination of budesonide/formoterol for both maintenance and reliever therapy (abbreviated to SMART [Symbicort Maintenance And Reliever Therapy]).2, 3,5,6
To   gain   widespread   acceptance   of   new treatment strategies in Canada, both sound clinical


plus as-needed terbutaline (FHDBF) or fixed dose salmeterol/fluticasone plus as-needed terbutaline (FDSF) from a publicly-funded healthcare and societal perspective.
The   analysis   was   conducted   by   applying
Canadian costs to the results of a large, randomized,
double-blind, double-dummy, parallel-group, six month trial by Kuna et al.7 The study was conducted in 235 centres in 16 countries, including Argentina, Australia,   Bulgaria,   Czech   Republic,   Hungary, India,   Malaysia,   Mexico,   the   Netherlands,   the
Philippines,  Poland,  South  Africa,  South  Korea,
Thailand, the UK and Vietnam. Although Canada was not one of the participating countries, an assumption was made that the clinical trial results would be transferable to Canada. Healthcare resource utilization was collected prospectively as
part of the clinical trial.8
METHODS Study Design
Full  details  of the  study  design,  treatments  and clinical  assessments  have  been  published elsewhere7    and  are  summarized   here.  Patients were enrolled in the study if they were ≥ 12 years of age, had been using ≥ 500 µg/day ICS for at least one month and had experienced one or more
severe exacerbations in the previous year prior to study entry.
Patients using reliever medication on five or
more of the last seven days of the two -week run- in period were randomized to treatment with one of three comparators:
1)   budesonide/formoterol    as   maintenance    and
reliever  (SMART)  (budesonide/formoterol  160/4.5
µg [trade name: Symbicort  200/6]b   – 1 inhalation twice daily plus additional as -needed inhalations for
relief),
2) fixed two-fold higher maintenance budesonide/formoterol 320/9 µg – 1 inhalation twice
evidence and compelling economic evidence must         

be provided. The current analysis was undertaken to determine the cost-effectiveness of SMART versus  fixed  higher  dose  budesonide/formoterol
aThe use of trade names is for product identification  purposes  only and does not imply endorsement.

b Each delivered dose (the dose that leaves the mouthpiece) contains: budesonide 160 micrograms/inhalation and formoterol fumarate dehydrate  4.5 micrograms/inhalation.   Symbicort  200/6  Turbohaler delivers the same amount of budesonide and formoterol as the corresponding Turbohaler monoproducts, i.e., budesonide 200 micrograms/inhalation (metered dose) and formoterol 6 micrograms/inhalation (metered dose) alternatively labeled as 4.5 micrograms/inhalation (delivered dose).
e166

Can J Clin Pharmacol Vol 15 (2) Summer 2008:e 165-e176; June 1, 2008
daily plus as needed terbutaline 0.4 mg/inhalationc
(FHDBF), or
3) fixed maintenance salmeterol/fluticasone  25/125
µg–2 inhalations twice daily plus as-needed terbutaline 0.4 mg/inhalation (FDSF).
The  primary  efficacy  variable  was  time  to first severe asthma exacerbation, defined as deterioration  in asthma leading to hospitalization or emergency room visit or oral steroid treatment for   at   least   three   days.   Secondary   outcomes included night-time awakenings, reliever and maintenance   drug   use,   and   asthma   symptom scores.  In addition,  quality  of life  was  assessed using the 5-item Asthma Control Questionnaire (ACQ-5)9    and  Standardized  Asthma  Quality  of Life Questionnaire (AQLQ).10  Data from case record forms were used to calculate the mean and total number of severe exacerbations,  number of
patients with exacerbations and days with oral steroids due to exacerbations. Patient diaries were used to collect reliever and medication use as well as asthma symptom scores and night-time awakenings.
Economic Analysis
Although  the  primary  endpoint  in  the  trial  was time  to  first  severe  exacerbation,  this  was  not
considered an appropriate outcome for a cost- effectiveness analysis. Rather, the analysis was conducted  based  on  the  cost  per  severe exacerbation  avoided. This outcome is important and appropriate from a clinical viewpoint because avoidance of exacerbations is a central goal of asthma management.11  From an economic viewpoint, exacerbations are often one of the most
costly  aspects  of  asthma  management.12    Semi-
annualized  exacerbation  rates  reported  as  mean
rates per patient per 6 months were obtained from the clinical trial.
Resource   utilization   data   were   obtained
primarily from the clinical trial. Asthma-related healthcare events, including physician visits, hospital visits, emergency room visits, ambulance transports, other healthcare professional visits and home visits were collected from patient notebooks
c Each dry powder metered dose inhalation  (the dose that leaves the mouthpiece)   contains:  terbutaline  0.5mg  equivalent  to  terbutaline
0.4mg.

and transferred to case record forms (CRFs) at scheduled clinic visits.
Sick-leave was reported in a similar manner. Medication  reported  in the trial and used in the analysis included study medication (reported as number  of  inhalations)  and  exacerbation-related oral steroids (reported as days of treatment). An expert panel was used to identify the oral steroid most commonly used in Canada and the most common daily dose or dosing regimen. Other medication including bronchodilators, antihistamines,  topical and nasal formulations  of glucocorticosteroids   were  allowed  in  the  trial.
However,   based  on  previous  studies,13,14     their
usage   was   believed   to   be   low   and   without
significant impact on the overall results; therefore, they were not included in the analysis. Also excluded from the analysis were the scheduled study   visits   as   these   were   considered   to   be protocol-driven and not representative of usual clinical practice. These decisions should not affect the results of the incremental  analysis, since the costs were expected to be comparable;  however, this omission may have led to an underestimation of total costs.
Per patient costs were calculated by multiplying the number of events reported by the cost per event.   Unit costs were reported in 2006
Canadian dollars, either from 2006 sources or by adjustment  to  2006  prices  using  the  Consumer Price Index.15 Unit costs were obtained from a variety  of  appropriate   sources,   and  based  on national or provincial prices. Drug costs were obtained from the current electronic version of the Ontario Drug Benefit Formulary / Comparative Drug Index.16 Generic prices were used where available.  Using the parameters  provided  by the Ontario  Public  Drug Programs,  drug costs  were
calculated by summing the acquisition drug cost,
10%  mark-up,  and  $7.00  dispensing  fee,  less  a
$2.00 patient co-payment. Inhaler use was based
on the reported number of inhalations, rather than imprecisely converting inhalations to an approximate  number of canisters.  Physician  fees were obtained from the 2006 Ontario Health Insurance   Schedule   of   Benefits   and   Fees. 17
Outpatient   nursing   fees   were   obtained   from
Workplace  Safety  and  Insurance  Board  (WSIB) fee schedule  for registered  nurses.18   The cost of homecare nursing visits was obtained from the Community     Nursing     Services     Study     and
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represents the average cost of for-profit and not- for-profit fees in Ontario.19  The cost of ambulance transport    was    obtained    from    the    Ontario
Ambulance   Services   Billing.20     Hospitalization costs were obtained for asthma-related hospitalizations   (CMG   146)   from   the   Health
Costing    in    Alberta    2005    Annual    Report.21
Intensive care hospital days were assigned the average  cost  per day at the level  of complexity
identified as Plx 4 (highest degree of complexity); general hospital  days were assigned  the average cost per day at the level of complexity identified as Plx 1 (lowest degree of complexity). The cost of an emergency room visit was obtained from the Health  Costing  in Alberta  2005  Annual  Report, which  included  fully  allocated  costs  with  the
exception  of ER physician  cost.21  Therefore,  the
physician  fees  (obtained  from  the  Ontario Schedule of Benefits and Fees) were added to the ER visit cost.17
Average hourly wages were obtained from Statistics Canada.22 It was assumed that each work day was eight hours in duration. The time horizon for this analysis was fixed at the duration of the clinical trial, which was six months, a time period
that  was  considered  sufficient  to  observe differences in the primary outcome variable given the sample size and expected number of events. In the base case analysis,  no attempt  was made to extrapolate beyond the clinical trial period. Consequently,   discounting   was   not   necessary. Both  the healthcare  and the societal  perspective
TABLE 1    Baseline Patient Characteristics

were considered. Univariate sensitivity analyses were  conducted  on  the  following  three parameters:
    the mean  number  of severe  exacerbations,
i.e., rate of severe exacerbations (varied by using the upper and lower 95% confidence interval of the hazard ratio)     for budesonide/formoterol;

non-drug  costs  (varied  by  removing  non- drug costs completely and by doubling non - drug costs); and

the number of study drug inhalations in the SMART arm (varied by increasing to a threshold where study drug costs were approximately equivalent).
RESULTS
A complete description of the efficacy and safety results has been presented elsewhere and is summarized  below.7   Of  the  4399  patients enrolled, 3335 qualified for randomization to treatment: 1107 to SMART, 1105 to FHDBF and
1123  to  FDSF.  The  most  common  reason  for
exclusion from randomization was failure to meet defined criteria for asthma severity. Baseline characteristics of the patients are shown in Table
1. The three groups were evenly matched for age, gender, time since diagnosis, and prior use of asthma medications.
	
	SMART (n = 1,107)
	FHDBF (n = 1,105)
	FDSF (n = 1,123)

	Gender - male, n (%)
	479 (43)
	448 (41)
	484 (43)

	Mean age, years
	37.9 (11-79)
	37.9 (12-83)
	38.0 (12- 83)

	ICS dose at entry, µg/day
	740.4 (250-2000)
	749.6 (100 -3200)
	744.2 (200- 2000)

	Time since diagnosis, years
	9 (0 -70)
	10 (1-69)
	10 (0- 66)

	As-needed use, (puffs/24h)
	2.30 (0.0-12.6)
	2.31 (0.22 – 9.53)
	2.33 (0.0-10.75)

	LABA use at study entry, % of patients
	46
	47
	47

	Mean FEV 1, % predicted
	72 (29 – 131)
	73 (46 -122)
	73 (30-143)

	Mean Reversibility, %
	23.5 (10-106)
	24.8 (7-150)
	23.4 (3-92)


Data are presented as mean (range) unless otherwise stated. SMART = budesonide/formoterol maintenance and reliever therapy; FHDBF = fixed
higher dose budesonide/formoterol; FDSF = fixed dose salmeterol/fluticasone; ICS = inhaled corticosteroid; LABA = long acting beta agonist; FEV1 = forced expiratory volume in one second
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TABLE 2          Severe Exacerbations in the Intent-to-treat Study Population
	Severe
Exacerbations
	SMART (n =1,110)
	FHDBF (n =1,110)
	FDSF
(n =1,110)
	SMART vs. FHDBF
	SMART vs. FDSF

	
	
	
	
	HR (95% CI)
	p -value
	HR (95% CI)
	p- value

	Total No. of
Events
	125
	173
	208
	

	Total No. of Days with Event
	692
	1143
	1327
	

	Events/patient
/6 months
	0.12
	0.16
	0.19
	0.72 (0.57, 0.90)
	0.0048
	0.61 (0.49,0.76)
	<0.001


HR = hazard ratio; CI = confidence interval; SMART = budesonide/formoterol maintenance  and relie ver therapy; FHDBF =fixed high er
dose budesonide/formoterol; FDSF = fixed dose salmeterol/fluticasone
All treatments resulted in improvements in lung function    and   asthma   symptoms.    Exacerbation burden (total number of events and mean number of events per patient per 6 months) in each treatment group is presented in Table 2. The total number of severe exacerbations in the SMART group was reduced by 28% (HR 0.72; 95% CI 0.57, 0.90) compared  with  FHDBF  (p=0.0048)  and  by  39% (HR 0.61; 95% CI 0.49, 0.76) compared with FDSF (p<0.001). Six-month exacerbation rates were 0.12 events/patient/6   months   for   SMART,   0.16   for FHDBF and 0.19 for FDSF. SMART also prolonged the time to first severe exacerbation compared with the two fixed dose  treatment  strategies.  All three

regimens  produced  similar  improvements  in symptom-control measures used to assess daily variability in asthma control. As well, no differences were noted  between  the treatment  groups  in lung function (FEV1 and morning and evening PEF).
All treatments were well tolerated. Among the
three treatment groups, with the exception of severe asthma    exacerbations,    no   clinically    important
differences were observed with respect to number or severity of adverse events. Resource use including hospitalization,  emergency  room visits, ambulance transports, physician visits (primary care and specialist), other health care visits, and home care visits is summarized in Table 3.
TABLE 3           Resource Utilization
	Resource Type
	    SMART (n = 1103) 

	FHDBF (n = 1099) 

	FDSF (n = 1119) 


	
	Mean/pt/6month
	Mean/pt/6month
	Mean/pt/6month

	Ambulance transports
	0.003
	0.007
	0.011

	Hospitalization, intensive care (days)
	0.024
	0.006
	0.006

	Hospitalization, general care (days)
	0.037
	0.095
	0.148

	Emergency room visits
	0.067
	0.061
	0.089

	Visits to PCP
	0.141
	0.178
	0.135

	Visits to specialist
	0.157
	0.195
	0.204

	Other healthcar e visits
	0.037
	0.037
	0.048

	Home visits, physician
	0.003
	0.013
	0.008

	Home visits, other HCP
	0.003
	0.003
	0.022

	Oral steroids (days)
	0.63
	1.06
	1.12

	SMART (inhalations)
	546
	0
	0

	FHDBF* (inhalations)
	0
	361
	0

	FDSF (inhalations)
	0
	0
	723

	Terbutaline (inhalations)
	0
	188
	174

	Sick -leave - Full-time employee
- Full-time caregiver
	0.73
0.09
	0.85
0.08
	0.65
0.05


SMART = budesonide/formoterol maintenance and reliever therapy; FHDBF = fixed higher dose budesonide/formoterol; FDSF = fixed dose
salmeterol/fluticasone; PCP = primary care physician; HCP = healthcare professional; * 1 inhalation FHDBF = 2 inhalations of budesonide/formoterol 160/4.5 (Symbicort 200)
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Sick-leave for full-time employees and caregivers is also reported in Table 3. Much of the resource utilization  was infrequent  and similar  amongst  all treatment groups. There were notable differences in the number of hospitalizations; although, it was not possible to draw conclusions about the significance of this finding since the overall numbers were small. Oral steroid use in the SMART group was approximately half the use in the other two groups:
0.63 days per 6 months compared to 1.06 and 1.12 in the FHDBF and FDSF respectively. The average number of budesonide/formoterol inhalations, for maintenance and reliever use, in the SMART group

was three per day. Concomitant medication use occurred  relatively  infrequently.  Differences amongst the three groups were less than 3% with no obvious trend benefiting any one group. Therefore, the decision to exclude the costs of concomitant medication did not favour any of the treatment arms. Unit costs for resources are presented  in Table 4. Since budesonide/formoterol 320/9µg strength is not available in Canada, the cost of maintenance medication  in the FHDBF arm was assigned as a double quantity of budesonide/formoterol 160/4.5µg inhalations.
TABLE 4    Unit Costs
	Medications1
	Per Unit
	Per Inhalation2

	Budesonide/formoterol 160/4.5 MDI - 120 doses
	$78.00
	$0.7567

	Salmeterol/fluticasone 25/125 MDI - 120 doses
	$89.70
	$0.8639

	Terbutaline 0.5mg/MDI – 200 doses
	$14.70
	$0.1059

	
	Per Unit
	Per Day

	Prednisone 5mg tablet
	$0.009
	$0.57923

	Healthcare Provider Visits
	Per Visit

	GP (minor assessment)
	$17.75 (Ontario Schedule of Benefits, A001)

	Respirologist (partial assessment)
	$29.05 (Ontario Schedule of Benefits, A478)

	ER (partial assessment)
	$170.96
(Health Costing in Alberta report, ACCS 885; Ontario Schedule of Benefits A888)

	Nurse (follow-up visit)
	$19.85 [ref: (19)]

	District Nurse
	$48.58 [ref: (18)]

	GP (house call assessment)
	$41.75 (Ontario Schedule of Benefits, A901)

	Ambulance
	Per Transport

	Ambulance transport
	$195.00 [ref: (20)]

	Hospitalizations/Emergency Room Visit
	Per Day/Visit

	Intensive Care (day)
	$3,061.31 (Health Costing in Alberta report, CMG 146-plx 4)

	General Care (day)
	$1,028.18 (Health Costing in Alberta report, CMG 145-plx 1)

	ER Visit (does not include physician fee)
	$142.41 (Health Costing in Alberta report)

	Work Loss
	Per Hour

	Average wage, 15 yrs and older
	$18.90 (Statistics Canada)

	Minimum wage
	$7.75 (Ontario Ministry of Labour)


MDI = metered dose inhaler; 1 From Ontario Drug Benefit Formulary, Electronic version.
http://www.health.gov.on.ca/english/providers/program/drugs/odbf_eformulary.html Accessed on January 16, 2007
2Includes mark-up, dispensing fee and patient co-payment; 3Based on a 10 day course at 40 mg/day.
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In the base case analysis, the total cost per patient per 6 months  was calculated  by multiplying  the number   times   the  unit  cost   for  each   of  the resources  utilized,  then  summing  for  each treatment  arm.  From  the healthcare  perspective, drug costs represented  76% of the total costs in

the SMART and the FDSF arms and 80% of the total costs in the FHDBF arm. Mean costs per patient per 6 months are represented in Table 5:
$545 for SMART, $690 for FHDBF and $842 for
FDSF.
TABLE 5    Mean Cost per Patient per 6 Months
	Resource
	SMART
(n =1103 )
	FHDBF
(n = 1099 )
	FDSF
(n = 1119 )

	Hospitalization
-  Intensive care
-  General care
	$73.47
$38.04
	$18.37
$97.68
	$18.37
$152.17

	Emergency Room Visits
	$11.45
	$10.43
	$15.22

	Ambulance Transports
	$0.59
	$1.37
	$2.15

	Physician Visits
-  Primary Care
-  Specialist (Respirologist)
	$2.50
$4.56
	$3.16
$5.66
	$2.40
$5.93

	Other Healthcare Visits
	$0.73
	$0.73
	$0.95

	Physician Home Visits
	$0.13
	$0.54
	$0.33

	Other Healthcare Home Visits
	$0.15
	$0.15
	$1.07

	Subtotal Non-drug Costs
	$131.62
	$138.09
	$198.58

	Study Drug Costs
-  Budesonide/formoterol
-  Salmeterol/fluticasone
-  Terbutaline
	$413.14
$0
$0
	$531.27
$0
$19.90
	$0
$624.61
$18.42

	Concomitant Drug Costs
-  Prednisone
	$0.36
	$0.61
	$0.65

	Subtotal Drug Costs
	$413.50
	$551.79
	$643.68

	TOTAL Health System Costs
	$545
	$690
	$842

	Days of Missed Work
	$130.68
	$148.20
	$111.55

	TOTAL Societal Costs
	$676
	$838
	$954


SMART = budesonide/formoter ol maintenance  and re lie ver therapy;
FHDBF = fixed higher dose budesonide/formoterol;
FDSF = fixed dose salmeter ol/fluticasone
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From both the healthcare perspective and the societal perspective, SMART was the dominant treatment option compared to FHDBF and FDSF as  it  prevented  more  severe  exacerbations  at  a

lower cost (Table 6). In cases of equivalency or dominance, incremental cost-effectiveness ratios (ICERs)  are  not  informative  and  are,  therefore, not relevant for this evaluation.
TABLE 6     Incremental Cost -effectiveness Ratio: Base Case Analysis
	
	Serious Exacerbations per Patient per 6 Months
	Total Cost per Patient per 6 Months

	
	
	Healthcare Perspective
	Societal Perspective

	SMART
	0.12
	$545
	$676

	FHDBF
	0.16
	$690
	$838

	FDSF
	0.19
	$842
	$954

	SMART vs. FHDBF

	Incremental
Difference
	- 0.04
	- $145
	-$162

	ICER
	SMART dominates*
	SMART dominates

	SMART vs. FDSF

	Incremental
Difference
	- 0.07
	- $297
	-$278

	ICER
	
	SMART dominates
	SMART dominates


*Dominates refers to a strategy that is more effective and less costly. SM AR T = bu d e son id e /for mo te r ol ma in te n a nc e a n d r e lie ve r
th e r a p y; F HD BF  = f ixe d h igh e r d os e bu d e son id e /f or mote r o l; F D SF = f ixe d d ose  s a lme te r o l/f lu tic a son e
A  number  of deterministic  univariate  sensitivity analyses were conducted using the healthcare perspective,  which was believed to represent the most conservative approach for examining uncertainty in this analysis. In the first, the annualized rate of exacerbations and the costs (excluding  study  drug)  were  varied  using  the upper and lower boundary of the 95% confidence interval of the hazard ratio for the SMART arm (costs and consequences in the FHDBF and FDSF group remained constant). In a second sensitivity

analysis, all non-drug healthcare costs were alternately  removed  and  then  doubled. Irrespective of the variable change, SMART remained   dominant   from   the   healthcare   and societal perspectives compared to both alternative treatments (Table 7).
Because   study   drug   costs   accounted   for
upwards of 75% of all healthcare costs (Table 5), a final sensitivity analysis sought to identify the threshold at which study drug costs would be equivalent.
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In the base case, patients receiving SMART used, on   average,   three   inhalations   per   day   at   a calculated   cost   of   $0.76per   inhalation.   The average  number  of inhalations  was  increased  in increments  of  0.1  inhalations  per  day  until  the total costs of SMART therapy equalled the cost of alternative study therapy (ICS/LABA fixed combination plus reliever).

Results of this analysis showed that, to reach equivalent costs compared to FHDBF and FDSF, the number of SMART inhalations would have to increase by 33% (to four inhalations per day) and
55% (to 4.6 inhalations per day), respectively.
TABLE 7    Summar y of Univariate Sensitivity Analysis Results*
	Variable
	Treatment Arm
	Serious
Exacerbations
	Total Cost
	Result

	Lower 95% confidence interval (hazard ratio) for exacerbations and costs
	SMART vs.
	0.09
	$516
	

	
	FHDBF
	0.16
	$690
	SMART
dominates†

	
	FDSF
	0.19
	$842
	SMART
dominates

	Upper 95% confidence
interval (hazard ratio) for exacerbations and costs
	SMART vs.
	0.14
	$572
	

	
	FHDBF
	0.16
	$690
	SMART
dominates

	
	FDSF
	0.19
	$842
	SMART
dominates

	Non-drug costs removed
	SMART vs.
	0.12
	$414
	

	
	FHDBF
	0.16
	$552
	SMART
dominates

	
	FDSF
	0.19
	$644
	SMART
dominates

	Non-drug costs doubled
	SMART vs.
	0.12
	$677
	

	
	FHDBF
	0.16
	$828
	SMART
dominates

	
	FDSF
	0.19
	$1,041
	SMART
dominates


* Re su lts pr e s e n te d a s pe r pa tie n t pe r s ix mon th s f r o m h e a lth c a r e pe r s pe c ti ve; † D o min a te s r e fe r s to a s tr a te g y th a t is mor e e ff e c ti ve a n d le s s c os t ly; SM A RT = bu d e son id e /for mo te r o l ma in te n a nc e a n d r e lie ve r th e r a p y; F H DB F = fixe d h igh e r d ose bu d e son id e /f or mote r o l; F D SF = f ixe d d os e sa lme te r o l/f lu tic a s on e
DISCUSSION
This economic evaluation compared the costs and consequences of using a single-inhaler of budesonide/formoterol  for both maintenance  and reliever  therapy  versus  a  two-fold  higher  fixed dose  of  budesonide/formoterol   as  maintenance plus  the  SABA,   terbutaline,   (FHDBF)   for  as

needed  reliever  treatment  orsalmeterol/fluticasone, the only other fixed combination ICS/LABA available in Canada, plus terbutaline (FDSF). Not only was the SMART strategy dominant (more effective,  less  costly)  in  the  base  case  analyses from both the societal and healthcare perspective, but   it   was   also   dominant   in   the   sensitivity analyses.     A    threshold     analysis     was    also
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conducted,  which  demonstrated  that  daily utilization of SMART would have to increase by
33% and 55% to equal the drug costs of the alternative maintenance and reliever therapies, FHDBF and FDSF, respectively. Payers are often faced with the difficult decision of having to establish whether  the higher cost of a new drug treatment   is   sufficiently   offset   by   clinically relevant improvements  in health outcomes.  With respect to asthma management, determining the value of a severe exacerbation,  improved quality of life or a symptom-free day is not an easy task. Cost-effectiveness  analyses  are used to demonstrate  the relationship  between the cost of the intervention and its effectiveness and, in this regard, assist in determining whether the new intervention  provides  good economic  value. The results of the cost-effectiveness analysis presented herein make for a clear indication to payers and clinicians that the new intervention, SMART, resulted in improved health outcomes at a lower overall cost. This is not the first time that the economic  attractiveness  of the SMART  strategy
has  been  examined.13,14,23     Employing  the  same
clinical trial data, Price et al. examined the cost-
effectiveness of SMART using Australian and UK costs.14  Similar to the Canadian analysis, SMART was found to reduce the incidence of severe exacerbations at a lower (or similar) overall cost.
This analysis was based on a randomized clinical  trial  employing  the  added  rigour  of  a
double-blind  design.  The  benefits  of  this  trial design with respect to internal validity are well- recognized.  However,  there  are  limitations  that arise  from  following   a  strict   protocol,   which affects the generalizability of the trial results. One limitation   is   that   adherence   to   the   assigned treatment is likely greater than in clinical practice. Studies  of  refill  persistence  in  a  real  practice setting suggest that high rates of medication  use
may  be  overestimated.24    This  is  especially  true
when  two  separate  inhalers  are  administered.25
This has several implications for the results of this analysis.
First, it suggests that the medication costs of asthma care (which accounted for at least 75% of the healthcare costs) may be lower due to inflated estimates   of   adherence   to   study   medication. Second,  if  one  accepts  the  notion  that  regular doses of maintenance  treatment are beneficial in

keeping  asthma  under  control,  patients  who  are less adherent may have worse outcomes.
One other important limitation pertains to the fact  that  no  Canadian  patients  were  enrolled  in this  trial  even  though   approximately   10%  of patients were from countries with healthcare systems  similar  to  Canada  (namely,  Australia, UK,   and   the   Netherlands).   To   conduct   this analysis, an assumption was made that the clinical trial results could be transferred to Canada. Justification  for  this  assumption  was  two-fold: first, the definition of severe exacerbations  as an outcome and as used in the trial (that is, administration of oral prednisone, admission to hospital   or   emergency   room   visit)   is   well recognized  internationally.  Second,  examination
of another  asthma  trial6   employing  the SMART
strategy where Canadian patients were enrolled resulted in findings that were similar to Kuna et
al.  In  addition,  inclusion  and  exclusion  criteria were similar, with both trials enrolling primarily adult patients with moderate to severe asthma (although the patients in Kuna et al. were slightly younger with shorter disease duration). Treatment options were similar. Moreover, all study medication  used in Kuna et al. was available  in Canada and used in accordance with approved Canadian product labelling. Following completion of Kuna et al., patients  enrolled  in the SMART arm had an exacerbation  rate of 0.12 per patient per 6 months. When extrapolated to the full year, the annualized rate was 0.23, which was very similar to the rate reported by Vogelmeier et al. at
0.24 annual events. Healthcare resource utilization
was also examined.  In both trials, asthma  study
medications accounted for the overwhelming majority of the healthcare costs. Comparisons  of non-drug healthcare costs were also similar, with hospitalization   representing   approximately   80-
85% of the total cost.  Notwithstanding,  the fact
that  no  Canadian  patients  were  enrolled  in  the
Kuna et al. trial must be acknowledged as a limitation of the analysis.
CONCLUSIONS
The strategy of budesonide/formoterol in one inhaler as maintenance and reliever therapy is dominant (more effective and less expensive) over a   strategy   of   fixed   (two-fold)   higher   dose
e174
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budesonide/formoterol  plus as-needed terbutaline and fixed dose salmeterol/fluticasone plus as- needed   terbutaline.   These  results   were   robust under sensitivity testing.
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