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Introduction. The choice among the different treatments available can have a great impact on the costs of asthma, Objectives. The objective of this
study was to estimate the incremental cost-utility ratio of three inhaled corticosteroids (ICs): budesonide (BUD), fluticasone propionate (FP), and
ciclesonide, compared to beclomethasone dipropionate (BDP) (the only IC included in the Compulsory Health Insurance Plan of Colombia),
Methods.AMarkov-typemodel was developed to estimate costs and health outcomes of a simulated cohort of patients less than 18 years of age with
persistent asthma treated over a 12-month period. Effectiveness parameters were obtained from a systematic review of the literature. Cost data were
obtained from a hospital´s bills and from the national manual of drug prices. The study assumed the perspective of the national healthcare in
Colombia. The main outcome was the variable “quality-adjusted life years” (QALY), Results.While treatment with BDP was associated with the
lowest cost (£106.16 average cost per patient during 12 months), treatment with FP resulted in the greatest gain in QUALYs (0.9325 QALYs). FP
was associated with a greater gain in QALYs compared to BUD and ciclesonide (0.9325 vs. 0.8999 and 0.9051QALYs, respectively) at lower costs
(£231.19 vs. £309.27 and £270.15, respectively), thus leading to dominance. The incremental cost-utility ratio of FP compared to BDP was
£19,835.28 per QALY, Conclusions. BDP is the most cost-effective therapy for treating pediatric patients with persistent asthma when willingness
to pay (WTP) is less than £21,129.22/QALY, otherwise, FP is the most cost-effective therapy.
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INTRODUCTION

The prevalence of asthma has increased since 2001 in the
United States (1) and is a major public health problem in
many countries, such as Colombia, which has a prevalence
estimated at 10–12% (2, 3). Inhaled corticosteroids (ICs)
are at present considered the controller of first choice for
the treatment of persistent asthma of any degree of severity
(4). The economic burden of this disease is important in
terms of both direct medical and indirect costs for patients
and for healthcare systems (5). Due to the high prevalence
of asthma and the elevated costs associated with its poor
control, the choice among the different treatments avail-
able can have a great impact on the costs of the disease (6).

Although numerous asthma cost-effectiveness analyses
have been reported (5–12), to the best of our knowledge,
none has been conducted based on pediatric patients and
costs in a Latin American health system. In addition, the
majority of these studies did not take into account either
the chronic and episodic nature of asthma or the fact that in
the real world the clinical effectiveness of treatments for
asthma can be compromised due to low adherence (13).

The objective of this study was to estimate the incre-
mental cost-utility ratio of three ICs currently licensed in

Colombia for use in children with persistent asthma (bude-
sonide (BUD), fluticasone propionate (FP), and cicleso-
nide), compared to beclomethasone dipropionate (BDP),
which is the only IC included in Colombia´s compulsory
health insurance plan.

METHODS

Model Structure

We developed a Markov simulation model with three
mutually exclusive nonabsorbent states (regular Markov
chain) (14, 15). In this model, the following three distinct
health states were defined: “no symptoms”, “suboptimal
control, no exacerbation”, and “asthma exacerbation”,
based on the economic implications of each of these states
(Figure 1).

In the same manner as the model developed by PriceMJ
et al. (7), due to the chronic, episodic nature of asthma, a
cycle length of 1 week was considered appropriate for this
model. Likewise, in accordance with the above-mentioned
model, we did not include costs for treatment of adverse
events in our cost-utility model.

Treatment Adherence

In order to incorporate treatment adherence into the model,
first we calculated different adherence rates for each IC
based on their frequency of administration (one vs. two
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doses per day) as reported (16) and applied the mathema-
tical formula proposed by Tina-shah YC et al. (6) for
adjusting the treatment effectiveness according to the
level of therapeutic adherence. Second, assumptions
regarding decrease of adherence to ICs over time were
based on long-term treatment data for BUD. (17).
Therefore, we assumed adherence rates of 88%, 62%,
and 61% (3, 9, and 12 months after beginning treatment,
respectively) for BUD and ciclesonide, and adherence
rates of 77%, 54%, and 53% (3, 9, and 12 months after
beginning treatment, respectively) for BDP and FP. Third,
in addition to treatment effectiveness, we also adjusted
costs according to this level of therapeutic adherence.
Finally, the adherence-adjusted costs and effectiveness
were incorporated into the model.

Time Elapsed for Reaching Full Effectiveness

Due to the fact that some ICs can take longer than others to
reach full effect (18) ,we incorporated this source of varia-
tion into the model, using previously published articles
(19, 20). We assumed that this time frame for reaching
full effect using ciclesonide was similar to FP. The time
frame for reaching full effect that was incorporated into the
model for BDP, FP, BUD, and ciclesonide was 6, 4, 7, and
4 weeks, respectively.

SOURCES OF DATA

Disease Outcomes and Clinical Parameters

These were obtained from a systematic review of pub-
lished randomized clinical trials and observational studies.
Searches of computerized databases (MEDLINE,
EMBASE, CENTRAL, and LILACS) and references
cited in published literature identified the potentially
applicable studies. The computerized search yielded
1570 citations, and a total of 55 studies were examined in
full text for possible inclusion. For inclusion of data in the

model, participants in the studies needed to be under the
age of 18 years with persistent asthma, and studies needed
to include at least one of the four treatments analyzed in the
model administered by metered-dose inhaler (MDI) and
report at least one of the following outcomes: percentage of
symptom-free days or probability of asthma exacerbation
during the period of observation. Studies were excluded if
they included patients with no clear diagnosis of asthma
and patients over 18 years, if ICs were administered as dry
powder inhalers, if BUD or BDP nebulizer suspension was
used, if a combination of BDP and salbutamol in a single
inhaler was used, or there was use of hydrofluoroalkane
(HFA) as a propellant in the BDPMDI, because these were
not available in Colombia at the time of the study. After
applying these criteria, data from 24 publications were
included in the model (21–44).

Data Inputs: Transition Probabilities

Transition probabilities were calculated following a meth-
odology proposed by Briggs A. et al. (45) First, “baseline”
transition probabilities were calculated by means of a
weighted average of selected parameters of studies that
included a placebo group and observational studies (21–
29). Transitional probabilities for each of the three ICs
were based on an adjustment to these baseline values
according to the effectiveness of treatment of each IC
relative to placebo. Second, transitional probabilities
from the “sub-optimal control, no exacerbation” to the
“asthma exacerbation” state for each IC were calculated
multiplying baseline probabilities by the relative risk or the
odds ratio for this outcome reported in the Cochrane meta-
analysis that compares each IC with a placebo (30–32).
This probability with respect to ciclesonide use was
assumed to be the same as that of FP because this outcome
is not reported in the Cochrane meta-analysis that com-
pares ciclesonide with a placebo (33). Third, in order to
calculate transition probabilities from the “sub-optimal
control, no exacerbation” to the “no symptoms” state for

FIGURE 1.— Diagram of the Markov model for each treatment option.

COST-UTILITY ANALYSIS OF INHALED STEROIDS 411

J 
A

st
hm

a 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
10

/3
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



each IC, a weighted average of the outcome “symptom-
free days” was synthesized from clinical trial information
(21–24, 34–44). Fourth, in order to calculate the probabil-
ity that the patients will continue in the “no symptoms”
state for each IC, we assumed values 10% greater than
transition probabilities from the “sub-optimal control, no
exacerbation” to the “no symptoms” state. These assump-
tions were subjected to a thorough sensitivity analysis.
Finally, to complete the remainder of the transitional prob-
ability matrix for each IC, we calculated the difference of
one minus the sum of the probabilities in the same row (the
sum of probabilities of each row must be equal to one).

Adjustments were made for studies with different time-
frames. As it is possible to convert an instantaneous rate to
a probability over a particular time period if the rate is
assumed to be constant over that period, we calculated
1-week probabilities of the events based on instantaneous
rates derived for these events (15, 45).

Data Inputs: Health Outcomes

Utility values for the three health states included in the
model were based on a utility valuation survey of 76
parents of children with asthma in Colombia using stan-
dard gamble methodology (45). Parents were chosen as the
most suitable patient-proxy respondents on the basis that
many children with asthma would be too young to provide
reliable responses.

The health state description comprised three domains,
based on those reported in the Pediatric Asthma Health
OutcomeMeasure (46) :symptoms, emotions, and activity.
Descriptions for the three domains were derived largely
based on this study and validated by clinical experts.

The health state “no symptoms” had the highest utility
value (0.989). Health states corresponding to “sub-optimal
control, no exacerbation” and “asthma exacerbation” had
utility values of 0.705 and 0.275, respectively. The number
of QALYs was calculated as the utility value given to a
particular health state multiplied by the length of time
spent in that state.

Data Inputs: Resource Utilization and Costs

Each Markov-model health state has an associated cost,
which is considered from the perspective of the national
healthcare system in Colombia. Unit costs of all medica-
tions were taken from the national manual of drug prices
based on the “Farmaprecios” 2007 guide (47).

Calculation of the daily cost of ICs was based on the
estimated average daily dose appropriate for treating
pediatric patients with mild-to-moderate persistent asthma
according to current asthma guidelines (4, 48) and the
relative use of available concentrations for each medica-
tion according to current market research.

Costs associated with the “no symptoms” and the “sub-
optimal control, no exacerbation” health states were based
on actual resource use as measured by an eight-item ques-
tionnaire that was filled out by three pediatric pulmonolo-
gists and verified with administrative data from care
providers. The data collected on resource use were: the
number of planned consultations with general practitioner,

pediatrician, or pediatric pulmonologist; the number of
unscheduled medical visits; and the amount of asthma
medication used (anti-inflammatory and/or reliever medi-
cations). Costs associated with the “asthma exacerbation”
state were calculated based on a review of medical records
of all patients aged less than 18 years discharged with a
principal diagnosis of asthma (ICD-10 codes J450, J451,
J458, J459, or J46X) between January 1 June 2007 and 30
June 2007 from Clinica Infantil Colsubsidio, a pediatric
clinic located in the city of Bogota that receives patients
from one of the most representative medical insurance
companies in the city. Resource use and costs associated
with 512 asthma exacerbations were evaluated in terms of
medication usage, physician time, and, where appropriate,
hospital costs. Median costs, together with interquartile
range (IQR), were calculated for asthma exacerbations
managed in different settings. Hospital-managed exacer-
bations involved management of asthma either in an emer-
gency room alone or with subsequent management as an
inpatient (in an asthma inpatient ward and/or in a pediatric
intensive care unit). To reflect this, the cost associated with
this health state was calculated as a weighted average of the
costs of exacerbations managed in the emergency room
and of those managed during an inpatient stay, based on
the frequency of hospital admission observed in our review
of medical records.

Costs were calculated in Colombian pesos (COP) and
converted to UK pounds sterling (£) based on the average
exchange rate for 2007 (1£ ¼ 2957.98 COP$) (49). Given
that the model duration was one year, costs and effects
were not discounted.

Sensitivity Analyses

A series of one-way, two-way, and multi-way sensitivity
analyses (using a tornado diagram) and the effect of alter-
native model specifications were examined. In addition, a
probabilistic sensitivity analysis using second-order
Monte Carlo simulation was used to analyze uncertainty
in the data. This probabilistic sensitivity analysis allowed
us to generate confidence intervals around costs and
effects. These were presented graphically on a cost-
effectiveness plane to show the estimated joint distribution
of incremental costs against incremental effects and eval-
uated using net benefit analysis (50). Subsequently a cost-
effectiveness acceptability curve was derived from these
data (51).

All analyses were performed with software (TreeAge
Pro 2008, TreeAge Software, Williamstown, Mass).

RESULTS

The resulting transition probabilities (point estimates) of
the Markov model from the “sub-optimal control, no
exacerbation” to the “no symptoms” health state for pla-
cebo, BDP, BUD, FP, and ciclesonide were 31.4%, 81.7%,
71.5%, 82.8%, and 70.5%, respectively. The resulting
transition probabilities from the “sub-optimal control, no
exacerbation” to the “asthma exacerbation” state showed
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that while BDP use was associated with the highest prob-
ability of asthma exacerbation, FP and ciclesonide use was
associated with the lowest probability of asthma exacerba-
tion (Table 1).

Of the total of 512 medical records of asthma exacer-
bations reviewed, 17.8% were exacerbations managed in
the emergency department (ED), 81.2% in the asthma
inpatient ward, and 1% in the pediatric intensive care
unit. As expected, the value of the unit cost of hospitaliza-
tion for asthma exacerbation was greater than the cost of
treatment in the emergency department and the cost of
unscheduled medical visits (Table 2). The weekly cost
per patient associated with all three health states was
lower for BDP than for the rest of the ICs (Table 3).

The base-case incremental cost-utility analysis showed
that while treatment with BDP was associated with the
lowest cost (£106.16 average cost per patient during 12
months), treatment with FP resulted in the greatest gain in
QALYs (0.9325 QALYs on average per patient during 12

months). FP was associated with a greater gain in QALYs
compared to BUD and ciclesonide (0.9325 vs. 0.8999 and
0.9051 QALYs, respectively, on average per patient) at
lower costs (£231.19 vs. £309.27 and £270.15, respec-
tively, on average per patient), thus leading to dominance.
The incremental cost-utility ratio of FP compared to BDP
was £19,835.28 per QALY (Table 4).

Sensitivity Analyses

One-way, two-way, and multi-way sensitivity analyses
(using a tornado diagram) showed that the cost of asthma
exacerbation has the highest impact on the model outcome.
As the cost of asthma exacerbation increases, the incre-
mental cost-utility ratio of FP vs. BDP decreases, and the
threshold value for the cost of asthma exacerbation at
which FP dominates BDP (threshold value at which FP is
associated with a greater gain in QALYs and at lower costs
compared to BDP) is £1,060.85.

Parameter distributions used in the probabilistic sensi-
tivity analysis are presented in Table 5. The results of the
probabilistic sensitivity analysis are graphically repre-
sented as scatter plot for incremental cost-utility ratios in
Figure 2, which shows that while BDP tends to be

TABLE 1.—Transition probabilities for patients with asthma treated with
beclomethasone, budesonide, fluticasone, and ciclesonide.

Transition from
Transition to:
No symptoms

Sub-optimal control,
no exacerbation

Asthma
exacerbation

No symptoms
Basal 0.417 0.569 0.013
Beclomethasone 0.899 0.097 0.004
Budesonide 0.769 0.227 0.003
Fluticasone 0.910 0.087 0.002
Ciclesonide 0.776 0.221 0.002
Sub-optimal control,

no exacerbation
Basal 0.314 0.660 0.025
Beclomethasone 0.817 0.175 0.007
Budesonide 0.699 0.294 0.006
Fluticasone 0.828 0.168 0.004
Ciclesonide 0.705 0.291 0.004
Asthma

exacerbation
Basal 0.105 0.724 0.170
Beclomethasone 0.274 0.674 0.051
Budesonide 0.234 0.723 0.041
Fluticasone 0.278 0.694 0.027
Ciclesonide 0.237 0.729 0.034

TABLE 2.—Values of unit costs (£, 2007).

Cost ítems Unit costs
Lower
value Higher value

Anti-inflammatory
medicationsa

Beclomethasone 0.07/day 0.02/day 0.12/day
Budesonide 0.71/day 0.13/day 1.28/day
Fluticasone 0.57/day 0.24/day 0.91/day
Ciclesonide 0.65/day 0.37/day 0.94/day
Medications for treating

asthma exacerbations
Salbutamol via pMDI 0.005/puff 0.004/puff 0.007/puff
Prednisolone � 5mg 0.08/tablet 0.07/tablet 0.09/tablet
Unscheduled medical visit 4.72 4.03 5.40
Treatment in the emergency

department
83.71 27.32 176.79

Hospitalization for asthma
exacerbation

181.31 63.88 10,362.70

Note: aCalculation of the daily cost of ICs was based on the estimated average daily dose
appropriate for treating pediatric patients with mild-to-moderate persistent asthma
according to current asthma guidelines and the relative use of available concentrations
for each medication according to current market research.

TABLE 3.—Resource use and costs associated with model health states.

Weekly cost per patient (£)

Health state Resources costed Beclomethasone Budesonide Fluticasone Ciclesonide

No symptoms Study medication 0.53 4.97 4.02 4.59
Sub-optimal control Study medication 1.45 5.88 4.94 5.50
No exacerbationa Rescue medication and unscheduled medical visits.
Asthma exacerbationb Study medication, Rescue medication, Oral or parenteral corticosteroids,

ED visit and hospitalization
259.36 2 263.79 262.85 263.41

Notes: a We assumed that patients in the “sub-optimal control, no exacerbation” health state needed salbutamol via pMDI two puffs every six hours during all the cycle length of 1 week
and one unscheduled medical visit every two months.
b We assumed that patients in the “asthma exacerbation” health state needed salbutamol via pMDI two puffs every 20 minutes for the first hour, two puffs every hour for the next 2 hours,
two puffs every two hours for the next 6 hours, 2 puffs every four hours for the next 48 hours and finally 2 puffs every six hours for the remainder of the week. Additionally, we assumed
that patients in this health state needed prednisolone 1mg/Kg/day for five days.
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associated with lower costs, FP tends to be associated with
greater gain in QALYs. Based on the results from this
simulation, the 95% uncertainty limits for cost per patient
treated with BDP and FP were £34.17 to £359.86 and
£139.36 to £384.40, respectively. Likewise, the 95%
uncertainty limits for utilities per patient treated with
BDP and FP were 0.8934 to 0.9581, and 0.9016 to
0.9624, respectively. In 12.9% of the iterations, FP was
associated with greater gain in QALYs compared to BDP
and with costs below a predefined willingness to pay
(WTP) threshold of £9803.96 (threshold value based on
local gross domestic product (GDP)—GDP per capita,
proposed by the World Health Organization (WHO), to
be used in developing countries).

The cost-effectiveness acceptability curve shows the
probability of FP being cost-effective compared to BDP
in a wide range of WTP thresholds: at £9803.96/QALY
(corresponding to three times Colombia’s GDP for 2008),
FP had an 18% probability of being cost-effective; and at
greater than £21,129.22/QALY, FP would be more cost-
effective than BDP (Figure 3).

DISCUSSION

This study shows that when compared with the other three
ICs licensed in Colombia, BDP is the most cost-effective
therapy for treating pediatric patients with persistent
asthma when WTP is less than £21,129.22/QALY; other-
wise, FP is the most cost-effective therapy. When using a
WTP of £9803.96/QALY, a threshold value recommended
by the WHO to be used in developing countries (based on
GDP per capita) (52), FP had an 18% probability of being
cost-effective. The only variable that exhibited a signifi-
cant effect on these results was the cost of asthma
exacerbation.

To our knowledge, this report is the first to formally
perform a comprehensive economic evaluation comparing
ICs licensed in any low- to middle-income country for
treating pediatric patients with persistent asthma.
Although public funding of newer ICs such as BUD has
been a common practice in more affluent countries (53),
our results suggest that this practice could have significant

TABLE 4.—Base-case incremental cost-utility analysis of fluticasone, ciclesonide, and budesonide vs. beclomethasone.

Comparators Cost (£)
Incremental

cost Utilitya
Incremental

utility C/Ub ICURc

Step1: Rank by costs and compare utility with the next lowest
cost comparator

Beclomethasone 106.16 0.9262 114.62
Fluticasone 231.19 125.03 0.9325 0.0063 247.92 19,835.28
Ciclesonide 270.15 38.96 0.9051 �0.0274 298.47 (Dominated)
Budesonide 309.27 78.07 0.8999 �0.0326 343.67 (Dominated)
Step 2: Compare the remaining comparators
Beclomethasone 106.16 0.9262 114.62
Fluticasone 231.19 125.03 0.9325 0.0063 247.92 19,835.28

Notes: aUtility measured as quality adjusted life of years (QALY).
bMean cost-utility ratio.
cIncremental cost-utility ratio.

TABLE 5.—Parameter distributions used in the probabilistic sensitivity
analysis.

Probability distribution Distribution parameters

Beta distribution Alpha Beta
Probability of days without asthma

symptoms
� Beclomethasone 352 431
� Budesonide 298 417
� Fluticasone 817 987
� Ciclesonide 1025 1454
Lognormal distribution Mean for

In (x)
SD for In(x)

Cost of asthmatic exacerbations 13.0256 1.0068
Probability of asthma exacerbation
� Beclomethasona, RR �1.204 0.444
� Budesonide, RR �1.406 0.277
� Fluticasone, OR �1.832 0.385
� Ciclesonide, OR �1.832 0.385
Uniform distribution Minimum

value
Maximum

value
Frequency of unscheduled medical

visits
4 per year 12 per year

FIGURE 2.—Scatter plot for incremental cost-utility ratios (ICUR).
Each point represents one of the 10,000 Monte Carlo simulations and repre-
sents the mean incremental cost and utility of budesonide (BUD), fluticasone,
and ciclesonide, compared to beclomethasone. QALYs: quality-adjusted life
years.
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cost of opportunity impact in Colombia and probably in
other similar low- to middle-income countries. This is
perhaps unsurprising, in view of the huge differences in
medication costs and the results of two Cochrane´s sys-
tematic reviews that compare the efficacy of these ICs in
adults and in children (54, 55), concluding that although
FP may lead to small additional improvements in certain
measures (such as FEV1 and PEF), in general all ICs at
equipotent doses provide a similar level of asthma control.

Possible reasons for choosing ICs such as BUD, FP, or
ciclesonide instead of BDP are time to response, potency,
convenience, effectiveness, compliance, costs, and fre-
quency of adverse side effects. There is some evidence
that patients treated with FP exhibit an earlier response
than those treated with BUD or BDP (19, 20). However,
given that ICs generally are used for long-term therapy for
asthma, the clinical significance of this early response is
unlikely to be important (56). In relation to potency, FP has
twice that of either BDP or BUD (57, 58). Likewise, FP
demonstrates greater glucocorticoid receptor binding affi-
nity and higher lipophilicity when compared to BDP and
BUD (57). However, potential advantages in this respect
are only important if they are not achieved at the expense
of increased systemic drug availability, since a more potent
IC may be related to more side effects. BDP is less effi-
ciently inactivated by the liver than is BUD and FP, giving
rise to more systemic adverse effects (59). Otherwise,
ciclesonide has a higher security profile, since it is an
agent that is inactive until it reaches its target site, the
lung, where it is converted to its active form (60).
Fortunately, these side effects of ICs are few and far
between, and with a minimal economic impact. Among
these systemic adverse effects, temporal deceleration of
linear growth velocity may be the most important for
children. The effect of ICs on linear growth in children
with asthma may be confounded by poorly controlled

asthma, reduced growth rates before puberty, delayed pub-
erty, and frequent use of growth-suppressing systemic
steroids (61). Moreover, a recent study showed that the
initial decrease in attained height associated with the use of
inhaled glucocorticoids in prepubertal children persisted as
a reduction in adult height, although the decrease was not
progressive or cumulative (62). Finally, although all of the
ICs are effective when taken twice daily, once-daily dosing
may be equally effective for BUD and ciclesonide, and this
frequency of dosing has been shown to have benefits in
terms of improved compliance (16). It seems that when
taken together, all the aforementioned factors translate to a
slightly higher clinical efficacy for FP compared to other
ICs (54, 55). However, taking into account differences in
medication costs in Colombia, BDP has a better cost-
effectiveness profile, at least at low levels of WTP.

Our results agree with previous studies done in adults
and children (12, 63), which have found that asthma treat-
ment with FP is associated with greater clinical efficacy
as well as with lower costs when compared to BUD.
However, Trakas K et al. (64) found that in adults with
moderate to severe asthma, BUD was a more cost-
effective alternative than BDP and FP. Nevertheless,
our findings are not easy to compare to those of previous
studies because of differences in type of model (decision
tree vs. Markov model), population analyzed (adults vs.
pediatric patients), source of clinical parameters (based
on a single study vs. a systematic review of the literature),
time horizon of the study, and adjustment of the effec-
tiveness and cost of each treatment for its respective rate
of adherence.

The present study has many strengths. First, since
asthma is a chronic, episodic disease, the disease is best
modeled using a Markov model rather than a decision tree.
Second, we took into account the effect of the different
time frames for reaching full effect for all the comparators.
Finally, we took into account the effect of incomplete and
failing adherence to therapy that typically occurs when
treating chronic diseases such as asthma. None of the
previous studies accounted for all these factors simulta-
neously. Consequently, we believe that the present study
provides a more complete overview of the cost-
effectiveness of the use of ICs for the treatment of pediatric
patients with persistent asthma in a developing country.

Our model also has some limitations. First, the base-
case analysis was run for 12 months instead of a complete
lifetime. However, because there is compelling evidence
that asthma treatment in children with ICs does not alter the
natural history of the disease, and has little influence in the
final adult height (62), we judged a 12-month period to be
long enough to determine the major health and economic
consequences of taking ICs in pediatric asthmatics.
Second, resource utilization and cost data were obtained
from a single clinical center and may not be representative
of the whole country. However, these data were obtained
from a pediatric clinic that receives patients from one of the
most important and representative medical insurance com-
panies in the city. Moreover, costs were subject to wide
sensitivity analyses. Finally, the perspective used was the

FIGURE 3.—Cost-effectiveness acceptability curve with fluticasone versus
belcomethasone in pediatric patients with asthma.
The cost-effectiveness acceptability curve shows the probability of fulticasone
propionate (FP) being cost-effective compared to beclomethasone dipropio-
nate (BDP) in a wide range of willingness to pay (WTP) thresholds. At
£9803.96/QALY (corresponding to three times Colombia’s GDP for 2008),
FP had an 18% probability of being cost-effective; and at greater than
£21,129.22/QALY, FP would be more cost-effective than BDP.
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national healthcare system in Colombia, and thus only
direct medical costs were considered in the model.
Although the exclusion of indirect costs representing the
loss of productivity of parents/caregivers may be biased
against newer ICs since treatment with these medications
is likely to decrease these costs because of their lesser
associated probability of asthma exacerbations, and their
inclusion is likely to be sufficient to maintain incremental
cost per QALY gained of FP at unacceptable levels.

CONCLUSIONS/KEY FINDINGS

In conclusion, the present analysis shows that when com-
pared with the other three ICs licensed in Colombia, BDP
is the most cost-effective therapy for treating pediatric
patients with persistent asthma when WTP is less than
£21,129.22/QALY; otherwise, FP is the most cost-
effective therapy. From the perspective of the national
healthcare in Colombia, these findings suggest that com-
pared to BDP, newer ICs currently licensed for use in
pediatric patients with persistent asthma in Colombia
show an incremental cost-utility ratio outside the range of
some well-accepted medical interventions in developing
countries and have a significant opportunity cost, and
resources could probably be used better elsewhere.
Alternatively, since the QALY has been called into ques-
tion lately (65), and some health systems do not use cost-
per-QALY thresholds any more, our analysis could pro-
vide an input into price negotiations for newer ICs (FP) in
Colombia and probably in other similar low- to middle-
income countries (66).
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