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Allergic rhinitis (AR) is one of the most com-
mon chronic conditions in the United States,
affecting approximately 40 million people.1

Although AR is rarely considered a severe medical
condition, its bothersome symptoms, such as sneezing,
rhinorrhea, and congestion, can negatively affect
important domains of quality of life, including sleep,
social interaction, and work.2-7 In a recent large nation-
al survey of adults with AR, 78% of those surveyed
indicated that nasal congestion was a moderately or
extremely bothersome symptom of AR.5 Other nasal

symptoms often cited as moderately to extremely both-
ersome included runny nose (62%), postnasal drip
(61%), and repeated sneezing (51%).5

As such, the goal of therapy is to relieve the symp-
toms associated with AR. Antihistamines have long
been a mainstay of AR therapy. Second-generation anti-
histamines (SGAs) are some of the most widely pre-
scribed medications in the United States and cause
fewer adverse effects, including sedation and anticholin-
ergic activity, than first-generation antihistamines.8

The prevalence of AR results in significant econom-
ic burden associated with symptom treatment.5-7,9

Estimates of the economic burden of AR in the United
States range from $1.4 billion to nearly $6 billion in
direct costs annually.7,8,10 Goetzel and colleagues 
estimated that allergies were the fifth most expensive
condition for employers when factors such as presen-
teeism, absenteeism, and direct medical costs were all
taken into account.11 These estimates probably under-
state the full economic impact because they do not
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consider spending on over-the-counter (OTC) prod-
ucts. One estimate of spending on prescription and
nonprescription AR agents placed the cost at more
than $6 billion annually (in 2000 US dollars).10

Despite the sizable economic burden of AR, there are
no studies that compare the cost-effectiveness of the dif-
ferent SGAs or alternative oral AR therapies, such as
the leukotriene-receptor antagonist montelukast
(Singulair). Only 1 cost-effectiveness study has consid-
ered SGAs, but that study compared the choice of
SGAs to older, first-generation antihistamines that pro-
duced a significant sedating effect.12 Current treatment
patterns call for more advanced modeling that directly
compares the economic outcomes of treatment patterns
with newer agents. The current analysis was designed to
assess the cost-effectiveness of reducing nasal symptoms
with the recently US Food and Drug Administration
(FDA)-approved SGA levocetirizine (Xyzal) relative to
other prescription SGAs and to montelukast, which is
FDA-approved for seasonal AR treatment.

Methods
The goal of this study was to inform US formulary

and clinical decision makers in managed care organiza-
tions about the relative cost-effectiveness of treatments
for AR. Since it is common for payers to exclude OTC
products from prescription benefit coverage, this study
was limited to products available by prescription during
the first quarter of 2008. The analysis included the
SGAs levocetirizine, desloratadine (Clarinex), and
fexofenadine (Allegra; branded and generic), and mon-
telukast. The model was constructed using a 1-year
time frame. The target population for this analysis was
patients diagnosed with AR and treated with a single
prescription therapy for symptom relief. The model
excluded patients with asthma requiring daily cortico-
steroid treatment and focused on the use of SGAs and
a leukotriene receptor antagonist as monotherapy for
the treatment of AR. Although combination therapy
with an SGA and montelukast is occasionally used to
treat the symptoms of AR, combination therapy was
excluded in this analysis because this would introduce
additional heterogeneity into the model. 

The effectiveness measure chosen as the basis for this
model was a composite nasal symptom score (NSS),
defined as the average effect size for each comparator
versus placebo for 3 nasal symptoms: rhinorrhea, nasal
congestion, and sneezing. Improvement in composite
NSS was chosen as the outcome measure of interest
because of the documented burden of nasal symptoms in
patients with AR.5 Other AR symptoms, such as ocular

and nasal itching, were not included because of insuffi-
cient information in published clinical trials to calcu-
late an effect size for each comparator or because the
measure differed across model comparator agents. 

To estimate treatment effectiveness, we calculated the
standardized mean difference (SMD) for each study
reporting a significant improvement in study drug com-
pared with placebo. Relevant studies were identified by
searching MEDLINE from 1950 to May 2007 using the
comparator names levocetirizine, fexofenadine, deslo-
ratadine, and montelukast, in combination with the
terms nasal symptoms, allergic rhinitis, rhinitis, conges-
tion, obstruction, rhinorrhea, discharge, sneezing, itch-
ing, pruritus, and NSS. Additional studies were located
by reviewing the reference lists of applicable articles.

Trials investigating the efficacy of at least 1 of the
model comparator agents in patients with AR were
included in the model. In addition, trials had to be ran-
domized, blinded, placebo-controlled, and exclude indi-
viduals with asthma requiring daily corticosteroid use.
Studies had to have patients rate the severity of at least 1
of the following individual nasal symptoms throughout
the duration of the trial on an ordinal scale: congestion,
rhinorrhea, or sneezing. Outcomes that were physician-
reported or that comprised more than 1 symptom (ie,
nasal/eye itching) were excluded. Trials had to be a min-
imum of 7 days to be included in the analysis.
Furthermore, studies had to disclose patient-reported
individual symptom score results for study inclusion.
When clinical trials reported individual symptom scores
at various time points throughout a study, it was decided
a priori to extract data from the latest time period for
data analysis. Studies involving patients aged younger
than 12 years were excluded because not all end points

KEY POINTS
▲ The direct costs of allergic rhinitis to the US economy are

estimated at $1.4 billion to $6 billion annually. 
▲ In 2004, allergies were estimated to represent the fifth most

expensive condition for employers when considering presen-
teeism, absenteeism, and direct medical costs. 

▲ The goal of this study was to inform US formulary and
 benefit design decision makers about the relative cost-
 effectiveness of available treatments for allergic rhinitis.

▲ In this first cost-effective comparison of the various second-
generation antihistamines and the leukotriene-receptor
antagonist montelukast, levocetirizine had the lowest
 average cost per clinically significant improvement in 
nasal symptom score, followed by generic fexofenadine. 
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were available for pediatric patients. Data were extract-
ed from studies only when the total daily dose was the
FDA-approved total daily dose for the age-group of
patients included in that particular study. 

A total of 25 clinical trials met the inclusion crite-
ria (Appendix, page 33)13-37; an additional 27 studies
were excluded. The SMD between the comparator and
the placebo group was calculated for each study using
the following equation:

The pooled SMD across all studies was calculated as
the weighted average of the studies for that model com-
parator agent, where the weight for each study was the
inverse of the variance (1/variance). To convert the

individual symptom score SMD into a usable measure
for the cost-effectiveness ratio, a composite NSS was
created as the average of the SMD for nasal congestion,
rhinorrhea, and sneezing.

The composite NSS represents improvement in
standard deviation units. For the cost-effectiveness
analysis, this measure was converted to the probability
of clinically significant improvement, which required 3
steps. First, the baseline mean and standard deviation
for each symptom were calculated from published clin-
ical trials and averaged to form a composite mean and
standard deviation. Second, the postintervention mean
was calculated as the baseline mean plus the SMD mul-
tiplied by the baseline standard deviation: 

Postintervention mean = baseline mean + (SMD baseline
stan dard deviation).

Fexofenadine Fexofenadine
Levocetirizine (generic) (brand) Desloratadine Montelukast

Nasal –0.366 –0.250 –0.250 –0.241 –0.173
congestion (–0.495, –0.236) (–0.344, –0.157) (–0.344, –0.157) (–0.320, –0.162) (–0.225, –0.121)

Sneezing –0.402 –0.327 –0.327 –0.309 –0.211
(–0.532, –0.273) (–0.419, –0.236) (–0.419, –0.236) (–0.383, –0.235) (–0.263, –0.159)

Rhinorrhea –0.408 –0.289 –0.289 –0.228 –0.190
(–0.538, –0.278) (–0.375, –0.202) (–0.375, –0.202) (–0.300, –0.157) (–0.242, –0.138)

Average –0.392 –0.289 –0.289 –0.259 –0.191

CI indicates confidence interval.

Table 1 Nasal Symptom Score Standardized Mean Differences, 95% CI

Effectiveness, Effectiveness,
marginal probability probability of 
of significant significant

Annual drug Annual medical improvement in improvement in
Treatment arm cost, $* cost, $† Total cost, $ NSS, $‡ NSS, $‡

Levocetirizine 203 284 487 11 27

Desloratadine 249 326 575 7 23

Fexofenadine
(generic) 168 326 494 8 24

Fexofenadine
(branded) 216 326 542 8 24

Montelukast 275 356 631 5 21
*Annual drug cost assumes 90-day therapy annually and daily wholesale acquisition cost.
†Annual outpatient allergy visit costs based on an analysis of the PharMetrics database.
‡The fourth column shows the marginal effect given treatment with the target drug (the fifth column minus 33%). The fourth column was used in the cost-
effectiveness analysis calculations. The fifth column shows the proportion of the population with a mean below the threshold after treatment at baseline.
NSS indicates nasal symptom score.

Table 2 Model Inputs

Difference in mean outcome between comparator and placebo
SMD =

Standard deviation
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Third, the postintervention mean was translated into
the probability of significant improvement by compar-
ing the proportion of the study population below the
clinically significant improvement threshold at baseline
to the proportion of the study population below the
threshold, given use of each of the comparators.

The threshold for significant improvement in nasal
symptoms has not been well-defined. For the purposes
of our model, a 25% placebo-adjusted improvement
from baseline in the composite NSS was defined as the
threshold for clinically significant improvement. The
proportion of the population meeting or exceeding a
25% reduction over placebo in the baseline mean was
calculated as the area under the normal curve. The
marginal probability of significant improvement was
defined as the marginal difference in the proportion of
the population that was below the threshold for signif-
icant improvement. For example, if, at baseline, 30% of
the population was below the significant improvement
threshold, and after treatment with drug X 50% of the
population was below the significant improvement
threshold, then the marginal probability of clinically
significant improvement was 20%. 

Drug costs for the model were calculated as the
expected days of therapy per year multiplied by the
daily wholesale acquisition cost.38 The model assumed
90 days of therapy for a calendar year. The costs of 
AR-related physician office visits were calculated from
an analysis of the proprietary PharMetrics dataset for 
a 1-year period from July 1, 2005, to June 30, 2006.
Patients were included in the analysis if they had a
diagnosis of AR without a diagnosis of asthma.
Treatment groups were created based on the first treat-
ment agent.

An analysis found limited switching. Pharmacy and
outpatient visit costs were inflated to 2007 dollars by
Bureau of Labor Statistics series CUUR0000SAM.39

Levocetirizine was approved in May 2007 and was not
available in the United States during the period in
which the PharMetrics data were captured; therefore
its costs were imputed using a linear fit of the effect size
for the composite NSS to the physician office visit
costs for the other model comparator agents.
Laboratory costs are often billed as part of the  physician
office visit, so they are not a separate component.
Inpatient costs were not included because they would
rarely be observed as a result of AR. Indirect costs were
not included in the model because productivity has not
been assessed in clinical trials for all comparators.
Models were run separately, including just drug costs
and drug costs plus the cost of AR-related office visits. 

Results of the comparative cost-effectiveness analysis
are presented as average and incremental ratios, includ-
ing 95% confidence intervals (CIs). The average cost-
effectiveness is calculated as the ratio of costs to the
probability of clinically significant improvement. The
incremental cost-effectiveness ratio (ICER) is calculat-
ed as the ratio of the difference in cost to the difference
in the probability of clinically significant improvement
for any comparator relative to levocetirizine.

To understand the variability in the cost-effective-
ness estimates, a Monte Carlo simulation was per-
formed. The SMD and the total cost were varied by
±10%. Random draws were run 1000 times using
Microsoft Excel 2003, Service Pack 2. The 95% CIs for
the cost-effectiveness ratios were calculated as the 26th
and 974th ordered values in the simulation.
Significance for a cost-effectiveness ratio is defined by
whether the CI overlaps the point estimate for the
cost-effectiveness ratio. Significance for an ICER is
defined as a CI around the point estimate that does not
overlap 0.0. 

Results
The effectiveness of the model comparator agents (as

measured in the 25 studies13-37) is shown in Table 1. The
effectiveness of each agent is presented as the SMD rel-
ative to placebo (95% CI). All comparators showed sta-
tistically significant improvement in the 3 NSSs com-
pared with placebo (all statistically significant). 

Table 2 presents the annual drug and medical costs
by model comparator agent and the effectiveness of
each agent. The imputed medical visit costs of levoce-
tirizine were lower than the other comparators.
Montelukast medical visit costs were higher than for
the other comparators. Annual AR drug therapy costs,
assuming 90 days of therapy, ranged from $168 to $275.

Results of this decision-analytic model for AR using
combined prescription drug and AR-related physician
office visit costs are shown in Table 3. (Results from
the prescription drug–only model were similar.) Cost-
effectiveness ratio is defined as the cost per clinically
significant improvement in composite nasal symptoms.
Levocetirizine had the lowest average cost per clinical-
ly significant improvement in NSS, followed by gener-
ic fexofenadine. The average cost-effectiveness ratio
for levocetirizine was significantly lower compared
with all other model comparator agents.

Costlevocetirizine –Costdesloratadine
ICER =

Effectivenesslevocetirizine –Effectivenessdesloratadine 
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The Figure shows the ICER for each model com-
parator agent relative to levocetirizine. Negative
ICERs can reflect either lower cost and higher effec-
tiveness or higher cost and lower effectiveness, so they
are conventionally reported as dominated to avoid
confusion. The comparisons between levocetirizine
and montelukast and between levocetirizine and deslo-
ratadine are significant. The remaining ICERs over-
lapped zero. Another way to put these ICERs in con-
text is to examine how many times the simulated ICER
was negative, which indicated that levocetirizine dom-
inated the comparator in that simulation. In the com-
parison between levocetirizine and branded fexofena-
dine, the simulated ICER was negative 898 times
(90%). In the comparison between levocetirizine and
generic fexofenadine, the ICER was negative 576
times. ICERs that are positive require a tradeoff
between cost and effectiveness. 

Discussion
To our knowledge, this is the first time the cost-

effectiveness of individual SGAs and montelukast has
been compared for the relief of nasal symptoms of AR.
This is surprising given the prevalence and economic
impact of AR symptoms. As the most prevalent respi-
ratory condition in the United States, AR affects
approximately 20% of the US population.40 The symp-
toms of AR are often bothersome, resulting in
decreased quality of life. A national survey revealed
that 66% of AR sufferers polled felt that AR had some
effect on their daily lives.5 The model results in this
article, indicating a significant difference in the cost-
effectiveness of the different SGAs and montelukast
for the treatment of AR, can assist managed care deci-
sion makers in determining economically efficient AR
treatment options. 

This current analysis was designed to assess the cost-
effectiveness of levocetirizine compared with other oral

prescription medications available for AR symptom
management. One of the reasons that such an analysis
has not been undertaken before now may be due to the
lack of standard outcome measures across AR studies.
The symptoms of AR manifest in myriad ways, includ-
ing itchy and watery red eyes, itchy palate, nasal con-
gestion, rhinorrhea, nasal pruritus, and sneezing. Most
clinical trials of AR measure efficacy in terms of
improvement from baseline in a composite NSS. The
difficulty in comparing composite NSS across clinical
trials is that the composite NSS is often a uniquely
defined set of symptoms for each clinical trial. To over-
come this obstacle, we chose to synthesize a composite
NSS based on 3 individual scores often reported in the
literature—nasal congestion, rhinorrhea, and sneezing. 

The clinical trial designs used to construct the com-
posite nasal symptoms differed in several ways: (1) The
populations ranged in age from 12 to 75 years; (2) the
observation time varied from 7 days to 6 months; (3)
we did not include studies conducted in environmental
exposure units that measured outcomes over very short
intervals; and (4) the studies were not designed as
head-to-head comparisons. 

Nasal congestion has been reported as a bothersome
symptom by patients with AR.5 Although some may
argue that nasal congestion should not be part of the
NSS for an evaluation of SGAs because decongestants
or intranasal steroids are superior at relieving nasal con-
gestion, there are instances when decongestants or
intranasal steroids may not be the appropriate or pre-
ferred therapy. For example, because decongestants can
cause difficulty sleeping, an antihistamine or mon-
telukast may be the preferred therapy for night-time
relief of AR symptoms. Furthermore, decongestants are
not recommended for use in individuals with high blood
pressure, thyroid disease, or those taking certain antide-
pressants. Finally, some patients do not want to take
steroids or prefer an oral drug to an intranasal spray; in

Significant symptom   95% CI:  95% CI:
Treatment arm improvement: CER, $ CER, $ ICER, $ ICER, $
Levocetirizine 4343 (3712, 5075) n/r n/r
Desloratadine 8190 (7013, 9611) –2107 (–4586, –82)
Fexofenadine (generic) 6236 (5305, 7342) –205 (–3134, 2389)
Fexofenadine (brand) 6841 (5824, 7992) –1658 (–5393, 797)
Montelukast 12,556 (10,717, 14,694) –2335 (–4064, –858)

CER indicares cost-effectiveness ratio; CI, confidence interval; ICER, incremental CER; n/r, not calculated/reference group.

Table 3 Cost-Effectiveness Ratios for Treating Nasal Symptoms
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such cases, an antihistamine or montelukast may be pre-
scribed even to a patient with nasal congestion.

To make the denominator of the cost-effectiveness
ratio more meaningful for decision makers, we convert-
ed the SMD in our composite NSS to the probability of
a clinically significant improvement (defined a priori as
at least a 25% improvement in NSS over placebo).
This method accounts for the placebo effect often
observed during AR clinical trials. Because we com-
pared the placebo-adjusted change from baseline, our
results are generally conservative. 

This model indicated that levocetirizine is more
effective and less costly than montelukast and deslo-
ratadine for the management of nasal symptoms of AR
in patients without asthma requiring daily cortico-
steroid use. Because the 95% CIs of the ICERs com-
paring levocetirizine to branded and generic fexofena-
dine cross zero, levocetirizine does not have complete
dominance over these comparators. Thus, a tradeoff is
warranted in some cases, taking into account the high-
er effectiveness of levocetirizine compared with the
lower cost of generic fexofenadine. 

Although a number of prescription and OTC med-
ications are approved for AR symptom relief, the objec-
tive of this analysis was to assess the cost-effectiveness
of SGAs and montelukast, relative to levocetirizine.
Only comparators available by prescription were
included because the model perspective was that of a
managed care organization; many health plans do not
reimburse for OTC medications. Cetirizine (Zyrtec)
was excluded because it became available OTC at the
end of 2007. 

The generalizability of our results to the overall pop-
ulation of patients with AR may be limited by our deci-
sion to exclude clinical trials that enrolled patients
with AR and concomitant asthma requiring daily cor-
ticosteroid use. It is estimated that nearly 40% of those
with allergies also have asthma.9 And between 60%
and 78% of patients with asthma have AR.9

Montelukast is indicated for the management of asth-
ma and AR, whereas the SGAs are not FDA-approved
for asthma. Therefore, we chose to eliminate studies
involving patients with asthma requiring daily corti-
costeroids so as to not bias the results with respect to
montelukast. Because the majority of AR patients are
not asthmatic and/or do not require daily steroid
inhalation, our results likely apply to a substantial por-
tion of patients with AR who would be seen in a man-
aged care population. 

The model included direct costs only, specifically
drug costs and costs of outpatient physician office visits

for AR. Studies indicate a sizable amount of the eco-
nomic burden associated with AR is due to lost pro-
ductivity from absenteeism and presenteeism.11,41 In an
employee survey, Lamb and colleagues found that
employees with AR were absent roughly 3.6 days annu-
ally because of AR and lost 2.3 hours per workday in
productivity when symptoms were present.41 Indirect
costs were excluded from the analysis because of lack of
relevant data substantiating differences between com-
parators. This may be because most AR clinical trials
are of a short duration. Costs associated with lack of
effectiveness and adverse events are also not accounted
for in this model. 

The lack of a standardized outcome measure across
AR trials presented some challenges. Because we
specifically defined the 3 individual symptoms that
served as the basis of our composite NSS, some data
concerning the efficacy of each comparator agent may
not have been fully captured. Our choice to use com-
mon nasal symptoms as the basis of the effectiveness
measure does not take into account AR symptoms that
affect other body parts (eg, eyes, palate, or throat). 

Construction of a synthetic NSS created a point
estimate of the effect size versus placebo for each model
comparator agent without CIs. Therefore, a sensitivity
analysis, which varied the effect size and the cost esti-
mates by a defined percentage, was undertaken to assess
the robustness of the model results. This differs some-
what from what could have been done if the model
used a single symptom score and an exact CI around
the effectiveness estimate. Conversely, the CI around
individual symptom scores is dependent on sample 

Figure Incremental Cost-Effectiveness Ratios

Note: A treatment is said to be dominated if an alternative
exists that is more effective and less costly.
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size; so if only a few small studies provide data on a
 symptom, they would have wide CIs that overstate
what would be observed in larger trials. Additional tri-
als of these agents would tighten all CIs and strength-
en our conclusions. 

Conclusions
Levocetirizine is cost-effective for the relief of nasal

symptoms of AR in patients without severe asthma
compared with other second-generation prescription
antihistamines and the leukotriene receptor antago-
nist, montelukast. The ICERs of levocetirizine versus
the other model comparator agents showed that it
dominated montelukast and desloratadine and was
favorable compared with the other products.  ■

Acknowledgments/Funding
This study was funded by UCB, Inc, and sanofi-aventis US, LLC.
Laurie Kozbelt and Jeanne Hawkins of Xcenda, LLC, Palm Harbor,
Florida, provided technical assistance in conducting this study and
producing this article.

Disclosure Statement
Dr Goodman, Ms Saverno, Dr Meyer, and Dr Nightengale are all
consultants for Xcenda. Dr Jhaveri is an employee at sanofi-aventis. 

References 
1. Hay JW, Leahy M. Cost and utilization impacts of oral antihistamines
in the California Medi-Cal program. Value Health. 2005;8:506-516.
2. Juniper EF, Guyatt GH. Development and testing of a new measure
of health status for clinical trials in rhinoconjunctivitis. Clin Exp Allergy.
1991;21:77-83.
3. Juniper EF, Guyatt GH, Griffith LE, et al. Interpretation of rhinocon-
junctivitis quality of life questionnaire data. J Allergy Clin Immunol.
1996;98:843-845.
4. Juniper EF, Rohrbaugh T, Meltzer EO. A questionnaire to measure
quality of life in adults with nocturnal allergic rhinoconjunctivitis. J
Allergy Clin Immunol. 2003;111:484-490.
5. Nathan RA. The burden of allergic rhinitis. Allergy Asthma Proc.
2007;28:3-9.
6. Schoenwetter WF, Dupclay L Jr, Appajosyula S, et al. Economic
impact and quality-of-life burden of allergic rhinitis. Curr Med Res Opin.
2004;20:305-317.
7. Malone DC, Lawson KA, Smith DH, et al. A cost of illness study of aller-
gic rhinitis in the United States. J Allergy Clin Immunol. 1997;99:22-27.
8. Reed SD, Lee TA, McCrory DC. The economic burden of allergic
rhinitis: a critical evaluation of the literature. Pharmacoeconomics.
2004;22:345-361.
9. Crown WH, Olufade A, Smith MW, et al. Seasonal versus perennial
allergic rhinitis: drug and medical resource use patterns. Value Health.
2003;6:448-456.
10. Stempel DA, Woolf R. The cost of treating allergic rhinitis. Curr
Allergy Asthma Rep. 2002;2:223-230.
11. Goetzel RZ, Long SR, Ozminkowski RJ, et al. Health, absence, dis-
ability, and presenteeism cost estimates of certain physical and mental
health conditions affecting U.S. employers. J Occup Environ Med.
2004;46:398-412.
12. Sullivan PW, Follin SL, Nichol MB. Transitioning the second-gen-
eration antihistamines to over-the-counter status: a cost-effectiveness
analysis. Med Care. 2003;41:1382-1395.
13. Bachert C, Bousquet J, Canonica GW, et al, for the XPERT Study

Group. Levocetirizine improves quality of life and reduces costs in long-
term management of persistent allergic rhinitis. J Allergy Clin Immunol.
2004;114:838-844.
14. Berger WE, Schenkel EJ, Mansfield LE. Safety and efficacy of deslo-
ratadine 5 mg in asthma patients with seasonal allergic rhinitis and nasal
congestion. Ann Allergy Asthma Immunol. 2002;89:485-491.
15. Berger WE, Lumry WR, Meltzer EO, et al. Efficacy of desloratadine,
5 mg, compared with fexofenadine, 180 mg, in patients with sympto-
matic seasonal allergic rhinitis. Allergy Asthma Proc. 2006;27:214-223.
16. Bernstein DI, Schoenwetter WF, Nathan RA, et al. Efficacy and
safety of fexofenadine hydrochloride for treatment of seasonal allergic
rhinitis. Ann Allergy Asthma Immunol. 1997;79:443-448.
17. Bronsky EA, Falliers CJ, Kaiser HB, et al. Effectiveness and safety of
fexofenadine, a new nonsedating H1-receptor antagonist, in the treat-
ment of fall allergies. Allergy Asthma Proc. 1998;19:135-141.
18. Casale TB, Andrade C, Qu R. Safety and efficacy of once-daily fex-
ofenadine HCl in the treatment of autumn seasonal allergic rhinitis.
Allergy Asthma Proc. 1999;20:193-198.
19. Chervinsky P, Philip G, Malice MP, et al. Montelukast for treating
fall allergic rhinitis: effect of pollen exposure in 3 studies. Ann Allergy
Asthma Immunol. 2004;92:367-373.
20. Ciebiada M, Górska-Ciebiada M, DuBuske LM, et al. Montelukast
with desloratadine or levocetirizine for the treatment of persistent aller-
gic rhinitis. Ann Allergy Asthma Immunol. 2006;97:664-671.
21. Ciprandi G, Cirillo I, Vizzaccaro A, et al. Levocetirizine improves
nasal obstruction and modulates cytokine pattern in patients with sea-
sonal allergic rhinitis: a pilot study. Clin Exp Allergy. 2004;34:958-964.
22. Ciprandi G, Cirillo I, Vizzaccaro A, et al. Desloratadine and levoce-
tirizine improve nasal symptoms, airflow, and allergic inflammation 
in patients with perennial allergic rhinitis: a pilot study. Int
Immunopharmacol. 2005;5:1800-1808.
23. Howarth PH, Stern MA, Roi L, et al. Double-blind, placebo-con-
trolled study comparing the efficacy and safety of fexofenadine
hydrochloride (120 and 180 mg once daily) and cetirizine in seasonal
allergic rhinitis. J Allergy Clin Immunol. 1999;104:927-933.
24. Kurowski M, Kuna P, Gorski P. Montelukast plus cetirizine in the
prophylactic treatment of seasonal allergic rhinitis: influence on clinical
symptoms and nasal allergic inflammation. Allergy. 2004;59:280-288.
25. Meltzer EO, Jalowayski AA, Vogt K, et al. Effect of desloratadine
therapy on symptom scores and measures of nasal patency in seasonal
allergic rhinitis: results of a single-center, placebo-controlled trial. Ann
Allergy Asthma Immunol. 2006;96:363-368.
26. Nayak AS, Schenkel E. Desloratadine reduces nasal congestion in
patients with intermittent allergic rhinitis. Allergy. 2001;56:1077-1080.
27. Nayak AS, Philip G, Lu S, et al, for the Montelukast Fall Rhinitis
Investigator Group. Efficacy and tolerability of montelukast alone or in
combination with loratadine in seasonal allergic rhinitis: a multicenter,
randomized, double-blind, placebo-controlled trial performed in the fall.
Ann Allergy Asthma Immunol. 2002;88:592-600.
28. Patel P, Philip G, Yang W, et al. Randomized, double-blind, placebo-
controlled study of montelukast for treating perennial allergic rhinitis.
Ann Allergy Asthma Immunol. 2005;95:551-557.
29. Philip G, Malmstrom K, Hampel FC, et al, for the Montelukast
Spring Rhinitis Study Group. Montelukast for treating seasonal allergic
rhinitis: a randomized, double-blind, placebo-controlled trial performed
in the spring. Clin Exp Allergy. 2002;32:1020-1028.
30. Potter PC. Levocetirizine is effective for symptom relief including
nasal congestion in adolescent and adult (PAR) sensitized to house dust
mites. Allergy. 2003;58:893-899.
31. Pradalier A, Neukirch C, Dreyfus I, et al. Desloratadine improves
quality of life and symptom severity in patients with allergic rhinitis.
Allergy. 2007;62:1331-1334.
32. Raphael GD, Angello JT, Wu MM, et al. Efficacy of diphenhydramine
vs desloratadine and placebo in patients with moderate-to-severe seasonal
allergic rhinitis. Ann Allergy Asthma Immunol. 2006;96:606-614.
33. Salmun LM, Lorber R. 24-hour efficacy of once-daily desloratadine
therapy in patients with seasonal allergic rhinitis. BMC Fam Pract.
2002;3:14.

GoodmanClinical_oct.qxp:Cover  10/13/08  2:34 PM  Page 32



33www.AHDBonline.comVOL. 1    NO. 8

Cost-Effectiveness of Antihistamines and Montelukast

34. Simons FE, Prenner BM, Finn A Jr. Efficacy and safety of deslorata-
dine in the treatment of perennial allergic rhinitis. J Allergy Clin
Immunol. 2003;111:617-622.
35. van Adelsberg J, Philip G, Pedinoff AJ, et al, for the Montelukast Fall
Rhinitis Study Group. Montelukast improves symptoms of seasonal aller-
gic rhinitis over a 4-week treatment period. Allergy. 2003;58:1268-1276.
36. van Adelsberg J, Philip G, LaForce CF, et al; Montelukast Spring
Rhinitis Investigator Group. Randomized controlled trial evaluating the
clinical benefit of montelukast for treating spring seasonal allergic rhini-
tis. Ann Allergy Asthma Immunol. 2003;90:214-222.
37. Wilson AM, Haggart K, Sims EJ, et al. Effects of fexofenadine and
desloratadine on subjective and objective measures of nasal congestion

in seasonal allergic rhinitis. Clin Exp Allergy. 2002;32:1504-1509.
38. RED BOOK for Windows, Volume 46. 2007. 
39. US Department of Labor Bureau of Labor Statistics. Most Requested
Statistics. Consumer Price Index. http://data.bls.gov/cgi-bin/survey
most?cu. Accessed January 22, 2008. 
40. American Academy of Allergy, Asthma, and Immunology. Allergy
Statistics. http://www.aaaai.org/media/resources/media_kit/allergy_statistics.
stm. Accessed January 17, 2008.
41. Lamb CE, Ratner PH, Johnson CE, et al. Economic impact of work-
place productivity losses due to allergic rhinitis compared with select
medical conditions in the United States from an employer perspective.
Curr Med Res Opin. 2006;22:1203-1210.

Treated Ocular 
Author, date Compound(s) patients, N Congestion Nasal itch Rhinorrhea Sneezing itching

Bachert, 200413 Levocetirizine 257 x x x x x
Berger, 200214 Desloratadine 166 x x x x
Berger, 200615 Desloratadine 257 x x x

Fexofenadine 260
Bernstein, 199716 Fexofenadine 141 x x x
Bronsky, 199817 Fexofenadine 138 NS x x
Casale, 199918 Fexofenadine 287 x x x
Chervinsky, 200419 Montelukast x x x x

Desloratadine 20
Ciebiada, 200620 Levocetirizine 20 x x x x

Montelukast 20
Ciprandi, 200421 Desloratadine 10 x x x x

Levocetirizine 10
Ciprandi, 200522 Desloratadine 10 x x x x

Levocetirizine 10
Howarth, 199923 Fexofenadine 211 x x x
Kurowski, 200424 Montelukast 11 x x x x x
Meltzer, 200625 Desloratadine 108 NS x x x
Nayak, 200126 Desloratadine 172 x
Nayak, 200227 Montelukast 155 x x x x x
Patel, 200528 Montelukast 1002 x x x x
Philip, 200229 Montelukast 348 x x x x x
Potter, 200330 Levocetirizine 150 x x x x x
Pradalier, 200731 Desloratadine 234 x x x x
Raphael, 200632 Desloratadine 190 x x x x x
Salmun, 200233 Desloratadine 171 x x x x
Simons, 200334 Desloratadine 337 NS x x x
van Adelsberg Montelukast 522 x x x x
(spring), 200335

van Adelsberg Montelukast 448 x x x x
(fall), 200336

Wilson, 200237 Desloratadine 49 x x
Fexofenadine

All studies required patients with allergic rhinitis.         NS indicates not significant (P <.05).

Appendix Studies Included in This Analysis
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Stakeholder Perspective

Relieving Nasal Symptoms: Uncommon Excellence in a Common Clinical Condition

Scholarly and rigorous, richly annotated with rel-
evant references, with very precise descriptions of
methodology and every assumption used within the
analysis, this article represents one of the only pub-
lished analyses of economic burden using prospec-
tive, placebo-controlled trial data for this class of 
frequently used compounds. Although analyses
regarding use and cost of new-generation antihista-
mines have been presented elsewhere using retro-
spective database review (eg, Lee J, et al. Am J Manag
Care. 2001;7:S103-S112), cost-effectiveness data
presented using clinical trials data are the first for
second-generation antihistamines and montelukast
and provide an exceptional example of methodolog-
ical rigor applied to a ubiquitous clinical condition. 

The perspective for the analysis was that of a man-
aged care decision maker within the United States
with the intent of informing formulary and clinical
decision makers. A composite of patient-reported
outcomes, as opposed to physician-reported meas-
ures, was used as the dependent variable, a threshold
for clinically important change was defined, and fully
justified assumptions regarding drug cost as well as
pharmacy and outpatient visit cost are included.
Only adult patients using monotherapy without asth-
ma and daily corticosteroid treatment are considered.
The absence of clinical trial data for certain parame-
ters, such as the indirect costs of absenteeism and
presenteeism, precluded their incorporation in the
model, thus adhering to the standard for method-
ological rigor adopted by the authors, while retaining
the managed care perspective as intended. 

Appropriate to the perspective adoptive, only
prescription medication was considered. The num-
ber of trials/compound, the number of subjects with-
in each study used to estimate effectiveness, the

number of key individual nasal symptoms report-
ed/study, and the comparability of the patient popu-
lation in each of the studies in the database are pre-
sented. Sensitivity analyses varying the effect size of 
each medication and cost estimates qualify the
interpretation.

Results provide insight regarding cost-effective-
ness for second-generation antihistamines versus the
leukotriene receptor antagonist, montelukast, in
allergic rhinitis. However, it is the approach to this
question, as much as the result of the analysis that
warrants attention. The limitations of the database,
in fact, provide insights for cooperative research
among multiple stakeholders. By appreciating the
algorithm used in cost-effectiveness analyses, the
design of prospective clinical trials for investigation-
al agents can be significantly informed. Patient 
characteristics, including the type and severity of
comorbid conditions and permitted concomitant
medication optimized for detection of an effect in a
clinical trial population, may not be as informative
for evaluating healthcare utilization in a clinical 
care environment as they can eschew patients dis-
proportionately contributing to those estimates.
Similarly, outcome measures suitable for registration
purposes may be incomplete for cost-effectiveness
modeling. Knowledge of optimal parameters for
model construction can be captured by clinical trial-
ists a priori, in the design stage of a registration
program, substantially facilitating the perspective of
multiple stakeholders.

Michael F. Murphy, MD, PhD
Chief Medical and Scientific Officer
Worldwide Clinical Trials
Chadds Ford, Pennsylvania
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