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ASTHMA REPRESENTS A LARGE,PERSONAL,
economic, and societal burden.A U.S. population-based
self-report survey estimated that 14.6 million adults
(7.2 percent) had asthma in 2000.1 The prevalence of
asthma in the U.S. is increasing steadily across all age
groups and races and both genders.2 The total annual
cost of asthma in the U.S. was estimated at US$10.7
billion in 1994.3

Asthma is a chronic condition characterized by airway
inflammation, variable airflow obstruction, and airway
hyper-responsiveness to environmental stimuli such as
cold air, exercise, and various allergens and irritants.
Asthma may be categorized as mild intermittent, mild
persistent, moderate persistent, or severe persistent,
depending on lung function, the severity, frequency,
and persistence of symptoms, and the level of medica-
tion.4 The majority of patients treated in primary care
have mild intermittent or mild persistent asthma.5

Mild asthma is not a benign condition, as these
patients have extensive inflammation of the airways.6, 7

Asthma symptoms can impair quality of life,8,9 interfere
with work, school, and social life, and limit recreational
activities.4, 10 Moreover, all patients with asthma,
regardless of the level of severity, are at risk of severe
exacerbations,4, 11 and these may be fatal even in
patients with mild asthma.12

Much of this burden of illness can be prevented by
optimal use of the currently available treatments.4, 10

Inhaled corticosteroids (ICS) are currently recom-
mended by national and international guidelines for
first-line use in mild persistent asthma, reflecting the
importance of reducing airway inflammation as early as
possible in the disease.4, 10, 13 Clinical studies have indicated
that early use of ICS is beneficial in mild asthma.5, 7, 14, 15

Studies in Sweden have shown that areas with high use
of ICS have low rates of hospitalizations for asthma,16

Economic Evaluation of Budesonide (Pulmicort®)
Turbuhaler® in Corticosteroid-Free 

Patients with Mild Asthma
Bengt Jönsson, PhD; Fredrik Berggren, PhD; Klas Svensson, MSc; Paul M O’Byrne, MB, FRCPI, FRCPI (C)

Summary
To assess the cost-effectiveness of budesonide compared with placebo in cortico-
steroid-free patients with mild asthma, 698 patients aged at least 12 years were ran-
domized to double-blind twice-daily treatment with placebo, budesonide 100 mcg,
or budesonide 100 mcg plus formoterol 4.5 mcg in a 12-month multicenter study. The
study found that budesonide improves asthma control compared with placebo in cor-
ticosteroid-free patients with mild persistent asthma, does not result in a detectable
increase in healthcare costs, and is cost-saving if indirect costs are also considered.

Key Points
• Effectiveness measures included lung function, number of symptom-free days (SFD),
and number of severe exacerbations per year.
• Data on medication, other resource use and time off work due to asthma were com-
bined with Swedish unit cost data to estimate the mean annual cost per patient.
• Budesonide treatment significantly improved lung function, increased SFD, and
decreased severe exacerbations, compared with placebo. 
• Addition of formoterol further improved lung function, but not other outcome measures.
• The total annual direct (healthcare) cost per patient was not significantly different
(p=0.73) between budesonide (US$207.86) and placebo (US$196.77), making budes-
onide cost-effective. If indirect (productivity) costs were included, budesonide
(US$291.96) was cost-saving compared with placebo (US$433.10).
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and there is evidence from Britain that asthma mortal-
ity may have begun to decline in recent years, possibly
due to greater use of prophylactic treatment.17

Asthma is still under-diagnosed and under-treat-
ed.4 There are many possible reasons for this: patients
may tolerate their symptoms rather than seek medi-
cal help; asthma is not always easy to recognize and
may be misdiagnosed; and adherence to treatment is
generally poor.

Most cost-effectiveness studies in asthma have
focused on patients with moderate or severe persis-
tent disease, as these patients account for a dispropor-
tionate amount of the total cost of asthma.11, 18

Economic evaluation of treatment regimens for mild
persistent asthma is needed to provide optimal treat-
ment plans for this large population of patients.19

Long-term studies in this population are particularly
important, as mild persistent asthma is a chronic dis-
ease requiring long-term treatment, and the results
from short-term studies of a few weeks or months
may be of limited value in assessing regimens for
chronic treatment.

Another 12-month double-blind clinical trial com-
pared the efficacy and safety of budesonide, budes-
onide plus formoterol, and placebo in patients with
mild persistent asthma.20 The patients in Group A of
the trial were taking only short-acting β2-agonists
(SABA) prior to the trial and thus represent an
important group of patients with mild persistent asth-
ma. Because a SABA was permitted as rescue medi-
cation throughout the trial, the placebo arm was
equivalent to the patients’ pre-trial treatment. This
study showed that a low dose of budesonide, com-
pared with placebo, reduced the risk for severe exac-
erbations by 60 percent and the number of poorly
controlled days by 48 percent, while improving
forced expiratory volume in one second (FEV1).20 An
economic evaluation was conducted alongside the
clinical study, and these data are presented here.This
represents the first long-term study to examine
whether the addition of ICS is a cost-effective treat-
ment regimen in patients with mild persistent asthma
previously receiving only SABA.

Subjects and Methods
Study Design

The clinical study was a randomized, prospective,
double-blind, multicenter, parallel-group trial con-
ducted at 198 centers in 17 countries in patients aged
at least 12 years. Patients enrolled in Group A had a
FEV1 of at least 80 percent of predicted normal after
inhalation of 1 mcg terbutaline. After a four-week
placebo run-in period, patients were randomized to
receive placebo, budesonide 100 mcg twice daily, or
budesonide 100 mcg twice daily, plus formoterol 4.5

mcg twice daily, all delivered by Turbuhaler®. The
budesonide dose is expressed as the metered dose, and
the formoterol dose as the delivered dose. Duration of
treatment was 12 months.Terbutaline was available as
rescue medication. No additional treatment was per-
mitted unless the patient had a severe exacerbation,
after which medications could be added at the inves-
tigator’s discretion.A severe exacerbation was defined
as hospital admission or emergency treatment for
worsening asthma, need for oral corticosteroids as
judged by the investigator, or a decrease of more than
25 percent from baseline (defined as the mean value
during the last 14 days of the run-in) in morning peak
expiratory flow (PEF) on two consecutive days.
Efficacy and safety data from the clinical trial, known
as Oxis® (formoterol) and Pulmicort® (budesonide)
Turbuhaler In the Management of Asthma (OPTIMA),
have been published elsewhere.20

The primary efficacy measures in the clinical trial
were the time to first severe exacerbation and the per-
centage of days with poorly controlled asthma (defined
as days with morning PEF of at least 20 percent below
baseline, days when more than two additional rescue
medication inhalations were needed, or days when the
patient awoke because of asthma). Secondary efficacy
measures were change from baseline in morning PEF,
change from baseline in percentage predicted FEV1,
percentage of days with symptoms, number of rescue
inhalations required, percentage of nights with asthma
awakenings, and number of severe exacerbations per
patient per year.

Cost and Effectiveness Assessments
The parameters selected to assess effectiveness for the

economic evaluation were the number of symptom-
free days (SFD) and the number of severe exacerbations
per patient per year.The assessment of SFD has been
recommended in guidelines for economic evaluation in
asthma,21 and severe exacerbations have been related to
increases in cost.11 A SFD was defined as a day with-
out asthma symptoms, as recorded by the patient on a
daily diary card.

The chosen perspectives were those of a healthcare
payer (e.g., an integrated healthcare system) and of
society by, in the latter case, also including the indirect
costs of lost productivity.

Utilization of direct healthcare resources (e.g., days
in hospital, visits to a physician, etc.) and days on
which the patient was unable to work (employment
or homemaking) were recorded in the case report
forms. Medication use (study medication, as-needed
medication, and other medication required after
exacerbations) was also recorded. The cost for each
patient in the trial was calculated by multiplying the
resource-use data by the cost per unit for each type of
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resource. Unit cost data were taken from Swedish
sources in 1999 prices and are shown in Exhibit 1.
Swedish cost data were used because Sweden is an
example of a country where the perspectives of an
integrated healthcare system and of society are rele-

vant, and where unit cost data are of good quality.
Sweden was also one of the largest countries in the
trial. For ease of comparison, cost data are presented
here in US$, using October 2002 exchange rates
(SEK 9.26 = US$1).

Exhibit 1: Unit Costs for Healthcare Resources, Medications, and Absence From Work

Resource Unit Cost Per Unit Cost Per Unit (US$)*
(SEK, Sweden 1999)

Healthcare resources
Visit to a physiciana Visit 251 135.1
Visit to a nurseb Visit 331 35.7
House-call by a nursec Call 341 36.8
House-call by a physiciand Call 859 92.8
Phone call to a physician or nursee Call 56 6.1
Admission to hospitalf Day 3,022 326.3
Pharmacy contactg Contact 32 3.5

Study medicationh

Pulmicort Turbuhaler Day Day
100 mcg budesonide, 200 doses (200 mcg/day) 2.72 0.29

As-needed medicationh

Bricanyl Turbuhaler Inhalation 0.77 0.08
0.5 mg terbutaline, 200 doses

Other medicationh

Prednisolone (exacerbation) Day
10 mg prednisolone, 25 tablets (30 mg/day) 4.98 0.54
Ventolin (maintenance) Day
200 mcg salbutamol pMDI,100 doses (8 inhalations/day) 4.32 0.47
Serevent (maintenance) Day
50 mcg salmeterol, 180 doses (2 inhalations/day) 7.70 0.83
Oxis (maintenance) Day
9 mcg formoterol, 180 doses (2 inhalations/day) 8.60 0.93
Becotide (maintenance) Day 
0.2 mg beclomethasone, 120 doses (2 inhalations/day) 3.05 0.33
Flutide (maintenance) Day
100 mcg fluticasone, 180 doses (2 inhalations/day) 5.12 0.55
Lomudal (maintenance) Day
20 mg cromoglycate, 100 doses (4 inhalations/day) 11.16 1.21
Theo-Dur (maintenance) Day
300 mg theophylline, 100 tablets (600 mg/day) 3.01 0.33
Singulair (maintenance) Day
10 mg montelukast, 49 tablets (10 mg/day) 11.76 1.27
Ventide (maintenance) Day
Not available in Sweden, (2 inhalations/day) 4.1 0.45
so price estimated at Ventolin plus Becotide

Indirect costs
Absence from worki Day Male 1,434 155

Female 1,181 128

*SEK 9.26 = US$1 (October 2002 exchange rate)
a Weighted average for the number of general practitioner and specialist visits. Landstingsförbundet (Swedish Federation of County Councils), 1997, Kostnad per inta-
gen patient, vårddag mm 1996 (Costs per hospitalized patient per day of care), Landstingsförbundet (Swedish Federation of County Councils), 1999.25

b Landstingsförbundet (Swedish Federation of County Councils), 1997.26

c, d Hjortsberg C, Svarvar P. IHE arbetsrapport 1999:2.27

e Läkarförbundet (Swedish Medical Association), 1998.28

f General med., Kostad per intagen patient, vårddag mm 1996 (Costs per hospitalized patient per day of care), Landstingsförbundet (Swedish Federation of County
Councils), 1999.25

g SACO (Swedish Confederation of Professional Associations), 1999.29

h FASS, Läkemedel i Sverige (Swedish Drug Catalogue), 1999, Kungsbacka, Linfo, Läkemedelsinformation AB.30

i Lönestatistisk årsbok 1998 (Wage statistics for 1998), SCB (Statistics Sweden) 1999.31

In instances when data were taken from a source published prior to 1999, they were adjusted by inflation to 1999 prices.
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Both costs and effectiveness in the economic eval-
uation were estimated for each patient over a period
of one year, to reflect the length of the clinical study.
Thus, the measure of effectiveness used was the total
number of severe exacerbations during the whole
study period, rather than the time to first severe exac-
erbation, as presented in the clinical paper.20 Because
the number of days in the study was not identical for
all patients, a daily cost was estimated for each patient
and converted (normalized) to a yearly cost.

This individual approach (estimating costs and
effectiveness for each patient) differs from the
approach used in the clinical paper,20 where the effica-
cy variables were estimated on a group basis, because
it was important that both the cost and effectiveness
data in the economic evaluation were estimated in the
same way.A small number of patients did not provide
economic resource use data and were excluded from
the economic analysis. For these two reasons, the
effectiveness data in the economic analysis differ
slightly from those presented in the clinical paper.20

Incremental cost-effectiveness ratios were estimated
to compare one treatment group with another, by
taking the difference in cost between the two groups
and dividing it by the difference in effectiveness
between the two groups.This provides a measure of
the additional cost required to gain a given unit of
improvement in effectiveness.

The study was not powered to detect differences in
cost, but observed differences in cost and effectiveness
were tested for statistical significance using a parametric

test. Confidence intervals for cost-effectiveness ratios
were calculated using the approach of Fieller’s theorem.22

Results
A total of 239 patients were randomized to placebo,

228 to budesonide only, and 231 to budesonide plus
formoterol.20 Of these, 234 patients in the placebo
group, 219 patients in the budesonide-only group, and
223 patients in the budesonide plus formoterol group
had economic data available.

The baseline clinical data and clinical outcomes results
are summarized in Exhibit 2.Patients in the budesonide-
only group had a 60 percent reduction in the risk of a
severe asthma exacerbation and a 48-percent reduction
in the rate of poorly controlled asthma days compared
with the placebo group.20 Budesonide also significantly
improved FEV1 and significantly reduced the percentage
of days with symptoms and the number of severe
exacerbations per year, compared with placebo.20 The
addition of formoterol to budesonide produced further
improvements in lung function (PEF and FEV1), as
would be expected for a bronchodilator, but not in the
other clinical outcome measures (Exhibit 2). As the
addition of a long-acting β2-agonist (LABA) did not
provide a significant outcome benefit relative to
budesonide alone, and since current asthma guidelines
do not suggest the use of LABA in this population of
patients with mild persistent asthma, the economic
analysis compared the budesonide-only group with
the placebo group.

Exhibit 2: Clinical Outcomes Results20

Variable Budesonide Budesonide Placebo
Only Plus Formoterol

Baseline
FEV1* (% predicted) 90.1 89.1 89.9
Morning PEF (L/min) 421 416 416
Days with symptoms (%) 37.8 39.8 41.8
Number of rescue inhalations per day 0.82 0.92 0.95
Nights with awakenings (%) 11.9 8.9 12.2

Clinical results
Change in FEV1 (% predicted) 4.04a 5.87b 1.79
Change in morning PEF** (L/min) 15.12 31.81c 8.66
Days with symptoms (%) 23.1a 21.5d 29.4
Number of rescue inhalations per day 0.51d 0.51d 0.75
Nights with awakenings (%) 2.5d 3.1d 7.0
Number of severe exacerbations per year 0.29d 0.34d 0.77
Poorly controlled asthma days (%) 7.3e 8.3e 14.4

ap<0.01 vs. placebo
bp<0.05 vs. budesonide-only, p<0.001 vs. placebo
cp<0.001 vs. budesonide-only, p<0.001 vs. placebo
dp<0.001 vs. placebo
ep=0.0001 vs. placebo
*FEV1 denotes forced expiratory volume in one second
**PEF denotes peak expiratory flow
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The resource use for the budesonide-only and
placebo groups is shown in Exhibit 3. Exhibits 4 and
5 show the direct healthcare costs in each group.
Compared with placebo, budesonide significantly
reduced the cost for healthcare resources (e.g., hospi-
talization, visits to health professionals) and as-needed
and other medications. These reductions offset the
additional cost of the study medication.There was no
statistically significant difference in healthcare costs
between the two groups, and the numerical difference
was only US$11.09 per patient per year.

There was a significant improvement in effectiveness
in the budesonide-only group,compared with placebo.
Budesonide treatment significantly increased the

number of SFDs and significantly decreased the number
of severe exacerbations per year, compared with placebo
(Exhibit 6).The values in Exhibit 6 differ slightly from
those in Exhibit 2, as explained in the subjects and
methods section.The healthcare cost per SFD gained,
and the healthcare cost per severe exacerbation avoided,
were correspondingly small, as shown in Exhibit 6.
Using budesonide instead of placebo cost an extra
US$0.40 per SFD gained, or an extra US$14.06 per
severe exacerbation avoided.

Budesonide also reduced the number of days that
patients needed to take off work (Exhibit 3). This
resulted in a reduction in indirect costs (the costs asso-
ciated with lost productivity), from US$236 per patient

Exhibit 3: Summary of Resource Use in the Placebo and Budesonide-Only Groups Over 52 weeks

Resource Budesonide Only Placebo
Number of treatment days 70,997 75,471
Patients hospitalized 1 3
Number of days in hospital 1 5
Number of visits to a physician 89 186
Number of visits to a nurse 10 11
Number of house calls by a physician 4 3
Number of house calls by a nurse 4 0
Number of phone calls 24 21
Number of pharmacy contacts 33 54
Patients with missed workdays 16 31
Number of missed workdays 125 319

Exhibit 4: Mean Healthcare Costs in the Placebo and Budesonide-Only Groups Over 52 Weeks

Budesonide only

Placebo

Mean cost per patient per year (US$)

$ 0 25 50 75 100 125 150 175 200 225 250

Study Medication

As-needed Medication

Other Medication

Healthcare resource costs

Exhibit 5: Mean Healthcare Costs in the Placebo and Budesonide-Only Groups Over 52 weeks (US$)

Cost Component Budesonide Only Placebo P-Value

Study medication 107.29 0 —
As-needed medication 13.77 24.08 0.001
Other medication 8.91 23.23 0.0009
Healthcare resource costs 77.90 149.48 0.02
Total healthcare costs 207.86 196.77 0.73
Indirect costs 84.11 236.33 0.07
Total costs 291.96 433.10 0.15
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per year in the placebo group to US$84 per patient per
year in the budesonide-only group (p=0.07). If indirect
costs were included, budesonide treatment reduced
total costs compared with placebo (Exhibit 7), making
it both more effective and less expensive.

Discussion
Budesonide alone clearly improved asthma control

compared with placebo in this population of patients
with mild persistent asthma previously taking SABA
alone. This improvement came with no detectable
increase in total healthcare costs, because of significant
reductions in the cost of as-needed medication, other
medication and healthcare resources. Total costs,
including the cost of time off work (lost productivity)
were lower in the budesonide-only group compared
with those taking placebo.

Budesonide treatment significantly improved lung
function (FEV1), reduced the number of days and
nights with asthma symptoms, reduced the use of as-
needed rescue medication, and reduced the number of
severe exacerbations. Improved asthma control pro-
vides important benefits to patients, allowing them to
lead fuller and more productive lives with less disrup-
tion due to asthma. This can be seen in this study,
where patients receiving budesonide missed work
because of asthma on substantially fewer days than
patients receiving placebo.

Since the patients in this study had not been receiving

ICS before entering the trial, and showed a clear
improvement in response to budesonide treatment, this
suggests that they were being under-treated before
entry into the study. Under-treatment is known to be
widespread in asthma,4, 10 reflecting difficulties in diag-
nosis and a paucity of studies examining the role of ICS
in controlling mild persistent asthma.The traditional use
of ICS has been as second- or third-line therapy in
these patients.14 The present study is consistent with
other trials in showing that even patients with mild
asthma obtain significant benefit from ICS treatment,5, 7,

14, 15 as recommended in international guidelines.4, 10

The addition of formoterol to budesonide treat-
ment improved lung function (PEF and FEV1) in the
patients in this study, but did not produce any
improvement in the other outcome measures over and
above that already provided by budesonide treatment
alone. Thus, the economic evaluation compared the
placebo group with the budesonide-only group.

Cost-effectiveness ratios are often used to compare
the additional costs of a better treatment with its addi-
tional effectiveness, and help to assess whether the extra
benefit is “worth” the extra costs. In this study, to gain
one extra SFD cost US$0.40, and to avoid one severe
exacerbation cost less than US$15, by using budesonide
treatment instead of placebo.For comparison, a study in
Germany calculated the total healthcare costs (medica-
tions, physician visits, hospitalizations) incurred by
patients with persistent asthma who had not received

Exhibit 7: Total Costs, Including Indirect Costs, in the Placebo and Budesonide-Only Groups Over 52 Weeks

Budesonide only

Placebo

$ 0 50 100 150 200 250 300 350 400 450

Study Medication

As-needed Medication

Other Medication

Healthcare resource costs

Indirect costs

Exhibit 6: Effectiveness and Cost-effectiveness in the Placebo and Budesonide-Only Groups

Variable Budesonide Only Placebo P-Value

Number of SFD* per year 277 249 0.0072
Number of severe exacerbations per year 0.36 1.15 0.0035
Healthcare cost per SFD gained, budesonide
compared with placebo (95% CI) US$ 0.40 (–2.12, 4.93)
Healthcare cost per severe exacerbation avoided,
budesonide compared with placebo (95% CI) US$ 14.06 (–61.5, 174.0)

*SFD denotes symptom-free days

Mean cost per patient per year (US$)
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corticosteroids for at least three weeks prior to the
study. Patients received fluticasone propionate or flu-
nisolide, and the study found that using fluticasone
instead of flunisolide cost approximately an extra DM 6
(US$3 at October 2002 exchange rate) per SFD
gained.23 A limitation of this study is that it used a ret-
rospective analysis of data from two short-term (six
weeks and eight weeks) clinical trials. A study using
economic modelling techniques compared ICS treat-
ment with rescue medication only in patients with
mild-to-moderate persistent asthma, a similar compari-
son to that made in the present study,and found that the
additional cost of ICS was US$7.50 per SFD gained.24

The authors considered this to be good value for
money compared with established treatments in many
other chronic diseases, such as coronary artery bypass
surgery, ticlodipine in patients at high risk of stroke, and
chemotherapy for breast cancer.24 Our finding of
US$0.4 per SFD gained for budesonide,compared with
rescue medication only, thus appears to represent good
value for money.

A possible limitation of the present study is that it is
based on a double-blind clinical trial, which is likely to
differ from routine clinical practice. For example, in a
clinical trial the patient population is free of significant
concomitant diseases, the degree of patient monitoring
is greater than in routine practice, and adherence to
treatment may also be better. Thus, the resource use
and costs observed in the present study may not reflect
the absolute levels of cost likely to be encountered in
routine practice. However, the double-blind design
should eliminate bias, and so the comparisons between
the two treatment groups (better effectiveness and no
significant increase in healthcare cost for budesonide
compared with placebo) should be robust. A key
strength of the present study is its long-term (12
months) prospective design, which makes it the first
economic evaluation of its type in patients with mild
persistent asthma previously treated with SABA.

The present study pooled resource-use data from all
the patients in the 17 countries in the clinical trial, and
applied Swedish unit cost data to these resource data to
generate an estimate of cost.The variations in patient
management and costs of treatment can be assumed to
be substantial, both within and between countries. It is
common practice to aggregate clinical outcome mea-
sures, such as time to first exacerbation and the pres-
ence of symptoms, across countries.When it comes to
economic evaluations, one variable to bear in mind is
that costs and patient management may differ among
countries. However, due to the limited number of
observations for some resource items such as hospital-
ization and days off work, it was not possible to inves-
tigate differences in resource use between countries. If
patient management is rather similar, it is possible to

aggregate the physical units of resources and calculate
the cost for each country participating in the study by
multiplying by country-specific unit costs. The study
results can also be extended to countries that did not
participate in the trial if it can be assumed that their
pattern of patient management is similar to that of the
participating countries.

Budesonide treatment also reduced the number of
days that patients took off work because of asthma.This
has an intrinsic value in its own right, representing
reduced disruption to patients’ lives, but a monetary
value for the cost of lost productivity can also be esti-
mated. Budesonide substantially reduced these indirect
costs, and if these costs were included (i.e., taking the
perspective of society), the total cost per patient per
year was lower in the budesonide-only group than in
the placebo group. Budesonide thus resulted in a net
saving in costs, as well as being more effective, if pro-
ductivity costs were included.

The findings of this 12-month study suggest that the
regular use of budesonide 100 mcg twice daily in
patients with mild persistent asthma previously taking
SABA alone would be expected to yield significant
improvements in asthma management, at no detectable
increase in healthcare costs, and a clear net saving if
indirect costs are also considered. JMCM
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Summary
Nonsteroidal anti-inflammatory drugs (NSAIDs) are prescribed often in the U.S., par-
ticularly among older adults. Although the drugs are effective for pain relief, their
widespread usage in tandem with over-the-counter generic NSAIDS, such as aspirin,
is leading to increasing numbers of complications including gastrointestinal bleeding.

Key Points
• COX-2 inhibitors have been in use four years and have an outstanding safety
record in clinical trials.
• Multiple NSAID use is the second-highest risk factor for GI bleeding.
• The use of over-the-counter NSAIDS effectively negates the protective benefits of
COX-2 inhibitors.
• If aspirin use continues, as it will for many patients with comorbidities, the addition
of a proton-pump inhibitor (PPI) should be considered.
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A Cost-Effective Disease Management Approach
to Minimizing NSAID-Related GI Mucosal Injury

A. Mark Fendrick, MD

“ACHES AND PAINS” ARE CITED AMONG
the most common reasons that patients visit their
primary care providers. If over-the-counter anti-
inflammatories do not effectively decrease symptoms,
and there are no risk factors to contraindicate their use,
nonsteroidal anti-inflammatory drugs (NSAIDs) are
often prescribed. In the U.S., 13 million people reg-
ularly use NSAIDs.1 Among older adults, NSAID use
increases. Seventy percent of adults older than 65 take
NSAIDs at least once a week; 34 percent take at least
one dose of an NSAID every day.2 However,NSAID-
related complications, including gastrointestinal
bleeding, are prevalent. Studies conducted several
years ago, before COX-2 inhibitors were in use, con-
cluded that these complications accounted for
approximately 107,000 hospitalizations and as many
as 16,500 deaths annually.3

COX-2 inhibitors have been in use for four years.
In terms of efficacy, COX-2 inhibitors (rofecoxib,
celecoxib, and valdecoxib) are equal to generic
NSAIDs. Their outstanding safety record, at least in
clinical trials, is what has set them apart from traditional

NSAIDs.4 Generic NSAIDs, such as ibuprofen and
naproxyn, block enzymes that are responsible for the
production of prostaglandins. Prostaglandins have a
wide variety of functions in the body, including
involvement in mediating inflammation and the pro-
duction of mucus that lines the GI tract.The COX-1
enzyme aids in the production of prostaglandins that are
involved in protecting the gastric mucosa.The COX-2
enzyme leads to the production of prostaglandins that
are important mediators in inflammation. Because
generic NSAIDs block both COX-1 and COX-2
enzymes, there is a significant risk of GI bleeding and
ulceration when they are used, especially in patients at
high risk of complications. COX-2 inhibitors, by
contrast, block only the COX-2 enzyme involved in
inflammation, and clinical trials have shown that they
have the potential to reduce the risk of ulcers and other
gastric complications by roughly half.4

Well-Informed Treatment Decisions
Despite the superiority of COX-2 inhibitors with

respect to safety, clinicians’ decisions regarding NSAID
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therapy remain difficult. COX-2 inhibitors are more
expensive than generic NSAIDs. The U.S. healthcare
delivery system spends billions on NSAIDs every year.
Because managed care is pressured to regulate pharmacy
costs, clinical guidelines for NSAID therapy recommend
the use of COX-2 inhibitors be limited to people with
risk factors for GI bleeding or other gastric complications.
Exhibit1 ranks risk factors for NSAID-related GI injury,
including past GI bleeding, multiple NSAID use, high
NSAID dose, anti-coagulant use, steroid use, and age.5,6,7

Even with high-risk patients receiving the safer
COX-2 inhibitors, hospitalizations for NSAID-related
gastric injury are increasing. A recently released study
appearing in the British Medical Journal cited that hospi-
talizations resulting from NSAID-related complications
have increased 10 percent since COX-2 inhibitors were
introduced in 2000. One reason is simply that more
people are receiving NSAID therapy. Within the last
four years, there has been a 41 percent increase in total
NSAID use.8 Exhibit 2 illustrates these results.

Exhibit 1: Risk Factors for NSAID-Associated GI complications5,6,7

Past complicated ulcer
Multiple NSAIDs

High-dose NSAIDs
Anti-coagulant

Past uncomplicated ulcer
Age >70 years
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*Risk greatest within first month of use
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Exhibit 2: Increase in Total NSAID Use and Corresponding Prevalence of NSAID-related GI Hospitalizations8
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The second reason for an increase in hospitalizations,
despite safer treatment options for NSAID therapy, has
often been—and continues to be—overlooked.
Multiple NSAID use is the second highest risk factor for
GI bleeding;people on multiple NSAIDs are nine times
more likely to experience GI problems than people
receiving only one NSAID (see Exhibit 1).5,6,7 Because
of the pharmacology of NSAIDs,described earlier and
illustrated in Exhibit 3, the use of over-the-counter
NSAIDS effectively negates the protective benefits of

COX-2 inhibitors. Essentially, patients taking OTC
NSAIDS, including aspirin, plus COX-2 inhibitors,
are multiple NSAID users, and thus are at high-risk of
developing an NSAID-related GI injury.

The Celecoxib Long Term Arthritis Safety Study, or
CLASS Trial, illustrated this point. The CLASS Trial
sought to determine if the use of celecoxib versus the
traditional NSAID significantly reduced the risk of
ulcer-related complications. Amid some controversy
surrounding a flawed trial design, the CLASS Trial

Exhibit 3: The Arachidonic Acid Pathway and Pharmacology of NSAIDs

Does an aspirin a day take the GI benefit away?
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Exhibit 4: Unexpected Results of the CLASS Trial: Potential Impact of Aspirin on COX-2 Safety7
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instead provided unanticipated evidence that the risk
of developing ulcers and other gastric complications is
not diminished among patients taking aspirin and cele-
coxib versus those taking a traditional NSAID. Indeed,
the incidence of ulcer-related complications over six
months increased four-fold among patients who used
aspirin and celecoxib concurrently versus those who
used celecoxib alone (see Exhibit 4).9 The data suggest
that these results can be generalized to the concurrent
use of other COX-2 inhibitors and aspirin.10

The use of over-the-counter NSAIDs, particularly
aspirin, is profoundly common, even among people
who have been prescribed an NSAID. Most people
believe that aspirin is benign, even protective. Indeed,
both the U.S. Preventive Services Task Force and the
American Heart Association recommend the daily use
of aspirin in apparently healthy men and women for
its heart-protective properties, as outlined in Figure
5.11,12 However, for those people receiving NSAID
therapy, even with a COX-2 inhibitor, the regular use
of aspirin can cause GI injury. Nonetheless, COX-2
inhibitor use while taking aspirin is commonplace. In
a survey that appeared in the Archives of Internal
Medicine, 50 percent of people who took a COX-2

inhibitor reported that they also regularly took aspirin.
Another 10 to 20 percent reported taking another
NSAID in addition to their COX-2 inhibitor.13

Before a provider prescribes a generic NSAID or a
COX-2 inhibitor, the patient’s use of over-the-
counter NSAIDS, particularly aspirin, must be
assessed. NSAID therapy for the patient who does not
take aspirin is straightforward:A patient who has a low
risk of developing an NSAID-related GI injury should
receive a traditional NSAID; a patient who has a high
risk of developing an NSAID-related GI injury should
receive either a COX-2 inhibitor or a generic NSAID
if already taking a proton-pump inhibitor (PPI).

Balancing Patient Treatment Needs
For those who take aspirin, the risk of experiencing

an NSAID-related GI event must be balanced with
the cardio-protective benefits that aspirin provides. If
aspirin use continues, as it will for many patients with
comorbidities, the addition of a proton-pump
inhibitor (PPI) should be considered. PPIs are com-
monly used to reduce GI bleeding in high-risk tradi-
tional NSAID users.PPIs should also be prescribed for
patients who take aspirin and a COX-2 inhibitor.14

Exhibit 5: Recommendations for Aspirin Use Among the General Population11,12

WHO NEEDS ASPIRIN?

U.S. Preventive Services Task Force Guidelines
Aspirin should be considered for all apparently healthy men and women whose 
10-year risk of CVD event is > 6%

American Heart Association Guidelines
Aspirin should be considered for all apparently healthy men and women whose 
10-year risk of CVD event is > 10%

Exhibit 6: Algorithm for Determining NSAID Therapy14

No/low NSAID GI risk NSAID GI risk

Use a traditional NSAID
Use a COX-2 selective

inhibitor, or if already taking
PPI, add a traditional NSAID

If absolute risk requires a
risk-reducing intervention,

use a traditional NSAID plus
gastro-protective agent

No ASA

ASA
A gastro-protective agent

must be added, irrespective
of type of NSAID prescribed
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Finally, the increased costs of a COX-2 inhibitor
must be weighed against its negligible protective ben-
efits when used in conjunction with aspirin. No clini-
cal trials have specifically investigated the potential
benefits of a COX-2 inhibitor plus a PPI when aspirin
is used, versus a traditional NSAID plus a PPI when
aspirin is used. Data has shown, however, no statistical-
ly significant benefit of a COX-2 inhibitor, when used
alone, over a NSAID plus PPI in patients at high-risk
of recurring ulcers and bleeding.15 Because COX-2
inhibitors are considerably more expensive than tradi-
tional NSAIDs, many guidelines indicate that NSAID
therapy consists of a generic NSAID if a patient is at
high-risk for gastric injury and is already on a PPI.14

A useful tool for determining the safest and most cost-
effective NSAID therapy for individual patients appears
in Exhibit 6.14 This 2x2 algorithm is a surprisingly simple,
commonsense, disease management approach to
NSAID therapy. It can be easily distributed and imple-
mented and could yield demonstrable results.By making
providers aware of the potential dangers of the con-
comitant use of aspirin and COX-2 inhibitors and the
need for an additive PPI in those instances, unnecessary
GI-bleeding and other NSAID-related gastric compli-
cations may be prevented and the costs of hospitalization
contained. Curbing the use of COX-2 inhibitors and
substituting traditional NSAIDs where appropriate
could also control costs, while at the same time safely
and effectively treating those “aches and pains.” JMCM
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Summary
Heart failure is one of the most common diseases treated by doctors and paid for by
managed care systems in the United States today. Although still lethal in almost half
of cases, greater numbers of patients are surviving heart failure as treatment
approaches change and technology improves. Managed care now must evaluate new
treatment options and weigh the cost against treatment.

Key Points
• Previous studies of heart failure therapies focused on the traditional treatment
method of drug versus placebo in patients with symptomatic heart failure.
• Testing of heart-failure drugs now transpires not only in patients with mild, moderate,
and severe heart failure, but also in patients who have damaged heart muscles or left
ventricular dysfunction after myocardial infarction, even if they do not have symptoms.
• The repertoire of treatments for heart failure is vast and includes digoxin, angiotensin
receptor blockers (ARBs), diuretics for symptomatic relief, spironolactone/eplerenone,
and statins.
• The foundations of heart failure therapy, however, are ACE inhibitors and beta-blockers.
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ALMOST 5 MILLION AMERICANS SUFFER
with heart failure, many of them America’s seniors.
Heart failure affects fully 10 percent of adults in their
80s. It is the most frequent cause of hospitalization in
the elderly,1 and is still a lethal disease. Heart failure is
increasing in prevalence for two reasons: first, it is an
illness of the elderly and the U.S. population is aging;
second, treatments for acute myocardial infarction
and other acute cardiac diseases have improved, with
more patients surviving with damaged heart muscles.
Yet, the mortality of heart failure remains high, and
almost half of all heart-failure patients die within five
years of diagnosis.2

Heart failure occurs when the heart experiences a
myocardial injury such as myocardial infarction, long-
standing hypertension, cardiomyopathy, or ongoing
valvular disease.These injuries result in a decline in left

ventricular performance, a reduced ejection fraction,
along with inappropriate activation of the renin-
angiotensin system and the sympathetic nervous system,
which result in harmful consequences.The patient will
experience excessive peripheral vasoconstriction that
leads to heart failure symptoms; in addition, the patient
will experience a gradual process known as remodeling,
which changes the shape, size, and function of the heart
and ultimately leads to arrhythmias, pump failure, and
mortality.Today, the process of remodeling is becoming
better understood. Researchers now know that fibrosis,
the inappropriate proliferation of fibrotic tissue; apopto-
sis, or programmed cell death; and cellular and molecular
alterations, which ultimately cause myocytes, or muscle
cells, to die, are linked to the remodeling phenomenon.

After a heart attack, a discrete area within the heart
is damaged. When monitored over a time frame
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ranging from hours to days, there is a loss of function
in that segment, leading to the thinning and scarring.
Recent observation has revealed that after a few
months, problems occur not just in the initial area of
injury—the whole heart can dilate and become more
spherical. It’s these changes in shape, size, and function of
the heart over time that are referred to as remodeling,
negative remodeling, or adverse remodeling. This
knowledge has an important implication on how heart
studies are now conducted.

New Research Methods
Previous studies of heart failure therapies focused on

the traditional treatment method of drug versus placebo
in patients with symptomatic heart failure.Today, how-
ever, testing of heart-failure drugs now transpires not
only in patients with mild, moderate, and severe heart
failure, but also in patients who have damaged heart
muscles or left ventricular dysfunction after myocardial
infarction, even if they do not have symptoms.

This important shift in treatment is reflected in the
American College of Cardiology’s (ACC) and the
American Heart Association’s (AHA) recent reclassifica-
tion of the New York Heart Association’s heart failure
system and is shown in Exhibit 1.3 Of particular note-
worthiness is the ACC/AHA system’s addition of Stage
A in the heart failure continuum.Stage A is made up of
patients who are at high risk of developing heart failure

in the future.They are patients with hypertension, coro-
nary disease, diabetes mellitus, or a family history of car-
diomyopathy. Because patients who appear destined to
develop heart failure can now be identified early on,their
treatment should begin when the risk factor begins—
before symptoms or depressed LVEF occurs—similar to
the customary concept of treating coronary disease.

The primary mechanisms of effective treatment deal
with inappropriate neurohormonal activation in
response to a weakened heart muscle, and the focus is
centered particularly on blocking the adverse effects of
angiotensin II and norepinephrine. ACE inhibitors,
angiotensin receptor blockers, and beta-blockers are
used because inappropriate activation of these two
neurohormones produces harmful results.

There are countervailing forces in the human body
regarding heart function.Vasoconstricting and growth-
promoting neurohormones have negative effects and
lead to progressive adverse remodeling; conversely,
vasodilating and growth-inhibiting neurohormones
counteract this activity (Exhibit 2).4 Although treatment
has historically focused on blocking the effects of nore-
pinephrine and angiotensin II,many studies are currently
being conducted to determine the effectiveness of drugs
that block other vasoconstricting neurohormones. So
far,the drugs blocking endothelins have not been effective,
but up to this point, the measure of ineffectiveness is
based on improper dosing and side-effect profiles.

Exhibit 1: Classification of HF–Comparison Between ACC/AHA HF Stage and NYHA Functional Class

*Stage D is a subset of Class IV. Carvedilol is indicated for use in patients with mild to severe chronic HF and in patients with HTN.

**New York Heart Association/Little Brown and Co., 1964.
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Heart failure also can be treated effectively by activating
beneficial, vasodilating, and growth-inhibiting neurohor-
mones. Nesiritide (or Natricore) is a synthetically pro-
duced analog of natriuretic peptide, a naturally occurring
substance that vasodilates arteries and veins. The serum
level of natriuretic peptide,or BMP,can be used as a quan-
titative index to determine the severity of heart failure.

Heart-Failure Therapies
The repertoire of treatments for heart failure is vast

and includes digoxin, angiotensin receptor blockers
(ARBs), diuretics for symptomatic relief, spironolac-
tone/eplerenone, and statins, since more than two-thirds
of heart failure patients also have coronary disease.The
foundations of heart failure therapy, however, are ACE
inhibitors and beta-blockers. ACE inhibitors prevent
angiotensin II production by inhibiting the action of the
enzyme responsible for converting angiotensin I to
angiotensin II.

This mechanism is important because angiotensin II
negatively affects heart function. It increases aldosterone,
vasopressin,and endothelin,hormones that increase blood
pressure and vasoconstriction.Angiotensin II makes blood
sticky, and it promotes thrombosis. In addition, the
myocyte growth, vascular smooth-muscle growth, and
increase in collagen that angiotensin II promotes con-
tributes to remodeling. However, suppression of the
renin-angiotensin system is not the entire mechanism by
which ACE inhibitors improve heart function and relieve
symptoms, and in fact, is probably not the primary means
of action. In addition to favorably affecting bradykinin
levels,ACE inhibitors slow the growth of myocardial and
vascular tissue, and thus prevent remodeling, in ways that
are still not clearly understood but may play a greater role

in improving heart function than previously thought.
Ample data are available that validate the effectiveness

of ACE inhibitors across the spectrum of heart failure.
A number of trials (AIRE/SAVE/TRAC) show benefit
from using the various ACE inhibitors at the time of
myocardial infarction when left ventricular dysfunction
is present.5,6,7 For several years, the data have shown
ACE inhibitors to be effective for mild and moderate
heart failure.And the CONSENSUS trial8, one of the
first in the field, showed that ACE inhibitors are effective
in treating severe heart failure.

Moreover, ACE inhibitors may actually prevent
vascular disease.

The HOPE trial9, released four years ago,took patients
who were at high risk for developing vascular disease
and randomized them to Ramipril versus placebo.The
result determined that there was a 25 percent reduction
in the primary end point of death from MI, stroke, or
cardiovascular causes.The Europa trial,10 almost identical
in design and using the ACE inhibitor Prendapril, pro-
duced similar results in European patients.

Despite the benefits of ACE inhibitors, it is evident
that ACE inhibitors cannot single-handedly produce the
desired outcomes. Heart failure patients on ACE
inhibitors alone require continued aggressive therapy,
because half may die within five years,and 30 percent may
be rehospitalized for heart failure within three months.11,12

Beta-blocker Therapy Across the 
Heart Failure Continuum

The other cornerstone of treatment for heart fail-
ure is the beta-blocker. Beta-blockers were indicated
in the joint American College of Cardiology (ACC)/
American Heart Association (AHA) “Guidelines for the

Exhibit 2: Pathophysiology of Systolic Heart Failure4
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Management of Patients with Myocardial Infarction” in
1999,13 but these guidelines were based on beta-blocker
trials conducted mainly in the 1970s and 1980s.
Procedures such as reperfusion, thrombolysis, or primary
angioplasty were not common; just as aspirin and ACE
inhibitors were not standard treatment options.
Additionally, patients with heart failure were excluded
from the study. Left ventricular function was not
assessed, and the study populations were typically at
lower risk.14 Recognizing the need to update guidelines
based on modern treatment methods for MIs, the ACC
and AHA published a revision, “Guidelines for the
Management of Patients with ST-Elevation Myocardial
Infarction” in July 2004.15 The newly revised guidelines
continue to indicate treatment for heart failure, post-
MI, (Stage B of the ACC/AHA reclassification) citing
such studies as CAPRICORN.

The CAPRICORN study randomized patients
who had experienced an acute myocardial infarction
within the past three weeks to the beta-blocker
Carvedilol or a placebo.16These patients were treated in
a contemporary manner with reperfusion where possi-
ble, aspirin, and ACE inhibitors. Requirements were
that the patient had to have an ejection fraction of less
than 40 percent.The patients were on ACE inhibitors
unless there were contraindications. Also, patients had
to be clinically stable at the time the beta-blocker was
first given but could have had heart failure earlier in the
course of their infarction. Carvedilol, as opposed to
placebo, reduced all-cause mortality 23 percent over a
time frame of two years. Given this research, the
guidelines indicate that patients with post-myocardial
infarction and left ventricular dysfunction, whether or
not they have symptoms, should be on a beta-blocker.15

Studies showing the efficacy of beta-blockers on
patients with mild to moderate heart failure have been
out for more than five years and include the U.S.
Carvedilol trial, using Carvedilol; the MERIT-HF
trial, using long-acting Metoprolol succinate; and the
CIBIS II trial, using Bisoprolol.17-19

Despite strong evidence that the use of beta-blockers
in mild- to-moderate heart failure patients dramatically
reduces deaths due to cardiovascular-related events, they
remain underprescribed in this subset of heart failure
patients. It can take weeks or months for the beneficial
effects of beta-blockers to appear, but there is a short-
term risk that the patient will fail to improve or the
condition will be exacerbated.

The lack of an immediate improvement and the risk
of decompensation has led the FDA to put certain
caveats in all beta-blocker labeling. Beta-blockers are
not to be initiated during an acute exacerbation of
heart failure, and they should be started at low doses
and titrated upward. Physicians must anticipate and
warn the patient there might be an early lack of efficacy

or even a temporary worsening of his or her condition.
The focus on the early risks of beta-blockers rather
than on their significant long-term benefits may be
largely to blame for their underutilization.

In most cases, the long-term benefits of beta-blockers
outweigh their potential short-term risks—even in
severe heart failure patients. The most promising trial
involving patients with severe heart failure was the
Copernicus trial.20 In this trial,patients with severe heart
failure were randomized to either Carvedilol or placebo.
Over 21 months, participants who received Carvedilol
experienced a 35 percent reduction in mortality. The
surprising results of this study were the modest with-
drawals from beta-blocker therapy. Most researchers
involved in this study believed that beta-blockers would
be effective in the treatment of severe heart failure, but
the percentage of patients who would fail to tolerate the
beta-blockers was going to be much higher.Yet within
the first three months of the Copernicus trial, the per-
centage of patients who had to withdraw from active
drug treatment was no higher in the Carvedilol-treated
group than in the placebo-treated group, and then they
did much better in the long term. The withdrawals
were no different in the two arms of the study.

Clinical Differences Between Beta-blocking
Agents: Is One Preferable to Another?

As in the case of ACE inhibitors, the data now show
support for the use of beta-blockers across the full
spectrum of heart failure. Post-MI, the data is strongest
for carvedilol. In mild/moderate heart failure patients,
there is strong evidence for carvedilol, metoprolol, and
bisoprolol. In patients with severe heart failure, the data
is strongest with carvedilol. The pharmacokinetics of
carvedilol, and trials, such as the Carvedilol or
Metoprolol European Trial (COMET),21 seem to
indicate that carvedilol is preferable to other beta-
blocking agents across all heart failure stages.

It can be argued that carvedilol is the best drug for
heart failure. With regard to the beta1-, beta2-, and
alpha-receptors of the sympathetic nervous system,
traditional instruction usually held that beta1 receptors
predominate in the heart, and blocking beta1 is crucial
in terms of heart failure. Drugs like metoprolol are
somewhat beta-1 selective, though in higher doses, they
block beta1 and beta2 receptors.Carvedilol, at the other
end of the spectrum, blocks beta1, beta2, and alpha-
receptors. It is a relatively weak alpha-receptor blocker,
but it blocks all three receptors. In a normal heart, the
ratio of beta1 to beta2 to alpha1 receptors is 70/20/10;
in patients with damaged hearts, beta1 receptors are
selectively down regulated, and the ratio of receptors
becomes 50/25/25. Many in the field believe that all
three receptors are involved in the negative effects of
adrenergic tone; therefore, it would be theoretically
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desirable to block all three receptors.
The COMET trial was designed to test whether

the properties of carvedilol beyond beta1-blockade
had favorable effects on survival.21 The double blind,
parallel-group multicenter study compared the effect
of metoprolol and carvedilol in more than 3,000
patients who were followed for more than five years,
randomized to either drug.The design of the study
was such that 1,500 patients were randomized to the
short-acting metoprolol tartrate and received 50 mg
twice a day; an additional 1,500 patients were placed
on carvedilol and received 25 mg twice a day.

The results of the trial are unequivocal. The trial
clearly supports the efficacy of carvedilol.There is a 17
percent reduction in the primary endpoint of mortality
with carvedilol, as compared to metoprolol.Carvedilol
prolonged the median survival by 1.4 years.
Additionally, all of the subgroups fall to the correct
side of the confidence limits in favor of Carvedilol. 21

Based on the trial, carvedilol is the preferred beta-
blocker for the treatment of chronic heart failure.
However, some experts have theorized that the superi-
ority of carvedilol over metoprolol was an effect of
dosing. In MERIT, the study that established the effica-
cy of metoprolol use in heart failure patients,participants
received 200 mg of long-acting metoprolol succinate
daily.18 In COMET, participants randomized to
metoprolol received only 100 mg of short-acting
metoprolol tartrate a day.There were legitimate and
logical reasons for this study design.The gold standard
for deciding what beta-blocker dose to use has to do
with how fast the heart rate increases with exercise or
pharmacologic stimulation.22 The efficacy test of a beta-
blocker dose is its ability to block exercise-induced
increases in heart rate.The findings of COMET suggest
that the superiority of carvedilol over metoprolol is the
direct result of carvedilol’s ability to block alpha and
beta2 receptors.

Gauging Beneficial Effects of Beta-Blockers
As in the case of ACE inhibitors, it is not entirely

understood how beta-blockers slow the progression of
heart failure. For many years, beta-blockers were
shunned as heart failure therapy because of their ten-
dency to weaken heart muscles. For that reason, they
were contraindicated as negative ionotropic agents.
Even though it is counterintuitive, beta-blockers are
considered the best drugs for improving ejection fraction,
on average by about 8 ejection fraction points.They’re
anti-arrhythmic, and sudden death presumably from
ventricular fibrillation is common in patients with
heart failure. There are also favorable effects on
myocardial oxygen supply and demand. In addition,
beta-blockers are able to block the cytotoxic effects of
norepinephrine on myocardial cells.

Translating Results into Action
One dilemma with beta-blockers in heart failure is

that physicians are skeptical about using them;therefore,
they are not consistently implemented into therapy.
Physicians worry about efficacy or danger in severe
heart failures, but those are probably the patients who
stand to benefit the most. Logistically, there are diffi-
culties in initiating and uptitration, making doctors
apprehensive about achieving effective dosing. Then,
there is an absence of any early mortality benefit.
There are reservations about the risk of worsening
heart failure,which is atypical unless the patient is seri-
ously ill. Another problem is that when providers do
prescribe beta-blockers, they frequently prescribe
atendilol, for which there is no data, and rarely prescribe
beta-blockers for which there are data, such as
carvedilol, metoprolol, and bisoprolol.

In a relatively recent study, a registry from a large
managed care program looked at patients who were
hospitalized with heart failure and low ejection fractions,
and documented which drugs the patients were on
when they left the hospital. Fifty-three percent were
on an ACE inhibitor, 15 percent were on an ARB, 60
percent were on a beta-blocker, 88 percent were on
diuretics; 38 percent were on digoxin.23 Not all
patients tolerate ACE inhibitors and beta-blockers, so
these numbers will not be 100 percent. Nonetheless,
they are too low. The benefits of ACE inhibitor and
beta-blocker therapy among heart failure patients are
clear, but underutilization persists and the risk of
death, disability, or cardiovascular hospitalization
remains high. Clearly, there is an administrative man-
agerial problem in trying to translate what is known in
terms of data into how patients are treated.

Other Pharmacologic Treatment Options for
Heart Failure Therapy

A few years ago, researchers were optimistic about
the potential benefits of the addition of an angiotensin
receptor blocker (ARB), like losartan, valsartan, or
candesartan, in concert with ACE inhibitors and beta-
blockers in heart failure therapy. Since it had just
begun to be understood that ACE inhibitors’ primary
mechanism of action was not the suppression of the
renin-angiotensin system,ARBs were a logical addition
to therapy. ARBs do not block angiotensin II levels;
rather, they block the effects of angiotensin II. The
results of three large trials were disappointing.Though
they showed small but significant reductions in mortality,
they also showed increased risks of renal insufficiency,
hyperkalemia, and hypotension in patients who
received ARBs in combination with ACE inhibitors
and beta-blockers.24-26 ARBs are not indicated in heart
failure therapy except in patients who are not tolerant
of ACE inhibitors.
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Much research in the past 10 years has focused on
aldosterone, the primary neurohormone that drives
fibrosis within the heart. Fibrosis is an inappropriate,
cancer-like proliferation of fibrotic tissue that damages
the heart. Some researchers theorize that ACE
inhibitors are effective in treating heart failure because
they partially block aldosterone.That hypothesis led to
the RALES trial,27 in which 1,600 patients with severe
heart failure were randomized to spironolactone, an
aldosterone antagonist, versus placebo. Among those
patients, there was more than a 30 percent reduction in
mortality. These data were not widely promulgated
because spironolactone has gone off patent, and there
were some significant side effects associated with its use.

More recently, however, the EPHESUS trial
(Eplerenone Post-AMI Heart Failure Efficacy and
Survival Study) randomized patients post-MI to the
newer aldosterone antagonist, eplerenone, versus
placebo.The EPHESUS trial tested more than 6,000
patients, handling more than 3,000 patients in each
section. These patients had a post-MI ejection frac-
tion of less than 40 percent.There was a 25 percent
reduction in all cause mortality using eplerenone.28

This drug is a more specific aldosterone antagonist. It
has fewer side effects but is also more expensive, since
it has been on the market for only a year.

Looking at the EPHESUS and the RALES trials
combined, they suggest the addition of the aldosterone
antagonist on top of ACE inhibitors and beta-blockers
will reduce mortality by 15 to 30 percent,with a similar
reduction in the combined endpoint of death and hos-
pitalization. Aldosterone antagonists do, however,
increase the risk of renal insufficiency and hyperkalemia.

Adjunctive and Alternative Approaches 
to Heart Failure

Despite improvements in drug therapies, mortality
rates remain high, underscoring a pressing need for
adjunctive or alternative approaches to heart failure
therapy.One commonly accepted but obviously limited
approach is cardiac transplantation.

New techniques can be used with greater safety
and precision to remodel the heart surgically, which
involves reshaping the heart by cutting out infracted
or scarred areas to construct a relatively normal shape.

An exciting prospect for the future of heart failure is
cardiomyogenesis—the formation of cardiac muscle
cells from either pluripotent cells or adult stem cells
from skeletal muscle or bone marrow.These stem cells
are then grown in tissue culture and reinjected into
areas of scar in the heart.The cells can be introduced
not only in the operating room through an open chest
but also by catheter-based techniques.This area of study
has the potential to radically improve the life expectancy
of patients with even the most severe heart failure.

Another new approach to heart failure treatment is
resynchronization therapy. This is for patients with
moderate to severe heart failure who have a left bundle
branch block,and who are symptomatic,despite optimal
drug therapy. Because the ventricles of these patients do
not contract simultaneously, they are at high risk of
dying from ventricular arrhythmia. In resynchronization
therapy, both the right ventricular wall and the left
ventricular free wall are paced, which is accomplished
with a pacemaker lead into the coronary sinus.With this
technology, the heart can then contract as one unit. In
patients who have undergone resynchronization therapy,
the progression of heart failure has not only halted, it
has regressed.29

Yet another alternative therapeutic technique is the
implantable cardioverter defibrillator (ICD),a small pace-
maker-like device inserted as a subpectoral or subcuta-
neous implant under the clavicle. It functions by means
of endocardial lead systems and advanced rhythm dis-
crimination.The risk of implantation is small,and a num-
ber of trials now show there is a clear survival benefit.

The Multicenter Automatic Defibrillator Implantation
Trial (MADIT), published about three years ago,30 ran-
domized patients with ischemic cardiomyopathy, coro-
nary disease, and a low-ejection fraction of less than 30
percent to defibrillator versus placebo. Patients receiving
ICD therapy in conjunction with optimal pharmacologic
therapy had improved survival rates compared to those
receiving optimal pharmacologic therapy alone. There
was a 31 percent reduction in mortality, or improvement
in survival, in coronary patients with an LVEF less than 30
percent and a prior MI.This led to ACC/AHA/NASPE
guideline-level approval of the technology.31The number
of patients who suffer from chronic heart disease and left
ventricular dysfunction that would benefit from ICD
therapies is 3 million in the U.S. alone.There are approx-
imately 300,000 new cases annually,and 80 percent meet
MADIT II criteria.32 The estimated cost of supplying
each of these patients with a defibrillator, at $50,000 for
each ICD, easily surpasses $10 billion.

To promote cost-effectiveness, the Centers for
Medicare and Medicaid Services (CMS) approved
ICD implantation in patients who meet MADIT
criteria, but restrict it to those patients who have a
wide QRS segment (greater than 120 ms). A recent
study, the SCD-HeFT, widened its inclusion criteria
to patients with moderate to severe heart failure, with
either ischemic or non-ischemic cardiomyopathy, and
a left ventricular ejection fraction less than or equal to 35.
Participants were randomized to medical therapy,
medical therapy plus amiodarone, or medical therapy
plus an ICD.The findings highlighted the effectiveness
of simple, shock-only ICDs:When used in conjunc-
tion with medical therapy, the technology decreased
mortality by an additional 23 percent.The benefits of
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ICD technology clearly extend to patients with less
severe heart failure.33

Medical Benefits Versus Cost
The question ultimately posed after complete assess-

ment of both traditional and alternative therapies has to
do, of course, with cost. Many of these treatments have
been proven cost-effective, in terms of cost-per-life
saved, but the scope of people who will be adminis-
tered these treatments is a major issue.The prevalence
of heart failure will increase as the population ages, and
the speed at which pharmaceutical and technological
developments for the treatment of heart failure occur
will accelerate. All providers across the continuum of
care—from primary care practitioners to specialists and
managed care decision makers—must be cognizant of
the benefits versus the costs of treatment.

Managed care decision makers may implement cost-
saving strategies. Several managed care systems have
found that implementing proactive disease management
programs for chronic congestive heart failure patients
actually decreased the cost of care.These programs typi-
cally provide a case manager or a heart failure nurse to
monitor patients regularly and establish a regimen of
therapy.This practice not only avoids unwarranted hos-
pitalization but also prevents ineffective daily treatment.

They must also weigh the benefit of a specific treat-
ment against the cost of that treatment.For example, the
aldosterone antagonist spironolactone is much less
expensive than the brand name eplerenone. The side
effects of spironolactone, however, may be much more
severe. Further investigation as to the incidence of these
side effects may be called for before decisions regarding
formulary inclusion are made.

Above all, providers and managed healthcare profes-
sionals are encouraged to see the big picture. If billions
of government dollars are spent implanting ICDs in
Medicare recipients, what other societal issues will be
neglected? With promising and exciting medical
breakthroughs come difficult issues that need to be
considered; it is the medical profession’s responsibility
to address them. JMCM

David L. Pearle, MD, is a professor of medicine in the
Department of Medicine, Division of Cardiology at
Georgetown University Hospital in Washington, D.C. He
also serves as the director of the hospital’s Coronary Care
Unit and the Georgetown Heart Failure Service. In addition,
he serves as a consultant to or a member of the speaker’s
bureau for GlaxoSmithKline, Pfizer, and AstraZeneca.
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DURING THESE FAST-PACED
days of the “Genomic Era,” the
recently acclaimed official comple-
tion of the sequencing of the human
genome is old news. The
successful sequencing of the
3.1 billion letter biochemi-
cal alphabet of the human
genome has opened wide
the guarded secrets of the
double helix. New discov-
eries are touted each day, as
scores of scientists employ a
multitude of groundbreak-
ing technologies to crack
the code.

It is an era of change that
will ultimately alter daily
life more than the advent of
the personal computer.The
field of genomics will have
an impact on the food peo-
ple eat. the clothing they
wear to the materials that
are used to build homes.
This field of study will
transform human health
and the outcome of disease.
However, as a group of
researchers prominently
involved in the Human
Genome Project stated so succinctly,
“the challenge of establishing robust
paths from genomic information to
improved human health remains
immense.” 1

The Genome Is Not Enough
Knowledge of the sequence of

nucleotides that comprise the
human genome is not enough.
Only about 2 percent of these
nucleotide sequences contain
blueprints for proteins. Researchers
now realize that the approximately
30,000 protein-coding genes of the

human genome cannot be solely
responsible for the vast differences
that set humans and other species
apart, nor can they possibly confer
all of the variability that exists
among the human race.

Indeed, scientists are finding that
the 98 percent of non-coding
nucleotide sequences interspersed
within and between our protein-
coding genes are actually highly
preserved mechanisms that regulate
protein expression.2 Though the

intricacies of these cellular machines
are only vaguely understood, it is
evident that protein expression is
even more complex than previously
thought. In various ways, this newly
discovered machinery slightly mod-
ifies and alters the protein-coding
sections of genes, giving rise to
approximately 10 times as many dif-
ferent proteins as genes.

Making matters even more com-
plicated, the types of proteins made
in each cell are different, and the
interactions among proteins within
a given cell vary, depending on the

environment. Mutations can occur
at any point along the transcription
and translation of a nucleotide
sequence into a protein, completely
changing the activity within a par-
ticular cell. The result, as scientists
are discovering, is disease. 3

Proteins Are Key
Just as the race to analyze the

human genome has ended, a new
race to catalog all of the proteins that
are made in the human body has

begun. Numerous private-
ly held companies and
publicly funded agencies
are investigating proteins at
a harried pace. It is the
study of proteomics—the
identification of proteins in
various cells and tissues, the
analysis of how these pro-
teins interact with each
other, and the discovery of
their three-dimensional
shapes—that holds high
hopes for the future of
human disease.3

This new field of study
will also undeniably affect
the managed healthcare
system—and, in fact,
already is.

Finding Genetic
Fingerprints

In 2003, more than
1,000 genetic tests were
on the market that could
detect specific, single

genetic mutations known to cause
disease. However, most diseases are
not caused by a single genetic muta-
tion. Most are the result of a num-
ber of complex minor changes that
lead to the disease process.With this
in mind, the latest research endeav-
ors are focused on finding patterns
of minor variations within the
human genome that can lead to
most of the diseases that humans
experience.Within years, physicians
will routinely assess the presence of
not only purely genetic diseases but
also pathogenic infectious diseases
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and multifactorial diseases through
genetic tests.

Using proteomics approaches,
researchers have begun to analyze
tumor cells or blood serum samples
from individual cancer patients and
catalog the proteins that are pre-
sent. Because diseased cells often
produce proteins that healthy cells
don’t, genetic tests called microar-
rays can be used to compare the
pattern of proteins present in a
blood serum sample of someone
suspected of having a specific form
of cancer to those that have been
previously catalogued in a verified
cancer case.This technique is now
being used to identify women with
breast and ovarian cancer.

Seven to 10 percent of breast and
ovarian cancer cases are hereditary.
In 84 percent of these cases, cancer
arises from one of two genes,
BRCA 1 or BRCA 2, that when
activated causes some sort of over-
expression of a specific kinase.5 The
particular kinase, in turn, causes
uncontrolled cell growth and sup-
presses the apoptosis pathway.
Exhibit 1 shows one possibility that
can lead to ovarian cancer.

When breast and ovarian cancer
patients are identified as having
BRCA gene 1 or 2, they can receive
early intervention and be medically
managed in such a way that their

life expectancy increases as com-
pared to receiving chemotherapy
once the cancer has progressed.6

Not only can genetic tests accurate-
ly diagnose hereditary breast and
ovarian cancer cases, they also can
identify healthy BRCA gene 1 and
2 carriers.The use of tamoxifen in
healthy BRCA gene 1 and 2 carri-
ers in a recent study showed clear
implications.Tamoxifen use reduced
breast cancer incidence among
BRCA 2 carriers by 62 percent but
did not reduce breast cancer inci-
dence at all among BRCA 1 carri-
ers.7 The results highlighted the
hundreds of defects that can arise in
these genes, while heralding the
promises of highly personalized
molecular medicine using microar-
rays, also called gene chips. Genetic
tests for cancers are predicted to
increase 257 percent in annual dol-
lars spent in the next five years.8

Advances in genomics have also
made it possible to analyze the
genomes of viruses. It is standard
practice, for example, to plate an
HIV-positive patient’s serum and
determine what sub-type of HIV
the patient has based on what
genes have mutated.This informa-
tion allows providers to prescribe
the correct medication and to
avoid medication that the HIV
will display resistance to.

In many instances, these tests are
highly cost effective. An HIV test
like the one described above is less
than $300, whereas a month’s pre-
scription of the wrong cocktail of
medication could easily cost $1,500.
Individual microarrays for any of a
number of conditions cost around
$200. There are a thousand such
tests on the market, however, and as
physicians and consumers become
more familiar and comfortable with
them, managed healthcare can
expect to deal with incredible
numbers of tests being ordered.
Medical directors and managed
care professionals need to be pre-
pared for this revolutionary devel-
opment in human genetic testing.
Not all of these tests will be justi-
fied, and managed healthcare has a
responsibility to educate and enable
their providers to select medically
appropriate genetic tests. Managed
care must also devise an effective
coding and tracking system for
these tests. Because no specific
billing codes exist, these tests are
often broken down into various
generic component CPT codes
when they are ordered.

Knowledge gleaned from genomics
is transforming the pharmaceutical
industry. In 2002, injectable or bio-
logic drugs generated 15 percent of
the pharmaceutical market’s nearly

Exhibit 1: One Possibility That Can Lead to Ovarian Cancer
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$200 billion in revenue.9 Exhibit 2
illustrates the 2002 U.S. pharma-
ceutical market. The specialty drug
market is projected to grow 20 to 40
percent annually, and once again,
pharmacologic therapies for cancer
are at the lead (See Exhibit 3).10

If the Key Fits 
If microarrays can determine

which proteins within a certain
gene are defective, and if scientists
can determine the three-dimensional
shapes of those proteins, specific
pharmacologic interventions can
be designed to block the protein’s
effects. Bioengineered monoclonal
antibodies (MOABs) used to treat
cancer, such as Herceptin

(trastuzumab), have been on the
market for several years. Erbitux

(cetuximab IMC-C225) is another
MOAB used to treat head and
neck cancer, as well as some types
of colorectal cancer. MOABs
attach to receptors on tumors, pre-
venting over-expressed proteins,
such as kinases, from binding to
the same receptors and stimulating
growth.

Now, even more novel biologic
agents are being introduced. The

FDA has recently approved the first
combination therapies for cancer.
Zevalin (ibritumomab tiuxetan), for
example, is a radioimmunotherapy
agent used to treat non-Hodgkin’s
lymphoma. Zevalin is a MOAB
with an attached radioactive isotope.
The MOAB seeks and attaches to
the cancerous cell,preventing further
growth, and the radioactive isotope
destroys it. Bexxar (tositumomab,
iodine I 131) is another such agent,
with a different radioactive isotope,
used to treat the same disease.
Ontak (denileukin deftitox DABi
IL-2) is an agent described as a
fusion protein that targets t-cell
lymphoma. Ontak consists of frag-
ments of the diphtheria toxin that
are genetically linked to a bioengi-
neered interleukin. Interleukins
communicate with other cells
within the immune system to stim-
ulate immune response; they can
also directly influence cancerous
cells to behave more normally. In
the case of Ontak, the interleukin
allows the diphtheria toxin to enter
a cancerous cell and entirely stop
protein synthesis.

This technology is not limited to
purely genetic diseases or specific

types of cancer. Biotherapeutic
agents can potentially be created for
even the most common chronic
diseases. Rituxan (rituximab) is
currently in the second phase of
clinical trials for use in the treat-
ment of rheumatoid arthritis.
Rituxan’s specific MOAB seems to
effectively modify the synthesis of
proteins that contribute to the
immune response, which, in turn,
leads to inflammation. Rituxan

may be FDA-approved for the treat-
ment of rheumatoid arthritis in
2005. Symlin is currently in Phase
III trials, with an expected 2004
release date, for the treatment of
Type I diabetes and Type II diabetes
cases that require insulin. Symlin is
a bioengineered polypeptide, a
string of multiple amino acids that
mimics the action of amylin, a nat-
urally occurring hormone normally
synthesized by the beta cells of the
pancreas.When those beta cells stop
manufacturing insulin in diabetes
patients, they also stop manufacturing
amylin, and amylin plays an integral
role in balancing glucose in the
blood. Symlin, the synthetic ver-
sion of amylin, takes on this role. It
suppresses glucagon and moderates

Exhibit 2:  2002 U.S. Pharmaceutical Market 9
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stomach emptying, balancing the
amount of glucose in the blood.

Pharmaceutical developments are
going a step further, beyond agents
that modify or prevent the expres-
sion of proteins at a cellular level.
RNA-interference drugs actually
prevent protein synthesis during
translation. During the process of
transcription, a portion of the
DNA double helix unzips, and
messenger RNA (mRNA) comes
alongside the protein-coding por-
tion of a gene and creates a

nucleotide copy, or transcript, of
that gene. Proteins are synthesized
from the RNA transcript of the
gene during translation (See Exhibit
4)11. As mRNA is making a
nucleotide copy of the protein-
coding gene, antisense RNA is
made from the corresponding,
non-coding DNA strand. Until
recently, non-coding DNA has
been largely ignored. Researchers
have found, however, that the anti-
sense RNA made from non-coding
DNA segments is surprisingly

active machinery that can bind to
complementary mRNA transcripts
and silence protein expression.
RNA interference drugs are syn-
thesized antisense RNA molecules
that have the ability to shut off the
synthesis of a defective protein
before it has even begun.A number
of these products are in Phase III of
clinical trials and may be approved
and available within a couple of years.
One product,with very limited use as
an intra-ocular injectable for patients
with HIV, is already on the market.

Exhibit 3: Specialty Drugs - The Impact of Biotech Development 10
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The Knowledge Price Tag
The opportunities presented with

newfound knowledge of the human
genome seem boundless. Research
is occurring in thousands of labora-
tories and academic centers
throughout the country and around
the world. Nearly every day, press
releases announce gene therapy
breakthroughs, a newly discovered
link between a particular gene and a
given disease,or the completion of a
clinical trial for a biologic drug. On
one hand, genomics and its related
fields of study may dramatically
improve the outcomes of virtually
any human disease. Disease diagno-
sis will become more specific and
precise, as genetic tests instead of a
battery of signs and symptoms are
used.Treatment will become highly
personalized and more effective.

On the other hand, these discover-
ies have the potential to bankrupt the
healthcare delivery system and create
ethical dilemmas at every point along
the way. Ontak, the fusion protein
used to treat t-cell lymphoma, costs
$20,000 per five-day course, and the
treatment may be repeated many
times on a single patient.The average
wholesale price (AWP) of Bexxar,
the radioimmunotherapy agent used
in the treatment of non-Hodgkin’s
lymphoma, is $32,500. Exhibit 5
shows a price comparison of two

newly approved biologics that inhib-
it colorectal cancer growth in differ-
ent ways. Erbitux is a MOAB, and
Avastin is an anti-angiogenesis drug
that essentially starves tumors by cut-
ting off their blood supply. A man-
aged healthcare organization with a
million Medicare patients can expect
to pay $4 million for Erbitux and
$11 million for Avastin this year. A
managed healthcare organization
with a commercial population of 1
million will spend $420,000 on
Erbitux and $1 million on Avastin.
Is managed healthcare able to foot
such an enormous bill for the treat-
ment of one type of cancer? 

As the capabilities of this new
technology improve, prices will
nominally decrease, but benefits will
have to be redesigned, drug utiliza-
tion will have to be more closely
monitored, and health plan mem-
bers will have to shoulder a greater
portion of payment. Pharmaceutical
manufacturers must shrink their
profit margin, and the regulatory
environment will have to change.
Managed care will be forced to
make some ethical decisions as well.
It must implement stricter privacy
protection processes and enforce
contractual language limiting the
use of genetic testing. It will be
managed care’s responsibility to
educate its providers about appro-

priate genetic testing and prudent
biologic and injectable drug selec-
tion. Genomics will revolutionize
medicine, and the managed health-
care system must be prepared. JMCM
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Exhibit 5: Price Comparison of Erbitux® and Avastin®

Erbitux® Cost

AWP/dose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2,400 (initial),
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1,800 (thereafter)

Monthly cost (3 vials 100mg/wk)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $7,800
Cost of median treatment duration (7 weeks without irinotecan; 12 weeks with irinotecan)  . . . . . . . . . . . . . $13,200 - $22,200
Total annual cost (potential population 34,500)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $455 - $766 million
Cost/million Medicare lives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $4.3 million
Cost/million commercial lives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $421,000

Avastin® Cost

AWP/dose (400mg)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2,750
Monthly cost (1 vial q2wk)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $5,500
Cost of median treatment duration (10.6 mos.)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $55,000
Total annual cost (potential population 17,250)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $750 million
Cost/million Medicare lives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $10.8 million
Cost/million commercial lives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1 million














