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Abstract

Objective:

To explore treatment patterns and resource utilization and cost for subjects with pulmonary arterial

hypertension (PAH).

Research design:

Retrospective claims database analysis of 706 patients with PAH enrolled in a large, geographically diverse

US managed-care organization.

Results:

In the final sample of PAH patients treated with bosentan (n¼ 251) or sildenafil (n¼ 455), average age was

57 years, 86% of patients were commercially insured, and 52% of patients were male. Gender distribution

varied significantly across subgroups, with a lower proportion of males in the bosentan (30%) subgroup

compared with the sildenafil group (64%) (p50.001). Average baseline Charlson comorbidity score was

2.4. Average numbers of fills per month were 0.8 and 0.4 for bosentan and sildenafil patients, respectively

(p50.001). Over 80% of patients received only one PAH treatment in the first 90 days following the index

date, with 28% of bosentan and 13% of sildenafil patients receiving combination therapy (p50.001). Over

one-third of bosentan patients and one-quarter of sildenafil patients experienced a dose increase in the

follow-up period (p¼ 0.009). Sixteen percent of sildenafil patients experienced a dose decrease in the

follow-up period, while a smaller proportion of patients receiving bosentan (4%) experienced a dose

decrease (p50.001). On average, number of PAH-related per subject per month (PSPM) inpatient stays

and emergency department visits and PSPM length of inpatient stays were statistically similar between the

subgroups. PAH-related PSPM healthcare costs were high for both subgroups, with average monthly costs

of $5,332 and $3,632 among bosentan and sildenafil patients, respectively (p¼ 0.003). Differences in total

costs were driven mainly by differences in pharmacy expenditures.

Conclusions:

Of the oral agents approved for treating PAH at the time of this study, sildenafil was most commonly

prescribed as index therapy and was also associated with the lowest costs, largely due to significantly lower

pharmacy costs. This study is characterized by limitations inherent to claims database analyses, such as the

potential for coding errors and lack of information on whether a drug was taken as prescribed. Furthermore,

PAH severity (WHO functional class) was not assessed.

Introduction

Pulmonary arterial hypertension (PAH) is a rare but life-threatening condition
characterized by chronic and progressive elevation of pulmonary artery pressure
and pulmonary vascular resistance that leads to right-sided heart failure and
death1–3. The pulmonary hypertension classification system has been revised
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several times, with the most recent revision occurring in
2008 during the 4th World Symposium on Pulmonary
Hypertension4. PAH is designated as Group 1 of 5 different
pulmonary hypertension groups1. Group 1 encompasses
idiopathic PAH, heritable PAH, drug- and toxin-induced
PAH, and PAH associated with other diseases and condi-
tions such as connective tissue disease, HIV infection,
portal hypertension, congenital heart disease, schistosomi-
asis and chronic hemolytic anemia4.

The symptoms of PAH are nonspecific in nature and
include shortness of breath (dyspnea), fainting/loss of con-
sciousness (syncope), swelling (edema) in the ankles or
legs, fatigue, and chest pain. PAH is defined by a mean
pulmonary artery pressure of greater than 25 mmHg at rest,
mean pulmonary-capillary wedge or left ventricular end-
diastolic pressure �15 mmHg, and pulmonary vascular
resistance greater than 3 Wood units (�240 dyn s cm�5)5.

PAH is a condition that can affect men and women of
all ages, but primarily afflicts middle-aged women. The
Centers for Disease Control and Prevention (CDC)
reported that of the 807,000 PAH patients hospitalized
between 2000 and 2002, 61% were women and 66%
were �65 years of age6. In contrast, the US Registry to
Evaluate Early And Long-Term PAH Disease
Management (REVEAL) study found that about 80% of
their PAH patients were female (which, according to the
study authors, signifies an over-representation of the
female preponderance observed in earlier studies), with a
mean age of 53� 14 years7,8. The gender and age differ-
ences between the two estimates may reflect differences in
the proportions of patients who had primary versus second-
ary PAH. Primary PAH is rare, not always linked to a
specific cause, and occurs mainly in younger to middle-
aged women. In contrast, secondary PAH is more
common than primary PAH, although still rare, and
occurs in conjunction with a primary disease (e.g., lungs,
liver, or heart and blood vessel disease)6. Almost half of
the patients from the REVEAL study had primary PAH,
while the CDC PAH surveillance sample consisted of hos-
pitalized patients that had PAH as an ‘any-listed’
diagnosis.

Despite the progress made in the pharmacological treat-
ment of PAH over the past decade, the prognosis for PAH
patients is still poor, with diagnosis often delayed because
of the nonspecific nature of the symptoms. Among the
REVEAL Registry patients, the mean time until diagnosis
from symptom onset was 2.8 years8. Even with earlier diag-
nosis and the advent of new therapies, median survival
averages 3.6–5.0 years with an estimated 58% 5-year sur-
vival rate9.

Understandably, PAH imparts a tremendous burden of
illness on both the patient and healthcare system. Wilkens
and colleagues10 recently reported on the burden of illness
for PAH patients in Germany. They found that treatment
costs on average were E47,400 per patient per year,

primarily due-to-drug costs, where analyses were con-
ducted from the patient and third-party payer perspective.
The authors were unable to find comparable studies exam-
ining the economic burden of PAH for a managed-care
population of patients in the US at the beginning of this
study, and also at the time of writing this manuscript.

The objective of the present study was to explore treat-
ment patterns, resource utilization, and costs for PAH
patients in the US, in order to better understand the
burden of illness and costs associated with PAH. Only
three oral pharmacotherapies were available on the US
market that were approved for the treatment of PAH at
the time this study was conducted (January 2006 –
December 2008): sildenafil, ambrisentan, and bosentan.
Oral PAH treatments are the primary focus of this paper.
To the authors’ knowledge, this is the first retrospective
claims database analysis to explore PAH treatment pat-
terns and associated costs in a managed-care population
in the US.

Methods

Data source

The present study is a retrospective database analysis using
medical and pharmacy claims data (January 2006 –
December 2008) and enrollment information from a
large managed-healthcare plan. The health plan comprises
discounted fee-for-service independent practice associa-
tion plans spanning the United States. During the time-
frame of this study, the administrative claims database
included data for approximately 23 million commercial
and Medicare Advantage health plan enrollees with
both medical and pharmacy benefits (pharmacy benefits
for Medicare Advantage patients were provided through
the Medicare Part D benefit), approximately 97% of these
enrollees were enrolled in a commercial plan. Among the
commercial population available in the database during
the identification period, males and females were equally
represented (i.e., half were male and half were female);
10% of patients were in the Northeast health plan
region, 27% in the Midwest, 47% in the South, and 16%
in the West. The commercial population is younger in
general, with approximately 97% of patients under the
age of 65. The Medicare Advantage population was
slightly different; 41% of patients were male and 59%
were female, and 13% of patients were in the Northeast,
27% in the Midwest, 52% in the South, and 8% in the
West. Approximately 14% of the Medicare population was
under 65 years old.

Medical claims data are collected from healthcare sites
(inpatient hospital, outpatient hospital, emergency room,
physician’s office, surgery center, etc.) for specialty, pre-
ventive, and office-based treatments. Claims for
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ambulatory services submitted by individual providers
(e.g., physicians) use the HCFA-1500 format. Claims for
facility services submitted by institutions (e.g., hospitals)
use the UB-82 or UB-92 format. Medical claims include
multiple diagnosis codes recorded with the International
Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) diagnosis codes; procedures
recorded with ICD-9-CM procedure codes, Current
Procedural Terminology (CPT), or Health Care
Financing Agency (HCFA) Common Procedure Coding
System (HCPCS) codes; site of service codes; provider
specialty codes; revenue codes (for facilities); and paid
amounts. Claims for pharmacy services are typically sub-
mitted electronically by the pharmacy at the time prescrip-
tions are filled. The claims history is a profile of all
outpatient prescription pharmacy services provided and
covered by the health plan. All study data were de-identi-
fied and accessed with protocols compliant with the
Health Insurance Portability and Accountability Act11.
Institutional review board approval was therefore not
required for this study.

Subject identification

This study included commercial and Medicare Advantage
health plan members with medical claims for pulmonary
hypertension and/or evidence of PAH treatments. To be
included in the PAH population, patients were required to
have at least two medical claims with pulmonary hyper-
tension as the primary or secondary diagnosis (ICD-9-CM
codes 416.0, 416.8, 416.9) appearing 14 or more days apart,
or at least one claim for endothelin receptor antagonists
(ERAs) or prostanoid analogues (PAs) between January 1,
2006 and December 31, 2008. Because ERAs and PAs are
primarily indicated for the treatment of PAH, patients
with claims for these treatments were not required to
have diagnoses for pulmonary hypertension to be included
in the PAH sample. Use of PAH treatments including
ERAs, PAs, phosphodiesterase type 5 (PDE5) inhibitors,
and calcium channel blockers (CCBs) were identified in
this population. Patients whose first claim for a PAH

treatment was for an approved oral treatment including
ambrisentan, bosentan, or sildenafil between January 1,
2006 and June 30, 2008 were identified as the final study
sample. For these patients, the date of the first PAH treat-
ment claim during the identification period was defined as
the index date, and the type of treatment filled on the
index date became the index PAH treatment. Because of
the more recent approval of ambrisentan, the sample of
patients with index ambrisentan use was small (n¼ 21).
To allow for a more robust comparison of outcomes among
patients on oral treatments, patients receiving ambrisen-
tan were excluded from analysis. To be included in the
final study sample, patients were required to have contin-
uous enrollment in the health plan 6 months prior to the
index date (baseline period) and for a minimum of 6
months following the index date (follow-up period).
Patient characteristics and comorbidities were assessed
during the baseline period, and outcomes were assessed
during the follow-up period (Figure 1). Patients were
followed until the earlier of disenrollment or December
31, 2008.

Patient characteristics

Age, gender, geographic region of health plan enrollment,
and type of insurance plan (commercial or Medicare
Advantage) were captured from the enrollment data.
Age was defined as of the index year. Presence of comorbid
conditions during the 6-month baseline period was iden-
tified from the medical claims data using the algorithm
maintained by the Agency for Healthcare Research and
Quality (AHRQ)12. In addition, the Charlson comorbidity
score was calculated for each patient using the claims algo-
rithm developed by Quan et al.13,14. The Charlson comor-
bidity score is a sum of weights for the following
conditions: myocardial infarction, congestive heart failure,
peripheral vascular disease, cerebrovascular disease,
dementia, chronic pulmonary disease, connective tissue
disease, ulcer disease, mild liver disease, and diabetes
(these are assigned a weight of 1); hemiplegia, moderate
or severe renal disease, diabetes with end organ damage,

Figure 1. Period of observation.
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and any tumor, leukemia, or lymphoma (these have a
weight of 2), moderate or severe liver disease (this has a
weight of 3), and metastatic solid tumor and AIDS (these
have a weight of 6)13. Healthy patients without diagnoses
for any of these conditions in the medical claims have a
Charlson score of 0.

Outcomes

Treatment patterns
Patients’ treatments for PAH were assessed during the
follow-up period, and the initial PAH treatment received
on the index date is also reported. The PAH treatments
used during the follow-up period were categorized as oral,
IV/subcutaneous infusion, or inhaled. Other PAH-related
treatments (including anticoagulants, diuretics, digoxin,
and oxygen therapy) used during the follow-up period
were also noted. In addition, patients were defined as
monotherapy users if they were treated with only one
class of PAH medication (ERAs, PAs, PDE5 inhibitors,
or CCBs) during the first 90 days of the follow-up period.
Patients who were treated with more than one class of
PAH medication during the first 90 days of the follow-up
period were defined as combination therapy users.

Treatment dose
The total average daily dose of the index medication
(bosentan or sildenafil) during the follow-up period was
calculated as:

(quantity of index therapy� drug strength of index
therapy (in mg))7 total days supply of all pharmacy
claims for the index medication during the follow-up
period.

Dose changes were defined as a change in dose from the
index fill to a subsequent fill. Dose increases or decreases of
62.5 mg or more per day for bosentan or 20 mg or more per
day for sildenafil were evaluated. Patients with only one fill
for the index medication were not included in the analysis
of index therapy dose changes. The quantity supplied per
day (number of pills) of the index medication was deter-
mined using all index therapy fills in the follow-up period.
This was calculated as the total quantity supplied divided
by the total days’ supply as determined from pharmacy
claims for the index medication during the follow-up
period.

Health care utilization and costs

All-cause healthcare resource utilization
Healthcare resource utilization was calculated for ambula-
tory visits, emergency department visits, inpatient
admissions, and total length of inpatient stay during the
follow-up period. Ambulatory visits included physician
office visits and visits at an outpatient facility. Inpatient

visits were identified based on American Medical
Association (AMA) place of service codes in combination
with revenue and provider specialty codes. Emergency
department, physician office visit, and outpatient visits
were identified based on AMA place of service codes.
The count for each type of visit and the total length
of inpatient stay are reported as per subject per
month (PSPM).

PAH-related healthcare resource utilization
PAH-related healthcare resource utilization was calcu-
lated for ambulatory visits, emergency department visits,
and inpatient admissions, and total length of inpatient stay
during the follow-up period was recorded. Visits with a
primary or secondary diagnosis of pulmonary hypertension
(determined by ICD-9-CM codes 416.0, 416.8, 416.9)
were considered PAH-related. The count of each type of
visit and total length of inpatient stay are reported
as PSPM.

All-cause healthcare costs
Healthcare cost estimates were based on the combined
health plan- and patient-paid amounts in the follow-up
period and include: total costs, medical costs, pharmacy
costs, ambulatory costs, emergency services costs, inpa-
tient costs, and other costs. Costs for ambulatory costs,
emergency services costs, and inpatient costs were calcu-
lated using claims occurring at each site of services based
on AMA place of service codes, revenue codes, and pro-
vider specialty codes as described in the all-cause health-
care resource utilization description above. Costs are
reported as PSPM and were adjusted using the annual med-
ical care component of the Consumer Price Index (CPI)15

to reflect inflation between 2006 and 2008. Payments from
Medicare (and other payers) were estimated for commer-
cial patients based on coordination of benefits information
obtained by the health plan in its usual course of business.
This study incorporates the amounts estimated to be paid
by other payers for a total paid or allowable amount16.

PAH-related healthcare costs
PAH-related healthcare costs include: CPI-adjusted total
costs; medical costs; pharmacy costs; ambulatory visit
costs; emergency services costs; inpatient costs; and
other costs during the follow-up period. Costs are reported
as PSPM. Medical costs for claims with a primary or sec-
ondary diagnosis of pulmonary hypertension (determined
by ICD-9-CM codes 416.0, 416.8, 416.9) are considered
PAH-related. Pharmacy costs for PAH-related medica-
tions (pharmacy-filled ERAs, PAs, PDE5 inhibitors, and
CCBs) are included in the PAH-related pharmacy and
total costs.
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Analytic strategy

All study variables, including baseline and outcome mea-
sures, were analyzed descriptively. Numbers and percents
are provided for dichotomous and polychotomous vari-
ables. Means and standard deviations are provided for con-
tinuous variables. Incidence rates per person-year and 95%
confidence intervals are presented for dichotomous utili-
zation outcomes. Continuous outcomes are presented as
PSPM amounts. All measures were compared among
index users of bosentan and sildenafil using t-tests and
chi-squared tests. Due to non-normality of data, median
costs are also presented, and cost results were compared
using Wilcoxon rank sum tests. Incidence rates of inpa-
tient stays and emergency department visits were com-
pared using exact significance tests of the incidence rate
ratio. P-values less than 0.05 were considered statistically
significant. All analyses were conducted using SAS, ver-
sion 9.1 [SAS Institute, Inc., Cary, NC, USA].

Results

Prior to application of exclusion criteria, 21,960 patients
were identified from the database with either �2 medical
claims with a diagnosis of pulmonary hypertension appear-
ing 14 or more days apart or claims for ERAs or PAs during
the study identification period. A total of 1,295 of these
patients had an index claim for ambrisentan, bosentan, or
sildenafil. An additional 568 patients were excluded
because they were not continuously enrolled in the
health plan with a medical and pharmacy benefit during
the baseline and follow-up periods, resulting in a sample of
727. Of these, 21 patients were identified with ambrisen-
tan use on the index date, 251 were identified with bosen-
tan use, and 455 were identified with index sildenafil use.
Due to the small proportion of patients with index

ambrisentan use, the final sample included patients with
index bosentan or sildenafil use (706 patients).

In the final sample of PAH patients treated with bosen-
tan or sildenafil, the average age was 57 years, 86% of
patients were commercially insured, and 52% of patients
were male (Table 1). Average age was similar regardless of
the index treatment received, with average ages of 56 and
57 for bosentan and sildenafil patients, respectively
(p¼ 0.353). The distribution of insurance type was statis-
tically similar in the subgroups (p¼ 0.382). The gender
distribution varied significantly across the subgroups with
a lower proportion of male patients in the bosentan (30%)
subgroup compared to sildenafil (64%; p50.001). A
majority of patients came from either the Midwest
(31%) or South (46%) health plan regions, with a smaller
proportion of patients from the Northeast (8%) or West
(15%) regions. Patients were required to be continuously
enrolled for a minimum of 6 months following the index
date, and the average length of follow-up in the PAH
sample was 1.74 years; length of follow-up was slightly
longer for bosentan patients as compared to sildenafil
patients (p¼ 0.023).

Patients identified with PAH had multiple comorbid-
ities, with an average baseline Charlson comorbidity score
of 2.4. The Charlson comorbidity score was similar among
bosentan and sildenafil patients, with average scores of 2.3
and 2.5, respectively (p¼ 0.445). Common AHRQ
comorbidities included: diseases of the heart (99.2%);
other lower respiratory disease (93.1%); hypertension
(80.9 %); respiratory infections (70.8%); diseases of the
arteries, arterioles, and capillaries (66.6%); other connec-
tive tissue disease (63.7%); diseases of the urinary system
(63.2%); disorders of lipid metabolism (58.6%); chronic
obstructive pulmonary disease and bronchiectasis
(57.9%); and eye disorders (55.8%).

Table 2 describes the PAH treatments received during
the follow-up period. Patients received about 0.5 fills for

Table 1. Patient demographics among patients with index bosentan or sildenafil use.

Total (n¼ 706) Bosentan (n¼ 251) Sildenafil (n¼ 455) p-value

Age (mean, SD) 56.6 (17.6) 55.7 (16.7) 57.0 (18.1) 0.353
Gender (n, %)

Male 367 (52.0) 76 (30.3) 291 (64.0) 50.001
Female 339 (48.0) 175 (69.7) 164 (36.0) 50.001

Insurance type (n, %)
Commercial 608 (86.1) 220 (87.6) 388 (85.3) 0.382
Medicare Advantage 98 (13.9) 31 (12.4) 67 (14.7) 0.382

Health plan region (n, %)
Northeast 56 (7.9) 18 (7.2) 38 (8.4) 0.579
Midwest 220 (31.2) 65 (25.9) 155 (34.1) 0.025
South 323 (45.8) 124 (49.4) 199 (43.7) 0.148
West 107 (15.2) 44 (17.5) 63 (13.8) 0.191

Length of follow-up, days (mean, SD) 634.5 (296.5) 668.6 (305.3) 615.7 (290.1) 0.023

SD, standard deviation.
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their index medication per month on average during the
follow-up period, and this differed among the cohorts with
average number of fills per month of 0.8 and 0.4 for bosen-
tan and sildenafil patients, respectively (p50.001).
Approximately 31% of bosentan patients filled a prescrip-
tion for a PDE5 inhibitor at some time during the post-
index period, while 12% of sildenafil patients filled a pre-
scription for an ERA. Over 80% of patients received only
one PAH treatment in the first 90 days following the index
date, with 28% of bosentan and 13% of sildenafil patients
receiving combination therapy (p50.001). A small pro-
portion of patients filled a prescription for a PA during the
follow-up period, with 5% of patients receiving an IV or
subcutaneous infusion PA and 3% receiving an inhaled
PA. Over 85% of patients received at least one other
PAH-related treatment during the follow-up period,
including anticoagulants (41%), diuretics (71%), digoxin
(15%), and/or oxygen therapy (53%). Use of diuretics was
slightly higher among sildenafil patients (73%) as com-
pared to bosentan patients (66%; p¼ 0.032), while

oxygen therapy was more prevalent among bosentan
patients (61%) as compared to sildenafil patients (48%;
p¼ 0.001).

Dosing outcomes are presented in Table 3. On average,
bosentan patients received two pills per day and sildenafil
patients received between two and three pills per day. The
average daily dose of each medication was similar to the
recommended dose for PAH. The average daily dose
among bosentan patients was 222 mg; the recommended
daily dose is 125–250 mg. The average daily dose among
sildenafil patients was 61 mg; the recommended daily dose
of sildenafil for PAH is 60 mg. Of the 455 patients who
initiated treatment with sildenafil, 365 (80%) started at a
dose of �60 mg per day and had an average daily dose of
50 mg during the follow-up period. The remaining 90 sil-
denafil patients started at a dose460 mg per day and had
an average daily dose of 107 mg per day during the follow-
up period. Patients who received 41 fill of their index
medication during the follow-up period were assessed for
dose changes (n¼ 597). Over a third of bosentan patients

Table 2. PAH treatments among patients with index bosentan or sildenafil use.

Total (n¼ 706) Bosentan (n¼ 251) Sildenafil (n¼ 455) p-value

Count of index medication fills, PSPM (mean, SD) 0.5 (0.4) 0.8 (0.3) 0.4 (0.4) 50.001
Follow-up PAH treatments (n, %)

ERAs 306 (43.3) 251 (100.0) 55 (12.1) 50.001
PAs 56 (7.9) 27 (10.8) 29 (6.4) 0.039
PDE5 inhibitors 533 (75.5) 78 (31.1) 455 (100.0) 50.001
CCBs 147 (20.8) 63 (25.1) 84 (18.5) 0.038

PAH treatment type (n, %)
Monotherapy 578 (81.9) 181 (72.1) 397 (87.3) 50.001
Combination therapy 128 (18.1) 70 (27.9) 58 (12.7) 50.001

Mode of follow-up treatment (n, %)
Oral 706 (100.0) 251 (100.0) 455 (100.0) –
IV/subcutaneous 37 (5.2) 14 (5.6) 23 (5.1) 0.765
Inhaled 24 (3.4) 16 (6.4) 8 (1.8) 0.001

Other PAH treatments (n, %)
Any 609 (86.3) 215 (85.7) 394 (86.6) 0.729
Anticoagulants 290 (41.1) 106 (42.2) 184 (40.4) 0.643
Diuretics 499 (70.7) 165 (65.7) 334 (73.4) 0.032
Digoxin 107 (15.2) 31 (12.4) 76 (16.7) 0.123
Oxygen therapy 373 (52.8) 153 (61.0) 220 (48.4) 0.001

CCB, calcium channel blocker; ERA, endothelin receptor agonist; PA, prostanoid analogue; PAH, pulmonary arterial hypertension; PDE5, phosphodiesterase type 5;
PSPM, per subject per month; SD, standard deviation.

Table 3. Dosing patterns among patients with index bosentan or sildenafil use.

Total (n¼ 706) Bosentan (n¼ 251) Sildenafil (n¼ 455) p-value

Quantity of index medication per day (mean, SD) 2.2 (1.7) 2.0 (0.2) 2.3 (2.1) 50.001
Average daily dose of index therapy, mg (mean, SD) 118.3 (89.7) 221.9 (51.7) 61.2 (42.5) 50.001
Dose increase (n, %)* 173 (29.0) 84 (34.9) 89 (25.0) 0.009
Dose decrease (n, %)* 66 (11.1) 9 (3.7) 57 (16.0) 50.001

*Dose increases and decreases of�62.5 mg per day for bosentan and�20 mg per day for sildenafil were evaluated. Percentages of the numbers of subjects with
41 fill for their index medication (n¼ 597; n¼ 241 for bosentan and n¼ 356 for sildenafil) are shown. Subjects may have had a dose increase only, dose decrease
only, both an increase and a decrease, or neither.
SD, standard deviation.
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and a quarter of sildenafil patients experienced a dose
increase in the follow-up period (p¼ 0.009).
Alternatively, 16% of sildenafil patients experienced a
dose decrease in the follow-up period, while 4% of bosen-
tan patients experienced a dose decrease (p50.001).
When comparing patients who started on sildenafil
�60 mg per day versus patients who started on sildenafil
460 mg per day, a larger proportion of patients who started
on a lower dose were more likely to experience a dose
increase (28%) compared with those who started on a
higher sildenafil dose (15%; p¼ 0.028). Similarly, a
larger proportion of sildenafil patients who started on a
higher dose experienced a dose decrease (38%) compared
with those who started on a lower dose (10%; p50.001).

Table 4 presents the PAH-related healthcare utilization
patterns of patients with index bosentan or sildenafil use.
The per person-year incidence of PAH-related inpatient
stays was statistically similar among bosentan (0.31) and
sildenafil (0.35) patients (p¼ 0.306). However, the per
person-year incidence of PAH-related emergency depart-
ment visits was significantly higher in bosentan patients
(0.09) compared with sildenafil patients (0.05; p¼ 0.017).
On average, the count of PAH-related PSPM inpatient
stays and emergency department visits and the PSPM
length of inpatient stays were statistically similar among
the subgroups. However, the average count of PAH-
related PSPM ambulatory visits differed among the sub-
groups, with average PSPM counts of 0.8 and 0.5 among
bosentan, and sildenafil patients, respectively (p50.001).
A large proportion of all-cause inpatient utilization was
PAH-related, while a smaller proportion of emergency

department and ambulatory utilization was PAH-related
(data not shown).

PAH-related PSPM healthcare costs are presented in
Table 5. PAH-related PSPM healthcare costs were high
among the subgroups, with average (median) monthly
costs of $5332 ($4317) and $3632 ($1024) among bosen-
tan and sildenafil patients, respectively (p50.001). This
was a large portion of average all-cause PSPM healthcare
costs for bosentan ($7224) patients and a large, but slightly
smaller portion of average all-cause PSPM costs for silden-
afil patients ($5987). This was also true of average
(median) PAH-related PSPM pharmacy costs, which
were $3478 ($3899) and $734 ($189) for bosentan and
sildenafil patients, respectively (p50.001), while average
(median) all-cause PSPM pharmacy costs were $3870
($4146), and $1180 ($709) in the subgroups. Pharmacy
costs were significantly different between the subgroups,
while medical costs were similar (p¼ 0.123), indicating
that differences in total costs were driven mainly by differ-
ences in pharmacy expenditures. PAH-related PSPM costs
specific to emergency department visits and ambulatory
visits were significantly different among the subgroups,
but made up a small proportion of the total costs. Costs
for inpatient stays were high on average, but heavily right
skewed, indicating that a majority of inpatient costs
were incurred by a small proportion of the study sample.
A majority of average all-cause inpatient costs were
PAH-related for both of the subgroups, while much
smaller proportions of average all-cause emergency depart-
ment and ambulatory costs were PAH-related (data
not shown).

Table 5. PAH-related follow-up healthcare costs among patients with index bosentan or sildenafil use.

Total (n¼ 706) Bosentan (n¼ 251) Sildenafil (n¼ 455) p-value

mean (SD) median mean (SD) median mean (SD) median

PAH-related PSPM costs ($) 4236 (8750) 2110 5332 (5052) 4317 3632 (10,188) 1024 50.001
PAH-related PSPM medical costs ($) 2526 (8545) 224 1854 (4729) 240 2897 (10,034) 210 0.123
PAH-related PSPM pharmacy costs ($) 1710 (1981) 879 3478 (1797) 3899 734 (1279) 189 50.001
PAH-related PSPM inpatient costs ($) 1967 (8258) 0 1167 (3964) 0 2409 (9833) 0 0.341
PAH-related PSPM emergency department costs ($) 4 (26) 0 4 (20) 0 4 (29) 0 0.004
PAH-related PSPM ambulatory costs ($) 214 (447) 53 248 (359) 92 195 (488) 37 50.001
PAH-related PSPM other medical costs ($) 342 (1735) 0 435 (2117) 1 290 (1483) 0 50.001

PAH, pulmonary arterial hypertension; PSPM, per subject per month; SD, standard deviation.

Table 4. PAH-related follow-up healthcare resource utilization among patients with index bosentan or sildenafil use.

Total (n¼ 706) Bosentan (n¼ 251) Sildenafil (n¼ 455) p-value

PAH-related inpatient stay (incidence, 95% CI) 0.34 (0.30, 0.38) 0.31 (0.26, 0.38) 0.35 (0.31, 0.41) 0.306
PAH-related emergency department visits (incidence, 95% CI) 0.07 (0.05, 0.08) 0.09 (0.07, 0.13) 0.05 (0.04, 0.07) 0.017
Count of PAH-related PSPM inpatient stays (mean, SD) 0.05 (0.09) 0.05 (0.09) 0.05 (0.09) 0.815
Count of PAH-related PSPM emergency department visits (mean, SD) 0.01 (0.05) 0.01 (0.05) 0.01 (0.05) 0.370
Count of PAH-related PSPM ambulatory visits (mean, SD) 0.6 (0.7) 0.8 (0.7) 0.5 (0.6) 50.001
Total PSPM length of PAH-related inpatient stays, days (mean, SD) 0.6 (1.5) 0.5 (1.6) 0.6 (1.5) 0.403

CI, confidence interval; PAH, pulmonary arterial hypertension; PSPM, per subject per month; SD, standard deviation.
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Discussion

This study explored treatment patterns, healthcare utiliza-
tion, and costs associated with PAH in a group of insured
US patients being treated with oral therapies. The authors
chose to focus on patients who received one of two oral
pharmacotherapies (sildenafil and bosentan) approved in
the US for treatment of PAH at the time of the study.
Sildenafil was the oral agent most commonly prescribed
as an index medication (455 patients) and an additional
251 patients received bosentan as an index medication.
Over 80% of patients who initiated treatment with silden-
afil started at a dose of 60 mg per day or lower, while the
remaining 20% of sildenafil patients were receiving
doses over 60 mg per day. The low number of patients pre-
scribed ambrisentan (n¼ 21) was likely due to the fact that
this medication received FDA approval more recently
than sildenafil or bosentan, and for this reason, patients
receiving ambrisentan were not analyzed as part of
this study.

Many patients who received bosentan or sildenafil as
index therapy received other PAH-related treatments at
some point during the follow-up period, and increases in
the dosage of oral agents were common. This latter obser-
vation is not surprising because the labels for both ERAs
recommend a dose escalation strategy. Patients in the sil-
denafil subgroup were less likely to be combination therapy
users in the first 90 days of the follow-up period as com-
pared to bosentan patients.

Although this study did not directly evaluate efficacy of
treatments, these observations suggest that monotherapy
with currently available oral agents does not adequately
control PAH symptoms in all patients, and suggest the
need for development of new therapies and/or use of com-
binations of existing therapies. Clinical studies have dem-
onstrated that combination therapy with two oral agents
from different classes may be more effective than mono-
therapy17,18. In the present study, 31% of patients taking
bosentan as an index therapy received follow-up treatment
with a PDE5 inhibitor. Dose increases were common, with
29% of patients experiencing a dose increase. Dose
decreases were less prevalent, with approximately 11% of
patients experiencing a dose decrease. Sildenafil patients
were less likely to experience a dose increase and more
likely to receive a dose decrease, with approximately
28% of sildenafil patients who started on lower sildenafil
doses having a dose increase and over 38% of patients who
started on higher doses having a dose decrease. This latter
observation is difficult to explain clinically.

Healthcare utilization and costs were determined for
patients receiving bosentan or sildenafil as the index med-
ication. The average number of PAH-related ambulatory
visits during the follow-up period was significantly differ-
ent between the subgroups, and patients receiving

sildenafil had a lower average number of PAH-related
ambulatory visits compared with patients receiving bosen-
tan. The number and length of PAH-related inpatient
stays and the number of PAH-related emergency depart-
ment visits was similar between the subgroups. However,
overall PAH-related costs differed significantly among the
subgroups; the sildenafil subgroup had lower PAH-related
costs. Sildenafil patients had PAH-related costs of $3632
PSPM, compared with $5332 PSPM for bosentan patients.
Although PAH-related ambulatory costs and emergency
department costs did not statistically significantly differ
between the subgroups, sildenafil patients had significantly
lower PAH-related pharmacy costs and significantly
higher PAH-related medical costs than bosentan patients.
Pharmacy costs accounted for nearly two-thirds of overall
PAH-related costs for bosentan patients, but only for about
20% of PAH-related costs for sildenafil patients. However,
in both subgroups, PAH-related costs made up a high pro-
portion (60% or more) of total all-cause healthcare expen-
ditures, demonstrating that PAH imposes a substantial
economic burden on the healthcare system. Furthermore,
these findings are in line with what Wilkens and col-
leagues10 recently found when examining PAH costs in
Germany.

Several previous pharmacoeconomic studies have eval-
uated the costs associated with oral PAH treatments and
showed a similar trend for lower costs associated with sil-
denafil than bosentan. A recent modeling study using a
hypothetical population of US patients with PAH com-
pared the cost effectiveness of several oral agents and
found that yearly costs for sildenafil ($11,088 per patient)
were lower than those for bosentan ($42,804 per
patient)19. However, sildenafil and bosentan resulted in
the same gain in quality-adjusted life-years. An earlier
modeling study estimated the yearly costs of treating
PAH patients with bosentan to be $36,208; however,
this study did not compare bosentan costs to other oral
agents20. Another modeling study performed in Canada
also found that total costs over a 3-year period were
lower for PAH patients treated with sildenafil
(CAN$48,351 per patient) than for patients treated with
bosentan (CAN$164,745 per patient)21. However, unlike
these previous studies, which relied on modeling, the pre-
sent study was based on ‘real-world’ patient data. For a
modeling study to capture a healthcare utilization event,
the event must already be assumed by the model, but in a
real-world study no prior assumptions about the type or
frequency of healthcare utilization events are needed.
Therefore, modeling studies may not fully account for
healthcare resources utilized by patients, and real-world
studies may have higher estimates for the amount of
healthcare utilization (and subsequently the costs) associ-
ated with a certain treatment. Accordingly, when extrap-
olated out to a year, per-patient costs reported in the
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present study are higher than those reported in previous
modeling studies. However, the results of the present study
are consistent with those of previous studies, as they
demonstrate that treatment with sildenafil is associated
with lower overall costs than treatment with bosentan.

It should be noted that males and females were equally
represented in the present study, which is not reflective of
the preponderance of females with PAH in the general
population7,8. However, the gender distribution differed
significantly between the subgroups, with a lower propor-
tion of male patients in the bosentan (30%) subgroup as
compared to the sildenafil subgroup (64%). Thus, the male
: female ratio in the bosentan group is more representative
of the ratio seen in the general PAH population. In addi-
tion, the mean age of the patients in the present study (57
years) is higher than that cited in earlier studies, but is
consistent with that observed in the REVEAL Registry
(53� 14)7,8. The older age of the present study population
may be attributable to the demographic composition of the
health plan and the particular inclusion and exclusion cri-
teria applied, which may have yielded a patient population
that is not precisely representative of the broader PAH
population.

A limitation of this study is the ability to attribute use of
sildenafil to a true diagnosis of PAH. All patients with an
index treatment of sildenafil were required to have diag-
noses for pulmonary hypertension and/or have additional
claims for ERA or PA treatments. However, because ICD-
9-CM diagnosis codes specific to PAH do not exist, it is
possible that some proportion of the sildenafil sample may
not truly have PAH. Sildenafil is also indicated for the
treatment of erectile dysfunction (ED). Approximately
11% of the total sample had a medical claim with a diag-
nosis code for erectile dysfunction during the baseline or
follow-up periods, and the rate was higher among sildenafil
patients (16%) compared to bosentan (2%) patients. This
indicates that some proportion of the sildenafil sample may
have received sildenafil for the treatment of ED and not
PAH. However, because these patients had evidence of
both conditions, the reason for sildenafil treatment is
unknown. It is important to note that the larger percentage
of ED patients in the sildenafil group could have contrib-
uted to the lower costs in that group, compared to the
bosentan group. However, medical utilization costs were
higher for sildenafil patients indicating that they were
more likely to be patients with PAH than ED.

Several limitations relating to the use of claims data
should be considered when interpreting the results of the
present study. Claims data are collected for payment and
not research, and are subject to possible coding errors. A
diagnosis code may be included as a rule-out criterion and
does not necessarily indicate disease presence. In addition,
ICD-9-CM diagnosis codes specific to PAH do not exist, so
ICD-9-CM codes for pulmonary hypertension in

combination with claims for PAH treatments were used
to identify the study sample. Also, a prescription claim
does not necessarily mean a drug was taken as prescribed,
and some patients may receive drugs without a prescription
claim (for example, by receiving samples). Claims data do
not contain information on disease severity, and it is pos-
sible that patients in some subgroups had more severe dis-
ease than patients in other subgroups. Finally, there are
limitations to the generalizability of this study. The data
used for this study come from a managed-care population,
and may not be applicable to the entire US population.
However, the health plans used for analysis in this study
include a wide geographic distribution of patients and
should be generalizable to managed-care populations on
a national level.

In conclusion, of the oral agents approved for treating
PAH at the time of this study, sildenafil was most com-
monly prescribed as index therapy and was also associated
with lower costs, largely due to significantly lower phar-
macy costs. However, PAH-related costs made up a sub-
stantial proportion of all-cause healthcare costs for both
sildenafil and bosentan users. Future research that includes
a cohort of patients treated with ambrisentan should fur-
ther investigate whether the suboptimal management of
PAH drives medical, emergency department, inpatient,
and ambulatory costs.
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