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CME Test Answer Key

1. a. Although PAH may be asymptomatic, the most common presenting symptom is dyspnea on exer-
tion. Dyspnea is eventually present in all patients and in the later stages may be present even when the
patient is at rest.

Locator: PAH: Recognition and Diagnosis

2.b. Dr. Channick explained that “there are groups of patients who are considered to be at significantly
high risk in the normal population, and in whom we need to be especially vigilant.” These include pa-
tients who have underlying connective tissue disease (especially scleroderma), patients with liver disease,
patients with a history of certain drug exposure (e.g., anorexiant drugs, amphetamines, cocaine), patients
who have underlying HIV, and patients with congenital heart disease. In patients with unexplained PAH,
the guidelines recommend that testing for connective tissue diseases and HIV infection be performed.
Locator: PAH: Recognition and Diagnosis

3. d. In patients with suspected PAH, right-heart catheterization is required to confirm the presence of
PAH, establish the specific diagnosis, and determine the severity of PAH.
Locator: PAH: Recognition and Diagnosis/Vasodilator Testing

4. a. Dr. McLaughlin described the primary purpose of acute vasodilator testing, “to identify the very
small subpopulation that may have a good long-term response to oral calcium channel blocker therapy.
This has been seen mostly in the population with idiopathic PAH.”

Locator: PAH: Recognition and Diagnosis/Vasodilator Testing

5.d. Dr. McLaughlin listed the three agents commonly used for vasodilator testing: intravenous
epoprostenol, intravenous adenosine, and inhaled nitric oxide.
Locator: PAH: Recognition and Diagnosis/Vasodilator Testing

6. a. “IV epoprostenol is FDA approved for functional Class Il and IV patients, and it is clearly the ap-
propriate therapy for a critically ill patient,” declared Dr. McLaughlin, adding that, “for patients who
are not as ill, but who have poor prognostic indicators, we consider epoprostenol as well.”

Locator: Receptor Targets for Therapy of PAH/Prostacyclin Pathway and Therapies/Intravenous
Epoprostenol.

7.b. Sildenafil is a phosphodiesterase inhibitor that targets the nitrous oxide pathway by enhancing the
effects of cyclic TNP, so that nitric oxide produced has a prolonged effect in the vasculature. This results
in smooth muscle relaxation of the pulmonary vasculature. Sildenafil has recently been approved for the
treatment of PAH, and has been shown to improve exercise capacity, WHO functional status, and he-
modynamics in patients with Class II or III PAH.

Locator: Receptor Targets for Therapy of PAH/Nitric Oxide Pathway

8. d. Inhaled iloprost is a very-short-acting prostacyclin analog that can be delivered by nebulized
inhalation. Trials of this agent as monotherapy have been performed in Europe and have suggested
improvement in exercise tolerance and functional class. A trial performed in the US evaluated its use as
add-on therapy to bosentan. “We tend not to use iloprost as initial monotherapy in our clinical practice,
but we use it as add-on therapy for patients who are on oral therapy such as bosentan, yet are still symp-
tomatic,” noted Dr. McLaughlin. She also explained that the majority of the clinical trial data of iloprost
has been measured post-inhalation. “The improvements in exercise tolerance are more impressive post-
inhalation than they are a few hours later,” she explained.

Locator: Receptor Targets for Therapy of PAH/Prostacyclin Pathway and Therapies/Inhaled Iloprost

9. c. Novel endothelin receptor antagonists selective for endothelin-A receptors, namely sitaxsentan and
ambrisentan, are currently undergoing investigation in clinical trials.
Locator: Receptor Targets for Therapy of PAH/Endothelin Pathway/Endothelin Receptor Antagonists

10. b. “The conventional benchmark that has been used is the six-minute walk distance,” noted Dr. Oudiz.
Non-invasive cardiopulmonary exercise testing such as the six-minute walk distance with gas exchange is a
useful test, not only for early diagnosis of PAH, but also in the follow-up and evaluation of therapy. Indeed,
the six-minute walk test has been the most widely-used measure of exercise capacity in PAH clinical trials.
Locator: Monitoring Treatment Response in Clinical Practice
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Educational Overview

Pulmonary arterial hypertension (PAH) is a rare, progressive and debilitating lung disorder characterized
by severe damage to the blood vessels of the lungs, which leads to progressive right ventricular failure and
death. If left untreated, mortality is common within three years. Improving physician awareness and avail-
ability of non-invasive screening tools appears to have shortened the time to diagnosis. At the same time,
advances are occurring in our understanding of the pathophysiology and potential management of this
serious condition. Current and emerging medical strategies for PAH are targeting the prostacyclin, nitric
oxide, and endothelin pathways.

Through debate and authoritative peer exchange, this Medical Crossfire® activity, conducted in conjunction
with UMDNY], will confront the opportunities and clinical challenges associated with the management of PAH.

Target Audience
This educational activity is designed for pulmonologists and other health care professionals interested in
or involved with managing patients with PAH.

Learning Objectives

e Identify patients at risk for pulmonary arterial hypertension and describe an appropriate approach to
diagnosis.

e List the main receptor targets for treatment strategies for pulmonary arterial hypertension.

e Design a therapeutic regimen based on overall risk:benefit considerations, including patient classification
and prognostic factors.

e Discuss recent and emerging therapeutic options and how they may fit into the treatment algorithm for
patients with PAH, including new agents and the role of add-on therapy.

Method of Instruction

Participants should read the learning objectives and review the activity in its entirety. After reviewing the
material, complete the self-assessment test consisting of a series of multiple-choice questions. The activity
is complemented with references that contain the rationale for the correct answer to each question as well
as a description identifying the section in the activity that contains the correct answer, allowing participants
to review the material as needed, thus finalizing their educational participation.

Upon completing this activity as designed, participants will receive a letter of credit awarding AMA/PRA
category 1 credit three to four weeks after receipt of the registration and evaluation materials. Estimated
time to complete this activity as designed is one (1) hour.

Accreditation

This activity has been planned and implemented in accordance with the Essential Areas and Policies of the
Accreditation Council for Continuing Medical Education (ACCME) through the joint sponsorship of UMDN]-
Center for Continuing and Outreach Education and Medical Crossfire/Liberty Communications Network.
UMDN]J-Center for Continuing and Outreach Education is accredited by the ACCME to provide continu-
ing medical education for physicians.

UMDN]J-Center for Continuing and Outreach Education designates this educational activity for a maximum
of 1 AMA PRA Category 1 Credit.™ Physicians should only claim credit commensurate with the extent of

their participation in the activity.

This activity was reviewed for relevance, accuracy of content, balance of presentation, and time required for
participation by David J. Riley, MD; Sherene El-Sioufi, DOj and Jeffrey S. Kim, MD.
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Off-Label Usage Disclosure

This activity contains discussion of unlabeled and non-FDA-approved uses of commercial products. Calcium
channel blockers and nitric oxide are not approved for the treatment of PAH. Ambrisentan and sitaxsentan
are investigational agents not approved for the treatment of PAH.

Disclaimer

The views expressed in this activity are those of the faculty. It should not be inferred or assumed that they are
expressing the views of Myogen, Inc., any other manufacturer of pharmaceuticals, UMDNY], or Medical
Crossfire/ Liberty Communications Network.

It should be noted that the recommendations made herein, with regard to the use of therapeutic agents, vary-
ing disease states, and assessments of risk, are based upon a combination of clinical trials, current guidelines,
and the clinical practice experience of the participating panelists. The drug selection and dosage information
provided in this activity are believed to be accurate. However, the participants are urged to consult the full
prescribing information on any drug mentioned in this activity for recommended dosage, indications,
contraindications, warnings, precautions, and adverse effects before prescribing any medication. This is
particularly important when a drug is new or infrequently prescribed.

©2006 by UMDN]J—-Center for Continuing and Outreach Education and Liberty Communications Network.
All rights reserved including translation into other languages. No part of this activity may be reproduced or
transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, or any
information storage and retrieval systems without permission in writing from UMDN]J-Center for Continuing
and Outreach Education or Liberty Communications Network.

Medical Crossfire® is a registered trademark of Liberty Communications Network, a Cardinal Health company.
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ulmonary arterial hypertension (PAH) is a relatively rare progressive dis-

order characterized by high blood pressure in the lungs. The condition

leads to eventual right-sided heart failure and an inability to pump

blood through the pulmonary artery to the lungs. PAH affects people of all

ages and ethnic backgrounds in the US, and is without a known cure. At the

same time, PAH is an area that has seen major progress during the past five

to 10 years, largely due to a number of controlled clinical trials. Thus, it has

moved from an essentially untreatable disease to one with multiple options

for therapy. To explore these and other issues, Medical Crossfire convened

a panel of national experts to offer their insights.

PAH: Recognition and Diagnosis

To begin this Medical Crossfire, moderator
Peter L. Salgo, MD, asked the panel to define
PAH and discuss issues associated with diag-
nosis of the condition.

Richard N. Channick, MD, began by
stating that “Likely, the most widely-accepted
definition of PAH is a pressure definition,
which has been based on consensus over the
years.” This hemodynamic definition, devel-
oped by the National Institutes of Health
Registry on Primary Pulmonary Hyperten-
sion, has been adopted by the ACCP evidence-
based clinical practice guidelines and has
been widely used in clinical trials." Using
these criteria, PAH is defined by a mean pul-
monary artery pressure = 25 mm Hg, with a
pulmonary capillary wedge pressure <15 mm
Hg; both measured at rest by right-heart
catheterization. “A clinical definition of PAH
might include such classic cardiac findings as
a loud pulmonic component of the second
heart sound and a murmur of tricuspid regur-
gitation,” Dr. Channick remarked, “but the
pressure definition is the one that should be
applied in practice.”

As the condition advances, the patient
experiences shortness of breath at rest and is
extremely limited in activities of daily life.
Other symptoms such as chest pain, dizzi-
ness, and syncope may also occur. Although
these symptoms may indicate PAH, they are

still non-specific, making it important to rule
out other possible causes for shortness of
breath. Some patients can have mild PAH
without large elevations in pulmonary arterial
pressure, and physical findings may be
absent in these patients. Although PAH may
be asymptomatic, the most common present-
ing symptom is dyspnea on exertion. Dyspnea
is eventually present in all patients and in the
later stages may be present even when the
patient is at rest.> However, even in its later
stages, signs of the disease can be confused
with other conditions that affect the heart
and lungs.

Although the diagnosis of PAH is not
straightforward, it remains the key to appro-
priate therapy.’ Development of unexplained
dyspnea on exertion and presyncope in the
absence of abnormal pulmonary function
test and abnormal chest radiograph should
suggest the possible presence of PAH and
precipitate an appropriate evaluation. Com-
menting on the diagnostic process, Dr.
Channick stated that “The entire diagnostic
approach begins with having a suspicion for
the presence of PAH. Clinicians need to con-
sider this diagnosis in a patient who comes in
with shortness of breath or unexplained ex-
ercise intolerance.”

PAH may occur as an idiopathic process
or as a result of other disease processes. * Dr.
Channick explained that “there are groups of
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patients who are considered at significantly
higher risk, and in whom we need to be
especially vigilant.” These include patients
who have underlying connective tissue dis-
ease (especially limited scleroderma), patients
with liver disease, patients with a history of
certain drug exposure (e.g., anorexiant drugs,
amphetamines, cocaine), patients who have
underlying HIV, and patients with congenital
heart disease. In patients with unexplained
PAH, the guidelines recommend that testing
for connective tissue diseases and HIV infec-
tion be performed.’'

“Early diagnosis of PAH by physicians,
in general, has improved during the last
decade,” noted David B. Badesch, MD. “In
the early 1990, we frequently did not see
patients in referral centers until they were
very ill. In those cases, the hemodynamic
findings were more severe, and the echocar-
diographic findings of right heart failure
were often present. Patients presented almost
exclusively in functional classes III and IV at
that time.” He added that due to previous
and ongoing educational efforts, “awareness
of PAH among practicing pulmonologists,
internists, and cardiologists has improved
and the disease is beginning to be recognized
more promptly.”

In summary, Ronald J. Oudiz, MD,
concluded by stated that, “it is important
for physicians first to understand that a clin-
ical suspicion for PAH must be present, since
it is a relatively rare disorder. Second, a
thorough workup must follow in order to be
sure that the more common causes of pul-
monary hypertension are excluded. And
third, the workup must include cardiac
catheterization.”

Echocardiography

In patients with a clinical suspicion of PAH,
Doppler echocardiography may be performed
as a noninvasive screening test to detect
PAH. “What should clinicians look for with
this diagnostic test?” asked Dr. Salgo.
Vallerie V. McLaughlin, MD, began by
noting that “In a patient who has exertional
dyspnea without another clear explanation

MEDICAL CROSSFIRE e SPECIAL EDITION

such as left heart disease or pulmonary dys-
function, one would likely start with an
echocardiogram to decide whether to engage
in the full diagnostic algorithm for PAH. The
echocardiogram can estimate pulmonary
artery pressures using the tricuspid valve
regurgitation velocity. We also look for
enlargement of the right atrium and right ven-
tricle, and dysfunction of the right ventricle.”

Dr. McLaughlin added that “in ad-
vanced PAH, because the right ventricle
becomes so large and because the resistance
through the pulmonary vasculature is so
high, the left ventricle does not fill. Some-
times, you see a very small underfilled left
ventricle and septal flattening.” Doppler
echocardiography may, however, be impre-
cise in determining actual pressures compared
to invasive evaluation, she concluded.

Offering his perspective, Dr. Oudiz
asserted that “Dr. McLaughlin points out an
important caveat regarding echocardiogra-
phy and PAH. It is not a substitute for
cardiac catheterization, and acting on the
echo findings alone may put the patient at
unnecessary risk.”

An additional issue, he noted, relates to
the diagnostic use of exercise echocardio-
graphy in patients with symptoms and ap-
parently normal resting PA pressure. “This
particular modality may also be inaccurate
and cannot accurately estimate left ventricular
filling pressure with exercise. Again, acting
empirically on the findings of an exercise
echocardiogram may invite trouble.”

Vasodilator Testing

Dr. Salgo then asked the panel to discuss the
role of acute vasodilator testing.

Dr. McLaughlin described the primary
purpose of acute vasodilator testing, “to
identify the very small subpopulation that
may have a good long-term response to oral
calcium channel blocker therapy. This has
been seen mostly in the population with idio-
pathic PAH.”

Dr. Badesch went on to clarify that “A
patient who responds to vasodilator testing
in the catheterization lab and then subse-

VOL 7 » NO 2



Pulmonary Arterial Hypertension

quently responds to calcium channel blocker
therapy tends to have a significantly better
prognosis.” He referred to a study by Rich
and colleagues that showed improved sur-
vival in vasoreactive patients treated with
calcium channel blockers.* Because of this,
testing of vasoreactivity is an important part
of the initial patient assessment.’

Dr. McLaughlin then explained the
process of vasodilator testing. “After obtain-
ing the baseline set of hemodynamic measures
at the time of cardiac catheterization, one
then administers one of the vasodilators and
remeasures the hemodynamic parameters,
including the pulmonary artery pressure and
the cardiac output,” she explained. Although
the precise definition of a favorable response
is still being debated, response may be de-
fined by a reduction in the mean pulmonary
artery pressure by at least 10 mm Hg to an
absolute mean pulmonary pressure of less
than 40 mm Hg in the setting of an un-
changed or an increased cardiac output.’

Due to the potential dangers inherent in
vasodilator testing, it is recommended that
this test be conducted by experienced profes-
sionals in a referral center.’ Dr. McLaughlin
pointed out that three agents are commonly
used for vasodilator testing: intravenous
epoprostenol, intravenous adenosine, and
inhaled nitric oxide.> “Each center likely has
a ‘favorite’ agent to use,” she suggested. “At
the University of Michigan, we use inhaled
nitric oxide because we find it to be safe,
quick, and a very good prognostic indicator
of determining channel blocker response.”

“Unfortunately, we are learning over time
that the true proportion of vasoresponders is
actually a relatively small percentage of
patients,” lamented Dr. Badesch. “The defin-
ition of true vasoreactivity has become more
stringent over time, and the number of true
responders appears to be lower than was
previously appreciated,” he explained, noting
that the percentage is currently believed to be
approximately 10% of all patients referred
to pulmonary vascular units.” “Those indi-
viduals who are truly vasoreactive tend to do

well over a period of years on calcium chan-
nel antagonists.” He concluded by pointing
out that, “occasionally, these patients will lose
their responsiveness to those medications and
will need to be treated with other agents.”

Commenting on the use of calcium-
channel blockers, Dr. Channick cautioned
that, “these agents should not be used
empirically to treat PAH in the absence of
demonstrated acute vasoreactivity.” He
pointed out that “these drugs have been
overused in PAH because they are easy to
prescribe and physicians are comfortable
with them. But they likely cause a fair
amount of harm for the simple reason that
very few patients benefit from calcium chan-
nel blockers long term. It really is a very
strong message: never prescribe a calcium
blocker to a patient with pulmonary arterial
hypertension unless you really can determine
that the patient is in the rare, highly vasore-
active group.”

“It is important to understand that,
regardless of response to vasodilator testing,
the use of calcium channel antagonists is
contraindicated when the right atrial pres-
sure is elevated and the cardiac output is
reduced,” added Dr. Oudiz. “Both findings
are signs of advanced right ventricular fail-
ure, which places the patient at high risk for
developing acute decompensation when
calcium antaogonists are used.”

Prognostic Indicators

Moving on to discuss other prognostic indi-
cators, Dr. Badesch explained that “In terms
of determining the prognosis of other pa-
tients based on hemodynamic testing alone,
we learned from an NIH-sponsored registry
in the 1980s that low cardiac output and
high right atrial pressure are likely predictors
of a poorer prognosis.” He offered that at
the time the registry was conducted, it was
thought that perhaps a higher pulmonary
artery pressure predicted a poorer prognosis,
but this view is now being questioned. “We
know that if the patient becomes more pro-
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gressively ill, the pulmonary artery pressure
can fall off over time due to worsening right
ventricular function,” he posited. Other fac-
tors that have been shown to predict poor
outcome include Class IV status and baseline
six-minute walk distance.®”

Dr. Oudiz noted that a number of prog-
nostic markers have been studied in retro-
spective analyses of PAH patients. “These
include functional class and six-minute walk
testing, as Dr. Badesch points out. And addi-
tional measures such as eccentricity index by
echocardiogram, presence of pericardial effu-
sion, troponin T elevation, uric acid levels,
and peak oxygen consumption have also
been shown to be prognostic. In clinical
practice, a synthesis of all available data
are used to determine disease severity,” he
concluded.

Receptor Targets for
Therapy of PAH

Currently, multiple major pathways are
known to be involved in the abnormal pro-
liferation and contraction of smooth muscle
cells in the pulmonary arteries of patients
with PAH.? There has been a focus on targeting
three of these pathways for improving out-
comes in PAH. According to Dr. McLaughlin,
“These pathways—prostacyclin, nitric oxide,
and endothelin pathways—are important
because those are where we have targeted
therapies for PAH.” Dysfunctional pulmonary
artery endothelial cells have diminished pro-
duction of prostacyclin and nitric oxide
synthase in addition to increased production
of endothelin-1. This scenario contributes to
vasoconstriction and proliferation of smooth
muscle cells in the pulmonary arteries. Cur-
rent and emerging therapies modulate these
specific targets in smooth muscle cells in the
pulmonary arteries. In addition to their
actions on smooth muscle cells, prostacyclin
analogues and nitric oxide have other ac-
tions, including antiplatelet effects, which
may account for their clinical efficacy in pa-
tients with PAH.

MEDICAL CROSSFIRE e SPECIAL EDITION
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Prostacyclin Pathway and Therapies

Prostacyclin, a metabolite of arachadonic
acid produced primarily in the vascular en-
dothelium, is a potent vasodilator that affects
both the systemic and pulmonary vascula-
tures. A relative deficiency of prostacyclin
may contribute to the pathology of PAH.?
Thus, it is not surprising that prostacyclin
analogues have been explored for the treat-
ment of PAH and have been found to confer
beneficial effects. Many of the agents that are
approved for PAH have indications based on
the New York Heart Association/World
Health Organization Classification of Func-
tional Status of Patients with PAH; Table 1
provides a summary of each functional class.*

The therapies outlined in the current
American College of Chest Physicians Guide-
lines include bosentan, treprostinil, eso-
prostenol, and iloprost. * “Sildenafil was un-
der investigation at the time that the last guide-
lines were issued, but has since been
approved,” noted Dr. Badesch. The guide-
lines will be revised based on evidence that
has become available since the original ver-
sion was published. “Important studies have
been released in the interim, which will also
be taken into consideration,” he added.

Intravenous Epoprostenol. Epoprostenol
has a half-life of approximately five minutes
and is given via continuous intravenous (IV)
administration via a permanent indwelling
central venous catheter, using a small battery-
powered pump for continuous infusion. IV
epoprostenol has been used for the treatment
of PAH since the 1980’s. “IV epoprostenol is
FDA approved for functional Class III and
IV patients, and it is clearly the appropriate
therapy for a critically ill patient,” declared
Dr. McLaughlin, adding that “For patients
who are not as ill, but who have poor prog-
nostic indicators, we consider epoprostenol
as well. For example, if a patient is in func-
tional Class III, but has a very high right atrial
pressure, low cardiac output, or a low six-
minute walk distance, sometimes we do go
directly to epoprostenol. Obviously, this
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regimen is much more complicated for the
patient than an oral therapy. Still, this is a
very potent agent and is likely the fastest in
onset for stabilization.”

Dr. Oudiz maintained that, “a major
factor in considering PAH therapy today is
the experience and volume of data accumu-
lated on a particular drug. Epoprostenol has
been around the longest, and is generally
accepted as perhaps the most potent PAH
therapy available and regarded by many as a
gold-standard treatment by which others are
compared.”

Offering his perspective on this issue,
Dr. Channick stated, “Given the availability

World Health Organization
Classification of Functional
Status of Patients with PAH

Class Description

I Patients with PAH in whom there
is no limitation of usual physical
activity; ordinary physical activity
does not cause increased dyspnea,
fatigue, chest pain, or presyncope.

I Patients with PAH who have mild
limitation of physical activity.
There is no discomfort at rest, but
normal physical activity causes
increased dyspnea, fatigue,
chest pain, or presyncope.

I Patients with PAH who have a
marked limitation of physical
activity. There is no discomfort at
rest, but less than ordinary activity
causes increased dyspnea, fatigue,
chest pain, or presyncope.

IV Patients with PAH who are unable
to perform any physical activity at
rest and who may have signs of
right ventricular failure. Dyspnea
and/or fatigue may be present at
rest, and symptoms are increased
by almost any physical activity.

of several medications including oral and
inhaled therapies—and the ability to com-
bine these therapies—the number of patients
needing epoprostenol is clearly decreas-
ing,”and added that, “We do, however, need
more data on the comparable efficacy of
these regimens to epoprostenol.”

Subcutaneous treprostinil. The potential
complications related to the need for central
venous administration of epoprostenol have
led to the development of other prostacyclin
analogs delivered by other routes of adminis-
tration. Treprostinil is structurally very simi-
lar to epoprostenol, but is stable at room
temperature and has a longer half-life. It can
therefore be given subcutaneously. Novel
prostanoids such as subcutaneous trepros-
tinil have beneficial effects in many patients,
although there are no long-term data on sur-
vival benefits.

Dr. McLaughlin summarized the current
evidence on these agents by stating that,
“The clinical trials with treprostinil have
demonstrated improvement in exercise toler-
ance; this benefit was more modest than
what we have seen in clinical trials of
epoprostenol, which may reflect that higher
doses of treprostinil are sometimes needed.”
Simonneau and colleagues demonstrated
modest but significant improvements in
six-minute walk tests with continuous subcu-
taneous infusions of treprostinil compared to
placebo, which were more impressive in pa-
tients who could tolerate the highest doses.’

The main drawback of subcutaneous
treprostinil, Dr. McLaughlin noted, is that a
majority of patients experience pain and
erythema at the site of the subcutaneous in-
fusion. “It takes a very dedicated nurse to
help that patient work through some of the
local site reactions. If a patient can tolerate
the local site reactions, then subcutaneous
treprostinil can be used very effectively.”

Dr. Oudiz cited agreement with his col-
league, “The key issue with the data on
treprostinil is that of infusion site pain,
which may have limited dose-escalation in
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the clinical trials. Clearly, the clinical re-
sponse to adequate doses of treprostinil has
been very favorable.”

Inhaled lloprost. Inhaled iloprost is a short-
acting prostacyclin analog that can be deliv-
ered by nebulized inhalation. Trials of this
agent as monotherapy have been performed
in Europe and have suggested improvement
in exercise tolerance and functional class.'
A trial performed in the US called the STEP
study evaluated its use as add-on therapy to
bosentan." “We tend not to use iloprost as
initial monotherapy in our clinical practice,
but we use it as add-on therapy for patients
who are on oral therapy such as bosentan, yet
are still symptomatic,” noted Dr. McLaughlin.

“If inhaled iloprost has such a short
half-life, is it only effective during its half-
life?” asked Dr. Salgo.

“That is an excellent question,” re-
sponded Dr. McLaughlin, pointing out that
the majority of the clinical trial data has been
measured post-inhalation. “The improvements
in exercise tolerance are more impressive
post-inhalation than they are a few hours
later,” she explained. As a result of this, in-
haled iloprost needs to be administered up to
six to nine times per day.

Dr. Channick added that, “We actually
do not know whether this frequency of in-
halation is necessary in patients on concomi-
tant oral therapy. The efficacy of iloprost
does appear to last beyond its half-life.”

Beraprost. Beraprost is an oral prostacyclin
analog that showed an improvement in six-
minute walk distance in a European trial,”
but which did not demonstrate sustained im-
provement in exercise tolerance in a later US
trial.”® Dr. McLaughlin noted that “This drug
is not available in the US, and it likely will
not be.” On the other hand, she said, “there
is an oral analog of treprostinil that has a
longer half-life, which will be the subject of
clinical trials in the coming year.”

Comparing Prostacyclins. Dr. Salgo asked
the panel if “there are differences in the
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comparative efficacies of the prostacyclins de-
pendent upon their route of administration.”

Acknowledging that a comparative clin-
ical trial would provide a definitive answer
but that one is not available, Dr. McLaughlin
stated that, given her personal experience, “I
consider epoprostenol the ‘gold’ standard.
When it is given in adequate doses, trepros-
tinil may be as effective.” In her practice, she
has found inhaled iloprost “to be not quite as
effective as epoprostenol when used as
monotherapy. However, there may be a role
for it in combination therapy with an oral
agent for patients who need more, but are
not willing or not ill enough to go on an in-
travenous form of therapy.”

The downside of continuous intravenous
therapy with epoprostenol, she continued,
“is that there is no doubt that it changes a
patient’s life, with the potential for infusion-
site infections, or the need for an emergency
department visit if their Hickman catheter is
accidentally disconnected. It affects the pa-
tients immensely. This is one of the reasons
why most patients would prefer to start with
an oral therapy if it is right for them.” She
added that there is also the potential for
“very serious complications of being off
the drug for even short periods of time, so
vigilance is required.” The upside of epo-
prostenol is that its use in severely ill patients
clearly prolongs survival.®

Offering an alternate perspective on the
prostacyclins, Dr. Oudiz remarked, “I have
not been convinced that treprostinil is less
potent. Also, we have seen dramatic clinical
responses with all classes of drugs. So I be-
lieve that, in individual patients, one class or
one particular drug within a class might be
more effective than another and we do not
yet know how to predict that response.
However, I agree with Dr. McLaughlin that
epoprostenol remains as the current gold
standard in our armamentarium.”

Nitric Oxide Pathway

Dr. Salgo next asked the panel to address the
use of nitric oxide.
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Dr. Oudiz explained that “Nitric oxide is
an endogenous substance that is naturally
occurring in the body, and in patients with
PAH, nitric oxide production is reduced. It
stands to reason that, like epoprostenol, if
the nitric oxide level is a marker of disease
severity as well as a modulator of the disease
process, then giving exogenous nitric oxide
may have a beneficial effect.” One potential
issue is that nitrous oxide itself has such a
short half-life that it must be administered
via continuous inhalation.

Sildenafil is a phosphodiesterase inhib-
itor that targets the nitric oxide pathway by
enhancing the effects of cyclic GNP within
the pulmonary vasculature, so that the effects
of nitric oxide are prolonged in the vasculature.
This results in smooth muscle relaxation of
the pulmonary vasculature. Sildenafil has re-
cently been approved for the treatment of
PAH. In a recent study, 278 patients with
symptomatic PAH were randomized to placebo
or sildenafil (20, 40, or 80 mg) orally three
times daily for 12 weeks. The main outcome
measure was the change from baseline to
week 12 in the distance walked in six min-
utes. In all sildenafil groups, the distance
walked in six minutes increased from base-
line. The mean placebo-corrected treatment
effects were 45 meters, 46 meters, and 50
meters for 20, 40, and 80 mg of sildenafil,
respectively. All sildenafil doses were associ-
ated with lower mean pulmonary-artery
pressure, and improved WHO functional
class. The incidence of clinical worsening did
not differ significantly between the sildenafil
groups and the placebo group. Adverse
effects reported in the trial included flushing,
dyspepsia, and diarrhea."

Endothelin Pathway

Endothelin receptor antagonism has emerged
as an important therapeutic target for the
treatment of patients with PAH. Endothelin-1
is overexpressed in several forms of pul-
monary vascular disease, contributing to the
development and/or progression of pul-
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monary vasculopathy.” According to Dr.

Oudiz, “Recent investigations have suggested
that endothelial dysfunction may be one of
the mediators, if not instigators, of disease
process in the pulmonary vasculature in pa-
tients with PAH.”

There are at least two types of endothe-
lin receptors: endothelin-A receptors which
are vasoconstrictive, and endothelin-B recep-
tors which are vasodilatory and may also be
involved in the clearance of endothelin.
Endothelin receptor antagonists can dilate
the pulmonary artery system.

Endothelin Receptor Antagonists. As a
class, it appears that endothelin receptor
antagonism is associated with improved ex-
ercise capacity and some measures of hemo-
dynamics in symptomatic patients with
PAH." Bosentan is the first orally-active en-
dothelin receptor antagonist approved by the
FDA for Class IIl and IV patients with PAH.
A recent study has reported the long-term
results of two trials of patients with severe
PAH treated with bosentan, and showed that
first-line therapy with the endothelin antago-
nist bosentan was associated with improved
survival compared to a predicted formula
derived from the NIH PAH registry.” Hepa-
totoxicity is a real concern with the use of
bosentan, occurring in about 8% to 10% of
PAH patients taking bosentan, and requires
close monitoring of the patient. In addition,
there is a risk of teratogenecity.’

Novel endothelin receptor antagonists
selective for endothelin-A receptors, namely
sitaxsentan and ambrisentan, are undergoing
investigation in clinical trials. Sitaxsentan
was the first selective endothelin receptor
antagonist to be evaluated for the treatment
of patients with PAH in a placebo-controlled
multicenter study.'” Both the 100 mg and 300
mg doses that were studied resulted in im-
provements in six-minute walk distance,
functional class, cardiac index, and pul-
monary vascular resistance compared with
placebo. However, the 300 mg dose was
associated with unacceptable hepatotoxicity
rates. The STRIDE-1 study also showed
improvements in the subpopulations usually
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included in clinical trials (i.e., Class III and
IV patients) treated with sitaxsentan.'®

Ambrisentan is an investigational drug
being developed as once-daily oral therapy
for patients with PAH. It has orphan drug
status for the treatment of PAH in the US and
European Union. Dose-finding studies of
ambrisentan showed the ability to improve
exercise capacity, symptoms, and hemody-
namics in patients with PAH." The incidence
and severity of liver enzyme abnormalities
appear to be very low. Results of the ARIES-2
trial, one of two Phase 3 clinical trials of
ambrisentan, have recently been disclosed
and are pending formal presentation and
publication. ARIES-2 was a double-blind,
placebo-controlled trial that evaluated once-
daily oral doses of 2.5 mg and § mg of
ambrisentan. The primary efficacy endpoint
was exercise capacity, measured as the mean
change from baseline at 12 weeks in the six-
minute walk distance, compared to placebo.
These results suggest that improvement in
exercise capacity with ambrisentan is signifi-
cant and that the onset of effect occurs rapidly.
Time to clinical worsening was also delayed.”
None of the patients taking ambrisentan in
this trial developed hepatotoxicity.

“There are studies with both ambrisentan
and sitaxsentan that are pending publication
at this time,” noted Dr. Badesch. Further in-
vestigation will determine what potential role
selective endothelin receptor antagonists will
play in the treatment of PAH.

“Whether or not they will be superior to
the currently-approved bosentan in terms of
efficacy and/or safety is not entirely clear
yet,” offered Dr. Channick. “Assuming they
receive approval, we will certainly need more
experience with these drugs over time to
make that determination.”

“As our understanding of the patho-
physiology of the disease expands over the
ensuing years, it should allow us to develop
other targeted treatments in addition to
treatment that targets the three pathways we
have discussed,” forecast Dr. McLaughlin.

“There is a structural component to the
disease that appears to include a prolifera-
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tion of endothelial cells,” added Dr. Badesch.
“Addressing that structural or proliferative
component of the disease is going to be the
focus of some newer forms of therapy.”

Offering his perspective, Dr. Oudiz re-
marked that “there likely is not any one
pathway that we will be able to target alone
and effectively reverse the disease. We need
to develop a multifaceted approach.”

Role of Combination Therapy

Due to the complexity of PAH, as Dr. Oudiz
noted, targeting a single pathway might not
maximize the potential benefits of therapy.
Combining agents with different modes of
action has been suggested as a strategy that
may improve symptoms, hemodynamics, and
long-term outcome. Seeking insight into the
use of combination therapy, Dr. Salgo asked
the panel to comment on its role in clinical
practice.

“The concept of starting multiple drugs
up-front is one with strong rationale,” asserted
Dr. Channick. He explained that there are
two approaches to combination therapy:
up-front combination therapy or add-on
therapy. “As we discussed, there are multiple
abnormalities in the endothelium associated
with this disorder, and it certainly would
make sense logically to target more than one
receptor.”

Dr. Channick lamented the fact that cur-
rently, there are limited data on combination
therapy strategies. “For practical reasons,
most of the available studies have evaluated
add-on therapy,” he remarked.

“In the STEP study," the addition of in-
haled iloprost in patients still symptomatic
on bosentan appeared safe and resulted in
improvements in six-minute walk distance,
hemodynamics, and time to clinical worsen-
ing,” offered Dr. McLaughlin.

Dr. Channick added that “My experi-
ence has been fairly consistent that when
another drug is added to monotherapy,
further clinical benefit can be achieved. The
concept of multiple drugs up-front may in
fact be the best approach—but we do not
have definitive data to support this yet.”
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“Exchanging information from anecdotal
experiences and from small investigator-
initiated trials is one way we learn about
possible therapeutic strategies that can pave
the way for clinical trials,” added Dr. Oudiz.
“This information is often part of the frame-
work upon which new trials are designed.”

“There are a number of clinical trials
that are ongoing, as well as trials scheduled
to begin in the next year or so, that will study
the concept of combination therapy,” Dr.
McLaughlin pointed out. “If we work to-
gether, we can hopefully answer some of
these questions in a controlled, evidence-
based fashion.”

Commenting on the use of up-front
combination therapy, Dr. Oudiz stated, “I see
the future of PAH therapy as one that might
mimic that of congestive heart failure. That
is, an approach in which several receptors are
targeted up-front, with evidence-based ratio-
nale for individual therapies and for the com-
binations, resulting in incremental clinical
benefits above that of monotherapy.”

Monitoring Treatment Response
in Clinical Practice

“Whatever agents a physician chooses to use,
response to treatment needs to be monitored
in clinical practice,” noted Dr. Salgo. “How
do you go about following these patients?”

2]

“The conventional benchmark has been
the six-minute walk distance,” responded Dr.
Oudiz. Indeed, the six-minute walk test has
been the most widely-used measure of exercise
capacity in PAH clinical trials.® Non-invasive
cardiopulmonary exercise testing with gas
exchange is a useful test, not only for early
diagnosis of PAH, but also in the follow-up
and evaluation of therapy. Dr. Oudiz went on
to convey that “At Harbor, we rely a great
deal on cardiopulmonary exercise testing
because it describes the pathophysiologic
abnormalities of PAH. More importantly, it
shows us what I call the “fingerprint’ of the
PAH disease process, ventilatory inefficien-
cy.” This is an indirect measure of how well
the lungs are perfused during exercise, which

is when most patients are symptomatic.

“Symptoms also are important to mea-
sure,” added Dr. McLaughlin. “There are
data to suggest that if you can improve
patients to functional Class I or II on therapy,
they do better in the long term.” This has
been demonstrated with IV epoprostenol,
where patients who had enough improve-
ment to warrant reclassification to Class I or
IT after epoprostenol therapy had a survival
advantage.**

Dr. McLaughlin went on to agree that
“The six-minute walk test is also an impor-
tant, noninvasive way to assess the patient’s
response to therapy. I tend to use echocar-
diography less often—I do not think it is the
best way to describe right ventricular function.
I perform periodic right heart catheteriza-
tions on patients, generally after the first year
of therapy unless the patient is not doing
well, in which case I may do it sooner to as-
sess their hemodynamic response.” She also
looks for reductions in the pulmonary pres-
sure, “although with most of the therapies
that we have discussed, normalization of the
pulmonary artery pressure is not possible.
Cardiac output is another parameter that is
important to improve. If the patient is on a
prostacyclin such as epoprostenol or trepros-
tinil and their cardiac output is still low,
I will try to increase the dose of that agent to
optimize their hemodynamic response.”

Dr. Badesch offered that his institution
“uses a combination of the outcomes that my
colleagues have discussed.” He contended
that “The six-minute walk test is a very useful
functional assessment, which is used serially
over time. I follow the results in a similar
manner to what is done in clinical trials. The
patient’s history is also of great importance—
how are they feeling, how do they go about
their day-to-day activities? Those measures
are very useful in following patients, and
those same sorts of assessments play into
functional class assessment.”

Dr. Oudiz concluded by explaining that
his institution utilizes serial echocardiography
to noninvasively assess right ventricular
pressure and function, as well as regular
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catheterization on an as-needed basis, “espe-
cially when we are considering an alteration
in therapy due to a change in clinical status
or when we are considering transplantation.”

Cost of Medical Therapy versus
Transplantation

Shifting the discussion towards issues associ-
ated with the cost of therapies discussed in
this Medical Crossfire, Dr. McLaughlin con-
firmed that “all of the treatment agents are
quite expensive.” Costs can range from
approximately $11,000 to $12,000 per year
for oral sildenafil to approximately $35,000
to $40,000 per year for bosentan. The costs
of therapy increase substantially when oral
agents do not provide adequate treatment.
IV epoprostenol, at the dosages most com-
monly used at referral centers, can cost
between $60,000 and $100,000 per year, and
higher. Inhaled iloprost can cost up to
$90,000 per year.

The counterargument to the high cost of
medical therapy, noted Dr. Salgo, “is that the
disease itself is expensive in terms of days
lost from work, quality of life and survival.”
He asked the panel, “Is there a balance point
with these agents, compared to the benefit
they offer?”

“That is a good point,” responded Dr.
Channick. “We tend to focus on the dollar
amount of the medication. It is more compli-
cated than that. Certainly, if medications
reduce the need for hospitalization or the
need for lung transplantation, there should
be cost savings.”

Dr. Badesch noted that “the up-front
costs of lung transplantation could be
$150,000 to $175,000, and the annual follow-
up costs might be as much as $15,000 to
$20,000 a year or more.”

“And that does not take into account the
cost of all anti-rejection medications,” inter-
jected Dr. McLaughlin.

Dr. Badesch acknowledged that “although
we do not have a great deal of information,
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our general feeling is that effective medical
therapies may actually save money in terms
of hospitalization and need for transplanta-
tion. Anecdotally, we are doing fewer lung
transplants in PAH patients than we were be-
fore these medications became available.”
He continued, “Early on we viewed trans-
plantation as being necessary in many of our
patients. But in the past decade, it has been
realized that medical therapy can significantly
delay transplantation.”

Final Thoughts

In offering his take-away message for this
Medical Crossfire, Dr. Channick summa-
rized the advances that have occurred and
the available opportunities for pulmonolo-
gists. “PAH is no longer a universally fatal
disease. Effective therapy is available, and I
urge pulmonologists and cardiologists to
have a high index of suspicion for PAH,”
adding that “appropriate referral and diag-
nostic work-up are critical first steps.”

Dr. Badesch lauded educational efforts,
which have played an important role in in-
creasing awareness of the disease and
encouraging referral to centers of excellence.
“Most patients should receive care in referral
centers or centers of excellence,” he remarked.

Dr. McLaughlin agreed with the need for
judicious application of drug therapy. “One
point that I would emphasize is that the in-
discriminate use of calcium channel blockers
is ill-advised. The patients who will respond
are few and far between. There are other
options available for patients who do not
respond to acute vasodilators.”

To conclude this Medical Crossfire, Dr.
Oudiz summarized the current medical status
of PAH. “This decade has already seen quite a
bit of advancement in the area of PAH. There
is better awareness, earlier diagnosis, and the
availability of better treatment, and it is only
getting better.” Closing on an optimistic note,
Dr. Oudiz posited that “As time goes on, we
will have access to new therapies that are
going to be safer and more efficacious.” =
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Opportunities and Strategies for Medical Intervention

CME Test

1. Although patients may be asymptomatic or have symptoms suggestive of other cardiopulmonary
disorders, the most common presenting symptoms in patients with PAH is

a. dyspnea on exertion. C. syncope.

b. dyspnea at rest. d. dizziness.

. The index of suspicion for be greater i the ent§ who present with shortness
of breath or unexpl i ran e Yollowangfconditions

. renal disease and anemia of chronic disease

. underlying conmegging, tissug, di HIVgor co italpheart disease

. asthma, aspiriniin anc : @ yps

. history of exp tdjasbest

. Which of thefollgwing is gequited. for the defipitive diagnosis,of PAH2

. Doppler ec r p c. yasodilat@r test

. echocardi y r i sy d. fight heaft cat
The primary purpose of acute vasodilator testing is to

. identify the sma ta nts whe, sh ithy cal el blockers.
. exclude concomitant y se.
. identify patients with aipo is.

. identify patients who will benefit from long-term prostacyclin-based therapy.
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5. Patients with PAH should undergo acute vasodilator testing by a physician experienced in the
management of pulmonary vascular disease with which of the following agents?

a. IV epoprostenol c. inhaled nitric oxide
b. IV adenosine d. All of the above.
6. The appropriate therapy for acute stabilization of a critically ill patient with PAH is
a. epoprostenol. c. treprostinil.
b. bosentan. isenta
7. Sildenafil is a phosphodi sMnEor tG/R s thway?
. prostacyclin pathwa thway

o e

. nitric oxide path d. serotonin pathway

wa
. Which of the foll co @ bes Prosta @ a d tration?
. Treprostinil is ting pro§ta an o be 1 f iX| todine times daily.

. Beraprost is an inhaled therapy that can cause hypotension.

. Infusion-sitefinfe@tiongis aiisk fvigh subcjitan eprosti

. Tloprost is r n stacy€lin a red by i tio 0 @ most prominent
immediat 0 i

. Which of the followinggar ectly matched wi ei is i

. Bosentan: endothelin tive h regept

. Sitaxasentan: dualfend@t eptor a 1

. Ambrisentan: selective'endothelint®feceptor antag

. Beraprost: phosphodiesterase inhibitor
10. Which is the most widely used measure of exercise capacity in PAH clinical trials?
peak oxygen consumption (VO(2))
. six-minute walking distance
end-exercise arterial oxygen saturation measured by pulse oximetry
. treadmill running test
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CME Registration and Evaluation Form

. . . . Self-Assessment Test
In order to obtain AMA/PRA category 1 credit, participants are required to

Circle the best answer for each
1. Read the learning objectives, review the activity, and complete the question on the CME test.
self-assessment test.

1. A B C D
2. Complete the registration and evaluation form and record your 2. A B C D
answers in the box to the right.
Send th A B C D
3. Send the activity regj
UMDN]J~Cent A B C D
Outreach Edu 5 A B C D
via mail: P.O. 6 A B C D
via fax: (973) 7 A B c D
A continuing educatio etter 111 e to w1t s. B C D
Credit for this activit B c D
Program Objectlve Str 10. B C D
Having completed this*a

are you better able to:

Ppitaslear
Identify patients a 1
hypertension and,
approach to dia irst Na MI
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