








Table 3. Novel therapeutic candidates for future
clinical trials.

Soluble cyclic GMP Agonist

Nitric Oxide Synthase Coupler

Tyrosine Kinase Inhibitors

Endothelial Progenitor Cell Transplantation

(Editor’s note: the above agents are covered in
Dr. Langleben’s accompanying article)

Tissue-tropic Endothelial Receptor Antagonist
Prostacyclin Receptor Agonist

Rho A Kinase Inhibitor

Statins

Serotonin Receptor Antagonists

Serotonin Transporter Inhibitors

vival.?® Composite endpoints have greater clinical relevance than
a simple measure of exercise capacity and are often used in other
areas of clinical research, including acute myocardial infarction,
cancer, and sepsis. While a consensus definition of clinical wors-
ening in PAH has not been established, key elements have con-
sistently included death, hospitalization, transplantation, addition
of a prostanoid, or clinical decline defined as a mix of worsening
symptoms/signs, declining objective measure, and a therapeutic
intervention that is typically the addition of PAH-specific therapy.

Morbidity/Mortality Investigations

With these recent trends, a warning bell has been sounded to re-
define treatment goals.3" 32 A working group, assembled as part
of the 4th World Pulmonary Hypertension Symposium (Dana
Point, California, February 2008), endorsed the notion of longer-
term, morbidity/mortality investigations in PAH with greater re-
liance on time to clinical worsening as the primary endpoint in
future investigations.

Morbidity/mortality investigations are already in progress, but
pose unique challenges with respect to subject enrollment and
retention. The first morbidity/mortality trial in PAH is the COM-
PASS-2 investigation, which is still enrolling subjects already tak-
ing sildenafil for 12 weeks and adding either bosentan or placebo
[www.clinicaltrials.gov]. Its objective is to determine whether pa-
tients on the combination of sildenafil and bosentan will experi-
ence a delay in time to first adjudicated morbidity/mortality event,
as compared to patients on sildenafil (and placebo). A formidable
challenge with this type of event-driven, morbidity/mortality trial
is the duration of blinded investigation, especially when the back-
ground clinical event rate is lower than anticipated. COMPASS-
2 has been open since early 2006 and is not anticipated to finish
until 2011. Such a lengthy trial underscores the difficulty of con-
ducting a large-scale clinical trial on a landscape of evolving ther-
apeutic options. Another similarly designed morbidity/mortality
trial (SERPAHIN), launched in 2008, is investigating the clinical
efficacy of a new endothelin receptor antagonist with unique bio-
chemical properties; recruitment is going well in several countries
[www.clinicaltrials.gov]. Even though morbidity/mortality trials are
challenging to design and grueling to complete, they provide a
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higher level of rigor in evaluating new treatment strategies and
should be encouraged, especially for combination therapy studies.

As the next generation of pharmacologic agents reaches clin-
ical investigation, the recommendations of the 4th World Pul-
monary Hypertension Symposium for longer-term investigations
with (primary) morbidity/mortality endpoints should be adopted.
A partial list of investigational agents is listed in Table 3. Some
of these agents modulate new pathways and may affect cellular
proliferation, a key aspect of the vasculopathy that is the hallmark
of the disease. To provide the best opportunity for these new
agents to have meaningful impact above-and-beyond current ther-
apies, combination therapy trials must be large enough to have ad-
equate power, lengthy enough to allow for the required number of
events to occur, and utilize meaningful clinical endpoints of study.

Conclusion

Relying heavily upon the 6MW test, investigations in PAH have
brought numerous therapies to clinical practice. By themselves,
these therapies lead to well defined short-term benefits, but most
are still inadequate in terms of longer-term disease control. To
meet this more challenging need, new therapeutic agents and
treatment strategies will be forthcoming to judge these new in-
terventions fairly and to apply them appropriately to the current
therapeutic landscape, clinical investigation in PAH will also need
to evolve beyond the present mode.
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