
transplantation at four U.S. centers (2). Although well-validated
in geriatric patient populations, these instruments had never
before been applied to the lung transplant population, and they
performed in somewhat disparate fashion. The FFP instrument
identified 28% of wait-list candidates as frail compared with 10%
identified by the SPPB. Thus, only one-third of those identified
as frail by the FFP were similarly designated by the SPPB. In
contrast, 80% of those identified by the SBBP were also identified
by the FFP. Lacking a gold standard, it is impossible to say
whether these performance characteristics reflect poor sensitivity
of the SPPB tool or poor specificity of the FFP tool.

After adjustment for multiple potential confounders
including LAS, body mass index, and 6-minute-walk test
distance, a standard deviation unit increase in frailty assessed by
the SPPB tool was associated with a nearly a 2.5-fold increase in
death on the transplant list or delisting. This observation suggests
that the presence of frailty is an important prognostic indicator
that, if confirmed by future studies, should be incorporated into
the calculation of medical urgency for patients awaiting lung
transplantation. The same cannot be said about the FFP
assessment of frailty, which proved not to be an independent risk
factor in the adjusted model.

Although the authors are to be commended for advancing the
science of risk assessment for patients with advanced lung
disease awaiting transplantation, there are two sides to the lung
allocation coin. A system driven exclusively by medical urgency runs
the risk of performing transplants on desperately ill candidates
with a low likelihood of achieving a successful outcome. To
minimize this risk, the LAS allocation system considers not only
predicted survival while awaiting transplant (medical urgency) but
also survival after transplantation (1). This “net transplant benefit”
calculation relies on pretransplant factors that predict 1-year
survival posttransplant and seeks to identify candidates for whom
transplant is statistically likely to extend short-term survival. A key
issue not yet addressed by Singer and colleagues is whether
frailty among candidates awaiting transplantation identifies a
group at high risk for early posttransplant mortality (2). Intuitively,

one would assume this, as frail patients would have marginal
physiologic reserves to handle the stress of major thoracic surgery,
as well as the additional insults of infection, rejection, and drug
toxicities in the posttransplant period. The question is crucial to
decisions about candidate selection and organ allocation. If frailty
is not demonstrated to be associated with poor posttransplant
survival, this would warrant prioritization of candidates with this
feature. In contrast, an association with poor posttransplant
survival would negate any anticipated net transplant benefit and
warrant excluding such patients.

Given current organ shortages, we must remain wise
gatekeepers of a scarce resource. Identifying the sickest patients is
one part of this obligation; allocating organs to the subset most likely
to benefit is the flip side of this very precious coin. n
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Toward Precision Medicine in Pulmonary Arterial Hypertension

Pulmonary arterial hypertension (PAH) remains a progressive
and fatal pulmonary vascular disease despite advances in care during
the last two decades (1–3). Detrimental pulmonary vascular
remodeling, in concert with persistent vasoconstriction and
additional perivascular changes, occurs as a result of a variety of
identified and unidentified local and systemic factors, including
enhanced endothelin-1 expression and levels (4–6). Pharmacologic
antagonism of the endothelin receptor (via endothelin receptor
antagonists [ERAs]) has been an important cornerstone of the
therapeutic options available to combat PAH, with improvements
in survival, time to clinical worsening, hemodynamics, and

functional performance (7). However, unexplained variability
remains with regard to individual clinical response to ERAs and
other PAH-specific therapies (8, 9). In this issue of the Journal,
Benza and colleagues (pp. 1345–1354) advance our understanding
of ERA response via the discovery that certain common genetic
variations in the endothelin pathway may identify subgroups of
patients more or less likely to favorably respond to ERAs (10).
This approach may ultimately provide a step toward the
application of pharmacogenetics to individualize each patient’s
PAH treatment.

A modest proportion of PAH cases are strongly associated with
rare genetic variations (mutations) in a single gene, although
phenotypic expression of disease remains heterogeneous, even in
this more focused genetic circumstance (11). For example, bone
morphogenetic protein receptor type 2 gene (BMPR2) gene
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mutations are present in more than 75% of families with heritable
PAH, as well as approximately 20% of idiopathic PAH cases;
however, among subjects with the same (or different) BMPR2 gene
mutation, there is reduced penetrance as well as clinical PAH
variability, including age of onset (12). This highlights the concept
that even heritable PAH is not a “single gene disease,” as well as
the need to identify additional genetic and nongenetic factors
responsible for phenotypic heterogeneity. In the heritable PAH
setting, it is likely that a confluence of genetic variations, many
common and some rare, interact within the milieu of BMPR2
deficiency to promote PAH pathogenesis.

Multiple common genetic variants may contribute to
phenotypic heterogeneity in the setting of a BMPR2 mutation,
although prospective validation studies are needed. Some variants
shown to contribute to phenotypic variation include expression
of the wild-type BMPR2 allele, TGFb1 gene polymorphisms, and
polymorphisms related to sex hormone levels (13–15). In addition,
genetic polymorphisms associated with the development of
nonfamilial forms of PAH have been identified, using both
discovery and targeted approaches. These include the recent
discovery of a common polymorphism at the CBLN2 locus and
gene polymorphisms related to sex hormone levels, as well as in
the endostatin and serotonin transporter genes (16–20). However,
these, and indeed most genetic variants explored to date, still
await independent or prospective validation, or both.

The identification of common genetic polymorphisms in the
endothelin pathway that correlate with response to therapy by Benza
and colleagues represents a step forward as the field moves to
incorporate metrics relevant to individual variability into clinical
decision making. More such studies are needed in the pulmonary
vascular disease field as we move toward achieving the vision of
precision medicine (21, 22). Clinical trial publications to date
have not closely examined this issue, although supportive data
for precision medicine initiatives may exist within some large
databases and would be excellent to access for post hoc analyses.
In one of the few examples, Gabler and colleagues analyzed pooled
data from six randomized placebo-controlled trials of ERAs to
evaluate the effect of race and sex on drug response. They found
improved clinical response to ERAs with regard to change in
6-minute-walk distance among those identified as white compared
with black race, as well as among females compared with males
(9). Genetic variation could certainly contribute to these
differences. The restriction of the current study to subjects of
European descent removes much of the likelihood that ancestry
influenced the results of this study, but conversely, it is possible
that the findings in the Gabler study of differences in ERA response
according to race are a result of variations in common endothelin
polymorphisms according to race.

Before endothelin-related gene polymorphisms are
incorporated into clinical care, replication is necessary, and ideally,
multiple studies will support their findings. Such studies could occur
using a variety of approaches, including both traditional research
registries of PAH and well-curated electronic medical record
resources with available genome-wide or targeted-genome
genotyping. Regardless, the study by Benza and colleagues is
hopefully just the tip of the iceberg. To achieve the goals of precision
medicine, gene–medicine interaction studies must be performed
using all PAH medicines alone and in combination, and applied
to subjects of all backgrounds. In addition, the incorporation of

additional genomic variations, as well as other factors such as
epigenetic variations and environmental exposures, will ultimately
be necessary.

The last 2 decades have seen a revolution in PAH therapy,
but it is time to migrate beyond a “one-size-fits-all approach” to
PAH care. Just as we now know that heritable PAH is not a simple
“single-gene disease,” we must recognize that clinical outcomes
and responses to therapy in PAH are modified by multiple
factors, including genetic variations, which will be different for
each individual. The lofty goals of precision medicine will take
time to achieve, and will likely require collaborative approaches
across academic and industry-sponsored research programs.
Ironically, it is through large patient-based studies that we will
ultimately achieve the goal of individualized therapy. n
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