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In his 2015 State of the Union Address, President Barack
Obama announced the launching of a ‘‘Precision Medi-
cine Initiative’’. The website hosting the White House
Blog states, ‘‘The President’s 2016 budget includes in-
vestments in an emerging field of medicine that takes into
account individual differences in people’s genes, micro-
biomes, environments, and lifestyles—making possible
more effective, targeted treatments for diseases like can-
cer and diabetes’’ [1]. Subsequent to the address, Drs.
Francis S. Collins and Harold Varmus [2] wrote an
editorial enthusiastically supporting the initiative.

Precision medicine is conceptually identical to the
paradigm of ‘‘personalized medicine’’. This emerging
paradigm is focused on diagnostic testing, and how such
testing can enable customization of medical therapies and
interventions based on the unique molecular and biolo-
gical characteristics of an individual patient. Currently,
most efforts in the personalized medicine arena are fo-
cused on gene variants, and how those variants modify
disease progression and response to treatment. In addi-
tion, the benefits of personalized medicine are often

thought of in the context of oncology. Indeed, the Preci-
sion Medicine Initiative and the editorial by Drs. Collins
and Varmus emphasize how knowledge surrounding gene
variants can be applied to individualize oncologic ther-
apy. While these are unquestionably appropriate areas of
focus for personalized medicine with great potential, there
are many other approaches to personalized medicine and
many other fields of medicine amendable to this evolving
paradigm.

The practice of intensive care medicine is in many
ways ideally suited to a personalized medicine approach.
For the most part, intensive care medicine physicians
manage heterogeneous syndromes, rather than distinct
disease nosologies. ‘‘Sepsis’’ embodies this concept well.
As a syndrome, sepsis is highly heterogeneous at multiple
levels [3]. As a syndrome caused by infection, the type of
pathogen, the pathogen load, and the anatomic site of
infection all contribute to sepsis heterogeneity. Beyond
pathogen-related factors, there is also substantial hetero-
geneity with respect to the host response to infection.
Further adding to this heterogeneity is the influence of
existing comorbidities and developmental age. Finally,
sepsis is characterized by a widely ranging baseline
mortality risk, which becomes critically important for
clinical decision-making and the conduct of clinical trials
[4]. Other syndromes encountered in the intensive care
unit are similarly characterized by multiple levels of
heterogeneity.

Identifying individuals who are more or less responsive
to a given therapeutic intervention is a fundamental tenet
of personalized medicine. This is not foreign to intensive
care medicine. In 2002, Annane and colleagues published
a disruptive article in the field when they reported that
patients with septic shock who did not respond to a cor-
ticotropin stimulation test had a survival advantage when
treated with adjunctive hydrocortisone and fludrocorti-
sone; whereas patients who did respond to the
corticotropin stimulation test derived no benefit from
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adrenal hormone replacement therapy [5]. Although these
findings were not replicated in a subsequent study [6] and
corticotropin stimulation testing has fallen somewhat out
of favor [7], the study by Annane and colleagues was
nonetheless an important foray for intensive care medi-
cine into the world of personalized medicine.

The field has also been active in identifying gene
variants that impact the host inflammatory response, and
may therefore identify the appropriate patients for im-
mune-modulating therapies. For example, over 16 years
ago, Mira and colleagues reported a single nucleotide
polymorphism in the tumor necrosis factor-a promoter
region that was independently associated with increased
risk of mortality in patients with sepsis [8]. More recently,
Meyer and colleagues reported on a coding variant of the
interleukin-1 receptor antagonist (IL1RA) gene that is
associated with increased plasma levels of IL1RA and
decreased mortality in patients with acute respiratory
distress syndrome or septic shock [9, 10]. These findings
are particularly germane given the availability of recom-
binant IL1RA for clinical use [11].

In this issue of Intensive Care Medicine, Knox and
colleagues report on another approach to personalized
medicine in patients with sepsis [12]. Using discovery-
oriented computational methods centered on self-orga-
nizing maps and readily obtainable organ failure data,
Knox and colleagues identified four clusters of patients
with sepsis, defined by distinct combinations and burden
of organ failure. After the clusters were identified, they
found that cluster allocation is independently associated
with outcomes. While one could argue that Knox and
colleagues have identified surrogates for illness severity,
the authors make a compelling case why this is not nec-
essarily the case. In essence, the authors have elegantly

demonstrated that not all sepsis or patterns of organ failure
are the same, and that perhaps advanced computational
methods are needed to dissect these important nuances.

Another way of viewing the work by Knox and col-
leagues is that they have identified ‘‘endotypes’’ of sepsis.
An endotype is a subclass of a disease or syndrome, as
defined by function or biology. In this case, Knox and
colleagues identified sepsis endotypes based on organ
failure patterns. In an analogous manner, another recent
report identified endotypes of pediatric septic shock [13].
Based on a 100-gene expression signature and self-orga-
nizing maps, two broad endotypes of pediatric septic shock
were derived and validated. Allocation to one of the two
endotypes was independently associated with increased
risk of mortality and increased organ failure burden. Im-
portantly, the endotype-defining gene signature is enriched
for genes corresponding to adaptive immunity and the
glucocorticoid receptor signaling pathway, thus opening
the way for identifying patients who may be more or less
responsive to immune-enhancing therapies or adjunctive
corticosteroids. Indeed, in a post hoc analysis the pre-
scription of corticosteroids was associated with four times
the risk of death in one of the two septic shock endotypes.

While the cluster-based endotypes identified by Knox
and colleagues require validation, the study is nonetheless
laudable in that it illustrates the need to pursue the con-
cepts of personalized medicine in the intensive care unit.
The major challenges for the field moving forward are to
not only discover endotypes, but to also develop diag-
nostic tests that meet the time-sensitive demands of
decision-making in the intensive care unit and to op-
erationalize these tests to deliver more rational and
appropriately targeted therapies for our critically ill pa-
tients [14].
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