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Sepsis is a complex syndrome re-
sulting from the innate host re-
sponse to invasive infection.
Sepsis is considered to be severe

when accompanied by clinically important
derangements in physiologic organ system
function. When this process jeopardizes tis-
sue perfusion, septic shock is said to be
present (1, 2). Severe sepsis and septic
shock are common indications for admis-

sion to an intensive care unit and the lead-
ing cause of morbidity and mortality for
critically ill patients (3, 4).

The widely used clinical definitions for
sepsis belie the fact that the process is
highly heterogeneous in its underlying
causes and expression, and that the clin-
ical management and the prognosis for
recovery are equally variable. Patients
with sepsis typically differ with respect to
the inciting organism and focus on infec-
tion, and also vary with respect to opti-
mal approaches to antibiotic selection
and surgical source control. A definite
microbiological diagnosis cannot be
made in one third or more of patients
with clinical manifestations of sepsis (5,
6). Furthermore, even when patients with
similar bacteriologic or anatomical pre-
sentations of infection are considered,
patterns of morbidity and the ultimate
prognosis for recovery vary from one pa-
tient to the other and from one geo-
graphic region to the next (6).

Sepsis arises through the activation of
an innate immune response, with changes
in the expression and activity of thousands
of endogenous mediators of inflammation,
coagulation, and intermediary metabolism
(7). Discrete components of this response,
therefore, are attractive experimental tar-
gets of therapy (8). Yet, unresolved hetero-
geneity—in both the biology of illness and
the clinical strategies used to support septic

patients—has hampered the development
and evaluation of therapies for sepsis. The
syndromes of sepsis, severe sepsis, and sep-
tic shock are defined by nonspecific alter-
ations in physiology, rather than by specific
cellular processes that represent potential
therapeutic targets. Sepsis, as currently de-
fined, comprises a concept (that morbidity
arises from the host response to infection)
that is imperfectly translated into a clinical
syndrome by the use of consensus-derived,
and nonspecific clinical and laboratory
variables (1, 2, 9). However, we currently
lack the capacity to delineate distinct pop-
ulations of patients with a discrete dis-
ease—a key prerequisite to enable the de-
velopment of specific biologically rational
therapies (10).

More than 100 distinct molecules have
been proposed as useful biological markers
of sepsis (11). It is not known which of
these provides truly useful information nor
even how such utility is best established.
The convergence of a conviction that iden-
tifying useful biomarkers of sepsis would
represent an important advance in sepsis
research, with the recognition that no ex-
plicit approaches exist to accomplish this
objective, prompted the International Sep-
sis Forum to convene the International
Sepsis Forum Colloquium on Biomarkers
of Sepsis in Toronto, Canada, October 28–
30, 2005. Here, we reviewed emerging con-
cepts in biomarker development and vali-
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Background: A complex network of biological mediators un-
derlies the clinical syndrome of sepsis. The nonspecific physio-
logic criteria of sepsis syndrome or the systemic inflammatory
response syndrome do not adequately identify patients who might
benefit from either conventional anti-infective therapies or from
novel therapies that target specific mediators of sepsis. Validated
biomarkers of sepsis may improve diagnosis and therapeutic
decision making for these high-risk patients.

Objectives: To develop a methodologic framework for the
identification and validation of biomarkers of sepsis.

Methods: A small group meeting of experts in clinical epide-
miology, biomarker development, and sepsis clinical trials; selec-
tive narrative review of the biomarker literature.

Results: The utility of a biomarker is a function of the degree
to which it adds value to the available clinical information in the

domains of screening, diagnosis, risk stratification, and monitor-
ing of the response to therapy. We identified needs for greater
standardization of biomarker methodologies, greater method-
ologic rigor in biomarker studies, wider integration of biomarkers
into clinical studies (in particular, early phase studies), and in-
creased collaboration among investigators, pharmaceutical in-
dustry, biomarker industry, and regulatory agencies.

Conclusions: Biomarkers promise to transform sepsis from a
physiologic syndrome to a group of distinct biochemical disor-
ders. This transformation could aid therapeutic decision making,
and hence improve the prognosis for patients with sepsis, but will
require an unprecedented degree of systematic investigation and
collaboration. (Crit Care Med 2009; 37:2290–2298)
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dation, and integrated these with
recommendations of the colloquium for fu-
ture research priorities.

A biomarker is “. . . a characteristic
that is objectively measured and evalu-
ated as an indicator of normal biological
processes, pathogenic processes, or phar-
macologic responses to a therapeutic in-
tervention” (12), or more simply, as a
“quantifiable measurement(s) of biologi-
cal homeostasis that defines(s) what is
‘normal,’ therefore providing a frame of
reference for predicting or detecting what
is ‘abnormal’” (13). The utility of a bi-
omarker lies in its capacity to provide
timely information beyond that which is
readily available from routine physiologic
data and clinical examination. This addi-
tional information may provide insight
into the pathogenesis or prognosis of a
disease process and also aid in a thera-
peutic decision; further, it may facilitate
titrating therapy or monitoring the re-
sponse to intervention (Table 1).

The performance of a marker can be
evaluated by its sensitivity (its ability to
detect a disease in patients in whom the
disease is truly present) and its specificity
(its ability to rule out a disease in patients
in whom it is truly absent) (Fig. 1). Ide-

ally, these properties should be estab-
lished in a laboratory model of the disease
of interest to ensure that the test per-
forms reliably and accurately under opti-
mally controlled and reproducible cir-
cumstances. However, this is rarely
possible, and we typically use a test in an
ambiguous clinical setting where the di-
agnosis is uncertain. Furthermore, our
interest lies in knowing how likely it is
that if a test result indicates that the
disorder is absent, the disorder is truly
absent, and if the test result indicates
that the disorder is present, the disorder
is truly present. This information is em-
bodied in test properties called the nega-
tive and positive predictive values, re-
spectively (Fig. 1).

The discriminatory value of a diagnos-
tic test is reflected in the ratio of the
measured positives in patients in whom
the disease is truly present (sensitivity),
to the measured positives in patients in
whom the disease is truly absent (1-
specificity). This ratio is known as the
likelihood ratio. A likelihood ratio of 1
indicates that the test performs no better
than random chance; the utility of the
test increases as the likelihood ratio be-
comes greater or less than 1, reflecting

positive or negative likelihood ratios, re-
spectively. Likelihood ratios have a dis-
tinct advantage over metrics, such as sen-
sitivity, specificity, positive predictive
value, and negative predictive value, be-
cause they can be calculated for multiple
levels of the test. Furthermore, likelihood
ratios at differing values of the test can be
plotted graphically to produce a receiver
operating characteristics curve: superior
performance is reflected in a higher value
for the area under the receiver operating
characteristics curve.

Uses of Biomarkers

A biomarker may serve one or more of
five overlapping roles (Table 1). It may
identify a patient with an increased prob-
ability of having a disease or an adverse
outcome, and also serve as a screening
test, detecting risk before the develop-
ment of a clinical disease, or identifying a
patient who might warrant evaluation by
a more definitive, but expensive or inva-
sive diagnostic test. For example, the
presence of occult blood in the stool sug-
gests the possibility of colorectal cancer
and identifies a subpopulation of patients
who are more likely to benefit from
colonoscopy (14), whereas in a popula-
tion of critically ill patients, an elevated
white blood cell count might trigger a
more intensive investigation to identify a
focus on infection.

Second, a biomarker may identify the
presence of a pathologic state or process
and also establish a diagnosis. Added
value arises from the capacity of the
marker to establish (or rule out) the di-
agnosis more reliably, more rapidly, or
more inexpensively than other available
measures.

Third, a biomarker may aid in risk
stratification—the parsing of an hetero-
geneous population of patients with a dis-
ease into a more homogeneous one, in
whom the potential for benefit with a
given therapeutic intervention is greater.
For women with breast cancer, for exam-
ple, estrogen receptor positivity defines a
population of patients who might benefit
from hormonal manipulation, whereas
the presence of the human epithelial
growth factor receptor 2 biomarker iden-
tifies a subpopulation of patients who
might benefit from herceptin (15). Risk
stratification implies differential progno-
sis, the identification of patients who are
not only more likely to have either a
favorable or an unfavorable outcome but
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Figure 1. Determination of the sensitivity, specificity, positive predictive value, and negative predictive
value of a diagnostic test. The positive likelihood ratio is calculated as the sensitivity/1-specificity, and
the negative likelihood ratio as 1-sensitvity/specificity. Positive likelihood ratios over the range of
values of the diagnostic test is represented by the receiver operating characteristics curve, the area
under the curve being a reflection of the accuracy of the test across a range of values.

Table 1. Uses of biomarkers

Screening
To identify patients at increased risk of adverse outcome to inform a prophylactic intervention,

or further diagnostic test
Diagnosis

To establish a diagnosis to inform a treatment decision, and to do so more reliably, more
rapidly, or more inexpensively than available methods

Risk stratification
To identify subgroups of patients within a particular diagnostic group who may experience

greater benefit or harm with therapeutic intervention
Monitoring

To measure response to intervention to permit the titration of dose or duration of treatment
Surrogate end point

To provide a more sensitive measure of the consequences of treatment that can substitute for a
direct measure of a patient-centered outcome
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also who are more or less likely to re-
spond to a particular therapy.

Fourth, a biomarker whose levels
change dynamically as the patient re-
sponds (or fails to respond) to treatment
provides the clinician with information to
monitor the response to intervention and
also to titrate or modify the therapeutic
intervention. In the intensive care set-
ting, glucose levels provide information
that allows the clinician to titrate insulin
therapy, whereas the activated partial
thromboplastin time guides the optimal
dosing of heparin.

Finally, if changes in the level of the
biomarker can be shown to correlate con-
sistently with clinically important patient
outcomes, then the marker may find a
role as a surrogate outcome measure for
preventive or therapeutic interventions,
particularly during an early phase clinical
research (16). Surrogate end points are
outcomes that substitute for direct mea-
sures of how a patient feels, functions, or
survives (17). Surrogate end points in-
clude physiologic or laboratory variables
(for example, blood pressure as a surro-
gate end point for stroke) or measures of
subclinical disease (e.g., degree of athero-
sclerosis on coronary angiography as a
surrogate end point for the risk of myo-
cardial infarction or cardiac death). The
substitution of a biomarker as a surrogate
end point for patient-important out-
comes is attractive when the biomarker
can be measured earlier, more easily,
more frequently, with higher precision or
with less confounding by competing risks
or other therapies. To be valid for this pur-
pose, the biomarker must not only corre-
late with the patient-important outcome
but also must capture, to the greatest pos-
sible extent, the net effect of the interven-
tion on the patient-important outcome
(18). We will come back to this issue later.

Approaches to the Identification
of Biomarkers

Potential biomarkers are identified by
several approaches. First, a marker may be
selected on the basis of a biologically com-
pelling association with a disease state or a
candidate therapeutic intervention. In pa-
tients with sepsis, for example, circulating
endotoxin might be a marker of a patient
with Gram-negative infection and would be
anticipated to identify a patient who might
benefit from treatment with an agent that
neutralizes endotoxin. Conversely, circulat-
ing tumor necrosis factor (TNF), or a
downstream molecule such as interleu-
kin-6 whose release is induced by TNF, is
an intuitively attractive marker of a patient
who might benefit from a therapy that neu-
tralizes TNF.

A biomarker may also be identified
serendipitously on the basis of an appar-
ent association with a disease in the ab-
sence of a biologically plausible link. Pro-
calcitonin (PCT) levels, for example, were
observed to be increased in patients with
infection and to drop in response to ade-
quate antibiotic therapy (19).

Finally, biomarkers may be identified
by using unbiased approaches in which
large numbers of molecular species are
assayed using microarray or proteomic
approaches to identify those species that
are differentially expressed in the popula-
tion of interest. The advent of techniques
to simultaneously detect changes in
many thousands of molecular species—
messenger RNA transcripts using mi-
croarrays (20) or peptides in biological
samples using mass spectrometry ap-
proaches (21)—has opened the possibil-
ity of genome-wide screening for candi-
date biomarkers. At the same time, the
sheer volume of information generated
creates enormous challenges in bioinfor-
matics. The challenge is compounded by
the fact that leukocyte transcriptomics
and plasma proteomics in systemic in-
flammatory response syndrome yield dis-
cordant results if the circulating cell pool
is not the source of the proteomic re-
sponse (22). The selection of appropriate
controls is crucial to ensure that changes
detected are the consequence of the pro-
cess of interest, and not, for example, of
an unrelated clinical intervention such as
transfusion.

Biomarker Validation

The validation of a biomarker requires
consideration of three discrete domains
of the biomarker’s performance:

● Demonstration that the assay truly
measures a particular molecular spe-
cies, or its relevant biological activity

● Demonstration that measurement of
the biomarker discriminates patients
with a disease from those who are free
from the disease, and/or stratifies pa-
tients having a disease on the basis of
their risk of adverse outcome

● Demonstration that measurement of
the biomarker can inform a clinical
decision that leads to improved patient
outcomes

What Does the Assay Measure?

Conclusions from cohort studies of bi-
omarker levels are often discordant, re-
flecting the multiple sources of variability
that may arise through subtle differences
in assay methodology, reagents, and site
of sampling, and the confounding effects
of carrier proteins and circulating inhib-
itors (Table 2).

For example, endotoxin from Gram-
negative bacteria is commonly present in
the circulation of patients with both in-
fectious and noninfectious acute illnesses
(23, 24). The classic assay for endotoxin
has been the Limulus amebocyte lysate
assay, a bioassay based on the capacity of
endotoxin to induce coagulation of a ly-
sate from the hemolymph of the horse-
shoe crab, Limulus polyphemus (25). The
reaction is not specific to endotoxin, but
can also be activated by other microbial
products, particularly components of
fungal cell walls (26). Conversely, endog-
enous plasma proteins inhibit the reac-
tion, reducing the reliability of the assay
in protein-containing biological fluids
(27). Furthermore, endotoxin in vivo is
transported bound to a specific carrier
protein, and its activity inhibited by other
endogenous proteins, thus even when en-
dotoxin is detected, it may not be biolog-
ically active. A bioassay based on the
priming of neutrophil respiratory burst
activity by complexes of endotoxin and
antiendotoxin antibody has recently been
reported (24); its utility and limitations
still have to be established.

Comparable challenges arise in the as-
say of host-derived mediators such as
TNF. Circulating TNF can be detected by
assay of immunoreactive protein (by en-
zyme-linked immunosorbent assay or us-
ing multiplex bead array technology [28])
or assay of circulating bioactivity (the
L929 or Walter and Eliza Hall Institute
cell cytotoxicity assays). Quantitative data
obtained from immunoassays typically

Table 2. Sources of variability in the measure-
ment of cytokines in sepsis

Assay methodology
Bioassay
Immunoassay: enzyme-linked immunosorbent

assay, bead, radioimmunoassay
Reference standards
Site of sampling

Cellular: membrane, cytoplasmic, nuclear
Regional (e.g., bronchoalveolar lavage fluid)
Systemic (blood): whole blood, plasma,

leukocytes, leukocyte subsets
Requirement for activation

E.g., protein C, transforming growth factor �
Presence of soluble receptors, circulating

inhibitors, and carrier proteins
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vary with the supplier of the assay and the
nature of the antibody and reference
standards used (29, 30). Furthermore,
the association of immunoreactive pro-
tein with biological activity is inconsis-
tent. In a phase III trial of a monoclonal
antibody to TNF (31), treated patients
were found to have increased circulating
levels of the therapeutic antibody and re-
duced levels of immunoreactive TNF;
however, the levels of TNF bioactivity
were comparable in the two populations
(Fig. 2). It is further uncertain whether
the biologically active TNF is that found
in the circulation, or that which remains
expressed on the cell surface (32), how
TNF bioactivity might be modified
through the concomitant shedding of cell
surface receptors (33), and whether levels
in the circulation are relevant to disease
processes that are effected in the micro-
environment of specific tissues.

Biomarker Prevalence in an At-
Risk Population

In patients with sepsis, evaluation of a
biomarker hinges on appropriate consid-
eration of two issues:

1. What is the disease, and what is the
gold standard diagnostic criterion

against which the marker will be
tested?

2. What is the appropriate control group
in which the disease is considered to
be absent?

Both pose daunting challenges.
The evaluation of a novel diagnostic

marker requires its comparison with an
existing measure, colloquially known as the
gold standard. This might be a test that
definitively establishes the presence of a
disease—malignant cells in a histologic
specimen from a lymph node establishing
the presence of metastases or viable micro-
organisms in a lung biopsy establishing the
diagnosis of pneumonia. More often, how-
ever, the diagnostic gold standard is one
that has established its authority by use
over time—for example, S-T elevation on
an electrocardiogram as the standard for
acute myocardial infarction, or quantitative
cultures of the urine as the standard for a
urinary tract infection. However, there is
no comparable standard for the diagnosis of
sepsis. First, sepsis is a concept—that of
disease arising from the host response to
infection—rather than a measurable
pathologic process. Second, that concept is
a complex one that hinges on documenta-
tion of both infection and a response. Third,

that response is nonspecific, defined by
consensus criteria that emphasize physio-
logic changes in vital parameters that are
common to a number of disparate pro-
cesses.

In the absence of an objective patho-
logic gold standard, the definition of sep-
sis depends not on arbitrary clinical cri-
teria but on the specific decision that is to
be made. If the decision is to initiate
antibiotic therapy, the definition, and
therefore the diagnostic criteria, must re-
flect the presence or absence of infection,
and the identity of the infecting microor-
ganism. If the decision is to use activated
protein C, the question of interest is the
presence or absence of deficient protein C
activity, or the potential to respond to
supplementation. The gold standard
against which a biomarker of sepsis is
evaluated must be defined with reference
to the clinical decision that the marker
will inform, and will also vary with the
biomarker.

The ideal control group is one that is
similar in all readily measurable charac-
teristics to the population that the bi-
omarker defines, but whose outcome
without intervention differs from that of
the population in which the biomarker is
present (34). In other words, the popula-
tions should reflect true diagnostic un-
certainty. The apparent utility of a bi-
omarker or diagnostic test can be
overestimated if the control group is sys-
tematically different from the population
in whom the marker is studied (for ex-
ample, if the controls are healthy labora-
tory volunteers), a form of bias termed
spectrum bias (35).

Impact of Biomarker-Directed
Decision Making on Clinical
Outcomes

The most compelling validation of the
biomarker performance is demonstration
that the biomarker differentially identi-
fies patients who experience benefit from
a particular intervention. For example,
demonstration of microsatellite stability
in colonic cancers identifies a subgroup
of patients who will benefit from treat-
ment with 5-fluorouracil (36), whereas
expression of the human epithelial
growth factor receptor 2 on breast can-
cer cells identifies a population of pa-
tients whose survival can be prolonged
by the administration of herceptin (15).

Although documentation that a biomar-
ker can effectively stratify patients who are
candidates for therapy provides convincing

Figure 2. Cytokine data from a multicenter study of a monoclonal antibody to tumor necrosis factor
(TNF) in patients with septic shock (31). Although the antibody reduced levels of immunoreactive TNF
(A), it did not reduce the levels of bioactive TNF (B), and failed to impact levels of the downstream
cytokine, interleukin (IL)-6 (C). Thus, the absence of a mortality benefit may reflect the use of a
biologically inactive therapy. ELISA, enzyme-linked immunosorbent assay.
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evidence of clinical utility, it does require
the performance of adequately powered
studies to document benefit when the pos-
itive predictive value of the marker is being
tested, or equivalence or noninferiority,
when it is the negative predictive value that
is the parameter of interest. Several trial
designs are possible (37). An interventional
study can be performed in which patients
receiving one or other of two therapies are
stratified on the basis of the marker of in-
terest and differential efficacy in the two
strata compared. This approach was
used in a recently published study of an
antibody to TNF in which patients were
stratified by baseline interleukin-6 lev-
els of more or less than 1000 pg/mL
(38) (Fig. 3). Alternatively, patients may
be randomized to have therapy directed
by the marker, or provided without
knowledge of the marker, and the dif-
ferential consequences assessed. This
latter design was used in a randomized
trial assessing the utility of PCT levels
in informing therapy in patients pre-
senting to an emergency department
with acute respiratory symptoms (39),
and in a study of the use of PCT levels
to direct the duration of antibiotic ther-
apy for patients with community-
acquired pneumonia (40).

Biomarkers as Surrogate
Outcome Measures

A surrogate outcome measure is an
“end point measured in lieu of some

other so-called true end point” (41)—one
that, while not itself a measure of a pa-
tient-centered outcome, reliably and con-
sistently predicts a clinical outcome. Sur-
rogate outcome measures are commonly
used in clinical trials evaluating new
therapies for infectious diseases, for ex-
ample, clinical response rates in studies
of antibiotic therapy for intra-abdominal
infection (42), or viral load in studies of
treatments for human immunodeficiency
virus (43). Surrogate outcomes have gen-
erally been dismissed as appropriate out-
comes for sepsis trials (44), for the criti-
cal care literature is replete with studies
of interventions that have improved a
physiologic or biochemical end point, but
actually worsened survival (45–48). Con-
versely, wider use of surrogate measures
could prove invaluable during an early
phase clinical research in establishing
proof of principle, in refining study entry
criteria, and in establishing optimal dose
and duration of therapy.

A valid surrogate measure must satisfy
three criteria: it must predict disease pro-
gression, be affected by therapy, and re-
spond to the same biological processes
that are thought to mediate the clinically
important outcome (18).

The optimal use of biomarkers as sur-
rogates in informing the design of defin-
itive clinical trials presupposes a valid
and extensive understanding of the natu-
ral history of the biomarker in the popu-
lation of interest, and how its levels are
modified by therapeutic intervention.
These data can then be integrated using
meta-analytic techniques (49) to evaluate
the capacity of a biomarker to predict a
clinically important outcome. A method-
ology for evaluating the level of evidence
that a given biomarker might serve as a
reliable surrogate outcome measure has
recently been proposed (50), but its util-
ity in the assessment of biomarkers for
diseases such as sepsis where mortality is
considerable is unknown.

Biomarkers in Sepsis Research
and Clinical Management

Although biomarkers of sepsis are not
widely used in research or clinical prac-
tice, it is possible to evaluate the utility of
approaches that are currently available.
We will consider these within the frame-
work of the nascent PIRO model—a
model that seeks to stratify patients with
sepsis in the four domains of predisposi-
tion, insult, response, and organ dysfunc-
tion (2).

Is the Patient at Increased Risk
of Adverse Outcome?

Polymorphisms in innate immunity
genes are common and result in signifi-
cant interindividual variability in re-
sponse to a given insult (51). Indeed, the
risk of dying from an infectious disease is
much more dependent on genetic than
on environmental factors (52). Single nu-
cleotide polymorphisms can be readily
detected using polymerase chain reac-
tion-based approaches (53), although
such techniques are not currently opti-
mized for rapid diagnosis. Single nucleo-
tide polymorphism analyses are likely to
be of greatest importance when an inter-
vention targets a single key mediator. It
has become apparent, for example, that
the presence of a G-�A polymorphism at
�308 in the promoter region of the
TNF� gene is associated with differential
responsiveness to anti-TNF therapy in
rheumatoid arthritis (54), although not
in inflammatory bowel disease (55).

Current studies of genetic markers in
sepsis extend beyond individual candidate
gene variations and include genome-wide
approaches, which promise insights into
genes and their variations not commonly
studied in sepsis. New techniques, such
as genomic microarray assays, enable de-
tection of hundreds of thousands of sin-
gle nucleotide polymorphisms in a single
patient, and also mostly reflect an indi-
vidual’s genomic uniqueness.

Is the Patient Infected?

Knowledge that a clinical syndrome of
systemic inflammation is likely a conse-
quence of invasive bacterial or fungal in-
fection prompts the clinician to initiate
appropriate empirical antibiotic therapy
and to look for a locus of infection ame-
nable to source control measures. Con-
versely, confidence that infection is un-
likely to be present permits the clinician
to withhold or discontinue antibiotics.
The consequences are not only a reduc-
tion in costs but also minimization of the
adverse consequences of therapy, includ-
ing superinfection with organisms such
as Clostridium difficile (56).

The commonly used laboratory pa-
rameter of leukocytosis has a very low
sensitivity and specificity for the diagno-
sis of infection, with a likelihood ratio of
1.5; band counts have a similarly low
diagnostic accuracy (57, 58). C-reactive
protein levels provide greater diagnostic
information than temperature elevation

Figure 3. A large multicenter study randomized
patients with severe sepsis to treatment with an
antibody to tumor necrosis factor (TNF) or placebo,
stratifying patients on the basis of baseline levels of
interleukin (IL)-6 (38). Although the impact on
mortality was statistically significant in an adjusted
analysis of IL-6–positive patients, the incremental
benefit over IL-6–negative patients was minimal.
The selected cutoff of 1000 pg/mL may have been
too low: analysis of the treatment effect over a range
of IL-6 values revealed a greater separation of the
mortality curves of placebo and anti-TNF–treated
patients at higher levels of IL-6. MAb, monoclonal
antibody.
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in the diagnosis of infection in critically
ill patients (59). However, systematic re-
views suggest that PCT is superior to
C-reactive protein, as evidenced by
greater sensitivity, a higher positive like-
lihood ratio, and a greater area under the
receiver operating characteristics curve
(60, 61). Bronchoalveolar lavage levels of
soluble triggering receptor expressed on
myeloid cells-1 have been reported to be
particularly accurate in the diagnosis of
pneumonia, with a likelihood ratio of
10.4 (62); however, this marker has not
been evaluated as extensively as PCT or
C-reactive protein and requires the per-
formance of an invasive procedure. The
absence of elevated levels of circulating
endotoxin appears to rule out a diagnosis
of invasive Gram-negative infection (24).

What is the Microorganism?

The identification of an infecting mi-
croorganism using conventional microbi-
ological techniques is inherently slow.
Gram’s stain can provide general infor-
mation on the presence of a microorgan-
ism; however, growth on culture media
and subsequent identification by labora-
tory techniques are needed to define the
species of the organism and exposure to
antibiotic-impregnated discs to deter-
mine antibiotic sensitivity. As a conse-
quence, a definitive microbiological diag-
nosis may not be available until several
days after the onset of the septic episode.

Rapid assays based on spectroscopy or
polymerase chain reaction are under de-
velopment and hold the promise of being
able to detect multiple bacterial species,
and to provide precise information on the
presence of particular strains (63, 64).
They are available for clinical use in Eu-
rope; although they are sensitive to low
levels of bacterial DNA, their correlation
with clinically significant infection is un-
certain, and they suffer from an inability
to differentiate viable from nonviable or-
ganisms.

Will This Patient Benefit from
Specific Adjunctive Therapy?

Rapid diagnosis of the presence of el-
evated levels of a specific target of an
adjuvant treatment—TNF or endotoxin,
for example—or of reduced levels of a
critical factor for replacement therapy—
protein C, antithrombin, or interferon
gamma, for example—is a prerequisite
for the rational use of expensive and po-
tentially toxic therapies (65).

Initial hopes that circulating interleu-
kin-6 might identify patients who would
benefit from treatments directed against
TNF have proven disappointing (38), al-
though it is possible that a higher cutoff
for the diagnostic test would provide
greater diagnostic accuracy (Fig. 3). The
hypothesis that a state of relative adrenal
insufficiency—identified on the basis of
response to an adrenocorticotropic hor-

mone stimulation test—defines a high-
risk population who will benefit from
treatment with exogenous corticosteroids
(66) has been challenged by a recently
published European study (67). Although
there is evidence that patients with bio-
chemical evidence of disseminated intra-
vascular coagulation experience greater
therapeutic benefit from activated pro-
tein C than patients who do not have
disseminated intravascular coagulation
(68), a reliable and validated biomarker to
guide the use of this agent is not cur-
rently available. Reduced expression of
the major histocompatibility marker, hu-
man leukocyte antigen, D-related, has
been proposed as a biomarker for patients
who might benefit from treatment with
recombinant interferon gamma (69);
however, further study is needed.

Given the enormous complexity and
redundancy of the innate immune re-
sponse, it is entirely plausible that the
optimal use of biomarkers will require
their integration into panels involving a
number of analytes (70). Yet, even this
approach poses substantial challenges.
Wang et al (71) found that a panel of ten
biomarkers of cardiac risk provided sig-
nificant prognostic information for the
population, but when applied to individ-
ual patients to evaluate capacity to pre-
dict risk beyond that available by conven-
tional methods, the incremental benefit
was small. A strong association between
one or more biomarkers and population
outcome will only translate into a useful
diagnostic test if the distributions of the
marker in affected and unaffected pa-
tients overlap only minimally (72).

Conclusions and
Recommendations

Although there is widespread enthusi-
asm for a future role for the widespread
use of biomarkers to inform the optimal
management of the patient with sepsis,
the field at present is underdeveloped.
This underdevelopment provides the ba-
sis for the recommendations of this col-
loquium, summarized in Table 3.

First, there is substantial variability in
the performance characteristics of avail-
able assays, in the types of assays used,
and in the reference standards used to
validate the assays. This has led to diver-
gent study findings and to often discor-
dant conclusions regarding the implica-
tions of changes in the expression of the
biomarker of interest. We identified a
need for a greater standardization of as-

Table 3. Summary recommendations

We recommend that steps be taken to standardize assays for the measurement of biomarkers of
sepsis, and to identify and understand the sources of differences among techniques, for example,
bioassays vs. immunoassays, cell-bound vs. free protein, target biomarkers vs. levels of
circulating inhibitors, and the confounding effects of inhibitors and carrier proteins. Similarly,
the performance of microarray analyses must be standardized with respect to platforms,
composition of arrays, and methods of data analysis

We recommend that studies of biomarkers of sepsis be performed using rigorous methodologic
approaches to characterize the added value provided by the maker. Such approaches can include
inception cohort studies, case–control studies, or randomized clinical trials, analyzed using
multivariable techniques to define the independent diagnostic or prognostic value of the marker

We recommend wider use of validated biomarkers to assist in the decision-making process in
guiding the transition from early phase clinical research to definitive trials with clinically
important end points

We urge that clinical trials be used as platforms to identify and validate potentially useful
biomarkers of sepsis—both to evaluate drug efficacy and to generate knowledge on variability in
populations and changes with the evolution of disease

Notwithstanding the insights that can be gained from intensive evaluation within clinical trials and
pooling of data across studies, we perceive a clear need for one or more large, intensive,
comprehensive international study to define the biochemical natural history of sepsis, and to
determine the association of biomarkers with disease progression, prognosis, and response to
treatment

We urge increased collaboration between companies involved in diagnostics, and those involved in
therapeutics, as well as greater collaboration among industry, clinical investigators, and
regulatory agencies to advance our understanding of biomarkers in sepsis
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say methodologies and for systematic
comparisons of differing assay systems to
more precisely understand their differ-
ences. We further recommend that pub-
lished reports of biomarkers provide de-
tailed information about the assay
platform used, its performance character-
istics, and the methods used for calibra-
tion.

We urge that investigators engaged in
the study of novel biomarkers of sepsis
use methodologically rigorous research
designs and avail themselves of the rap-
idly increasing body of literature on the
optimal conduct of studies of novel bi-
omarkers. Cohort designs should report
more than a simple association between a
marker and an adverse outcome, such as
death, and should seek to define the ad-
ditional information that measurement
of the biomarker provides. For diagnostic
markers, an explicit, rigorous, and
blinded process of adjudication of the
clinical state that the marker is believed
to diagnose (for example, ventilator-
associated pneumonia or progression to
septic shock) should be used and re-
ported. We also recommend interven-
tional study designs can be put to more
use to assess, either indirectly or directly,
the impact of the marker on clinical out-
come (37). Finally, we recommend that
authors of studies of biomarkers for sep-
sis adhere to emerging guidelines for the
reporting of diagnostic studies, as articu-
lated by the Standards of Reporting of
Diagnostic Accuracy initiative (73).

We perceive an important missed op-
portunity in the use of biomarkers to
inform the development of an early stage
clinical research of therapies for sepsis
and encourage the wider use of biomar-
kers as a mechanism for post hoc strati-
fication to detect differential therapeutic
efficacy in discrete, and biologically plau-
sible subgroups of patients, and as surro-
gate outcome measures to detect proof of
concept and characterize the biochemical
consequences of intervention. Surrogate
outcome measures can be of critical im-
portance in an early phase clinical re-
search in defining optimal patient popu-
lations to receive an intervention and in
titrating the optimal dose and duration of
treatment.

We urge those involved in large-scale
randomized trials of treatments for sepsis
to incorporate the measurement of a
panel of biomarkers into the trial design,
both to aid in future decisions regarding
the use of the agent in the clinical arena,
and to enhance our understanding of the

natural history of sepsis, and the effects
of specific interventions on its biological
evolution.

Although valuable insights into the di-
agnostic and prognostic role of specific
biomarkers can be gained from small co-
hort studies and interventional studies,
the future evolution of critical care prac-
tice would benefit greatly from an en-
hanced understanding of natural history,
and the development of disease descrip-
tions based on distinct patterns of bio-
chemical derangement, rather than on
the nonspecific physiologic consequences
of these events. We see the need for a
comprehensive biological natural history
study on the course of critical illness,
designed to characterize the biochemical
evolution, to facilitate therapeutic strati-
fication and staging, and to understand
the interaction of the changes of acute
illness with therapeutic interventions.
Such a study would proceed through the
analysis of a large, heterogeneous cohort
of patients, recruited on the criteria of
being acutely ill (rather than the more
restrictive criteria of systemic inflamma-
tory response syndrome or acute respira-
tory distress syndrome, for example) and
could evaluate the extent to which bio-
logical patterns of illness correlate with
clinical manifestations and further facili-
tate the development of a robust staging
system such as that proposed in the PIRO
model.

Finally, it is clear that progress in sep-
sis research will require much greater
collaboration among international
groups of investigators, and between aca-
demia, industry, and regulatory agencies.
We see the need for investigator-driven
initiatives to define a research agenda,
and to coordinate efforts to identify, val-
idate, and implement clinically useful bi-
omarkers for the management of septic
patients. We urge greater collaboration
between therapeutics and diagnostic
companies in evaluating the diagnostic
roles of specific biomarkers, and evaluat-
ing their response to therapeutic inter-
vention. And we see a need for ongoing
interactions among clinicians, investiga-
tors, industry, and regulatory agencies to
improve the diagnosis and management
of a vulnerable population of patients.

The transformation of a clinical syn-
drome into one or more diseases that can
be characterized biologically is a prereq-
uisite to the development of effective
therapies. We look forward to the con-
tinuing evolution of critical care practice
from its current role of nonspecific organ

support to a discipline whose focus is the
treatment of distinct diseases whose
pathophysiology we only dimly under-
stand today, and whose diagnosis re-
mains, at present, elusive.
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