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Early identification of patients with community-acquired pneumonia (CAP) at risk of poor
outcome is critical for defining site of care and may impact on hospital resource consumption
and prognosis. The Pneumonia Severity Index and CURB-65 are clinical rules that accurately
identify individuals at risk of death. However, these scores have some limitations. Therefore in
recent years, increasing attention has been being paid to research on biomarkers, since they
have the potential to resolve fundamental issues regarding prognostic prediction that cannot
be readily addressed using CAP-specific scores. Nevertheless, the use of biomarkers in this
context needs to be validated in prospective trials so as to elucidate how they can best be
applied in practice. This review examines the usefulness of biomarkers, whether used alone or
in conjunction with other clinical severity of illness scores, for identifying CAP patients at risk
of short- and long-term mortality and for predicting both the need for intensive care unit
admission and the potential for treatment failure.
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Community-acquired pneumonia (CAP) is
one of the most important public health problems worldwide [1]. In industrialized countries,
CAP is the most frequent cause of mortality
among infectious diseases, and it accounts for
a substantial use of healthcare resources [2]. In
Europe, studies have reported the incidence of
CAP to be between 1.2 and 11.6 cases per
1000 population per year [3,4], a figure that
increases at least 10-fold in certain risk groups
such as the elderly or patients with chronic
obstructive pulmonary disease.
Stratifying the severity and prognosis of
CAP is very important. Existing severity
assessment scores have been used to assess the
need for hospitalization and to identify
patients requiring intensive care unit (ICU)
admission [5,6]. The Pneumonia Severity
Index (PSI) [7] and CURB-65 (confusion,
urea >7 mmol/l, respiratory rate á 30/min,
low systolic (<90 mm Hg) or diastolic
(£60 mm Hg) blood pressure and age
á 65 years) [8] are clinical rules that identify
individuals at low risk of death who are candidates for outpatient care [7–9]. However,
patients defined as low-risk by these scores
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may occasionally require hospital admission.
Conversely, although patients classified as
high-risk of death usually require prompt
admission to hospital and treatment with
parenteral antibiotics, a large proportion of
them have good evolution [10]. Notably,
investigators have documented that these
scores perform less well when it comes to
predicting the need for ICU admission [11].
They are also limited by the fact that
i) physicians may misapply or fail to remember them, ii) a given risk group can present a
significant range of outcomes and iii) under
certain circumstances the risk of death or
need for ICU admission may be overestimated or underestimated. Consequently,
these severity assessment tools should be used
with caution and in conjunction with
clinical judgment.
Biological markers (biomarkers) have been
defined as cellular, biochemical or molecular
characteristics that are objectively measurable in
biological media such as human tissues, cells or
fluids and which may be used as an indicator
of normal biological processes, pathogenic
processes or pharmacological responses to a
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therapeutic intervention [12,13]. In the context of CAP, biomarkers could be useful in numerous areas: establishing diagnosis, identifying etiology, assessing severity and prognosis and for
therapeutic interventions. Given the limitations of existing CAP
severity scores there has been considerable interest in the
development of rapidly available biomarkers that might confer
additional and reliable prognostic information.
In this review, the authors focus on the recent literature
concerning the usefulness of biomarkers, whether used alone or
in conjunction with other clinical severity of illness scores, for
identifying CAP patients at risk of short- and long-term
mortality and for predicting both the need for ICU admission
and the potential for treatment failure. For this purpose, a
comprehensive literature search has been conducted in
PubMed/MEDLINE database, using the following search
terms: community-acquired pneumonia, biomarker, marker,
prognosis, treatment failure, intensive care unit and mortality.
Studies evaluating composite end points were excluded.
Biomarkers for predicting short- & long-term mortality

Although mortality in patients with CAP fell dramatically with
the introduction of antibiotics in the 1950s, it has changed
very little over the past 50 years. Recent studies have reported
overall mortality rates of 8–15% [14,15], although in those
patients who require ICU admission, mortality can be as high
as 30%, despite prompt and appropriate antibiotic therapy [16].
Importantly, it has been shown that CAP may have significant
longer-term effects and that hospitalization for this infection is
associated with higher long-term mortality compared with
other major medical conditions. This increased mortality
appears to be due to several factors, including acute cardiovascular events and alterations in immune function [17,18].
Current guidelines [5,6,19] recommend the use of severity
scores to classify CAP patients according to the risk of mortality. The main tools used for this purpose are the PSI and
CURB-65. A recent meta-analysis reported that these scores
had similar overall test performance for predicting mortality in
patients with CAP [20].
Numerous studies have been conducted to determine the relationship between certain biomarkers and both severity and mortality in CAP. Biomarkers of all types have been used by
investigators to study the prognostic in CAP, and evaluate several
biological pathways that are altered in these patients, such as the
cardiovascular, coagulation, endocrine or immune systems. The
most common biomarkers investigated to predict mortality are
procalcitonin, C-reactive protein (CRP), pro-adrenomedullin,
inflammatory cytokines and D-dimer.
Most of the studies evaluating the utility of biomarkers have
focused on CAP patients requiring hospitalization, followed by
those seen in the emergency department and, finally, those
admitted to an ICU. Sample size has varied from 30 [21] to
3463 patients [22]. The majority of studies provide information
on short-term mortality (28- and 30-day mortality) as their primary end point, while others use long-term mortality (from
60-day to 18-month mortality) or ICU mortality. Most studies
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have conducted multivariate analyses to determine the association
between biomarkers and mortality, with the area under the
receiver operating characteristic (AUROC) curve being used to
assess predictive power. Importantly, the majority of studies have
compared the AUROC curves of biomarkers and CAP-specific
severity scoring systems, mainly PSI and CURB-65. The utility
of adding biomarkers to CAP-specific severity scores has also
been evaluated. The best operating point of the biomarker for
predicting mortality is reported by the majority of manuscripts.
As shown in TABLE 1, most of the biomarkers evaluated to
date have been found to be independent predictors of shortand long-term mortality in patients with CAP. However, serum
angiotensin-converting enzyme (ACE) activity, which is significantly decreased during the acute phase of CAP, was not associated with mortality in hospitalized patients, even despite
correction for ACE insertion/deletion polymorphism [23,24]. It is
important to note that most AUROC curve values generated
by biomarkers were not significantly higher than those obtained
from CAP-specific severity scores. Thus, the ability of biomarkers alone to predict mortality was no better than that of
existing clinical scores for CAP, although adding biomarkers to
scores such as the PSI, CURB-65, APACHE II and SOFA did
improve their predictive capability, as evidenced by a significant
increase in the AUROC curve. However, studies are not consistent in relation to these findings. N-terminal pro-brain natriuretic peptide, D-dimer and mid-regional pro-adrenomedullin
improved the AUROC curve for scores in some studies but
not in others [25–27]. Similarly, visfatin [28] did not improve the
mortality prediction of scores in hospitalized patients with
CAP, and pro-adrenomedullin [29] did not increase the mortality prediction of scores in ICU patients with CAP. Importantly, reclassification analysis was performed in only four of
the studies reviewed. One of these reported no benefit from
the combination of CURB-65 score and D-dimer in reclassification of risk for clinical success at day 30, 30-day mortality or
need for mechanical ventilation [26], whereas the other two
found that a combination of the PSI and pro-adrenomedullin
did enable better risk assessment for mortality than PSI
alone [30,31]. Finally, a reclassification analysis comparing the
PSI class model with a combined model with PSI class and
initial endothelin-1 levels found a significant improvement in
classification of risk of mortality [32].
Interestingly, some studies report kinetic information regarding biomarkers. One study evaluated the usefulness of reevaluating CRP for predicting mortality in hospitalized patients
with CAP [33]. CRP <100 mg/l was found to be independently
associated with a lower risk of mortality. In addition, a CRP
level that fails to fall by 50% was independently associated with
mortality. Furthermore, a study found that the changes of
endothelin-1 levels on day 3 significantly improved classification
of patients compared with initial PSI and endothelin-1 levels [32].
Other studies have evaluated the predictive value of combining biomarkers from distinct biological pathways. One
multicenter study assessed the prognostic accuracy of five
prohormones (adrenomedullin, endothelin-1, atrial-natriuretic
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Hospital mortality

30-day survival
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30-day mortality

ICU mortality

30-day mortality
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30-day mortality

End point

ProADM was independently associated with mortality

Independently associated with mortality. AUROC showed improved
mortality prediction when adding albumin or CRP

D-dimer was independently associated with mortality. AUROC of
D-dimer was similar to that of the APACHE II and SOFA. Adding
D-dimer to APACHE II or SOFA improved AUROC significantly

Low serum ACE activity was not prognostic for mortality

Elevated RDW was associated with increased 90-day mortality

D-dimer and thrombin–antithrombin complexes were independently
associated with 1-year mortality

PCT had similar AUROC to that of PSI, CURB-65 and IDSA/ATS
guidelines for severe CAP. Addition of PCT improves prediction rules

AUC value of PCT for predicting mortality was 0.92, which was
lower than that for A-DROP (0.97)

sRAGE was independently associated with mortality (p = 0.05)

ProADM levels were not an independent predictor of hospital
mortality. AUROC for proADM was similar to that of PSI. Adding
proADM to PSI slightly increased AUROC

Independently associated with 30-day mortality. Combined use of
cortisol and CRB-65 significantly improved prediction of mortality

Significantly predictive of risk of death. Reclassification analysis of
combination of PSI and proADM allows better risk assessment

Independently associated with mortality. Improved mortality
prediction when RDW was added to PSI or CURB-65

Independent predictor of mortality

Independently associated with higher risk of mortality.
Hypoalbuminemia (<30 g/l) significantly increased the AUROC
of PSI and CURB-65

Associated with a decreased risk of mortality (p = 0.05)

Independent predictor of 30-day mortality. AUROC for visfatin was
similar to that of PSI and APACHE II. Visfatin did not increase the
predictive value of scores
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Table 1. Biomarkers for predicting mortality in patients with community-acquired pneumonia.
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Patients

Older patients (>65 years old). CRP was not associated with mortality

On day 3 of antibiotic therapy, a decrease in CRP was a marker of
good prognosis

CT-proAVP and MR-proANP were the strongest predictors of
mortality. AUROC for CT-proAVP and MR-proANP were similar to
that of CURB-65

CT-proAVP was an independent predictor of death. MR-proANP was
not independently associated with mortality

The AUROC of PCT was 0.80, which was not significantly different
compared with CRB-65. PCT was independently associated with
mortality. PCT identified low-risk patients across CRB-65 classes 0 – 4

ACE activity and ACE I/D polymorphism were not associated with
mortality

Copeptin was independently associated with survival. AUROC for
copeptin was in the same range as that of the PSI

AROUC for pro-AMD was 0.76, which was significantly better
compared with procalcitonin but similar to the AUROC of the PSI

PCT increase was associated with death

BNP was independent predictor of death. AUROC of BNP was
greater than that of the PSI (p-value not reported)

Thrombocytopenia and thrombocytosis were independently
associated with mortality

NT-proBNP was an independent predictor of mortality. AUROC
similar to that of PSI and CURB-65. Adding NT-proBNP to PSI and
CURB-65 scores did not increase significantly the AUROC

MR-proANP and CT-proAVP were independent predictors of
short- and long-term mortality. AUROC for MR-proANP and
CT-proAVP were superior to AUROC of CURB-65. PSI was not
evaluated
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Table 1. Biomarkers for predicting mortality in patients with community-acquired pneumonia (cont.).
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AUROC for natriuretic peptides were comparable with PSI for
short- and long-term mortality. NT-proBNP was an independent
mortality predictor

Initial proET1 levels improved the PSI in reclassification statistics.
Changes of proET1 on day 3 improved the C-statistic of the
combined model of PSI and initial proET1 and reclassification tables
demonstrated a significant improvement

Vitamin D status was an independent predictor of 30-day mortality
and added prognostic value to prognostic scores

AUROC for D-dimer was smaller than for CURB-65 and adding
D-dimer to CURB-65 did not improve the accuracy. Reclassification
methods did not show benefit

AUROC for biomarkers ranged between 0.60 for PCT and 0.79 for
proANP. The addition of proADM to scores significantly increased
AUROC. Reclassification methods showed benefit from adding
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Greater AUROC curve, but non-statistically significant differences for
the comparison of baseline cortisol with APACHE II, CURB-65 and
D-dimer

MR-proADM has high short- and long-term prognostic accuracy, and
increases the accuracy of clinical scores

BNP increase was independently associated with mortality. AUROC
for BNP was comparable with AUROC of PSI. Adding BNP to PSI
significantly improved the prognostic accuracy of the PSI alone

CRP <100 mg/l was independently associated with a lower risk of
mortality. A CRP level that fails to fall by 50% was independently
associated with mortality. The AUROC for CRP was smaller than that
of PSI and CURB-65
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570

Hospitalized

CRP
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D-dimer had an AUROC of 0.7, similar to that of CURB-65 and PSI

>500 ng/ml
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D-dimer

Serum level
MR-proADM had a greater AUROC for mortality (0.76) but did not
improve performance of PSI or CURB-65

N

Mid-regional
pro-adrenomedullin

Study

Table 1. Biomarkers for predicting mortality in patients with community-acquired pneumonia (cont.).
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peptide, antidiuretic hormone and procalcitonin) [31]. Adding
all these biomarkers instead of just one (pro-adrenomedullin)
led to a significant improvement in the model for CURB-65
but not for the PSI. In another study [34], CRP and IL-6 were
independently associated with mortality. Furthermore, the
AUROCs of the different logistic regression models with combinations of markers and cytokines added to any or both PSI
and CURB-65 prognostic scales were calculated. The addition
of several biomarkers has been found to increase the AUROC
curves of CAP-specific scores.
Some studies have assessed the utility of biomarkers for
predicting mortality in CAP patients admitted to the
ICU [29,35-40]. Each of these studies evaluated a different
biomarker (kallistatin, thrombocytopenia, pro-adrenomedullin,
D-dimer, procalcitonin, CRP and cortisol). All these biomarkers were independently associated with an increased risk of
mortality, except for pro-adrenomedullin and cortisol. Two of
these studies evaluated kinetic data from procalcitonin and
CRP in this context, reporting that an increased concentration
during the first few days after ICU admission was associated
with a higher risk of mortality [38,39].
Hospitalization for CAP has also been found to be related to
higher long-term mortality than is the case for many other main
medical disorders [17,18]. Several studies have evaluated the usefulness of biomarkers for predicting long-term mortality [35,41–46].
Although this is not the optimal guide for early management
during hospital admission, it is useful for identifying patients
who need closer monitoring after hospital discharge, and it could
therefore have a favorable impact on long-term mortality. Proadrenomedullin, D-dimer, thrombin–antithrombin complexes,
kallistatin, red blood cell distribution width, mid-regional proatrial natriuretic peptide, C-terminal pro-atrial vasopressin and
B-type natriuretic peptide have been found to be significantly
associated with long-term mortality.
Despite the interest of all these findings, it is important to
note several limitations of the studies from which they are
derived:
• The number of patients is limited in some studies, and
further research with larger samples is therefore necessary to
confirm the results. CAP prediction rules, such as the PSI
and CURB-65, were, of course, developed and validated in
larger cohorts. There is also a need for interventional trials
that assess the usefulness of biomarkers for identifying those
patients who require more intensive monitoring.
• Timing of biomarkers was not standardized in the majority
of studies. One study found that different timing of
measurements of leukocyte count and serum creatinine level
in patients with Clostridium difficile infection led to a
different severity classification in many cases [47]. A further
point is that most studies did not examine biomarker
kinetics.
• The majority of studies did not control for factors that could
influence biomarker levels, such as age, corticosteroids, prior
antibiotic therapy, etiology of CAP or acute renal failure.

922

•

•

•

•

Interpretation is difficult because the observed concentrations
of some biomarkers might, in part, be a result of these
factors. In this regard, one study reported that in elderly
(>65 years old) hospitalized patients with CAP the
measurement of CRP levels at admission was not associated
with prediction of prognosis [48]. In addition, although
cytokine activation patterns and certain biomarker are
influenced by microorganisms in CAP, the prognostic value
of mid-regional pro-adrenomedullin is not modified by
different possible CAP etiologies [46].
An analysis of causes of death was not performed. The main
causes of mortality in patients hospitalized with CAP are
respiratory failure, septic shock, multiorgan failure, acute
cardiovascular events or decompensation of underlying
diseases. However, causes of death differ between short- and
long-term mortality [17,18]. Importantly, the biomarkers
evaluated correspond to several biological pathways and,
therefore, it is likely that their predictive value will differ
depending on the cause of death. In addition, some patients
with CAP usually receive ‘do not resuscitate’ orders and
present therapeutic limitations. Evidently, these patients have
to be excluded from any analysis designed to identify the
utility of prognostic biomarkers.
When a novel biomarker becomes available to help in risk
prediction, it is essential to measure the improvement over
existing practice tools. Current evidence based on AUROC
curves suggests that biomarkers alone have no clear advantage
over validated clinical prediction rules for measuring severity
of CAP or predicting mortality. Importantly, most studies
did not perform reclassification analyses. Several novel
methods have recently been proposed that can be seen as
refinements of discrimination measures, including variants of
the C-statistic for survival, reclassification tables, net reclassification improvement (NRI) and integrated discrimination
improvement (IDI) [49].
Adding biomarkers to scores, mainly the PSI and CURB-65,
improved the predictive capability of scores, as evidenced by
a significant increase in the AUROC curves. However, the
usefulness of other available scores has not been extensively
reviewed.
Finally, as most studies did not include outpatients with
CAP the results cannot be extrapolated to this population.

Biomarkers for predicting ICU admission

ICU admission criteria and the characteristics of patients vary
considerably between different centers and different healthcare
systems [11]. Approximately 10% of hospitalized patients with
CAP require ICU admission [50].
The decision to admit a patient to the ICU remains one of
the most significant steps in the management of CAP. Patients
who require mechanical ventilation and/or vasopressors are
easily identified as patients requiring ICU admission. Notably,
studies have documented that an important number of
patients with severe disease but without the abovementioned
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characteristics are first transferred to general wards [51,52].
Recently, it was reported that in patients with severe CAP,
delayed admission to the ICU is a risk factor associated with
higher mortality [52]. Consequently, several scores have been
developed to identify patients with severe CAP who require
prompt admission to the ICU [53,54], the goal being to allow
earlier intensive management of their condition. One of the
problems is that when ICU admission is taken into account,
scoring systems originally designed to predict 30-day mortality
(PSI and CURB-65) perform less well, achieving poor to moderate predictive accuracy [11]. A recent meta-analysis [11] found
that the 2007 ATS/IDSA and 2001 ATS criteria were more
sensitive predictors of the need for ICU admission than were
PSI and CURB-65 scores. Interestingly, the investigators documented that 30–70% of patients requiring ICU admission are
not adequately classified. Other scores designed to identify
patients requiring ICU admission, such as SMART-COP and
Risk of Early Admission to ICU (REA-ICU), need further and
more extensive validation.
A few studies have evaluated the usefulness of biomarkers for
predicting the need for ICU admission among patients with
CAP. The characteristics of the reviewed studies are detailed
in TABLE 2. Ramı́rez et al. [55] documented that inflammatory
biomarkers identified patients requiring ICU admission. However, ATS/IDSA criteria for severe disease predicted ICU
admission more accurately than did biomarkers. Interestingly,
CRP and procalcitonin were higher in patients initially located
on a ward and subsequently transferred to an ICU. Other studies have linked pro-adrenomedullin and albumin levels to ICU
admission [25,56]. Chalmers et al. [57,58] evaluated the utility of
D-dimer and CRP for predicting the need for mechanical ventilation or vasopressor support. D-dimer had an AUROC curve
of 0.66, which was lower than that of CURB-65 but similar to
the value for PSI. CRP <100 mg/l was independently associated with a lower risk of the need for mechanical ventilation or
vasopressor support. It has recently been reported that serum
ACE activity has no prognostic value for predicting ICU
admission [24]. Finally, albumin had an additive role with PSI,
but CRP did not, for predicting ICU admission, mechanical
ventilation or vasopressor support [59].
Although studies have evidenced that some biomarkers might
be useful for predicting ICU admission in patients with CAP,
biomarkers are no better than CAP-specific scores, as evidenced
by AUROC curves. Importantly, research has documented that
both the PSI and CURB-65 have limited accuracy as predictors
of ICU admission [11]. Other ICU admission tools, such as the
minor criteria of ATS/IDSA guidelines or SMART-COP, are
probably more helpful in patients who do not immediately
require mechanical ventilation or vasopressors [53,60]. It should
be noted, however, that studies which evaluated the utility of
biomarkers for predicting ICU admission in CAP did not compare the performance characteristics of biomarkers with these
ICU admission scores. Finally, the majority of reviewed studies
investigated the performance of scores for 30-day mortality and
reported ICU admission as a secondary outcome. Thus, further
www.expert-reviews.com
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studies evaluating the relationship between biomarkers and the
need for ICU admission in CAP are required. Interestingly,
Renaud et al. [61] evaluated whether pro-adrenomedullin improved
the performance of the REA-ICU score in predicting the composite outcome of requirement for mechanical ventilation or vasopressive drugs or occurrence of death within 3 days of emergency
department presentation. Combining pro-adrenomedullin with
the REA-ICU score improved the AUROC compared with either
parameter and resulted in a significant NRI.
Biomarkers for predicting treatment failure or
clinical stability

Recognition of treatment failure and clinical stability are
important components in the management of CAP.
Clinical stability is usually defined according to the criteria
proposed by Halm et al. [62]. Once stability is achieved, clinical
deterioration occurs in 1% of cases or fewer. Clinical stability
is useful for deciding when to switch from intravenous to oral
antibiotics, when to recommend discharge from hospital and as
a measure of outcome after hospitalization [63,64].
Treatment failure is defined as a lack of response or clinical
deterioration. It is considered to be early when it occurs within
the first 72 h and late when it occurs more than 72 h after hospital admission. The incidence of treatment failure among hospitalized patients with CAP ranges from 2.4 to 31% for early
failure and from 3.9 to 11% for late failure. Factors associated
with treatment failure include high-risk pneumonia, liver disease,
multilobar infiltrates, Legionella pneumonia, Gram-negative
pneumonia, pleural effusion, cavitation, leucopenia and discordant antimicrobial therapy. Conversely, influenza vaccination, initial treatment with fluoroquinolones and chronic obstructive
pulmonary disease have been linked to a lower risk of failure.
Importantly, most cases of early failure occur because of inadequate host–pathogen responses [65]. Since treatment failure is
associated with high morbidity and mortality rates, its detection
and management require careful clinical assessment.
Studies evaluating the utility of biomarkers for predicting
treatment failure or determining clinical stability in patients with
CAP are detailed in TABLE 3. Menéndez et al. [66] evaluated the
cytokine profile in 84 hospitalized CAP patients with treatment
failure. IL-6, IL-8 and CRP on day 1 after admission were independently associated with treatment failure. In addition, CRP
and procalcitonin on day 1 were predictors of early failure, while
IL-6 and CRP on day 3 were predictors of late failure. In
another study [26], higher D-dimer concentrations were documented in patients with clinical failure and severe CAP. Patients
with early failure had higher D-dimer concentrations than did
patients without early failure. However, there were no significant
differences in D-dimer concentrations among patients with late
treatment failure.
Kolditz et al. [67] documented that increased copeptin and
pro-adrenomedullin levels were associated with persistent clinical instability in hospitalized CAP patients. Clinical instability
was defined as failure to fulfill one or more of the Halm criteria for clinical stability after 72 h of admission. In another study,
923
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Table 2. Biomarkers for predicting ICU admission in patients with community-acquired pneumonia.
Study

N

Inflammatory
biomarkers
(CRP, procalcitonin,
TNF, IL-1, -6, -8, -10)

685

ACE activity

265

Pro-adrenomedullin

Patients

End point

Comment

Hospitalized

Direct and delayed
ICU admission

CRP and procalcitonin were
higher in patients initially located
on a ward and subsequently
transferred to an ICU. ATS/IDSA
guidelines predict ICU admission
more accurately than do
biomarkers

[55]

<24 U/l

Hospitalized

ICU admission

Low serum ACE activity was not
prognostic for ICU admission

[24]

302

NR

ED

ICU admission

AUROC for pro-AMD was 0.65,
which was similar to that of procalcitonin, CRP, leukocyte count
and PSI

[56]

D-dimer

314

>500 ng/ml

ED

Mechanical ventilation
or vasopressor support

D-dimer had an AUROC of 0.66,
which was lower than that of
CURB-65 but similar to PSI

[57]

CRP

570

CRP at days 1 and 4

Hospitalized

Mechanical ventilation
or vasopressor support

CRP < 100 mg/l was
independently associated with a
lower risk of the need for
mechanical ventilation or
vasopressor support. The
AUROC for CRP was lower than
those of PSI and CURB-65

[58]

-5 g/l decrease

Hospitalized

ICU admission

Independently associated with
higher risk of ICU admission

[22]

Albumin

3463

Serum level

Ref.

Albumin and CRP

424

Albumin 3.3 mg/dl
and CRP 14.3 mg/dl

Hospitalized

ICU admission,
mechanical ventilation
or vasopressor support

Albumin had an additive role
with PSI, but CRP did not

[59]

CRP

391

NR

Hospitalized

ICU admission

Older patients (> 65 years old).
CRP was not associated with
ICU admission

[48]

D-dimer

147

Hospitalized

Need for mechanical
ventilation

AUROC for D-dimer was lower
than that of CURB-65, and
adding D-dimer to CURB-65
did not improve the accuracy.
Reclassification methods did
not show benefit

[26]

AUROC: Area under receiver operating characteristic curve; CRP: C-reactive protein; ED: Emergency department; ICU: Intensive care unit; NR: Not reported;
PSI: Pneumonia Severity Index; TNF: Tumor necrosis factor.

CRP was found to be an independent predictor of treatment failure, whereas procalcitonin was not independently related to the
absence of severe complications after 72 h of treatment [68]. Interestingly, when clinical stability and low levels of CRP (3 mg/dl)
and procalcitonin (0.25 ng/ml) were presented at 72 h, no complications occurred later. Finally, Christ-Crain et al. documented
that pro-adrenomedullin and B-type natriuretic peptide were
good predictors of treatment failure [56,69], and AUROC for
copeptin was in the same range as that of the PSI for detecting
treatment failure during follow-up (mean 6 weeks) [70].
Only a few studies have assessed the utility of biomarkers
for predicting treatment failure or clinical stability, and they
include a low number of patients at the clinical end point. In
924

addition, there is no standard definition of treatment failure
across these studies. These limitations mean that the results
are not yet applicable in clinical practice. Indeed, there is a
need not only for existing findings to be validated by large
studies but also for further studies evaluating the relationship
between other biomarkers and treatment failure or clinical
stability in CAP.
Expert commentary & five-year view

Current CAP-specific severity scores have certain limitations
when it comes to predicting prognosis. Consequently, there has
been substantial interest in finding biomarkers that might offer
supplementary prognostic information. Several biomarkers
Expert Rev. Anti Infect. Ther. 11(9), (2013)

Prediction of prognosis by markers in community-acquired pneumonia

Review

Expert Review of Anti-infective Therapy Downloaded from informahealthcare.com by HINARI on 04/01/14
For personal use only.

Table 3. Biomarkers for predicting treatment failure and clinical stability in patients with
community-acquired pneumonia.
Study

N

Serum level

Patients

End point

Comment

Ref.

Copeptin,
pro-adrenomedullin
and procalcitonin

51

>25 pmol/l

Hospitalized

Clinical instability
after 72 h

AUROC of copeptin was 0.74 for
predicting clinical instability, and similar
to that of PSI and CURB-65. The
addition of copeptin to the PSI score
did not improve prognostic accuracy,
whereas its addition to CURB-65 did

[67]

Hospitalized

Early and late
failure (72 h)

Patients with early failure had higher
D-dimer. No significant differences
were found in patients with late failure

[26]

D-dimer

147

CRP and
procalcitonin

394

CRP <3 mg/dl and
procalcitonin
<0.25 ng/ml

Hospitalized

Complications
after 72 h

CRP was independent predictor of
complications. PCT was not predictive
of complications. When CRP or PCT
were added to clinical stability criteria,
AUROC did not increase significantly

[68]

Pro-adrenomedullin

302

NR

ED

Treatment failure
at follow-up

AUROC for pro-AMD was 0.73, similar
to the AUROC of the PSI

[56]

TNF, IL-1, -6, -8,
CRP, PCT

453

IL-6 >169 pg/ml,
IL-8 >14 pg/ml,
CRP >21.9 mg/dl,
PCT >2.2 ng/ml

Hospitalized

Treatment failure,
early and late
treatment failure

IL-6, IL-8 and CRP were independently
associated with treatment failure and
late failure. CRP and PCT were
independent predictors of early failure

[66]

B-type natriuretic
peptide

302

Increase 100 pg/ml

ED

Treatment failure
during follow-up
(mean 6.9 weeks)

BNP increase was independently
associated with treatment failure.
Prognostic accuracy was comparable
with that of the PSI

[69]

Copeptin

373

53 pmol/l

ED

Treatment failure
during follow-up
(mean 6 weeks)

AUROC for copeptin was in the same
range as that of the PSI

[70]

AUROC: Area under receiver operating characteristic curve; CRP: C-reactive protein; ED: Emergency department; NR: Not reported; PCT: Procalcitonin; PSI: Pneumonia
Severity Index; TNF: Tumor necrosis factor.

representing distinct biological pathways have been evaluated for
predicting outcomes in CAP, with promising results. The majority of these biomarkers have been shown to be independently
associated with short- and long-term mortality, with the need for
ICU admission, and with treatment failure in patients with
CAP. In addition, several studies have demonstrated that in
terms of predicting mortality, biomarkers perform on a par with
conventional CAP-specific scores. However, studies are inconsistent regarding whether biomarkers are better than CAP-specific
scores for predicting prognosis, as evidenced by the results of
AUROC curves. Importantly, when biomarkers are added to
scores, an improvement in performance for predicting mortality
has been documented. Thus, none of the biomarkers should ever
be used in isolation to make clinical decisions.
Studies in this field also present other limitations that question the applicability of their findings in clinical practice. Specifically, the number of patients was low in most studies, the
timing of biomarkers was not standardized, factors that could
influence the levels of biomarkers were not controlled for, an
analysis of causes of death was not performed and most studies
did not perform reclassification analyses. The use of biomarkers
www.expert-reviews.com

therefore needs to be validated in prospective trials so as to
elucidate how they can best be applied in practice and to
determine which ones are the most appropriate – and which
cut-off levels should be used – to predict prognosis in CAP. In
addition, studies should evaluate the predictive value of combinations of biomarkers from distinct biological pathways, and
also examine whether changes in biomarker levels during the
course of the disease may help physicians to identify patients at
higher risk of deterioration and poor outcomes. Reclassification
analysis should obviously be performed. This new research
should aim to optimize discharge strategies, enable the application of intensified monitoring and treatment and consider adjuvant treatment options for CAP patients. In addition,
investigators should keep in mind the purpose of the biomarker
and the setting in which it is to be used.
Interestingly, a study aimed to derive a practical algorithm
combining the CURB-65 score with pro-adrenomedullin levels
in patients with CAP [71]. The new risk classification offers
improved risk prediction with regard to both adverse events
and mortality in CAP patients. However, this study used a
composite of adverse events defined as all-cause mortality, ICU
925
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admission or any disease-specific complications as primary end
point and there is need for further validation studies.
Recently, an expert consensus proposed the possible application of the PIRO model (predisposition and comorbidities,
nature of the infection, host response, and extent of organic dysfunction) to stratify patients with sepsis [72]. This model is innovative because it takes into account the heterogeneity of patients
with sepsis. The potential applications of the model include the
assessment of prognosis, the provision of an aid to therapeutic
decision-making and the assessment of treatment response.
Notably, the experts considered the need to incorporate biomarkers so as to optimize their clinical utility. The PIRO model
has been evaluated in ICU patients with CAP, although the
study in question had a retrospective design and only considered
the clinical characteristics of patients rather than the determination of biomarkers [73]. The PIRO model therefore needs to be
assessed in a prospective cohort of hospitalized patients with
CAP so as to clarify whether the concepts on which it is based
could enable an individualized stratification and management
approach to be developed for CAP. In the near future, genomic,
proteomic and metabolomic methods may also prove useful for
developing clinically applicable tools for identifying patients
with high-risk profiles and the genotypes that underlie them [74].
In conclusion, recent years have seen increasing attention
being paid to research on biomarkers, since they have the

potential to resolve fundamental issues regarding prognostic
prediction that cannot be readily addressed using CAPspecific scores. Current findings support the use of
biomarkers in conjunction with scores as a way of significantly improving their prediction performance. However,
the usefulness of biomarkers in clinical practice is still to
be determined.
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Key issues
• The majority of biomarkers have been found to be independent predictors of short- and long-term mortality, intensive care unit (ICU)
admission and treatment failure in patients with community-acquired pneumonia (CAP).
• Importantly, studies are inconsistent regarding whether biomarkers are better than CAP-specific scores for predicting prognosis, as
evidenced by the results of area under the receiver operating characteristic (AUROC) curves.
• Adding biomarkers to scores such as Pneumonia Severity Index, CURB-65, APACHE II and SOFA improved their predictive capability, as
indicated by a significant increase in the AUROC curves.
• There is a need not only for existing findings to be validated by large studies but also for further studies evaluating the relationship
between biomarkers and the need for ICU admission and treatment failure or clinical stability in CAP.
• Future research should seek to elucidate how biomarkers can best be used in clinical practice, which ones are the most appropriate and
which cut-off levels should be applied for predicting prognosis in CAP.
• Future studies should evaluate the predictive value of combinations of biomarkers from distinct biological pathways and also examine
whether changes in biomarker levels during the course of the disease may help physicians to identify patients at higher risk of
deterioration and poor outcomes.
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