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ABSTRACT
The purpose of this study was to confirm the prognostic value of pentraxin-3
(PTX3), procalcitonin (PCT) and lactate in patients with severe infections requiring
ICU management and to develop and validate a model to enhance mortality prediction
by combining severity scores with biomarkers. We included 141 patients with the
diagnosis of sepsis/septic shock. The levels of PTX3, PCT and lactate were measured
on day 0, 3, 7 of hospitalization and Sequential Organ Failure Assessment (SOFA)
and Acute Physiology and Chronic Health Evaluation II (APACHE II) scores were
also evaluated. The influence of these variables on 28-day mortality was evaluated.
The 28-day mortality rate in this study was 28.8%. The baseline levels of PTX3,
PCT and lactate in the non-survival group were higher than in the survival group
(P < 0.05 for all). Pearson’s correlation found that PTX3, PCT and lactate were all
positively correlated with SOFA and APACHE II scores (P <0.01 for all). Univariate and
multivariate Cox regression revealed that PTX3, PCT and lactate were independently
associated with 28-day mortality. The models combining above three biomarkers
performed better predictive property than each individual one as determined by
receiver operating characteristic (ROC) analysis. In summary, our results suggest
that PTX3, PCT and lactate could serve as clinically informative biomarkers of disease
severity and patient outcome in sepsis/septic shock. A model combining PTX3, PCT
and lactate improves mortality prediction in these patients.

dynamic changes of PCT could be predictive of certain
outcomes [5, 6], In addition, emerging interest focus on
the role of lactate as a biomarker of risk in the critically
ill patients [7]. Lactate has been widely used as a marker
of altered tissue perfusion. Increases in the concentrations
are associated with higher mortality rates [8] and
lactate clearance during hospitalization is a predictor
for decreased mortality [9]. However, their limited
performance precludes using these markers for individual
risk stratification and personalization of decision-making
processes [10, 11]. Pentraxin 3 (PTX3) is an acute phase
protein representing the long pentraxin subfamily [12] and
is expressed in various cells, like monocytes, endothelial
cells, dendritic cells or neutrophils during inflammatory
processes [13]. As a multifunctional pattern-recognition
molecule, it has been reported to be strongly associated
with the severity of infection [14]. PTX3, PCT, and lactate

INTRODUCTION
Sepsis is a major cause of intensive care unit (ICU)
admission [1]. Although mortality has decreased in the
past decade due to increased awareness and improved
management, the short-term mortality remains 20% or
more [2, 3]. Early stratification and recognition of patients
at higher risk of death pose serious clinical challenges,
since timely decisions on the best therapeutic approach
and appropriate site of care are both crucial in this
healthcare setting [4]. Thus, it is urgent to find effective
factors for the prognosis of sepsis at the early stage.
Concurrently, various biomarkers have been
proposed. The most widely studied biomarker in patients
with sepsis or septic shock is procalcitonin (PCT).
Although PCT is associated with the severity of systemic
infection and the presence of organ dysfunction and
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are all detectable in patients with sepsis within a large time
window after the onset of sepsis, while other novel proinflammatory cytokines (such as interleukin and tumor
necrosis factor-a) have a short window of expression, even
they showed good prognostic values for mortality.
In our study, a prospective analysis was conducted
to confirm the prognostic value of PTX3. We then
investigate the dynamic change of PTX3, PCT and lactate
in patients with sepsis during the first week in ICU stay
and perform a comparison with well-established scores,
such as Sepsis-related Organ Failure Assessment (SOFA)
and Acute Physiology and Chronic Health Evaluation
(APACHE II). We also hypothesized that the mortality
prediction by using the combination of the above three
parameters would significant improve in patients with
sepsis/septic shock.

CRP and white blood cell were also positively correlated
with two scores. Besides, albumin showed a distinctly
negative correlation with SOFA score (r=-0.329, P<0.001),
but not APACHE II score (r=-0.189, P=0.079).

Changes of SOFA, APACHE score and studied
biomarkers
We then analyzed the changes of SOFA, APACHE
score and studied biomarkers. As shown in Figure 1,
a significant decrease trend in the SOFA and APACHE
score were observed in survival group during the first 7
days, but no significant change of them in non-survival
group. Besides, the changes were also compared among
three biomarkers. As expected, all of PTX3 (Figure
2A), PCT (Figure 2B) and lactate (Figure 2C) showed
remarkable reduction at day 3 from day 0 and further
reduced at day 7 from day 3 in survival group. Only PCT
showed significant decrease at day 3 from day 0 in ICU
stay in non-survival group (Figure 2B). Nevertheless,
when the differences in the dynamic change of biomarker
levels between the two groups were compared, only the
differences in PTX3 and PCT concentrations from day 0 to
day 7 achieved statistical significance (Table 3).

RESULTS
Patient demographics
After exclusion, 141 patients were administrated in
the study, including 86 males and 55 females. During the
follow up period, 42 patients were dead, accounting for
28.8% of all the subjects. Baseline features that associated
with 28-day mortality based on the univariate analysis
were pre-existing hypertension and chronic renal failure,
occurrence of septic shock and acute kidney injury, SOFA
score and APACHE II score at admission (Table 1). The
most common areas of infection were lungs (46, 32.6%)
followed by abdomen/pelvis (34, 24.1%), urinary system
(22, 15.6%) and blood (18, 12.8%), but no significance
difference in area infected between two groups were
observed (P=0.159). The percentage of patients with septic
shock and acute kidney injury was significantly higher in
the non-survival group than those in the survival group.
With respective to laboratory results, patients in the nonsurvival groups had higher levels of white blood cell, CRP,
PCT, creatinine, lactate, lactate clearance (LCR), NTproBNP, glucose, total bilirubin, PTX3 and lower level of
albumin, compared with those in the survival group. No
significant differences in patients’ age, gender, BMI, ICU
days and other laboratory values were found between the
survival and non-survival groups.

Predictive value of PTX3, PCT and lactate
As illustrated in Table 4, univariate Cox regression
analysis revealed that septic shock, SOFA score, APACHE
II score, PCT, lactate and glucose were all related with
28-day mortality in patients with sepsis. Multivariate
analysis was then performed in order to delineate various
prognostic indicators. After adjusting for other risk factors,
SOFA score was an independent risk factor for 28-day
mortality (HR=1.78; 95%CI: 1.25–2.34; P<0.001), but
not APACHE II score (HR = 1.16; 95% CI: 0.97–1.45;
P=0.134). Additionally, PCT (HR = 2.41; 95% CI: 1.38–
4.31; P<0.001), lactate (HR = 1.55; 95% CI: 1.06–2.29
P=0.134), and PTX3 (HR = 2.21; 95% CI: 1.19–5.15;
P<0.001) remained independently related with 28-day
mortality.

Identification of the optimal cut-off value
Receiver operating characteristic (ROC) curves
were then used to determine the optimal cut-off value for
predicting 28-day mortality. The results showed that area
under the curve (AUC) values of PTX3, PCT and lactate
were 0.73 (95%CI: 0.65-0.81), 0.66 (95%CI: 0.57-0.74)
and 0.78 (95%CI: 0.70-0.84), respectively. The optimal
cut-off was 49.9 ng/ml for PTX3 (Figure 3A), 3.75 ng/ml
for PCT (Figure 3B) and 2.02 mg/dl for lactate (Figure 3C)
at baseline. The sensitivity and specificity of each cutoff
values were shown in Table 4. Furthermore, SPFA score
(AUC:0.85, 95%CI: 0.77-0.88) and APACHE II score
(AUC:0.81, 95%CI: 0.73-0.87) seemed to show more
satisfied prognostic value for 28-day mortality (Table 5).

Correlation of PTX3, PCT, and lactate with
SOFA and APACHE score
We analyzed the relationship among APACHE II
and SOFA scores and laboratory results of the overall
group. Interesting, we identified several biomarkers that
corrected with SOFA or APACHE II scores (Table 2).
Among this, PTX3 showed most close correlation with
SOFA score (r=0.594, P<0.001) and APACHE II score
(r=0.411, P<0.001), flowed by PCT, which was positively
correlated with SOFA score (r=0.531, P<0.001) and
APACHE II score (r=0.390, P<0.001). Lactate, 24 h LCR,
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Table 1: Baseline characteristics of the study subjects, according to outcome of 28-days mortality
Clinical characteristics

Total (n=141)

Survivors (n=99)

Non-survivors (n=42)

P

64 (33-78)

61 (33-71)

69 (42-78)

0.135

86 (61)

58 (59)

28 (67)

0.477

BMI kg/m2

26.5±4.6

26.2±3.6

27.1±4.4

0.207

ICU days

13 (2-22)

13 (3-19)

11 (2-22)

0.439

Hypertension

60 (42.6)

36 (36.4)

24 (57.1)

0.036

Chronic coronary disease

28 (19.6)

18 (18.2)

10 (23.8)

0.593

Diabetes mellitus

38 (27.0)

22 (22.2)

16 (38.1)

0.083

Chronic renal failure

32 (22.7)

16 (16.2)

16 (38.1)

0.009

Chronic liver disease,

10 (7.1)

6 (6.1)

4 (9.5)

0.484

COPD

14 (9.9)

9 (9.1)

5 (11.9)

0.759

Age (years)
Gender (male, %)

Comorbidities

Site of infection (%)

0.159

Respiratory

46 (32.6)

32 (32.3)

14 (33.3)

Abdominal/pelvic

34 (24.1)

27 (27.3)

7 (16.7)

Urinary

22 (15.6)

17 (17.2)

5 (11.9)

Blood

18 (12.8)

8 (8.1)

10 (23.9)

Skin and soft tissue

12 (8.5)

8 (8.1)

4 (9.5)

Others

9 (6.4)

7 (7.0)

2 (4.7)

Septic shock (%)

37 (26.2)

17 (17.2)

20 (47.6)

0.004

Acute kidney injury (%)

22 (15.6)

10 (10.1)

12 (28.6)

0.012

Acute liver injury (%)

21 (14.9)

12 (12.1)

9 (21.4)

0.246

SOFA score

5 (2-14)

5 (2-8)

7 (3-14)

<0.001

21 (10-36)

20 (10-27)

25 (16-36)

<0.001

9.4±2.3

9.7±2.6

9.2±2.0

0.267

white blood cell (×109/L)

15.6(8.9-27.7)

14.3(8.9-18.3)

17.6(10.5-27.7)

0.017

CRP (mg/dl)

91(56.3-285)

88.2(56.3-206)

105(99.8-285)

0.009

Procalcitonin (ng/ml)*

2.8(0.13-38.7)

2.6(0.13-25.9)

5.5(0.9-38.7)

<0.001

13.9(1.9-79.0)

13.1(3.7-45.5)

16.7(1.9-79.0)

0.176

Creatinine (mg/dL)

114±19.9

107±17.6

120±20.2

0.013

Lactate (mmol/L)*

1.81 (1.18-3.27)

1.74 (1.18-2.30)

1.97 (1.46-3.27)

<0.001

32.2±6.0

39.3±5.2

20.9±5.4

<0.001

Patient evaluation

APACHE II score
Laboratorial results
Hemoglobin (g/dL)

BUN (mg/dL)*

24 h LCR (%)

(Continued )
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Clinical characteristics

Total (n=141)

Survivors (n=99)

Non-survivors (n=42)

P

1.2 (1.1-2.0)

1.2 (1.1-1.4)

1.4 (1.2-2.0)

0.453

28.7±6.2

30.2±7.5

26.9±6.1

0.013

4102(499-11587)

1945(499-9536)

6525(973-11587)

0.001

Glucose (mmol/L)

11.9±1.9

10.5±3.4

14.4±3.2

0.027

Total bilirubin (μmol/L)

29.9±6.9

28.3±6.1

32.1 ± 5.5

0.007

50.7 (25.4-111.1)

45.2 (25.4-86.1)

65.7 (30.9-111.1)

<0.001

INR*
Albumin (g/L)*
NT-proBNP (pg/ml)*

PTX3 (ng/mL)

Note: BMI= body mass index; COPD=chronic obstructive pulmonary disease; CRP=C-reactive protein; BUN= blood urea
nitrogen; INR=international normalized ratio; LCR= lactate clearance; NT-proBNP=N-terminal prohormone of brain natriuretic
peptide; PSP= pancreatic stone protein. * variables with non-normal distribution and demonstrated as median (range).

Table 2: Correlations among SOFA and APACHE II scores and serum concentrations of studied biomarkers in the
overall group of patients
Parameters

SOFA score

APACHE II score

r

P values

r

P values

Hemoglobin (g/dL)

0.117

0.113

0.030

0.349

white blood cell (×109/L)

0.284

0.011

0.217

0.029

CRP (mg/dl)

0.309

0.001

0.304

0.003

Procalcitonin (ng/ml)

0.531

<0.001

0.390

<0.001

BUN (mg/dL)

0.093

0.365

0.137

0.083

Creatinine (mg/dL)

0.104

0.181

0.087

0.061

Lactate (mg/dl)

0.462

<0.001

0.336

<0.001

INR

0.155

0.166

0.074

0.283

Albumin (g/L)

-0.329

<0.001

-0.189

0.079

NT-proBNP (pg/ml)

0.278

0.013

0.139

0.080

Glucose (mmol/L)

0.194

0.038

0.113

0.117

Total bilirubin (μmol/L)

0.132

0.094

0.017

0.520

PTX3

0.594

<0.001

0.411

<0.001

Note: r= correlation coefficient; CRP=C-reactive protein; BUN= blood urea nitrogen; INR=international normalized ratio;
LCR= lactate clearance; NT-proBNP=N-terminal prohormone of brain natriuretic peptide.
Subsequently, above three independent factors identified
through multivariate analysis were combined to generate
a new prognostic score, which we named the PPL. This
was calculated as follows: 0.065*PTX3 + 0.152*PCT +
0.142*lactate. The value of PPL showed dramatically
increased in the non-survival group compared to the
survival group (Figure 4A). Accordingly, the ROC curve
comparison showed a superior prognostic property of PPL
(AUC:0.90, 95%CI: 0.83-0.94) compared with SPFA score
and APACHE II score (P <0.001, Table 5 and Figure 4B).
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Patients were assigned into two groups according to each
cut-off value achieved above and survival rates were then
analyzed through Kaplan–Meier analysis and log-rank test.
Figure 5A revealed higher mortality of the patient group
with PTX>49.9 ng/ml (P<0.001). Similar results were
observed in patient group with PCT> 3.75 ng/ml (Figure
5B, P<0.001) or lactate>2.02 mg/dl (Figure 5C, P=0.011).
Consistent with the above results, PPL demonstrated the
highest HR, thus showing the best discriminatory ability
(Figure 6) (HR = 2.75, 95% CI:1.46–4.11, P <0.001).
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DISCUSSION

Moreover, consistent with the other study [23], we also
identified PTX3 as an independent risk factor for case
fatality after adjusted for confounders. The prognostic
value of PTX3 in our cohort was better than that for
PCT and lactate during the first days once diagnosed
with sepsis. Taken together, these findings confirmed the
prognostic value of PTX3 in patients with sepsis/septic
shock.
Previous studies had elevated PCT concentrations
are associated with all-cause mortality in septic patients
[24, 25]. In accordance with these studies, we also found
that PCT is a moderate predictor of 28-day mortality
(the sensitivity and specificity was 71.1% and 72.7%
respectively). In our septic population, the cut-off
value of PCT was 3.75 ng/ml. Until now, no consistent
optimal cutoff point was identified (from 0.9 to 10 ng/
ml) due to the heterogeneity in methodologies [26–29].
Thus, relationship between PCT and prognosis required
further studies. In addition, some studies suggested that
PCT clearance (reduction in PCT) provides more useful
information about 28-day mortality in sepsis [30]. A
recent study found that inability to decrease procalcitonin
by more than 80% is a significant independent predictor
of mortality [31]. Similarly, our study also identified that
survivals showed significant higher PCT reduction than
non-survivals. Whether PCT clearance possess clinical
usage for prognosis prediction and the exact cut-off
values needs other prospective studies to validate. The
Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3) recommends measuring lactate
concentrations for septic shock [32]. An elevated blood
lactate concentration at any time point must be due to
an increase in its production, a decrease in its clearance,
or both [33]. Variety of studies had suggested that early
changes in blood lactate levels are useful in identifying
those at high risk of death [34–36]. Similarly, we
demonstrated that initial lactate concentration and lactate
clearance were significant univariate predictors of hospital
outcome. However, although initial elevated lactate was

The study evaluated the accuracy of PTX3, PCT and
lactate, and their combinations, as biomarkers of severity
and prognosis of patients with sepsis/septic shock. Using
APACHE II and SOFA scores as the reference of the
severity of sepsis [30, 31], a significant correlation was
identified between the two scores and the concentrations
of PTX3, PCT and lactate. Elevated PTX3, PCT and
lactate at baseline were all closely associated with poor
outcome and were risk factors for 28-day morality. We
demonstrated that PTX3 had comparable prognostic
value with PCT and superior to lactate for the prediction
of 28-day mortality. Moreover, we developed a sepsis
model, based on above three biomarkers, to predict
in-hospital mortality in patients with sepsis. we found
that combining PTX3, PCT and lactate, named PPL,
significantly improved the performance of these markers
along and better than both SOFA and APACHE II scores in
predicting in-hospital mortality of adult sepsis.
Despite that the overall mortality rate of septic
patients is declining, the incidence of sepsis and the
number of sepsis-related deaths are still increasing [15,
16]. It is very essential for risk stratification of sepsis. A
review concluded that PTX3 has solid prognostic value
in sepsis and correlates with organ dysfunction, but with
limited specificity [17]. It has been suggested to be a good
predictive marker of mortality in sepsis since its reflection
of tissue involvement by inflammatory processes more
directly [13, 18]. The most valid cut-off level of PTX3
at admission was 140.28 ng/ml in a recent prospective
cohort study [19]. Differently, we identified that PTX3
>49.9 ng/ml was an independent risk factor for 28-day
mortality, which was similar with another study [20]. This
inconsistence may due to the heterogeneity of different
study subjects. We and others [20–22] all showed PTX3
concentrations were quickly reduced during the ICU stay
with effective treatment, which may indirectly reflect the
severity of sepsis at the onset then to predict the outcome.

Figure 1: Changes of SOFA (A) and APACHE II (B) scores of patients with sepsis during the first 7 days of ICU stay. Data are shown as
mean (95% confidence interval). * P<0.01 compared with day 0; # P<0.01 compared with day 3.
www.impactjournals.com/oncotarget
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Figure 2: Changes of serum concentrations of pentraxin-3 (A), procalcitonin (B), and lactate (C) of patients with severe sepsis during the
first 7 days of ICU stay. Data are shown as mean (95% confidence interval). * P<0.01 compared with day 0; # P<0.01 compared with day 3.
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Table 3: Changes in study biomarkers during the first week of ICU stay in patients with sepsis
Biomarker

Survivors

Non-survivors

P values

Day 0 to 3

17 (4; 31)

6 (-4; 13)

<0.001

Day 0 to 7

38 (14; 117)

10 (-7; 20)

<0.001

Day 0 to 3

14 (4; 39)

9 (-3; 28)

0.092

Day 0 to 7

56 (22; 165)

14 (-10; 57)

<0.001

Day 0 to 3

10 (3; 20)

4 (-6; 14)

0.232

Day 0 to 7

24 (10; 42)

13 (8; 31)

0.078

PTX3 (ng/ml) (% change)

Procalcitonin (ng/ml) (% change)

Lactate (mg/dl) (% change)

Note: 1. The change of the study markers were expressed as percentages of baseline concentrations at day 0 and were
obtained according the following formula: (day 0 – day 2 or 5)/day 0 x 100.
Table 4: Univariate and multiple Cox proportional hazards analysis of 28-day mortality
Variables

Univariate

Multivariate

HR (95%CI)

P values

HR (95%CI)

P values

Age (years)

0.74 (0.37–1.48)

0.399

NI

BMI kg/m2

0.71 (0.43–1.15)

0.172

NI

ICU days

1.27 (0.98–1.64)

0.068

NI

Septic shock

1.50 (1.20–1.85)

<0.001

1.39 (1.10–1.76)

Acute kidney injury

1.17 (0.85–1.66)

0.254

NI

SOFA score

1.95 (1.28–2.42)

<0.001

1.78 (1.25–2.34)

<0.001

APACHE II score

1.29 (1.02–1.71)

0.035

1.16 (0.97–1.45)

0.134

white blood cell (×109/L)

1.21 (0.85–1.72)

0.279

NI

CRP (mg/dl)

1.38 (0.92–1.96)

0.097

Procalcitonin (ng/ml)

2.54 (1.45–4.44)

<0.001

2.41 (1.38–4.31)

Creatinine (mg/dL)

1.13 (0.80–1.61)

0.403

NI

Lactate (mg/dl)

1.61 (1.14–2.43)

<0.001

1.55 (1.06–2.29)

INR

0.92 (0.72–1.66)

0.449

NI

Albumin (g/L)

0.94 (0.77–1.10)

0.215

NI

NT-proBNP (pg/ml)

1.34 (0.67–2.91)

0.309

NI

Glucose (mmol/L)

1.07 (0.52–1.62)

0.535

NI

PTX3 (mmol/L)

2.36 (1.25–5.46)

<0.001

2.21 (1.19–5.15)

Total bilirubin (μmol/L)

0.89 (0.51–1.64)

0.535

NI

0.006

<0.001
0.001

<0.001

Note: BMI= body mass index; CRP=C-reactive protein; LCR= lactate clearance; NT-proBNP=N-terminal prohormone of
brain natriuretic peptide; CI= confidence interval; HR= odds ratio; NI= not included in multivariate survival analysis.
an independent risk factor for mortality, its predictive
value was not sufficient in our study. Conversely, Oh et
al. suggested that despite low arterial lactate, patients with
a high APACHE II score, had a poorer prognosis [37].
Although lactate levels were intravenously tested in our
www.impactjournals.com/oncotarget

study. There was no significant difference between venous
and arterial measurement of lactate for 30-day mortality
[38]. Lactate should be considered as one of the best and
easily accessible laboratory markers of sepsis severity and
morality [39].
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Table 5: The receiver operating characteristic (ROC) analysis of SPFA score, APACHE II score and three laboratory
values for prediction prognosis
Biomarkers

AUC (95%CI)

P value Youden

Cut-off

Sensitivity

Specificity

Procalcitonin (ng/ml)

0.73(0.65-0.81)

<0.001

0.50

3.75

71.1%

72.7%

Lactate (mg/dl)

0.67(0.59-0.75)

0.001

0.35

2.02

42.8%

91.9%

PTX3 (ng/ml)

0.78(0.70-0.84)

<0.001

0.46

49.9

83.3%

64.2%

SPFA score

0.85(0.77-0.88)

<0.001

0.64

0.42

76.0%

93.1%

APACHE II score

0.81(0.73-0.87)

<0.001

0.54

17

92.3%

51.0%

PPL

0.90(0.83-0.94)

<0.001

0.69

5.49

90.6%

83.8%

Note: AUC, area under the receiver operating characteristic curve; SE, standard error; CI, confidence interval; PPL=
0.065*PTX3 + 0.152*PCT + 0.142*lactate. P-value, compared with AUC of 0.5.

Figure 3: Receiver operating characteristics (ROC) curves and plot versus criterion value curves in the lower right part were used to

discriminate survivors compared to non-survivors with sepsis based on baseline pentraxin-3 (A), procalcitonin (B), and lactate (C). The
X-axis shows the level of study markers and the Y-axis shows the percentage. The solid and dashed lines indicate sensitivity and specificity
with 95% confidence intervals, respectively.

Figure 4: Prognostic value of the new risk factor named PPL (on the basis of pentraxin-3, PCT, and lactate) in 28day mortality. (A) The value of PPL in the survival and non-survival group. (B) Comparison of receiver operating characteristic (ROC)
analysis of SOFA score, APACHE II score and PPL in 28-day mortality of patients with sepsis.
www.impactjournals.com/oncotarget
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Models that based on the combination of several
biomarkers provide a novel and useful strategy to
overcome the limited performance of one parameter
for a given outcome. In this study, we addressed that
multi-marker approach may be an aid for the prognosis
prediction and conducted multivariate logistic regression
to obtain a new sepsis score PPL (PTX3 + PCT + lactate),
which yielded better prognostic value than PTX3, PCT
or lactate alone. PPL were even more significant in
predicting survival of patients with sepsis than commonly
used severity scores (APACHE II or SAPS II). Why are
these three biomarkers more specific for sepsis than any
other biomarkers? PTX3, PCT are specific for different
aspects of the inflammatory process leading to sepsis
[40, 41]. With the combination of lactate, which is the
reflection of metabolic alterations in patients with sepsis

such as increased glycolysis and alterations in pyruvate
dehydrogenase activity [42–44], these three would serve
to confirm the levels of inflammation and subsequent
organ damage, to some degree, but also the nonspecific
antibacterial effect.
There are several limitations in the study. The
study was conducted in a single center and the patients
enrolled had a wide age range. These could be diluted in
the larger analysis. In addition, patients were followed
up only during stay in hospital. On the other hand, as a
part of patients didn’t seek medical advice directly in our
hospital, the precise interval of time between the onset of
infection is difficult to determine. This may translate into
underestimate the AUC value of severity scores, study
markers and the model. Even so, as available resources
vary largely among institutions, each center should

Figure 5: Kaplan-Meier curves of 28-day mortality in patients with sepsis stratified by the cut-off value of pentraxin-3 (A), PCT (B) and
lactate (C).

Figure 6: Kaplan-Meier curves of 28-day mortality in patients with sepsis stratified by the value of PPL (pentraxin3+procalcitonin+lactate).
www.impactjournals.com/oncotarget
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define its own cutoff value of predicted mortality to adapt
treatment intensity.
In summary, our study confirmed that PTX3 can be
considered as a useful biomarker in prediction severity
and outcome of patients with sepsis. It is a useful clinical
tool for risk stratification. Furthermore, the new developed
in-hospital mortality prediction model (PPL) enhanced
septic mortality prediction by combining PTX3, PCT and
lactate. We believe this prediction model may help in the
challenging task of improving the care of critically ill
patients with sepsis.

repository and stored at −80 °C until further biochemical
analysis. The serum levels of PTX3 was measured with
specific sandwich enzyme-linked immunosorbent assays
(R&D systems, Minneapolis, USA). A detection limit
of 0.1 ng/mL and an inter-plate variance of 8-10% was
set, as reported elsewhere. PCT was measured using
the electrochemical luminescence method (VIDAS
Brahms PCT, Mannheim, Germany) according to the
manufacturer’s instructions and a detection limit of 0.05
ng/mL was set with an inter-plate variance under 20%.
Lactate was tested by a blood-gas analyzer (GEM 3000,
USA).

MATERIALS AND METHODS

Statistical analysis

Study population

All analyses in this study were conducted using
the SPSS Statistics software package V.20 (IBM,
Chicago, USA). GraphPad Prism 5.0 (GraphPad Software
Inc., CA) were used to plot. Categorical variables are
expressed as proportions and were tested using χ2 test
or Fisher exact test. Continuous variables are presented
as mean ± standard deviation (SD) and the differences in
mean were analyzed using Student’s t test. Non-normal
distributions variables were given as median (range) and
compared using Mann Whitney U test. One-way ANOVA
or Kruskal-Wallis test were used to compare difference
among more than two groups when appropriate. Pearson’s
correlation analysis was used to analyze the relationship
among SOFA score, APACHE II score and PTX3, PCT
and lactate. Cox proportional hazards analysis was used to
determine the risk factors for 28-day mortality. Receiver
operating characteristic (ROC) curves were reported to
compare the prognostic value of PTX3, PCT and lactate.
Survival analysis was performed using the Kaplan-Meier
curve and log-rank test. P values of less than 0.05 was
regarded as significant.

From April 2016 to February 2017, 245 consecutive
patients who diagnosed as sepsis (defined as lifethreatening organ dysfunction caused by a dysregulated
host response to infection) according to the criteria of
Sepsis-3 [32] in the intensive care units (ICU) of West
China Hospital of Sichuan University were screened for
analysis. Exclusion criteria: (1) younger than 20 years
or older than 80 years; (2) moribund patients (death
previewed for the next 24 hours); (3) patients who had
undergone cardiopulmonary resuscitation within 24 h
before ICU admission; (4) patients who were treatment
with antibiotics for more than 48 hours before ICU
admission; (5) patients with immunodeficiency disorders;
(6) incomplete information. Finally, 141 patients were
enrolled in the study containing 86 males and 55 females
The average age was 64 (range from 33 to 78) years. The
primary endpoint of the study was all-cause mortality
with a follow up for 28 days. The study procedure was
approved by the ethics committee of the West China
Hospital of Sichuan University and all subjects in this
study signed informed consent.
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Clinical data was collected at admission and
during the clinical follow-up of patients. Septic shock
was identified with persisting hypotension requiring
vasopressors to maintain mean arterial pressure ≥65 mm
Hg and having a serum lactate level >18mg/dL despite
adequate volume resuscitation in septic patients [32].
Sepsis related Organ Failure Assessment score (SOFA)
[45] and Acute Physiology and Chronic Health Evaluation
II (APACHE II) score [46] were evaluated at the time of
inclusion and re-evaluated during the first week. Age,
sex, body mass index (BMI), comorbidities at admission,
and primary site of infection were recorded by specialists
in ICU. Blood samples were serially collected 0, 3
and 7 days after study enrolment (or at ICU discharge,
whichever came first), centrifuged (4 °C, 3000 r/min, 10
min) and EDTA plasma was shipped on dry ice to a central
www.impactjournals.com/oncotarget

REFERENCES
1. De Backer D, Dorman T. Surviving sepsis guidelines: a
continuous move toward better care of patients with sepsis.
JAMA. 2017; 317: 807-808.
2. Yealy DM, Kellum JA, Huang DT, Barnato AE, Weissfeld
LA, Pike F, Terndrup T, Wang HE, Hou PC, LoVecchio F,
Filbin MR, Shapiro NI, Angus DC. A randomized trial of
protocol-based care for early septic shock. N Engl J Med.
2014; 370: 1683-1693.
3. Rowan KM, Angus DC, Bailey M, Barnato AE, Bellomo
R, Canter RR, Coats TJ, Delaney A, Gimbel E, Grieve RD,
Harrison DA, Higgins AM, Howe B, et al. Early, goaldirected therapy for septic shock – a patient-level metaanalysis. N Engl J Med. 2017; 376: 2223-2234.
5134

Oncotarget

4. Casagranda I, Vendramin C, Callegari T, Vidali M,
Calabresi A, Ferrandu G, Cervellin G, Cavazza M, Lippi
G, Zanotti I, Negro S, Rocchetti A, Arfini C. Usefulness
of suPAR in the risk stratification of patients with sepsis
admitted to the emergency department. Intern Emerg Med.
2015; 10: 725-730.

18. Kunes P, Holubcova Z, Kolackova M, Krejsek J. Pentraxin
3(PTX 3): an endogenous modulator of the inflammatory
response. Mediators Inflamm. 2012; 2012: 920517.
19. Kim SB, Lee KH, Lee JU, Ann HW, Ahn JY, Jeon YD, Kim
JH, Ku NS, Han SH, Choi JY, Song YG, Kim JM. Long
pentraxin 3 as a predictive marker of mortality in severe
septic patients who received successful early goal-directed
therapy. Yonsei Med J. 2017; 58: 370-379.

5. Jensen JU, Heslet L, Jensen TH, Espersen K, Steffensen P,
Tvede M. Procalcitonin increase in early identification of
critically ill patients at high risk of mortality. Crit Care Med.
2006; 34: 2596-2602.

20. Hansen MB, Rasmussen LS, Garred P, Bidstrup D, Madsen
MB, Hyldegaard O. Pentraxin-3 as a marker of disease
severity and risk of death in patients with necrotizing soft
tissue infections: a nationwide, prospective, observational
study. Crit Care. 2016; 20: 40.

6. Ruiz-Rodriguez JC, Caballero J, Ruiz-Sanmartin A,
Ribas VJ, Perez M, Boveda JL, Rello J. Usefulness of
procalcitonin clearance as a prognostic biomarker in septic
shock. A prospective pilot study. Med Intensiva. 2012; 36:
475-480.

21. Jie H, Li Y, Pu X, Ye J. Pentraxin 3, a predicator for 28-day
mortality in patients with septic shock. Am J Med Sci.
2017; 353: 242-246.

7. Vincent JL, De Backer D. Circulatory shock. N Engl J Med.
2013; 369: 1726-1734.

22. Caironi P, Masson S, Mauri T, Bottazzi B, Leone R,
Magnoli M, Barlera S, Mamprin F, Fedele A, Mantovani A,
Tognoni G, Pesenti A, Gattinoni L, Latini R. Pentraxin 3 in
patients with severe sepsis or shock: the ALBIOS trial. Eur
J Clin Invest. 2017; 47: 73-83.

8. Kruse O, Grunnet N, Barfod C. Blood lactate as a predictor
for in-hospital mortality in patients admitted acutely to
hospital: a systematic review. Scand J Trauma Resusc
Emerg Med. 2011; 19: 74.
9. Bhat SR, Swenson KE, Francis MW, Wira CR. Lactate
clearance predicts survival among patients in the emergency
department with severe sepsis. West J Emerg Med. 2015;
16: 1118-1126.

23. Huttunen R, Hurme M, Aittoniemi J, Huhtala H, Vuento
R, Laine J, Jylhava J, Syrjanen J. High plasma level of
long pentraxin 3 (PTX3) is associated with fatal disease in
bacteremic patients: a prospective cohort study. PLoS One.
2011; 6: e17653.

10. Hayashida K, Kondo Y, Hara Y, Aihara M, Yamakawa K.
Head-to-head comparison of procalcitonin and presepsin
for the diagnosis of sepsis in critically ill adult patients: a
protocol for a systematic review and meta-analysis. BMJ
Open. 2017; 7: e014305.

24. Liu D, Su L, Han G, Yan P, Xie L. Prognostic value of
procalcitonin in adult patients with sepsis: a systematic
review and meta-analysis. PLoS One. 2015; 10: e0129450.
25. Larsen FF, Petersen JA. Novel biomarkers for sepsis: a
narrative review. Eur J Intern Med. 2017.

11. Moran JL, Santamaria J. Reconsidering lactate as a sepsis
risk biomarker. PLoS One. 2017; 12: e0185320.

26. Magrini L, Travaglino F, Marino R, Ferri E, De Berardinis
B, Cardelli P, Salerno G, Di Somma S. Procalcitonin
variations after Emergency Department admission are
highly predictive of hospital mortality in patients with acute
infectious diseases. Eur Rev Med Pharmacol Sci. 2013; 17:
133-142.

12. Mantovani A, Garlanda C, Doni A, Bottazzi B. Pentraxins
in innate immunity: from C-reactive protein to the long
pentraxin PTX3. J Clin Immunol. 2008; 28: 1-13.
13. Bottazzi B, Garlanda C, Cotena A, Moalli F, Jaillon S,
Deban L, Mantovani A. The long pentraxin PTX3 as a
prototypic humoral pattern recognition receptor: interplay
with cellular innate immunity. Immunol Rev. 2009; 227:
9-18.

27. Kenzaka T, Okayama M, Kuroki S, Fukui M, Yahata
S, Hayashi H, Kitao A, Kajii E, Hashimoto M. Use of a
semiquantitative procalcitonin kit for evaluating severity
and predicting mortality in patients with sepsis. Int J Gen
Med. 2012; 5: 483-488.

14. Muller B, Peri G, Doni A, Torri V, Landmann R, Bottazzi B,
Mantovani A. Circulating levels of the long pentraxin PTX3
correlate with severity of infection in critically ill patients.
Crit Care Med. 2001; 29: 1404-1407.

28. Peschanski N, Chenevier-Gobeaux C, Mzabi L, Lucas
R, Ouahabi S, Aquilina V, Brunel V, Lefevre G, Ray P.
Prognostic value of PCT in septic emergency patients. Ann
Intensive Care. 2016; 6: 47.

15. Martin GS, Mannino DM, Eaton S, Moss M. The
epidemiology of sepsis in the United States from 1979
through 2000. N Engl J Med. 2003; 348: 1546-1554.

29. Zhang H, Wang X, Zhang Q, Xia Y, Liu D. Comparison
of procalcitonin and high-sensitivity C-reactive protein for
the diagnosis of sepsis and septic shock in the oldest old
patients. BMC Geriatr. 2017; 17: 173.

16. Angus DC, van der Poll T. Severe sepsis and septic shock.
N Engl J Med. 2013; 369: 2063.
17. Liu S, Qu X, Liu F, Wang C. Pentraxin 3 as a prognostic
biomarker in patients with systemic inflammation or
infection. Mediators Inflamm. 2014; 2014: 421429.

www.impactjournals.com/oncotarget

30. Huang MY, Chen CY, Chien JH, Wu KH, Chang YJ,
Wu KH, Wu HP. Serum procalcitonin and procalcitonin
clearance as a prognostic biomarker in patients with severe

5135

Oncotarget

sepsis and septic shock. Biomed Res Int. 2016; 2016:
1758501.

on patient mortality and length of stay. J Am Med Inform
Assoc. 2017.

31. Schuetz P, Birkhahn R, Sherwin R, Jones AE, Singer A,
Kline JA, Runyon MS, Self WH, Courtney DM, Nowak
RM, Gaieski DF, Ebmeyer S, Johannes S, et al. Serial
procalcitonin predicts mortality in severe sepsis patients:
results from the multicenter procalcitonin MOnitoring
SEpsis (MOSES) Study. Crit Care Med. 2017; 45: 781-789.

40. Poddar B, Gurjar M, Singh S, Aggarwal A, Baronia A.
Reduction in procalcitonin level and outcome in critically
ill children with severe sepsis/septic shock-a pilot study. J
Crit Care. 2016; 36: 230-233.
41. Cuello F, Shankar-Hari M, Mayr U, Yin X, Marshall M,
Suna G, Willeit P, Langley SR, Jayawardhana T, Zeller T,
Terblanche M, Shah AM, Mayr M. Redox state of pentraxin
3 as a novel biomarker for resolution of inflammation
and survival in sepsis. Mol Cell Proteomics. 2014; 13:
2545-2557.

32. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M, Bellomo R, Bernard GR, Chiche JD,
Coopersmith CM, Hotchkiss RS, Levy MM, Marshall JC, et
al. The Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3). JAMA. 2016; 315: 801-810.

42. Haas SA, Lange T, Saugel B, Petzoldt M, Fuhrmann V,
Metschke M, Kluge S. Severe hyperlactatemia, lactate
clearance and mortality in unselected critically ill patients.
Intensive Care Med. 2016; 42: 202-210.

33. Fall PJ, Szerlip HM. Lactic acidosis: from sour milk to
septic shock. J Intensive Care Med. 2005; 20: 255-271.
34. Noritomi DT, Soriano FG, Kellum JA, Cappi SB, Biselli
PJ, Liborio AB, Park M. Metabolic acidosis in patients with
severe sepsis and septic shock: a longitudinal quantitative
study. Crit Care Med. 2009; 37: 2733-2739.

43. Cecconi M, De Backer D, Antonelli M, Beale R, Bakker
J, Hofer C, Jaeschke R, Mebazaa A, Pinsky MR, Teboul
JL, Vincent JL, Rhodes A. Consensus on circulatory shock
and hemodynamic monitoring. Task force of the European
Society of Intensive Care Medicine. Intensive Care Med.
2014; 40: 1795-1815.

35. Nguyen HB, Rivers EP, Knoblich BP, Jacobsen G, Muzzin
A, Ressler JA, Tomlanovich MC. Early lactate clearance
is associated with improved outcome in severe sepsis and
septic shock. Crit Care Med. 2004; 32: 1637-1642.

44. Vincent JL, Quintairos ESA, Couto L Jr, Taccone FS. The
value of blood lactate kinetics in critically ill patients: a
systematic review. Crit Care. 2016; 20: 257.

36. Nichol A, Bailey M, Egi M, Pettila V, French C, Stachowski
E, Reade MC, Cooper DJ, Bellomo R. Dynamic lactate
indices as predictors of outcome in critically ill patients.
Crit Care. 2011; 15: R242.

45. Vincent JL, de Mendonca A, Cantraine F, Moreno R,
Takala J, Suter PM, Sprung CL, Colardyn F, Blecher S.
Use of the SOFA score to assess the incidence of organ
dysfunction/failure in intensive care units: results of a
multicenter, prospective study. Working group on “sepsisrelated problems” of the European Society of Intensive Care
Medicine. Crit Care Med. 1998; 26: 1793-1800.

37. Oh DH, Kim MH, Jeong WY, Kim YC, Kim EJ, Song JE,
Jung IY, Jeong SJ, Ku NS, Choi JY, Song YG, Kim JM.
Risk factors for mortality in patients with low lactate level
and septic shock. J Microbiol Immunol Infect. 2017.
38. Schlapbach LJ, MacLaren G, Straney L. Venous vs arterial
lactate and 30-day mortality in pediatric sepsis. JAMA
Pediatr. 2017; 171: 813.

46. Knaus WA, Draper EA, Wagner DP, Zimmerman JE.
APACHE II: a severity of disease classification system. Crit
Care Med. 1985; 13: 818-829.

39. Austrian JS, Jamin CT, Doty GR, Blecker S. Impact of an
emergency department electronic sepsis surveillance system

www.impactjournals.com/oncotarget

5136

Oncotarget

