Biomarkers in Sepsis
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A Soluble L-selectin (=CD62L)
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Acute phase reactants
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Microbial products- Endotoxin
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Figure 1. Sepsis may be divided into two phases. Following infection, a
hyper-inflammatory phase is characterized by SIRS. This may resolve or
the patient may progress to what is called severe sepsis. During this
phase, there is evidence of CARS with immunosuppression and multiple
organ dysfunction. This may also resolve, especially with appropriate
support, but it often leads to death.




What is a biomarker?

nNal most any measurement refl ect
biological system and a potential hazard, which may be chemical,
physical or biological. The response may be functional and
physiological, biochemical at the cellular level, or a molecular
l nteractiono

- WHO 1993
N A xenobiotically 1 nduced var.l
components or process, structure or function that is measurable
Il n a biological system.

- National Academy of Science



What is a biomarker?

M characteristic that is objectively measured and evaluated as
an indicator of normal biological process, pathologic process or
phar macol ogi cal response to a

- Biomarker Definition Working Group (2001)



What is the need of biomarkers in sepsis?
AEarly diagnosis
ADifferentiating diseases e.g. Sepsis vs. no sepsis
AMonitoring response to therapy

APrognostication



NSMA®RTbI omar ker

ASensitive (and Specific)

AMeasurable

AAvailable (Affordable and safely Attainable)
AResponsive (and Reproducible) in a
ATimely fashion

Non SMARTERO

AEvaluate (validate) and

ARe-evaluate (revalidate) -research needs to be in a continuous
cycle of appraisal and re-appraisal

- Shehabi ‘et. al.CritCare. 2008; 12(3):211



Inherent Limitations of Biomarkers

ABiomarkers are members of complex cascades and networks

AAssessing levels of an individual cytokine dissociated from the levels of its
antagonists or natural inhibitors may lead to the erroneous impression that
an altered cytokine level reflects derangements in a biological pathway

Almmune-reactive assays may provide qualitatively different information
than bioactivity assays

- Shehabi Yet. al.CritCare. 2008; 12(3):211



IL-6

ANot specific for sepsis
AMaijor role as a prognostic biomarker, not diagnostic
AElevated levels associated with increase in mortality

AMouse model of acute septic peritonitis also corroborative of similar
findings

AMeets one of the desired attributes of an ideal biomarker of sepsis

PatelRTet al. BrJ Surg 1994;81:13G8.
PetillaV et al. IntensiveCare Med 2002;28:12286.
PanacekeA etal. CritCare Med 2004;32:21€¢82



Procalcitonin

Aln 1993 Assicot and colleagues first reported elevated PCT levels in
patients with invasive bacterial infection

A 116 AA protein produced by thyroid C cells and then cleaved in to 3 distinct
molecules- Calcitonin, N- terminal fragment & katacalcin

ADevoid of known hormonal activity

AReleased from all cells in response to bacterial toxins and proinflammatory
mediators (ILZD, IL-6 & TNFZ4))

ADecreased in viral infections under influence of IFN2
A Stable both in vivo and in vitro with in vivo t1/2 ~24 hours

Alncreases after 2-3 hours after induction, plateau after 6-12 hours & remain
high for up to 48 hours

- Assicot Met al. Lancet 1993;341:51%.
- ClinChestMedY H 0THAN Ay ®p OMTIC N C
- FaixJD.CritRevClinLabSci, 2013; 50(1): 236



Interpretation of PCT result

A The optimal cut-off depends on
A Clinical setting (eg, emergency room, ICU, post-operative or trauma patients)
A Site and extent of the infection (eg, RTI, meningitis, abdominal infection)
A Co-morbidities (eg, immunosuppression)
A Clinical implications drawn (eg diagnosis, prognosis, antibiotic stewardship)

A Should be used in the context of clinical situation

A Non infective causes of elevation-

A First days after a major trauma, major surgical intervention, severe burns, treatment with OKT3
antibodies

A Patients with prolonged or severe cardiogenic shock, prolonged severe organ perfusion
anomalies, small cell lung cancer, medullary C-cell carcinoma of the thyroid
A False low PCT-
A Early course of infections
A Localised infections



PCT <0.05 ua/L

Healthy individuals

PCT <0.5 pa/L

Systemic infection (sepsis)
IS not likely.
Local bacterial infection is possible.

PCT 20.5 - <2 pg/L

Systemic infection (sepsis)
is possible, but vanous conditions

are known to induce PCT as well

PCT 22 - <10 pg/L

Systemic infection (sepsis) is likely,

b ) AQ ) \

PCT 210 pg/L

Important systemic inflammatory
response, aimost exclusively due to
severe bacterial sepsis or septic shock.

Determination of normal values with a high sensitive
assay revealed normal values to be below 0.05 pg/L

Low risk for progression 10 severe systemic infection

(severa sepsis)

Caution: PCT levels below 0.5 pg/L do not exclude

an infection, becausz localized infections (without
systemic signs) may be associated with such low levels
Also if the PCT measurement is done very early after a
follewing bacterial challenge (usually < 6 hours), these
values may still be low. In this case, PCT should be
re-assessad 6-24 hours later,

Moderate risk for progression (0 severe systemic

infection (severe sepsis), The patient should be closely

monitored both clinically and by re-assessing PCT
|'uvr;1?f‘f': E..241 '.O'\”S

High risk for progression 10 severe systemic infection
Severa sepsis)

High likelihood of severe sepsis or septic shock




PCT as a Diagnostic Marker of Sepsis



NO

Simonet al.
2004

Uzzaret al.
2006

Tanget al.
2007

Mannet al.
2011

Yuet al.
2010

Wackeret al.

2013

Hospitalized Pt
Adults, Children &
Neonates
Critically illadults,
Post Surg/Trauma

Criticallyill, Adults

Critically illburn
patients

Neonates

critically ill patients

12 Studies
1386 Pt.

33 Studies
3943 Pt.

18 Studies
2097Pt.

6 Studies
194 Pt.

22 Studies

30 Studies
3244Pt.

Sn 88 V§5
Sp 81vs 67

Diagnostic Odds 15.47 vs 5.43
Sp78vs71

Sensitivity 71 % (676)
Specificity 71% (676)
AUC 0.78 (0.78.83)

Most studies favor PCT
Except a pediatric Study

Sensitivity 71 vs 55
Specificity77 vs 85
Diagnostic OR 11.6 vs 8.6

Sensitivity 77% (721)
Specificity79%(74-84)
AUC 0.85 (0.80.88)

PCT Better than CRP

PCT better than CRP

Diag. performance Better in small studie
ExcludedSeptic shock

PCT assay can be a helpful adjunct t¢
clinical
diagnosis of sepsis and holds promise

More accurate than the CRP for diagno:
of LONS

7 studies common
Including septic shock
4- Paediatric




Procalcitonin Test in the Diagnosis
A Meta-analysis

Results: The search yielded 348 publications and 1 unpublished study. SeVenteen studies met the

WOvided a sample of 2,008'SUBJECES. There was a substantial degree of
Inconsistency The unweighted summary receiver-operating characteristic curve provided the
best overall estimate of test performance, with an gféa Under the curve of 0:84 (95% confidence
interval [CI] 0.75 to 0.90). Sensitivity analysis based on study quality did not significantly change the

results. Subgroup analysis including only studies that used a test threshold of 0.5 or 0.4 ng/mL

_

Conclusion: We found the diagnostic performance of the procalcitonin test for identifying bacteremia
in ED patients to be f0derate) Future research designed to determine the utility of the procalcitonin
test as a diagnostic tool used in isolation for detecting bacteremia in ambulatory patients is needed
before widespread clinical use. [Ann Emerg Med. 2007;50:34-41.]




What this study adds to our knowledge

From atients,
procalcitonin demonstrates and

How this might change clinical practice

These results provide




PCT as a Predictor of Bacteremia



CH EST Original Research

COMMUNITY-ACQUIRED PNEUMONIA

Procalcitonin Levels

A Prospective Cohort Trial

Fabian Miiller, MD; Mirjam Christ-Crain, MD; Thomas Bregenzer, MD; Martin Krause, MD;
Werner Zimmerli, MD; Beat Mueller, MD; and Philipp Schuetz, MD;
for the ProHOSP Study Group*

Methods: This was a prospective cohort study with a derivation and validation set including

925 patients with CAP who underwent blood culture sampling on hospital admission.
Results: A total of 73 (7.9%) patients had true bacteremia (43 of 463 in the derivation cohort,

30 of 462 in the validation cohort). The area under the receiver operating characteristics curve
of PCT in the derivation and validation cohorts was eumlar (demvatlon cohort, 0.83: 95% Cl
0.78-0.89: validation cohort 0.79: 90% Cl. 0.72-0.88). Ove 2 = - -

5. In multivariate regression analysis, only antibiotic prelreatmenladjusted odds ratio, 0.25;




PCT as predictor of bacterial burden In
Pyelonephritis

AAUC for prediction of Bacteremia in Pyelonephritis-
AClinical Model -0.71 (95% CI 0.66 to 0.76)

AClinical + PCT- 0.79 (95% CI: 0.75 to 0.83)

APCT alone - 0.73 (9 5% CI: 0.68 to 0.77)

- vanNieuwkoop et al. Critical Cag®10.



PCT Guided algorithms to decrease Antibiotic Use



Table 3. Primary and Secondary Outcomes of the Different RCTs, Grouped by Study Setting

Mortality, Control
Relative

Source

Diagnoses

Total vs PCT Groups,
No. Dead/Total (%)

Abx Use,
Control vs PCT

Reduction, %

Key Findings

Briel et al,'*
20082
Burkhardt
et al?' 2010

Upper and
lower RTI

Upper and
lower RTI

1/226 (0.4) vs
0/232 (0)

0/275 (0) vs
0/275 (0)

Primary Care Settings
Prescription: 97% vs 25%
Duration (mean): 7.1 vs 6.2 d
Prescription: 36.7% vs 21.5%
Duration (mean): 7.7 vs 7.8 d

Prescription: -74
Duration: -13
Prescription: -42
Duration: 1

RedlctioRBFABX ithout additional

days of restricted activity

RedlctionofABXWithout causing

heath impairment

Christ-Crain

et al,2 2004
Christ-Crain

et al,2 2006

Stolz et al
2007

Long et al,®
2009

Kristoffersen
et al,¢ 2009

Schuetz et al,**
2009

CAP, AECOPD,

bronchitis
CAP

AECOPD

CAP

Lower RTI

CAP, AECOPD,

bronchitis

4/119 (3.4) vs
4/124 (3.2)

20/151 (13.2) vs
18/151 (11.9)

9/106 (8.5) vs
5/102 (4.9)
0/64 (0) vs
0/63 (0)
1/107 (0.9) vs
2/103 (1.9)
33/688 (4.8) vs
34/671 (5.1)

ED Settings
Prescription: 83% vs 44%
Duration (mean): 128 vs 109 d

Prescription: 99% vs 85%
Duration (mean): 129vs 5.8 d

Prescription: 72% vs 40%

Prescription: 97% vs 86%
Duration (median): 10 vs 6 d
Prescription: 79% vs 85%
Duration (mean): 6.8 vs 5.1 d
Prescription: 87.7% vs 75.4%
Duration (median): 8.7 vs 5.7 d

Prescription: -47
Duration: -15
Prescription: =14
Duration: -55

Prescription: -44

Prescription: -11
Duration: -40
Prescription: 8
Duration: -25
Prescription: -14
Duration: -34

ReductioRBRABY prescriptions

. without adverse

outcomes

RedlicedAbXlexposure without

adverse outcome

Reduction of AbX use and shorter

Abx duration

Reduction of duration of Abx use

Noninferiority for clinical outcomes

and decreased AbX use




Svoboda et al *
2007

Nobre et al
2008

Stolz et al #
2009

Hochreiter
et al.* 2009

Schroeder
etal® 2009
Bouadma
et al®2010°

Postopseptic 72
sfiock
Sepsis 79

VAP 101

Postop 10
[nfection

Postopsevere 27
Se0sis

Sepsis 621

13/34 (38.2) vs
10/38 (26.3)
12/40 (30.0) vs

39 (205)
12/50 (24.0) vs
851 (15.7)

14/53 (26.4) vs
15/57 (26.3)

3113 (23.1) vs
314 (21.4)

64/314 (20.4) vs
65/307 (21.2)

Inpatient and ICU Settings
NA NA
Duration (median): 9.5vs6.0d  Duration: -37

Abx-free days alive: 9.5vs 13
Duration (median): 15 vs 10 d

Abx-free days
alive: 27
Duration: -33

Duration (mean): 7.9vs 5.9d  Duration: -25

Duration (mean): 8.3vs6.6d  Duration: -20

Abx-free days alive; 11,6 vs 14.3
Duration (mean): 9.9 vs 6.6 d

Abx-free days
alive: 19
Duration: -33

Irend to decrease in SOFA and
ventiator/ICU days

Reducton n Abx duration anc [CU
LOS without adverse events

DecreasedKuse without

increasing mortality rate

RedlicfionnVAbK dirafir 2nd Jcu
LOS without adverse events

RedlictionimABK. e without

Increase in mortality rate




Use of Serum Procalcitonin to Detect Bacterial Infection 1n
Patients With Autoimmune Diseases

A Systematic Review and Meta-Analvsis

Objective. To systematically review evidence of the
accurgcx of the procalcitonin test for diagnosis of bac-

Methods The major databases Medlme EMBase
and the Cochrane Library were searched for studies
published between January 1966 and October 2011 that
evaluated procalcitonin, alone or in comparison with
other laboratory markers such as C-reactive protein
(CRP), as a diagnostic marker for bacterial infection in
patients with autoimmune disease and provided suffi-
cient data to permit construction of 2 X 2 tables.

Results. Nine_studies were included in the final

meta-analysns The 252 3:225 fﬂi ifgggjﬁ iifﬁ;égz

fid , | [95% CI] 0.88-0.93) f lci-

i — ( . In general,
testing for for identi-

fying infectious complications, although it was not as

sensitive as testing for CRP. Pooled
0.75 (95% CI 0.63-0.84) tests

. Pooled specificity was
0.90 (95% CI 0.85-0.93) for procalcitonin tests and (.56
(95% CI 0.25-0.83) for CRP tests. The positive likeli-
hood ratio for procalcitonin (7.28 [95% CI 5.10-10.38])
was sufficiently high to qualify procalcitonin testing as
a rule-in diagnostic tool, while the negative likelihood
ratio (0.28 [95% CI 0.18-0.40]) was not sufficiently low
to qualify procalcitonin testing as a reliable rule-out
diagnostic tool.

Conclusion.

patients with autoimmune disease; and the test for
procalcitonin is more specific than sensitive. A procal-

o ; ot 0 | 1 10ttt
as a rule-out tool.




Serum procalcitonin in patients with CKD:
a systematic review and meta-analysis

ASeven studies, 803 patients and 255 bacterial infection episodes

A%eRnPsitivity 73% (95% CI 54i 86%) for PCT & 78% (95% Cl 52i 92%) for

A% e ¢ 1y 66i( 8596 CB781 93%) for PCT & 84% (95% Cl, 52i 96%) for

ABoth PCT and CRP have poor sensitivity but acceptables peciifci t vy
diagnosing bacterial infection In CKD

APoor negative likelihood ratio- role as a rule-out test is question able

- Luet al. Nephrol Dial Transplant (2013) 28: 2129



The use of pleural fluid procalcitonin and C-reactive protein

in the diagnosis of parapneumonic pleural effusions:
a systemic review and meta-analysis™

Ming-Xiang Zou MD?, Rong-Rong Zhou MD®, Wen-Jun Wu MD?, Ning-Jie Zhang MD?2,
Wen-En Liu MD?, Xue-Gong Fan MD"*

Results: We found including 780 patients with suspected parapneumonic effusion
and Six studies examined the diagnostic performance

of pleural fluid PCT, 3 also tested for serum PCT, and another 3 tested for serum CRP. The bivariate

pooled (95% confidence interval [CI], 0.54-0.78) and
: 0.65 (95% CI, 0.55-0.74) and 0.68 (95%

€I, 062°0.79), respectively, for serum PCT; and 0.54 (95% CI, 0.47-0.61) and 0.77 (95% CI, 0.72-

0.81), respectively, for serum CRP. There was evidence of significant heterogeneity (12=55.O%) for

pleural fluid or serum PCT but not for CRP ([2=0.0%).

Conclusion: The existing literature suggests that [

of pleural

effusion. Compared with PCT, § .
and thus, it has a higher rule-in value than PCT.




The role of procalcitonin in the identification of invasive fungal infection—a systemic

review and meta-analysis*'*ﬁ

Yu-Hong Dou 2, Ji-Kun Du 2, He-Lu Liu **, Xiao-Dong Shong °

# Clinical Laboratory, Shenzhen Shajing Affiliated Hospital of Guangzhou Medical University, Guangzhou, China
® Clinical Laboratory, Liaoyuan City Hospital, Jilin, China




PCT to Guide Initiation as well as Stopping
Antibiotics in AR



Procalcitonin to Guide Initiation and Duration

of Antibiotic Treatment







