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1 SYNOPSIS

VIDAS® BeR+AsH*M+S PCT™ is an automatéat-vitro diagnostic (IVD) test that determines

the concentration of human procalcitonin (PCT)r@prmone released in response to
proinflammatory stimulation, particularly bacteriafection, and certain other conditions such as
trauma.

VIDAS BeRe+A¢H*MS PCT is currently cleared by the®J Food and Drug Administration
(FDA) as an aid in the risk assessment of critycdlpatients on their first day of ICU admission
for progression to severe sepsis and septic shutkiaassessing the cumulative 28-day risk of
all-cause mortality for patients diagnosed withesevsepsis or septic shock. bioMérieux is
proposing two additional intended uses for VIDARBA*H+MeS PCT as an aid in decision
making on antibiotic therapy when used in conjwrcivith other laboratory findings and
clinical assessments. These new intended useflafer patients with suspected or confirmed
lower respiratory tract infection (LRTI), defined aommunityacquired pneumonia (CAP),
acute bronchitis, and acute exacerbation of chrobstructive pulmonary disease (AECOPD);
and, (2) for patients with suspected or confirmelsss.

This briefing document was prepared in order to/jgi® the Advisory Committee members with
an overview of the state of the clinical evidennoeluding the results of meta-analyses
conducted by bioMérieux, which evaluated the sadeiy effectiveness of using PCT for the
additional proposed indications.

Public Health Need for Antibiotic Stewardship

LRTIs and sepsis account for substantial morbialitgt mortality in the United States, and
effective treatment of patients with LRTI or sepsysnptoms relies on prompt identification of
the underlying disease (Macfarlane, 1993; Hall,120However, laboratory documentation from
microbiological work-up to support a differentiaagnosis is often not available when
physicians are presented with a treatment decigism@ result, many patients are prescribed
antibiotics empirically without an understandingndfether the condition is of viral, bacterial, or
non-infectious origin.

Inappropriate antibiotic use, due to either antibimitiation in the absence of a bacterial
infection or prolonged treatment after eliminatafran infection, is associated with significant
risks. For individual patients, non-optimal antificause exposes patients unnecessarily to
antibiotic-related side effects, increases the esiskomplicating infections, and delays
administration of appropriate treatment. On a dat&rale, inappropriate antibiotic use is
directly contributing to the rise of antibiotic-rsant bacteria, one of the most serious and
growing threats to global public health (World HeaDrganization [WHO], 2015). In the United
States, the Centers for Disease Control and Priewef@DC) estimates that drug-resistant
bacteria cause approximately two million illnesaed 23,000 deaths each year (CDC, 2016).
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The advancement of technologies and policies tobeditihe misuse and over-use of antibiotics
in healthcare has been identified as a key ingaith theNational Action Plan for Combating
Antibiotic-Resistant Bacterig ensure that “each patient receitles right antibiotic at the right
time at the right dose for the right durati¢w/hite House, 2015) [emphasis in original].”
Diagnostic tools that provide physicians with rapdults to aid in treatment decisions offer the
potential to improve the care of patients with LR&hd sepsis and to advance the public health
need for greater antibiotic stewardship.

Utility of PCT as a Biomarker to Aid in Decision-knag for Antibiotic Treatment

PCT is a marker protein of bacterial infection aegsis. Over the last two decades, PCT has
emerged as a useful biomarker in clinical pradiiet can be used to assist in making treatment
decisions on antibiotic initiation and cessatio@.TRconcentrations change according to the
presence and severity of an infection (Becker, 2041 indicate the presence of a bacterially-
induced systemic inflammatory reaction. PCT hasils®wn to be more specific and sensitive
to infections of bacterial origin compared to otbandidate biomarkers such as interleukin-6
(IL-6) and C-reactive protein (CRP) (Cuguemellel 20Rodriguez, 2016).

The normal range of PCT is considered less thah iigdmL (Morgenthaler, 2002). Reactions to
a systemic bacterial insult induce elevations ifT B&els (>0.1 ng/mL). PCT levels greater than
0.5 ng/mL in the absence of other causes are dyrasgociated with the presence of sepsis. In
severe cases, or among patients in septic shock)é¥€ls often range between 2 and 10 ng/mL.
Therefore, PCT concentrations can help differeatilaé presence of a bacterial infection, for
which antibiotics are warranted, from non-bactené&ctions or self-limiting bacterial

infections. In patients with LRTI or sepsis who banitiated antibiotic treatment, subsequent
PCT measurements can indicate the presence ofemtiam and aid in the decision to
discontinue antibiotic treatment.

The kinetics of PCT in bacterial infection anddteracteristics as a discriminator for bacterial
infection versus other conditions has led to mauagliss, including several randomized
controlled trials (RCTs), on PCT-guided care. Theserporate evidence-based PCT-guided
treatment algorithms to supplement clinical assessrior antibiotic initiation and cessation in
patients with suspected or confirmed LRTI and demsan confirmed or suspected sepsis.

Figure 1 shows a representative PCT-guided treatment #hgorfior LRTI. Another
representative example of PCT guidance for disnaation of antibiotics in patients with sepsis
is “... to stop the prescribed antibiotics if prod¢dnin concentration decrease[s] by 80% or
more of its peak value (relative stopping threshadd when it reaches a value of Q&L or

lower (absolute stopping threshold)” (de Jong, 3016
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Figure 1: Example of PCT Algorithm Used to Guide Atibiotic Initiation and
Discontinuation for LRTI
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Rationale for the Use of Existing Data as a Basimproval for Proposed Intended Uses

Over the last two decades, several randomizedatetdrtrials (RCTs) have evaluated the safety
and effectiveness of PCT-guided algorithms forkaatic therapy in respiratory tract infections
and sepsis. These trials randomized patients meaod two groups: (1) a PCT group, which
followed a PCT-guided algorithm for the initiatiand/or duration of antibiotic therapy and (2) a
“standard-of-care” control group, which used clalimidgment for antibiotic treatment decision
making.

In an effort to be proactive in addressing the otgriblic health need for enhanced antibiotic
stewardship, bioMérieux and FDA agreed that a cetmmsive evaluation of the published
literature could provide the appropriate level lifical evidence to support the proposed
intended uses.

Methodology of Systematic Literature Review andaMetalyses

In consultation with the FDA, physicians with exjge in the development and use of PCT-
guided algorithms, and independent statistical glvasts, bioMérieux designed and conducted
systematic literature reviews and meta-analysgaiblished RCTs of PCT-guided antibiotic
therapy for LRTI and sepsis to evaluate the exdénéduction in inappropriate antibiotic use
and the impact of PCT guidance on safety outco@as.of the primary goals of the meta-
analyses was to ensure that PCT-guided reductioastibiotic therapy did not lead to safety
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issues attributable to potential “false negativegither not initiating antibiotics when they
should have been (in the case of LRTI) or premétutiscontinuing antibiotics (in the case of
both LRTI and sepsis). The following outcome measwrere prospectively defined and
assessed following a systematic review of thedttee:

* Antibiotic treatment initiation (LRTI only)

» Duration of antibiotic treatment in patients whorevprescribed antibiotics

» Total exposure to antibiotics in all randomizederats

» Complications (e.g., death, re-hospitalizationureent or worsening infection)
* Length of hospitalization or ICU stay

* Mortality

(Note: The difference in the definitions ddfiration andexposurds thatexposuresvaluates the
overall antibiotic burden in the population wherdasationreflects the burden only among
those who initiated. For example, take five pasetwo of whom did not initiate antibiotics and
the three who did were on antibiotics for 4, 5, &mdhys, respectively. The duration of antibiotic
therapy would be 5 days (i.e., the average of 4n8,6) whereas the exposure would be 3 days
(i.e., the average of 0, 0, 4, 5, and 6).)

Both study-level and patient-level meta-analysesewenducted for LRTI and sepsis. Study-
level meta-analyses, which included RCTs whosdtsesuere published between 2004 and
2016, used descriptive study-level information ¢olghe overall estimates across studies (i.e.,
with summary statistics abstracted from paperserdtian raw datasets). Patient-level meta-
analyses, which included RCTs whose results webdighed from 2004 through 2011 (patient-
level data was unavailable after that date), usgi@mi-level data from the raw dataset of each of
the RCTs, which allowed for additional subgroup atrdtified analyses.

Results of LRTI Meta-Analysis

The study-level meta-analyses for LRTI includedRIdTs with 4090 adult patients; the patient-
level meta-analyses for LRTI included 13 RCTs V@fl2 adult patients. A summary of results
is shown inTable L The key findings from the meta-analyses include:

» Patients were significantly less likely to be iatéd on antibiotics when treated with a
PCT-guided algorithm as compared to standard @& icaboth study-level (odds ratio
[OR] = 0.26) and patient-level (OR = 0.27) metalgses (botlp<0.001)
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* The mean duration of antibiotic treatment amongepéd who initiated antibiotics was
estimated to be 1.3 and 2.9 days shorter usingTaadR§orithm in the study-level
(p=0.14) and patient-level meta-analys@s(.001), respectively.

* The mean antibiotic exposure over all patients sgdsiced by 2.8 and 3.6 days in the
study-level p=0.003) and patient-level meta-analysis{.001), respectively.

* Treatment under a PCT-guided algorithm did not esklg affect patient outcomes.
Mortality rates and the average length of hosgitay were similar in the PCT and
control groups in both the study-level and patientl meta-analyses. In the patient-level
meta-analysis:

0 The mortality rate was 6.7% in the PCT group addsrin the control group
(p=0.62).

o0 The median length of hospital stay was 7 daysr@uigrtile range [IQR], O to 12)
in the PCT group and 6 days (IQR, 0 to 13) in thetiol group p=0.61).

o0 The rate of complications was lower in the PCT grthan in the control group
(18.0% vs. 21.1%p=0.03).

Table 1: Summary Results of LRTI Meta-Analyses (Radom-Effects Models)

o Antibiotic Antibiotic Hospital
Antibiotic : i
I Duration Exposure Length of Mortality
Initiation
Meta- (days) (days) Stay (days)
Analysis . Mean Mean Mean Odds/Risk
Odds Ratio : : : -
(95% ClI) Difference Difference Difference Ratio
(95% CI) (95% CI) (95% CI) (95% ClI)
Study-Level 0.26 -2.2 -2.8 -0.2 0.94
N= 4,090 (0.13, 0.52) (-3.3,-1.0) (-4.6, -1.0) (-0.6, 0.3) (0.69, 1.28)
11 Studies p<0.001 p<0.001 p=0.003 p=0.51 p=0.68
Patient-Level 0.27 -2.9 -3.6 -0.2 0.95
N=3,142 (0.22, 0.33) (-3.3,-2.5) (-4.0, -3.2) (-0.9, 0.5) (0.77,1.16)
13 Studies p<0.001 p<0.001 p<0.001 p=0.61 p=0.62

* Odds ratio for patient-level meta-analysis ais#t ratio for study-level meta-analysis; both cédted using the
Control as the reference group.

" Results shown for the study-level meta-analgsesrom the random-effects models. The numberiastincluded
in the analysis for duration and exposure was 35amdspectively.

! This result should be evaluated in the context lmiw power to detect differences because of alsaaiple size
(N=3 studies). The 95% confidence interval arourerhean difference of -1.9 days was wide at-28(Table 2).
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Results of Sepsis Meta-Analysis

The study-level meta-analysis for sepsis include@®RCTs with 3489 adult patients; the patient-
level meta-analysis for sepsis included 5 RCTs ®@8 adult patients with suspected or
confirmed sepsis due to an infection of the lungliké uncomplicated LRTI, patients with
suspected sepsis are initiated immediately on iatittb as standard of care, so initiation of
antibiotics was not a relevant parameter in thsisapeta-analyses. A summary of results from
the sepsis meta-analyses are showrainle 2 The key findings include:

* The average duration of antibiotics was 1.5 dagstshin the PCT group than in the
control group in the study-level meta-analygs@.001).

* The average exposure to antibiotics among all pitiwas 3.2 days shorter in the PCT
group than the control group in the patient-levelaranalysisgd<0.001). The median
exposure to antibiotics was 8 days (IQR, 5 to h3he PCT group and 12 days (IQR, 8
to 18) in the control group.

* PCT-guided antibiotic treatment did not adversdlga outcomes for patients with
sepsis. There were no significant differences notadortality rates or the average
length of stay in the ICU or hospital in eitheripat- or study-level meta-analyses. In the
patient-level meta-analysis:

o0 The mortality rate was 19.9% in the PCT group aB@8% in the control group.

o The median length of ICU stay was 12 days (IQRy B3) in the PCT group and
12 days (IQR, 6 to 22) in the control group.

o0 The median length of hospital stay was 21 days (IQ@Ro 37) in the PCT group
and 23 days (IQR, 13 to 38) in the control group.
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Table 2: Summary Results of Sepsis Meta-Analyses

Antibiotic Duration/ ICU Length of Stay

Exposure* (days) (days) R
Meta-Analysis
Mean Difference Mean Difference Odds/Risk Ratio**
(95% CI) (95% CI) (95% CI)
Study-Level
N=3534 -1.5 -0.8 0.90
10 Studies of (-2.3,-0.7) (-2.5,0.8) (0.79, 1.03)
suspected or p<0.001 p=0.33 p=0.11
confirmed sepsis
Patient-Level
N=598
5 Studies of -3.2 1.1 0.87
suspected or (-4.3,-2.1) (-1.3,3.4) (0.64, 1.18)
confirmed sepsis p<0.001 p=0.37 p=0.36
caused by infection
of the lung

*  Statistic for study-level meta-analysis basedhatibiotic duration and patient-level meta-anislymsed on
antibiotic exposure

** Odds ratio for patient-level meta-analysis argkiratio for study-level meta-analysis; both cédted using
the Control as the reference group.

" Results shown for the study-level meta-analgsesrom the random effects models

Conclusions

PCT is a specific biomarker for systemic bacterifdction that can help guide safe and effective
treatment decisions when interpreted in conjunctidh other laboratory findings and clinical
assessments of a patient. In addition to reducipg®ure of patients to unnecessary treatment,
PCT-guided algorithms can play a role in the pubgalth initiative for greater antibiotic
stewardship.

The results of the LRTI meta-analyses demonstridigickthe odds of initiating antibiotic therapy
under PCT-guided treatment was reduced by apprda&lyn@s%, and the average duration of
therapy was reduced by approximately 2-3 days.|&ilyj among patients with sepsis, the
average duration of antibiotic treatment was sigaiftly reduced by approximately 1.5-3 days
when PCT guidance was used to guide antibioticatess

Importantly, the reductions in antibiotic exposuiigh PCT-guided therapy were not associated
with any adverse effects on patient safety. Botiep&level and study-level meta-analyses on
LRTI and sepsis estimated that the rates of moytahd lengths of stay in the hospital or ICU
were similar in patients who were and were notté@ander a PCT algorithm.
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Overall, the totality of the scientific evidencerin RCTs suggests that PCT-guided algorithms
are safe and effective strategies for advancinipiatic stewardship. Therefore, the VIDAS
BeR+A*H*M+S PCT can be expected to provide relevafdrmation that complements and
enhances current clinical practice for the treatnoéhRTI and sepsis.
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2 NEED FOR ANTIBIOTIC STEWARDSHIP AND THE UTILITY OF PCT AS A
BIOMARKER FOR BACTERIAL INFECTION

Summary

» Unnecessary or prolonged exposure to antibiotindezd to drug toxicity,
superinfection with antibiotic resist organismsg @aollateral damage such as
Clostridium difficileinfections.

* Overuse and misuse of antibiotics contributes écrige of antibiotic-resistant
bacteria, a global issue calling for the need tprowe antibiotic stewardship.

* LRTIs (including CAP, acute bronchitis, aB®PDexacerbation) and sepsis are
both associated with nonspecific clinical symptoars] physicians lack
diagnostic options to inform treatment decisionghainitiation and/or
appropriate duration of antibiotic treatment.

A\Y”4

» Bacterial infections, including those associatethwRTIs and sepsis, stimulats
the production of procalcitonin (PCT).

* PCT levels can help inform treatment decisiond®TIs and sepsis by
providing results to aid with differentiating bagt infections from other
nonbacterial conditions.

2.1 Public Health Need for Antibiotic Stewardship

The rate of antibiotic resistance is rising fasitien the development of new antibiotic products
and is associated with substantial health and enamlourdens. These consequences include
longer hospitalization, increased mortality, leBeaive treatment of currently treatable
infections, and increased risks associated withicaéddvancements (e.g., organ
transplantation, chemotherapy, and surgeries) witeighire adjunctive antibiotic therapy (WHO,
2015). In the United States, drug-resistant battsause an estimated two million illnesses and
approximately 23,000 deaths each year (CDC, 201®.growing threat of antibiotic resistance
has risen as a global concern and has been reeagoyzthe United Nations declaration in 2016,
the World Health Organization, and the United Stagevernment (United Nations, 2016; WHO,
2016; White House, 2015).

Antibiotic stewardship is crucial to the de-esdalaf this phenomenon and requires concerted
efforts be made to optimize antibiotic use and cedmisuse. The CDC estimates that 20-50% of
all antibiotics prescribed in the United Stateseitieer unnecessary or inappropriate (CDC,
2016), which unnecessarily exposes patients toiske of antibiotic-associated adverse events,
Clostridium difficileinfection, and subsequent infections resulting fiaionization by
antibiotic-resistant microbes in the gut or skiedRcing the unnecessary initiation and
prolonged use of antibiotics in patients with LRihld sepsis with improved diagnostics would
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improve antibiotic stewardship and is in line witie National Action Plan for Combating
Antibiotic-Resistant Bacteri@Vhite House, 2015).

2.2 Background on LRTI and Sepsis

Lower respiratory tract infections are common as@sage groups and account for 10% of the
worldwide burden of morbidity and mortality (Madiane, 1993). Diagnosis and treatment
decisions for LRTIs are generally based on nonifipatinical symptoms of cough, sputum
production, fever, and dyspnea. The lack of rapagabstic tests in patient care settings and the
overlapping clinical symptoms makes it difficultddferentiate bacterial LRTIs from other
causes. Without a differential diagnosis, physisimtk crucial information needed to make
appropriate treatment decisions.

While LRTIs are often treated with antibiotics amtount for the majority of outpatient
antibiotic prescriptions, a large proportion of pested LRTI cases are of viral or non-infectious
etiology and are unresponsive to antibiotic treainfEleming-Dutra, 2016). This is true for
acute bronchitis, congestive obstructive pulmorthsgase (COPD) exacerbation, and
community acquired pneumonia (CAP) (Macfarlane, 220hite, 2003; Jain, 2015). It is
estimated that approximately 50% of antibioticsspribed for acute respiratory issues in
ambulatory care in the United States are unneceésSming-Dutra, 2016).

One million people in the United States developgsepach year; one quarter of these cases
result in death (National Center for Health Stat$sst2011). Signs of sepsis, which include fever,
tachypnea, tachycardia, and leukocytosis, are penisc. While early empirical initiation of
antibiotics is recommended when sepsis is suspdatisdmportant to differentiate between
sepsis and systemic inflammatory response syndofmen-infectious etiology in order to
appropriately assign treatment. In cases whereebaktinfections are not present, continuation
of antibiotics leads to unnecessary risks of delgted reactions, delays appropriate treatment,
and leads to increased risk of mortality and prgézhhospitalization. The decision of how long
to continue antibiotic treatment with sepsis iSaeglly based on clinical observation with only
limited information on the status of the individgahfection.

With both LRTIs and sepsis, the improper use obaotics exposes patients to the risk of drug-
related reactions, antibiotic-associated infectisunsh aClostridium difficile and highly

resistant infections. Furthermore, it contributeshie public health issue of antibiotic resistance,
a growing global concern, as highlighted by varinagonal and international organizations.
Solutions to aid the early diagnosis and success&uiagement of bacterial infections for LRTIs
and sepsis are needed to improve the judiciousfusetibiotics and determine the optimal
course of treatment for each patient.

2.3 Diagnostic Utility of PCT

Procalcitonin (PCT), a precursor of the hormoneit@iin, has emerged as a useful biomarker
for bacterial infection (Becker, 2010). PCT is naiiy produced at low levels by
neuroendocrine tissues in the human lungs, gutparfthps elsewhere (Snider 1997). PCT
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concentrations in healthy individuals are<0.05 rigimgreater than 98% of the population
(Morgenthaler, 2002). PCT production outside ofribaroendocrine cells is stimulated locally
by proinflammatory cytokines produced upon bact@énfgction and under certain other
conditions (e.g., surgery).

In humans, PCT levels substantially increase withia 6 hours after bacterial induction, can
peak at levels of up to 1,000-fold normal concerures, and decrease by 50% daily as infection
is eliminated (Becker, 2010; Dandona, 1994; Meisp@02). Levels of PCT stay elevated or
heighten further if an infection remains presentvorsens in severity (Harbarth 2001).

Kinetics are one factor that make PCT unique franeioconventional inflammatory markers in
providing timely information specific to systemiadierial infection, with respect to its presence,
course, and severity (Meisner, 1999). For exangy®kine and C-reactive protein (CRP) levels
rise and fall much sooner or much later respegtigéter an insult. In addition, PCT is subject to
stimulation by competing causes of inflammatiom tesser degree than these other markers
(Meisner, 2002). Finally, PCT has been found toehswperior discriminating power in both
suspected LRTI and suspected sepsis (Mller, 286iath, 2001). Because of these factors,
the levels of PCT are more relevant during thecalipperiods of clinical decision-making for
suspected bacterial infections.

Significantly higher PCT levels are seen in pasemith confirmed bacterial infections relative

to those without documented bacterial infectionsdiiyuez 2016). While PCT expression is
stimulated by certain bacteria-induced cytokineis suppressed in the presence of viral-induced
cytokines (e.g. interferon-gamma) (Christ-Crain 20For this reason, differences in PCT levels
in viral vs bacterial infections can be marked (Gemelle, 2011)Kigure 2).

Figure 2: PCT Levels on ICU Admission in 52 Patiets Having Isolated Influenza Alone or
with Bacterial Co-Infection
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20
.
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(N=19)

(Cuquemelle, 2011)

Page 19 of 114



’ VIDAS® BeReAsH*M+S PCT™ Briefing Document: November 1@15

MERIEUX

FDA Advisory Committee Meeting

Higher PCT levels correspond to more severe irgast{Muller, 2010). The link between
procalcitonin serum concentrations and the sevefitysystemic bacterial infection is illustrated
in Figure 3. Such observations and those showing PCT's alditliscriminate patients with
severe sepsis and septic shock from others areatemthe existing intended use of the VIDAS
B.R.A.H.M.S PCT as an aid in the risk assessmeatiti€ally ill patients for progression to
severe sepsis and septic shock. Specifically, R&i€entrations of <0.5 ng/mL are associated
with lower risk of progression to severe sepsis saqtic shock compared to levels >2.0 ng/mL.
(VIDAS B.R.A.H.M.S PCT package insert).

Figure 3: PCT Levels in Patients with Various Sew#ties of Sepsis as Defined by
ACCP/SCCM Criteria

mtmg 5

100 ] 0 |
PCT "’; o «L
(ng/mL) ] T 5

15 —_ ©

E o

014 &

0.011

SIRS Sepsis  Severe Septic
(N=18) (N=14) Sepsis Shock
(N=21) (N=25)
Data are presented as box plots with median I2®sand 75-percentile boxes, and 10- and 90-pakeemtor bars,
using a log scale for the Y-axis. The circles repra the outliers (Harbarth, 2001).

Absolute PCT serum levels as well as changes gldeéhave clinical significanc€&igure 4

shows data central to the existing intended usbeo¥IDAS BeReA*H+M+S PCT as an aid in
assessing the cumulative 28-day risk of mortabtydatients diagnosed with severe sepsis or
septic shock. In both patients with serum PCTIgelever than (left) or higher than (right) 2
ng/mL, the probability of survival at day 28 wagrsficantly higher when PCT-levels decreased
> 80% by Day 4.
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Figure 4: Survival in Patients with Severe Sepsisr Septic Shock Based on Initial PCT
Levels and Change in PCT at Day 4
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(VIDAS B.R.A.H.M.S PCT package insert, 2016)

The clinical impact of these dynamics provide ddm rationale for the proposed intended use
for PCT as an aid in decision making on antibidigcontinuation for patients with sepsis.

PCT monitoring can help inform treatment decisibpsmproving the accuracy of diagnosis
when placed in the clinical context of each pattegether with other pertinent clinical and
laboratory data. For example, PCT plus clinicabjment has been shown to be superior to
clinical judgment alone in discriminating severpss and septic shock from Systemic
Inflammatory Response Syndrome (SIRS) or sepsigb@itn, 2001).

PCT alone has a high negative predictive value (N&t\ver 0.9 for ruling out serious bacterial
infection. Because NPV is the probability that adition is absent when the test is negative, it is
the most relevant of the operating characteristicsidering whether to withhold antibiotic
therapy. At a cut-off of 0.25 ng/ml, Sensitivityp&ificity, Positive Predictive Value, and
Negative Predictive Value for discriminating betweefluenza patients with and without
bacterial co-infection were .90, .31, .25, and r@2pectively (Rodriguez 2016). For
discriminating between patients who did and didrequire antibiotic therapy, these values were
are .84, .98, .93, and .94, respectively (Stolz620@0hile these NPVs are excellent, no test is
perfect and we again emphasize that PCT valuesrnaagd to management that must be
interpreted in the context of clinical status.

Many studies and meta-analyses, including onesdieb such as the United Kingdom’s
National Institute for Health and Care ExcellendéGE) and the USA’s Agency for Healthcare
Research and Quality (AHRQ), have shown that PQdiegnece in conjunction with clinical
assessment decreases antibiotic use in LRTI arsisseghout harmful effect.
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PCT-guidance is starting to be reflected in wedlpected guidelines. For example, the Surviving
Sepsis Campaign’s International Guidelines for Mgemaent of Severe Sepsis and Septic Shock,
the German Sepsis Society Guidelines, and the Earopreatment Guidelines for LRTI
(Dellinger, 2016; Reinhart, 2010; Woodhead, 20A2)example in the US is the University of
Nebraska Medicine, where PCT-based guidelinesdtatibiotic decision-making for patients
with LRTI and Sepsis have been implemented (Nelarddtdicine, 2016).

The pathophysiology of PCT elevation, its kinetits discriminating power and high negative
predictive value for bacterial infection have m&{eT a widely used adjunct to clinical
assessment in the management of suspected andweahibacterial infections, including LRTI
and sepsis. It is estimated that in 2015, aboB&n BRAHMS PCT-tests were conducted
worldwide. In the United States, analysis of therfief ™ Healthcare Database shows that PCT
is used in about half of all hospitals (Kadri, sutbea).

In conclusion, PCT has the potential to be a safeedfective tool in antibiotic stewardship,
improving patient outcomes by avoiding the potdmtedeterious effect of unnecessary
antibiotics and helping to prevent the emergendaaéasingly resistant organisms.
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3 OVERVIEW OF VIDAS BeReA¢H*M*S PCT

Summary

* The VIDAS BeR+A*H*M+S PCT assay is an automated fessthe determination of
PCT in serum or plasma.

* The VIDAS BeR+A*H*M*S PCT reagents kit is used wilie VIDAS family of
instruments to perform all of the enzyme-linkedfiescent immunoassay steps in
~20 minutes.

* The VIDAS BeR+A*H*Me*S PCT is currently approved(tb) aid in the risk
assessment of critically ill patients on theirtfilay of ICU admission for
progression to severe sepsis and septic shock2amal éid in assessing the
cumulative 28-day risk of all-cause mortality fatients diagnosed with severe
sepsis or septic shock in the ICU or in the emergelepartment or other medical
wards prior to ICU admission.

» The additional proposed indications are (1) toiaidecision making on antibiotic
therapy for inpatients or outpatients with suspecteconfirmed LRTI (defined as
community-acquired pneumonia, acute bronchitis,@@dPD exacerbation) and (2
to aid in decision making on antibiotic discontitiaa for patients with suspected or
confirmed sepsis.

N—r

» For LRTI patients, initiation of antibiotics is disuraged when initial PCT levels
are< 0.25 ng/mL, and antibiotic therapy may be discured when PCT levels drop
to < 0.25 ng/ml or have reduced by >80% from the peaicentration.

* For sepsis patients, antibiotic therapy may beasisoued when PCT levels are
0.50 ng/mL or have reduced by >80% from the peacentration.

3.1 Description of VIDAS BeReAsH*M+S PCT Assay

The VIDAS BeR+A*H*M+S PCT assay measures the cotraéion of procalcitonin in serum or
plasma using the enzyme-linked fluorescent immusmagELFA) technique. VIDAS
BsReA*H*M*S PCT reagents kit provides materialsdegbto perform the test, which takes
approximately 20 minutes on any of the automateBA8 instruments: VIDAS, miniVIDAS®,

or VIDAS® 3. The assay has a limit of detection of 0.03 igamd a quantitative range of 0.05-
200 ng/mL. The assay has been analytically valdldeaccuracy and precision at the
diagnostic cut-offs. Specificity for PCT was validd against a panel of other compounds with
no significant interference to PCT readings. Thagents kit and VIDAS instruments are shown
in Figure 5.
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Figure 5: VIDAS BeRe*A*H+*M*S PCT Assay Reagents Kitand VIDAS Family of
Instruments

YiDAS

3.2 Current Intended Use
The VIDAS BeReAeHeM*S PCT current intended use $sfallows:

VIDAS® BsReAsHsM+S PCT™ (PCT) is an automated test foe os the instruments of the
VIDAS® family for the determination of human PCT in hunsanum or plasma (lithium
heparinate) using the ELFA (Enzyme-Linked Fluoreséessay) technique.

VIDAS® BeReAsH+M+S PCT™ (PCT) is intended for use in asmjtion with other laboratory
findings and clinical assessments to aid in theassessment of critically ill patients on their
first day of ICU admission for progression to seveepsis and septic shock.

VIDAS® BeReAsH+M+S PCT™ (PCT) is also intended for useltgermine the change in PCT
level over time as an aid in assessing the cumvel&8-day risk of all-cause mortality in
conjunction with other laboratory findings and ated assessments for patients diagnosed with
severe sepsis or septic shock in the ICU or wheairodd in the emergency department or other
medical wards prior to ICU admission.

3.3 Proposed New Intended Use

The proposed new intended use is as follows (Vaghniew indications for LRTI and sepsis in
bold):

VIDAS® BsReAsHsM+S PCT™ (PCT) is an automated test foe os the instruments of the
VIDAS® family for the determination of human PCT in hunsanum or plasma (lithium
heparinate) using the ELFA (Enzyme-Linked Fluoreséessay) technique.

Used in conjunction with other laboratory findingsd clinical assessments, VIDAS
BeReAsH*M+S PCT™ is intended for use as follows:

» to aid in the risk assessment of critically illipats on their first day of ICU admission
for progression to severe sepsis and septic shock,
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» to aid in assessing the cumulative 28-day riskletause mortality for patients
diagnosed with severe sepsis or septic shock ittbleor when obtained in the
emergency department or other medical wards pridCU admission, using a change in
PCT level over time,

» to aid in decision making on antibiotic therapy forinpatients or outpatients, with
suspected or confirmed lower respiratory tract infetions (LRTI) defined as
community-acquired pneumonia (CAP), acute bronchit, and acute exacerbation of
Chronic Obstructive Pulmonary Disease (AECOPD),

* to aid in decision making on antibiotic discontinuéion for patients with suspected
or confirmed sepsis.

Guidelines which will be provided in the labelirgaid decision-making on antibiotic therapy
are shown imable 3andTable 4and are consistent with the literature and curirgetnational
clinical practice.
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Table 3: Decision Making on Antibiotic Therapy for Patients with Suspected or Confirmed

LRTI
Initiation

PCT Result <0.10 ng/mL 0.10-0.25 ng/mL | 0.26-0.50 ng/mL >0.50 ng/mL

Interpretation | Antibiotic therapy Antibiotic therapy | Antibiotic therapy| Antibiotic therapy
strongly discouraged. |discouraged encouraged. strongly encouraged.
Indicates absence of Bacterial infection | Bacterial infection Suggestive of
bacterial infection. unlikely. possible. presence of bacteridl

infection.
Follow-up For inpatients, if antibiotics are withheld, | Follow up samples should be tested at

repeat PCT measurement within 6-24 hours

For outpatients, reassess and/or repeat test
symptoms persist/worsen.

In all cases, antibiotic therapy should be
considered regardless of PCT result if the

patient is clinically unstable, is at high risk for

adverse outcome, has strong evidence of
bacterial pathogen, or the clinical context
indicates antibiotic therapy is warranted.

regular intervals and antibiotic therapy
[pay be adjusted using the discontinuat

table below:

Discontinuation

Antibiotic therapy may be discontinued if the PCTeyrent 1S < 0.25 ng/mL or if the APCT > 80%.

e  PCTpeak Highest observed PCT concentration.

e PCTeurens Most recent PCT concentration.

e APCT: Calculate by using the following equation:

PCTeeax I:I — PCTcurrant l:l

Antibiotic therapy may be continued based uponratheical findings, such as apparent progression o

APCT =

PCTeeax \—‘

chest x-ray or ongoing/increasing toxicity.

If PCT remains high, consider treatment failure.

X 100%
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Table 4: Decision Making on Antibiotic Discontinuaion for Patients with Suspected or
Confirmed Sepsis

Discontinuation

After the initiation of antibiotic therapy for susgted or confirmed septic patients, follow up sashould
be tested at regular intervals, such as everymhed days, to assess treatment success and torsapp
decision to discontinue antibiotic therapy. Thejérency of follow up testing should be at physicians
discretion taking into account the patients’ eviolitand progress. Using the subsequent PCT results:

Antibiotic therapy may be discontinued if the PCTeyrent 1S < 0.50 ng/mL or if the APCT > 80%.
*  PCTpeak Highest observed PCT concentration.
e PCTeureni Most recent PCT concentration.
e APCT: Calculate by using the following equation:

PCTPHI: I:l - PCT:urrsm I:I

MPCT = X 100%

PCTezax \—‘

Antibiotic therapy may be continued based uponrathirical findings, such as apparent progression o
chest x-ray, failure to control a local infecti@amn,ongoing physiologic instability.

If PCT remains high, consider treatment failure.
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4 OVERVIEW OF REGULATORY HISTORY AND CLINICAL STRATEG Y

Summary
* The VIDAS BeRe+A*H*MS PCT received initial 510(k)jearance in October 2007

* FDA and bioMérieux agreed that a comprehensiveuatian of the published
literature could provide the appropriate level lical evidence to support the
safety and effectiveness for the proposed intended.

» Rigorously conducted meta-analyses of randomizedtal trials are considered to
be a reliable form of clinical evidence with highatsstical power and is classified as
the highest form of clinical evidence by the Coder&ollaboration.

* bioMérieux designed the meta-analyses with inpuhfFFDA to evaluate the effect
of PCT-guided decision-making on antibiotic usetaldy, and hospital/ICU
length of stay.

* Two types of meta-analyses were conducted for bBRfhl and sepsis: a study-leve
meta-analysis to aggregate study-level informatama a patient-level meta-
analysis to aggregate individual-level informatfoom raw datasets.

4.1 Key Regulatory Milestones

PCT diagnostic devices became widely availabledidi72 In the United States, the VIDAS
BeReA*H*M*S PCT is used in over 1,000 sites andoaicts for the majority of PCT tests
conducted. In 2015, more than 35 million PCT tastduding non-VIDAS BeReAsH*M+S PCT
assays, were performed worldwide.

Figure 6 shows the regulatory milestones for the VIDAS BeR4AVI*S PCT as well as recent
regulatory activities associated with the new pegabindications. The VIDAS BeReA¢H*M*S
PCT received initial 510(k) clearance in the U &3ass Il IVD in 2007. Subsequently, an
additional VIDAS family instrument and a secondiaadion for 28-day risk of all-cause
mortality for patients with severe sepsis or segiiock were added to the cleared VIDAS
BeReA*H*M*S PCT. A 510(k) was submitted in Octol28¥16 for the new indications detailed in
this briefing document. Prior to this submissioloMerieux had a series of discussions with
FDA regarding the regulatory pathway and type ofical evidence needed to support the
proposed intended uses.
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Figure 6: Regulatory Milestones of VIDAS BeReAsH*MsS PCT
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Initially a prospective RCT designed by the Antitegial Resistance Leadership Group (ARLG),
in collaboration with bioMérieux and the DivisiofiMicrobiology and Infectious Diseases
(DMID), was proposed to support a regulatory filiog the new intended use in LRTI patients.
However, the timeline of this study would signiintly delay the availability of a new intended
use that could potentially be of immediate valuguiding appropriate antibiotic use.

After exploring possible alternative pathways fppeoval, it was agreed that a comprehensive
evaluation of the published RCT literature usingethodologically sound systematic review

and meta-analyses could address the clinical vadiaequired to support the new indications.
This approach was consistent with current CDRH Retgry Science Priority to leverage
evidence from clinical experience and employ evogesynthesis to support regulatory decision
making, and was a timelier solution to the urgezdcto address appropriate antibiotic use in the
United States (FDA, 2011). The final strategy usaangeta-analytic approach was developed in
collaboration with FDA and is outlined Bection 4.3

4.2 Use of Meta-Analysis to Support New Indications

Meta-analyses are recognized in clinical reseasgboaverful analytic tools. Meta-analysis is a
useful approach to evaluate previous research andedoverall conclusions based on the pool
of collective results (Haidich, 2010; Oxford Cenfiar Evidence-Based Medicine[OCEBM],
2011). This approach differs from traditional otial trials with regards to the following
important considerations:
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* The inclusion of different variables from multigeudies in a meta-analysis represents a
cross-section of potential real world outcomes Whiay improve the external validity
of the summary results

* Meta-analyses tend to have greater statistical poampared to a single study in
establishing an effect size

* A meta-analysis may have greater power to detdtgrpa in outcomes associated with
subgroup variables

* The quality of a meta-analysis is dependent omjtlaity and consistency of the
contributing studies as well as the robustneshefiterature identification process

* Unlike a prospective interventional study, a metalgsis has limited control over
selection of endpoints or consistency of studygiegorotocol implementation and data
assessment across trials .

Given the number of prospective RCTs publishedhenuse of PCT-guided algorithms for LRTI
and sepsis, FDA and bioMérieux agreed that metbssemcould viably provide valid clinical
evidence on the proposed intended uses.

4.3 Overview of Clinical Strategy

The objective of the meta-analyses was to quanidgtsummarize the existing data on PCT-
guided antibiotic stewardship in LRTI and sepsig] avaluate the effect of PCT-guided
decision-making on antibiotic use, mortality, ara$pital/ICU length of stay. Each meta-analysis
was preceded by a systematic review of the liteeaftor RCTs on PCT-guided antibiotic therapy
to ensure that all relevant data were includethémeta-analyses. The systematic literature
reviews were designed in accordance with best relsgaactices (e.gCochrane Handbook for
Systematic Review of Interventighggins, 2011]) based on input from FDA, expensPCT-
guided algorithms, and independent statistical glbausts, as well as principles from FDA
guidance documents.

Two types of meta-analyses were conducted to stufiponew VIDAS BeReA¢H*M*S PCT
indications. A study-level meta-analysis was useddgregate study-level results across multiple
RCTs. A patient-level meta-analysis was used toeagde data from individual patients from
multiple studies. Both types of meta-analyses glewvialid overall estimates of effect, patient-
level meta-analyses offer the additional opporuaitd flexibility in evaluating the impact of
patient characteristics (such as demographics aselibe attributes) on treatment effects.

Table 5andTable 6 summarizes both the publication timeframe andtiteomes evaluated for
each meta-analysis. Study-level meta-analyses egr@ucted, one each for LRTI and sepsis,
based on the results of separate literature seafoheach indication. These included the results
from RCTs published from 2004 to 2016. Patientlleveta-analyses were conducted, one each
for LRTI and for sepsis caused by infection of lilmeg using the dataset from a 2012 published
meta-analysis on PCT-guided antibiotic treatmerstaute respiratory infections (ARIS)
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(Schuetz, 2012). These included raw data sets R@fs published through 2011, available at
the time of the previous ARI meta-analysis.

Table 5: Meta-Analyses Conducted for LRTI

Meta- P.u dlesiioly Effectiveness Outcomes Safety Outcomes
Analyses Timeframe
Antibiotic initiation * Mortality
January 2004 — S . .
Study-Level y Antibiotic duration * Hospital length of stay
May 2016 S
Antibiotic exposure
- Antibiotic initiation * Mortality
Patient- January 2004 — S . T
y Antibiotic duration * Complications**

Level* May 2011 o :
eve &y Antibiotic exposure » Hospital length of stay

* Based on subset of data collected for 2012iphbtl meta-analysis conducted for acute respiratory
infections. All patients had suspected or confirh&T |, defined as CAP, AECOPD, or acute
bronchitis.

** Complications defined as death, hospitalizati@W admission/rehospitalization, LRTI-associated
complications, recurrent/worsening infection, aadignt report of LRTI symptoms

Table 6: Meta-Analyses Conducted for Sepsis

Analyses P_ubllcatlon Effectiveness Outcomes Safety Outcomes
Timeframe
January 2004 — o . * Mortality
tudy-Level .
Study-Leve May 2016 Antibiotic duration . ICU length of stay
: * Mortality
Patient - January 2004 — o .
Level* May 2011 Antibiotic exposure » Hospital length of stay

* ICU length of stay

* Based on subset of data collected for 2012iphbtl meta-analysis conducted for acute respiratory
infections. All patients had suspected or confirmefsis caused by infection of the lung

4.4 Supplemental Analysis.

To provide supplemental information on the effestigss of PCT-guidance in real-world
settings, a propensity-score weighted re-analydiseoProREAL study (Albrich, 2012) was
performed by bioMérieux. This was a pragmatic obeonal study of PCT-guided therapy in
1520 patients with LRTI, including 1155 patientsanters using the VIDAS BeReAsH*M*S
PCT assay. The study, which had very few entrgigat was conducted in Switzerland, France,
and the United States. The re-analysis showedathang patients with PCT levels <0.25 ng/mL
at entry, antibiotic exposure was shorter amonggpts who were treated according to PCT
guidance compared to those treated without regaROT guidance (1.8 days vs. 6.5 days;
p<0.0001). In a subset of patients, those at cemibish exclusively used the VIDAS
BsReA*H*M+S PCT assay, antibiotic treatment expeswas also shorter under PCT guidance
(mean 2.5 days vs. 6.4 days0.0001). There was a trend toward lower in-hospienplication
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rates in both groups (all patients and VIDAS BeRAlvieS PCT subset) and no differences in
mortality. The results thus corroborated the figgdiof the meta-analyses of RCTs described in
this briefing document.

45 Concordance

Additional studies have also been performed touatalthe diagnostic concordance of the
VIDAS BeRe*A¢H*M+S PCT compared to other commonledsPCT immunoassays. Results of
one concordance study demonstrated diagnosticasityibf the VIDAS BeRsAsH*M*S PCT to
the BeR*A*H*M+S PCT sensitive Kryptor and estabdisithe basis for generalizability of clinical
results establishes among these assays. Overa#ragnt of 87%, 98%, 99%, and 98% was
achieved at the 0.10, 0.25, 0.50, and 2.0 ng/mioffat respectively (Kappa coefficients 0.73-
0.97).

Furthermore, VIDAS BeReA*H*M+S PCT received 510katance based on substantial
equivalence to the predicate BeR*A*H*M+S PCT LlAedRlts of the concordance test
demonstrated overall agreement between the ast@ysamd 94% at the 0.5 and 2 ng/mL cut-
offs.
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5 METHODOLOGY OF META-ANALYSES

Summary

* bioMérieux conducted two systematic literature slees for the LRTI and sepsis
study-level meta-analyses. Relevant RTCs from 206 were identified
following prospectively-defined procedures.

* All RCTs compared the use of PCT-guided antibittBatment algorithms to
treatment under standard of care.

* For the study-level meta-analyses, descriptive dat@ extracted from
publications.

» The patient-level meta-analyses for LRTI and sepses] subsets of patient data
from a previously published meta-analysis baseRB@Gifis through 2011.

o Patients with CAP, acute bronchitis, acute exadenbaf COPD were
selected for the LRTI patient-level meta-analysis.

o Patients with sepsis caused by an infection oftthg were selected for the
sepsis patient-level meta-analysis.

* The LRTI study-level meta-analysis included 11 RCTs

* The LRTI patient-level meta-analysis included altof 1536 patients in the PCT
group and 1606 patients in the control group wilabced representation of CAP
acute bronchitis, and COPD exacerbation

5.1 Methodology of Study-Level Meta-Analyses
5.1.1 Study-Leve Literature Search Procedures

The study-level meta-analyses started with thetifiesttion of relevant published studies
through formal literature searches. Separate syiesearches were conducted for LRTI and
sepsis using both the PubMed database and Cochedabase of Systematic Reviews. The
search included publications from January, 200y po commercialization of the first PCT
immunoassay, to May, 2016, and was executed usogpectively identified search algorithms.

Search algorithm details are provideddppendix 1. All articles were independently evaluated
for inclusion by two reviewers with scientific diracal expertise and/or the PCT literature; any
disagreements between reviewers were handled asgdada protocol. The final selection of
articles for each meta-analysis was based upofollegving inclusion criteria:

* RCTs with comparable and relevant treatment arr@3 {§uided antibiotic therapy vs.
standard of care)
» Studies that examined PCT as aid in decision makmgntibiotic therapy
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» Targeted populations (adults with suspected oricoefl LRTI including AECOPD,
acute bronchitis, and CAPadults with suspected or confirmed sef)sis

« Published in English

* Full-text articles reporting original data

5.1.2 Study-Level Data Extraction

The final set of RCTs were then formally abstradtedlata analysis. Data extraction was
completed by two independent reviewers with experithn meta-analysis and/or the PCT
literature; discrepancies between the reviewer® wesolved by consensus.

Details on study design, patient selection critdrsatment arm interventions, PCT assessments,
and outcomes were abstracted from each stpolyendix 2 lists the specific information

extracted for the study-level meta-analyses. Chariatics of the studies included in the study-
level meta-analyses are summarize&action 5.1.4or LRTI andSection 5.1.5or Sepsis.

5.1.3 Study-Level Endpoints and Statistical Analyses

For the study-level meta-analysis, the followinfgefiveness measures and their corresponding
errors (e.g., standard error, standard deviati@rgwabstracted:

» Proportion of patients initiating antibiotics (Nothis was only for studies on LRTI, as
nearly all patients with sepsis are empiricallyatesl with antibiotics per standard of
care.)

» Duration of antibiotic therapy (total days of thgyacounting only patients who initiated
antibiotics)

» Exposure to antibiotics (total days of therapy d¢omgnall randomized patients)

The important difference in the definitionsafration andexposuras thatexposureevaluates

the overall antibiotic burden in the population wdesdurationreflects the burden only among
those who initiated. For example, take five pasetwo of whom did not initiate antibiotics and
the three who did were on antibiotics for 4, 5, &rathys, respectively. The duration of antibiotic

2 Studies with inclusion criteria based on the stispiof LRTI (including CAP, acute bronchitis and/o
exacerbation of COPD)

% Studies with inclusion criteria based on the stispiof sepsis

* Note that non-english studies were subsequentlgwed and translated as appropriate. Only ordystach
would have qualified for inclusion into the LRTIaBepsis; the results of these studies were censisith those of
the respective meta-analyses.
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therapy would be 5 days (i.e., the average of 4nf,6) whereas the exposure would be 3 days
(i.e., the average of 0, 0, 4, 5, and 6).

In addition, the following safety measures weretralosed:

* Mortality
* Length of stay (days) in hospital only for LRTI)
* Length of stay (days) in ICU (only for sepsis)

Outcomes of interest were converted, when needeshthin compatible effect measures for the
meta-analyses. Random-effects models were usegijtegate data across studies. Analyses
were obtained for the overall population as wekegeral stratifications, which are reported in
the meta-analysis resultSdction 6andSection 7.

The Cochrane Risk of Bias Assessment Tool (Higg04,1) Appendix 3) was used to assess
the bias of individual studies and potential impacioverall results (for details, sAppendix
4).

5.1.4 Study-Leve Literature Search Results (LRTI)
5.1.4.1 Articles Selected for Study-Level Meta-AnalysisTlR

Using the predefined search terms, 257 uniquelestigere found in the PubMed and Cochrane
Database of Systematic Reviews. Search algoritmuisesults can be found Appendix 1.
During interactions with the FDA on the design axeécution of the meta-analyses, FDA
proposed an additional six unique articles for sssent. Of the 263 total articles, 23 articles
contained relevant studies based on initial evednaidf the publication abstracts, and full-text
articles as needed. After a complete review ofdiieext articles against the selection criteria
for the study-level meta-analysis, a subset ofrlitles were retainedtigure 7 shows the
selection process.
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Figure 7: Retrieval and Selection of Articles folLRTI Study-Level Meta-Analysis
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5.1.4.2 Study Characteristics — Study-Level Meta-Analysi®I)

As shown inTable 7, the RCTs retained from the literature searchasgmt a cross-section of
research on the use of PCT to aid antibiotic decisnaking with LRTI. These included multi-
center and single-site studies, in both inpatiedt @utpatient settings, and ranged in size from
120 to over 1300 total patients. Studies were phblil between 2004 and 2016 in the United
States, Switzerland, Germany, Denmark, China, &g IA total of 4090 patients were included
in the 11 RCTs, with 2050 in the control groups 8040 in the PCT groups.
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Table 7: Study Characteristic of RCTs Selected foLRTI Study-Level Meta-Analysis

N
PCT . . . . .
L Setting, Single-  Primary Study Primary Time to Follow-
Publication Group, Country ; I X . +
or Multi-center Population Endpoint Endpoint up
Control
Group
Branche, Hospital, Single-  Nonpneumonic Duration of AB 0
2015 151, 149 us center LRTI therapy 30 days 83%
Acute Number of days
Briel, 232, 226 Switzerland Prlmgry care, .respl-ratory tract pgt!ents 28 days 99%
2008 Multi-center  infections (upper activities were
and lower) restricted
. Number of days
Burkhardt Primary care Acute respiratory patients’
' 275, 275 Germany - ' tract infections L 28 days 99%
2010 Multi-center activities were
(upper and lower) .
restricted
. . Emergency Various, including . 10-14 days;
Ui 124,119 Switzerland  department, CAP, AECOPD, Rate and duratior mortality at 95%
2004 . i of AB therapy
Single-center  bronchitis, asthma 6 weeks
. . Emergency .
Chirtt S, 151, 151 Switzerland  department, CAP Rate and duration 6 weeks 99%
2006 : of AB therapy
Single-center
Corti Hospital, Single- Acute Pa:gzggzliﬁf Not
! 62, 58 Denmark pital, 9 exacerbation of P . 9 28 days
2016 center antibiotics >5 reported
COPD
days
. . . ) Length of stay; Until
Kristoffersen, 103, 107 Denmark Hospital, Multi-  Various (suspectec Duration of AB hospital 96%
2009 center LRTI) .
therapy discharge
Emergency .
Long, 81,81 China department, CAP Rate and duratior 28 days 91%
2011 . of AB therapy
Single-center
Schuetz, 671, 688 Switzerland Hospital, Multi- ECOPD, CAI.D., Composite 30 days 98%
2009 center acute bronchitis  adverse outcome:
. . . 14 days;
el 102,106  Switzerlang HOSPIta Single- ECOPD Rate and duratior i ot 0206
2007 center of AB therapy
6 months
. . . Rate of
VI 88, 90 Italy Hospital, Muld- ECOPD subsequent 6 months 97%
2015 center ECOPD

* Terminology for COPD in this table is as statadhe article. This includes “Acute exacerbatiolfC@PD” and ECOPD
(exacerbation of COPD)

T Follow-up accounts for patients reported astm$ollow-up or withdrew from study

AB=Antibiotic

In all studies, treatment using PCT-guided decisi@king was compared to treatment under
standard of care (i.e., control). Patient followwas high (83-99%) and the length of follow-up
was most commonly 28 or 30 days (6 studies), mitided 6 weeks (2 studies), 6 months (2
studies) or the duration of hospital stay (1 study)
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Table 8 shows the studies that were pooled for a giveraransalysis outcome.
Table 8: Studies Contributing to Each LRTI Study-Level Meta-Analysis Endpoint

Effectiveness Safety
e Antibiotic
Publication In't"?‘tl.on. el Duration or Mortality Lef‘gt.h Of.
Antibiotics Hospitalization
Exposure
Branche, 2015 X X X Not reported
Briel, 2008 X X X Not reported
Burkhardt, 2010 X X Excluded* Not reported
Christ-Crain, 2004 X X X X
Christ-Crain, 2006 X X X X
Corti, 2016 X X X X
Kristoffersen, 2009 X X X X
Long, 2011 X X Excluded* Not reported
Schuetz, 2009 X X X X
Stolz, 2007 X Not reported X X
Verduri, 2015 Excluded** Not reported** X X

* Mortality rates were 0 in at least one treattrgnoup
** Antibiotics were prescribed to all study patiereénd discontinued according to a schedule

5.1.4.3 PCT Treatment Algorithms — Study-Level Meta-Anal{isSRTI)

The VIDAS BeReAsH*M+S PCT was used in two studiediile the BeReAeHsMS PCT

sensitive Kryptor was used in the remaining stu(esSection 4.3for concordance between
VIDAS BeR+A+sHsM+S PCT and the other assays). Retgssl of the PCT instrument used, the
PCT-based treatment algorithms were identicalrilar to the proposed indication. Ten of the
11 studies used PCT-guided algorithms for initiatad antibiotic therapy, eight of which also
included recommendations for discontinuing treatim®ne of the 11 studies did not use PCT as
a guide for initiation, but only as a guide forlgantibiotic cessation.

All studies used 0.25 ng/mL as a cut-off, belowathinitial antibiotic treatment was
discouraged, and multiple studies supported th& a&@d >0.5 ng/mL cut-offs corresponding
respectively to strongly discouraged or stronglgaemaged initial antibiotic use. In addition to
these absolute cut-offs, discontinuation was ailsdegl by relative reductions in subsequent
PCT measurements. A PCT reductior>80% and/or 90% from the initial or peak PCT measure
was used in the algorithms of three studies. A ammspn of the algorithms can be found in
Appendix 5.

Adherence to the algorithms in treating patienth&PCT treatment group was reported in eight
out of the 11 studies and ranged from 59% to 91%.
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5.1.5 Study-Level Literature Search Results (Sepsis)
5.1.5.1 Articles selected for Study-Level Meta-Analysip$8s

Using the predefined search terms, 333 articleg yeamd in PubMed and Cochrane Database
of Systematic Reviews. An additional list of sewenque articles was proposed by FDA for
assessment. Of the total 340 articles, 19 artabesained relevant studies based on initial
evaluation of the publication abstracts, and et tarticles as needed. After a complete review
of the full-text articles against the selectiortania for the study-level meta-analysis, a subket o
ten articles were retained which met the scopa®hteta-analysig-(gure 8).

Figure 8: Retrieval and Selection of Articles forSepsis Study-Level Meta-Analysis

333 7
Articles from search of
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9 3 Absiract only
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RCTs retained for meta-
analysis

5.1.5.2 Study Characteristics — Study-Level Meta-AnalySep6is)

As shown in Table 9, the RCTs retained from trexditure search represent a cross-section of
research on the use of PCT to aid antibiotic desisnaking with sepsis. These included multi-
center and single-site studies in an ICU settimjramged in size from 27 to over 1500 total
patients. Studies were conducted in France, theedands, Brazil, Germany, Belgium, Iran,
Switzerland, and Australia and published betweei2ihd 2016. A total of 3489 patients were
included in the 10 RCTs, with 1754 in the contnaugps and 1735 in the PCT groups.
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In all studies, treatment using PCT-guided decisnaking was compared to control, which was
treatment under standard of care. Patient followvap 94% or higher for all but one study that
reported patient dispositiofgble 9). The duration of follow-up was 5 days in one stud

month in three studies, 2 months in one study,rextiépecified in the remaining studies.

Table 9: Study Characteristic of RCTs Selected foSepsis Study-Level Meta-Analysis

N
Publicatio Hoy Settlng, Primary Study Primary Time to +
n I Gl Sl @ Population Endpoint Endpoint T OloW-uP
Control Multi-center P P P
Group
Annane, ICU, Multi- Suspected severe Rate of AB o
2013 31,31 France center sepsis therapy at Day 5 5 days 94%
Suspected bacteria
. infections at ICU Number of days
LRI, 307, 314 France ICU, Mult- admission or during without AB; 28 and 60 98%
2010 center . : . days
stay without prior Mortality
AB (>24h)
de Jon IcU. Multi- ICU admission with Rate and duration
9 761, 785 Netherlands ’ recent AB initiation  of AB therapy; 28 days 98%
2016 center .
(<24h) Mortality
Deliberato, . ICU, Single- Confirmed SEpsIs, Duration of AB not
42, 39 Brazil severe sepsis, septi o 67%
2013 center therapy specified
shock
Hochreiter, ICU, Single- Syspepted bacteria Duration of AB not Not
2009 57,53 Germany center infections and >1 thera| specified reported
SIRS criteria Py P P
. . AB consumption
LavioR 258, 251 Belgium ICU, Single- ICU stay >2 days  and duration of no.t. Not
2012 center specified reported
AB therapy
Najafi, ICU, Single- ... Rate and duration not Not
2015 30,30 Iran center >2 SIRS criteria of AB therapy specified reported
. Suspected severe .
ML, 39, 40 Switzerland ICU, Single- sepsis or septic Duration of AB 28 days 94%
2008 center therapy
shock
Schroeder, ICU, Single- Severe SEPSIS Duration of AB not Not
14,13 Germany following o
2009 center . therapy specified reported
abdominal surgery
. . Undifferentiated .
Sl 196,198  Australia ICU, Muld- infection or Duration of AB 28 days 99%
2014 center therapy

suspected sepsis

* body temperature above 38.0°C or below 36.0&Chycardia >90/min, tachypnea >20/min and leukaigto
>12x109/L or leucopenia <4x109/L were defined RSl

"Follow-up accounts for patients reported as losbllow-up or withdrew from study

AB = Antibiotic
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Table 10shows the studies that were pooled for a giveraragalysis outcome.

Table 10: Studies Contributing to Each Sepsis StydLevel Meta-Analysis Endpoint

Effectiveness Safety
. Duration of . Length of Stay in
Publication Antibiotics Mortality g ICU y
Annane, 2013 X X X
Bouadma, 2010 X X X
de Jong, 2016 X X X
Deliberato, 2013 X X X
Hochreiter, 2009 X X X
Layios, 2012 Excluded* X X
Najafi, 2015 Excluded* X X
Nobre, 2008 X X X
Schroeder, 2009 X X X
Shehabi, 2014 X X X

* Duration of treatment as reported in the stu@g an incompatible measurement

5.1.5.3 PCT Treatment Algorithms — Study-Level Meta-Anal{S8epsis)

The VIDAS B*R+A*H*M+S PCT was used exclusively ineostudy and as one of multiple
immunoassays in two studies. The BeReAsH*M*S PCiisgiere Kryptor was used in five studies
and the BeRe*A*H*M+S PCT LIA was used in two studisseSection 4.3for concordance
between VIDAS BeR*A*H*M+S PCT and the other assay#ile there were variations in the
PCT algorithms used, they collectively supportph@osed algorithm on antibiotic use for
sepsis. As almost all sepsis patients were indiateantibiotics, PCT was used to guide
decisions on discontinuation based on absoluteelatve PCT levels.

The absolute cut-off of 0.5 ng/mL was used mosjuesntly. With respect to a relative cut-off,
the proposed reduction of >80% was specified indtadlies and bracketed by the relative
reduction criteria in the other five studies theg¢d a relative cut-off (>65% to >90%). A
comparison of the algorithms can be founéppendix 5.

Adherence to PCT-guided decisions was reportedstadies and ranged from 47% to 93%.
5.2 Methodology of Patient-Level Meta-Analyses
5.2.1 Patient-Level Literature Search Procedures

The patient-level meta-analyses for LRTI and sepsi® conducted based on the dataset of a
previous meta-analysis in patients with acute ragmiy infections (ARIs) (Schuetz, 2012). The
original literature search corresponding to thesjongs meta-analysis is described below.

The objective of the literature search was to idgRCTs comparing the use of PCT-guided
treatment to standard care in patients with uppéwer ARIs. This search was conducted
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according to a prespecified protocol (Schuetz, 20889 the Cochrane Controlled Trials
Registry, Medline, and Embase, and encompassedlalications to May, 2011. Publications
were selected for the original ARl meta-analysisdobupon the following predefined criteria:

* RCTs with comparable and relevant treatment arr@3 {§uided antibody therapy vs.
standard of care)
* Included targeted populations of adults with uppdiower acute respiratory infection

All articles were independently screened by twoawers based on title, abstracts, full-text
reports, or communication with investigators asdeele No exclusions were made based on
language.

5.2.2 Patient-Level Data Extraction

From the original individual patient dataset usadthe ARI meta-analysis, patients with CAP,
acute bronchitis, or acute exacerbation of COPewetected for the LRTI meta-analysis and
patients hospitalized in the intensive care ul@l) with sepsis due to an infection of the lung
were included in the sepsis meta-analysis. Charaiits of the studies included in the patient-
level meta-analyses are summarize&action 5.2.4or LRTI andSection 5.2.5or Sepsis.
Appendix 2 lists the specific information extracted for tregipnt-level meta-analyses.

5.2.3 Patient-Level Endpoints and Statistical Analyses

For the patient-level meta-analyses, the folloneffgctiveness measures were analyzed to
support the LRTI and sepsis indications:

* Proportion of patients initiating antibiotics (orftyr LRTI)

» Duration of antibiotic therapy (total days of thgyacounting only patients who initiated
antibiotics) (only for LRTI)

* Exposure to antibiotics (total days of therapy dognall randomized patients)

In addition, the following safety measures werel@ai@d:

* 30-day mortality

» Complications (defined as death, hospitalizatiob/imission/rehospitalization, ARI-
specific complications [empyema, meningitis], reéeat or worsening infection, and
patients reporting ongoing respiratory infectiomgyoms) (only for LRTI)

* Length of stay (days) in hospital

* Length of stay (days) in ICU (only for sepsis)

Effectiveness endpoints were evaluated using rareffects models adjusted for age; trial was
treated as a random effect. Safety endpoints werei@ed using random-effects models
adjusted for age and diagnosis; trial was treasea rmndom effect. For the safety analyses,
patients lost to follow-up were assumed not to hexfgerienced an event.
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5.2.4 Patient-Level Literature Search Results (LRTI)
5.2.4.1 Articles Selected for Patient-Level Meta-Analy&RTI)

In the original literature review for ARI, 327 aiés were found in the publication databases. Of
these, 44 articles contained relevant studies.r Aéd@ew of the full text articles against the
selection criteria, a subset of 14 were retainetthvinet the scope of the original ARI search.
For the current LRTI meta-analysis, one of thes®CA's, with a primary patient population of
ventilator acquired pneumonia (VAP) patients, weadweded, leaving 13 studies with individual
patient dataFigure 9 shows the selection process used for the origiRdlmeta-analysis with

the selection of studies for the current LRTI matelysis at the bottom.

Figure 9: Retrieval and Selection of Articles folLRTI Patient-Level Meta-Analysis

identified

283 f14 Ongoing trials
’ Not RCTs Duplicates

327
Potentially relevant RCTs

Study protocols

4
3
44 2 Not including respiratory infections
Full Textrecords ] 2 Pediatric studies
2
1
1
1

assessed for eligibility

Original Literature

Reviews

Search for Previous

ARI Meta-Analysis Editorial

30

Not Eligible PCT not used to initiate or stop antibiotics

Awaiting classification

14
RCTs included in original
ARI meta-analysis

1
RCT with only

VAP patients
LRTI Meta-Analysis

13
RCTs included in final
LRTI meta-analysis
N=3142 | Patients

The number of patients extracted for use in the Ijftifient-level meta-analysis are shown in
Appendix 6 - 1

5.2.4.2 Study Characteristics — Patient-Level Meta-AnalycRTI)

As shown inTable 11, the 13 studies included multi-center as welliagls-site studies in both
an inpatient (including emergency department and)) I&hd outpatient setting, and ranged in
size from 27 to over 1300 total patients.
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Table 11: Study Characteristic of RCTs Selected fd_RTI Patient-Level Meta-Analysis

N
L PCT Setting, S!ngle- Primary Study Primary Time to Follow-
Publication Group, Country or Multi- - ; . T
Population Endpoint Endpoint up
Control center
Group
Suspected bacterial
Bouadma, ICU, infections during All-cause 0
2010 311,319 France Multicenter ICU stay without mortality 2 months 98%
prior AB (>24h)
Acute respiratory Number of days
Briel, 151,149  Switzerland Prlmfary care, tract infections pgt!ents 28 days 99%
2008 Multi-center (upper and activities were
lower) restricted
. Number of days
Burkhardt Primary care Acute respiratory patients’
' 275,275 Germany - ' tract infections L 28 days 99%
2010 Multi-center activities were
(upper and lower) :
restricted
Christ-Crain Emergency Various, including Rate and 10-14 days;
' 124,119 Switzerland department, CAP, AECOPD, duration of AB* mortality at 95%
2004 . i
Single-center  bronchitis, asthma therapy 6 weeks
. . Emergency Rate and
Chnzs(t)oc(:;am’ 151, 151 Switzerland department, CAP duration of AB 6 weeks 99%
Single-center therapy
Hochreiter Surgical ICU Suspected bacterial Hospital Not
2009 ’ 57,53 Germany Single cente’r infections and >1 AB use stg reported
9 SIRS criteria y P
. . . . Length of stay; Until
Kristoffersen, 110, 113 Denmark Hospital, Multi- Various (suspected Duration of AB hospital 96%
2009 center LRTI) .
therapy discharge
Lon Emergency Rate and
9. 86, 86 China department, CAP duration of AB 28 days 91%
2011 .
Single-center therapy
ED, )
Long, 63, 64 China Outpatients, CAP V.wth x-ray AB use 1 month 100%
2009 . confirmation
Single center
. Suspected severe
NI, 39,40  Switzerland ICU, Single sepsis or septic AB use 1 month 94%
2008 center
shock
. Severe sepsis .
Schroeder, 14,13 Germany Sgrglcal ICU, following AB use Hospital Not
2009 Single center ) stay reported
abdominal surgery
. . Composite
Schlleiz, 687, 694 Switzerland Hospital, Multi- ECOPD, CAI.D.’ adverse 30 days 98%
2009 center acute bronchitis
outcomes
Stolz Hospital Rate and 14 days;
' 113,113 Switzerland . pital, ECOPD duration of AB  Mortality at 92%
2007 Single-center
therapy 6 months

* Terminology for COPD in this table is as statedhe article. This includes “Acute exacerbatcdrCOPD” and
ECOPD (exacerbation of COPD)
" Follow-up accounts for patients reported astm$ollow-up or withdrew from study

AB=Antibiotic
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There was considerable overlap between the arsellested in the patient-level search and the
study-level search (eight studies), although fiwel®s were unique to the patient-level retrieval
due to different selection criteri&€ction 5.1.1andSection 5.2.). Of these five studies, four
included critically ill patients in the ICU withdiagnosis of LRTI (specifically, CAP, COPD
exacerbation, and acute bronchitis), and one wameEnglish publication.

5.2.4.3 PCT Treatment Algorithms — Patient-Level Meta-AsislyL RTI)

PCT measurements were made using the BeR+*A*H*M¢*E IHA in two studies and the
BeRe*A*H*M*S PCT sensitive Kryptor in ten studiesieostudy did not report the PCT instrument
used (se&ection 4.3for concordance between VIDAS BeReAsH*MS PCT dhd other

assays). Regardless of the PCT instrument use®Ghebased treatment algorithms were
similar and supportive of the LRTI proposed indicat

In the nine studies with LRTI patients outsideld# tCU, a cut-off of <0.25 ng/mL was used to
discourage initial antibiotic treatment. In additio these absolute cut-offs, discontinuation was
also guided by relative reductions in subsequerit P€asurements. A PCT reductiors@0%
and/or 90% from the initial or peak PCT measure uwsesl in the algorithms of four studies. A
comparison of the algorithms can be founéppendix 5.

5.25 Patient-Level Literature Search Results (Sepsis)
5.2.5.1 Articles Selected for Patient-Level Meta-AnalySie({sis)

The sepsis patient-level meta-analysis is basdade@same publications selected for the previous
ARI meta-analysis, detailed in Section 5.2.2. Thiy difference as shown irigure 10is the
selection of a subset of articles which includetigpas with sepsis to support the proposed
sepsis intended use. Patients with sepsis dueitoltimg infection were identified in five of the

14 original articles for inclusion in the curreepsis meta-analysis. The number of patients
extracted for use in the sepsis meta-analysis edaund inAppendix 6 - 2
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Figure 10: Retrieval and Selection of Articles foriSepsis Patient-Level Meta-Analysis
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5.2.5.2 Study Characteristics — Patient-Level Meta-AnalySispsis)

As shown inTable 12, the five studies included multi-center as welkegle-site studies in both
an ICU setting, and ranged in size from 27 to @28l fpatients.

Table 12: Study Characteristic of RCTs Selected fd_RTI and Sepsis Patient-Level Meta-
Analysis

N
L Hoy Settlng, Primary Study Primary Time to Follow-
Publication  Group, Country Single- or Population Endooint Endpoint unt
Control Multi-center P P P P
Group
Suspected bacterial
Bouadma, ICU, Mult- infections during All-cause o
2010 311,319 France center ICU stay without mortality 2 months 98%
prior AB (>24h)
. . Suspected bacterial
ARECIET, 57,53 Germany Sl_Jrglcal ICU, infections and >1 AB use No_t_ Not
2009 Single center Lo specified reported
SIRS criteria
. Suspected severe
NBIEE: 39, 40 Switzerland ICU, Single sepsis or septic AB use 1 month 94%
2008 center
shock
. Severe sepsis
SMMEEL, 14, 13 Germany Sgrglcal ICV, following AB use No't. Not
2009 Single center . specified reported
abdominal surgery
Stolz, ICU, Single Clinically Days free of 0
2009 51,50 France center diagnosed VAP antibiotics 1 month 100%
T Follow-up accounts for patients reported astw$ollow-up or withdrew from study
AB=Antibiotic

There was considerable overlap between the arsellested in the patient-level search and the
study-level search, although there was one studyuerto the patient-level retrievals due to
different selection criteridSection 5.1.1andSection 5.2.). For this study (Stolz, 2009) of
ventilator acquired pneumonia (VAP) patients, asd¢eghe patient-level data, allowed for the
determination that the patients were hospitalizetthé intensive care unit (ICU) with sepsis due
to an infection of the lung (VAP).

5.2.5.3 PCT Treatment Algorithms — Patient-Level Meta-AsiglySepsis)

The BeReA*H*MeS PCT LIA was used in two studiesgddhe BsR*A*H*M+S PCT sensitive
Kryptor was used in three studies (S=tion 4.3for concordance between VIDAS
BeReA*H*MS PCT and the other assays).

The PCT-based treatment algorithms were similarsapgortive of the sepsis proposed
indications. Studies used absolute PCT level cigt@faround <0.5 ng/mL. In the five studies
which focused on patients in an ICU setting, ci$-of 0.5 ng/mL (2 studies), 1 ng/mL (2
studies), and 0.1-0.25 ng/mL (1 study) were usedddition, a greater than 65-90% reduction in
PCT levels also triggered antibiotic cessationllifivae studies. A comparison of the algorithms
can be found iRppendix 5.
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6 LRTIMETA-ANALYSIS RESULTS

Summary

Patients were significantly less likely to be iat&d on antibiotics when treated with &
PCT-guided algorithm as compared to standard @& icaelboth study-level (odds ratio
[OR] = 0.26) and patient-level (OR = 0.27) metatgses (bothp<0.001)

The average duration of antibiotic treatment amupetgents who initiated antibiotics
was estimated to be 1.3 and 2.9 days shorter @asR@T algorithm in the study-level
(p=0.14) and patient-levep€0.001) meta-analyses, respectively.

The average antibiotic exposure among all patieass estimated to be 2.8 and 3.6 da
shorter using a PCT algorithm in the study-lep=iq.003) and patient-levep€0.001)
meta-analysis, respectively.

Treatment under a PCT-guided algorithm did not esblg affect patient outcomes.
There were no significant differences noted inaterage length of hospital stay or
mortality rates in either patient- or study-levedtaranalyses.

In the patient-level meta-analysis, with regardaéety:

0 The mortality rate was 6.7% in the PCT group add4rin the control group
(p=0.62).

o The median length of hospital stay was 7 daysr@uigrtile range [IQR], 0 to 12)
in the PCT group and 6 days (IQR, 0 to 13) in thet| group (=0.61).

o The rate of complications was lower in the PCT grthan in the control group
(18.0% vs. 21.1%p=0.03).

ly'S

For the remainder of the document, results fronh Itie¢ study- and patient-level meta-analyses
will be presented together in order to evaluatecthesistency of results across endpoints.
Several detailed analyses are presented in apgsnididuding:

Results of the quality assessment are providégppendix 4.

Forest plots summarizing the results of individstaldies along with the overall study-

level estimate for each effectiveness and safatp@nt are provided iAppendix 6.
Stratification by algorithm adherence and risk iafSkare also provided for each
effectiveness and safety endpoint in this appendix.
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6.1 Patient Populations

CAP, COPD, and acute bronchitis were well-repre=ent the study populations included in
both the study-level and patient-level meta-anayS&haracteristics of the study-level
populations are shown ifable 13

Table 13: Patient Baseline Characteristics in LRTIStudy-Level Meta-Analysis

N
Age
Publication Pcérostrrg?p’ (median or I\(A;I)e Primary Study Population**
mean*) .
Group
Branche, 2015 151, 149 63 44% Nonpneumonic LRTI
: Acute respiratory tract infections
0,
Briel, 2008 232, 226 48 40% (upper and lower)
Burkhardt. 2010 275 275 42 419 Acute respiratory tract infections
’ ’ 0 (upper and lower)
. : Various, including CAP,
- 0,
Christ-Crain, 2004 124,119 64 53% AECOPD, bronchitis, asthma
Christ-Crain, 2006 151, 151 70 62% CAP
Corti, 2016 62, 58 72 39% AECOPD
Kristoffersen, 2009 103, 107 67 53% Various (susgmktRTI)
Long, 2011 81, 81 46 59% CAP
Schuetz, 2009 671, 688 73 58% ECOPD, CAP, acutechitis
Stolz, 2007 102, 106 70 45% ECOPD
Verduri, 2015 88, 90 73 87% ECOPD

* depending on what was reported in study
** Terminology for COPD in this table is as statedhe article. This includes “Acute exacerbat@rCOPD” and ECOPD
(exacerbation of COPD)

The total N for the patient-level meta-analysis ®a81 (PCT group) and 2189 (control group),
as shown imable 11 Patients that did not classify as LRTI were regtbprior to analysis (575
for PCT group and 653 for control group), leavir@ and 1606 patients in the PCT group and
control group, respectively, as available for patievel evaluation. Most patients in the LRTI
meta-analysis had a diagnosis of CAP, with appratéhy 20% of patients diagnosed with the
next most frequency diagnoses, COPD and acute hitmcespectivelyTable 14). The overall
PCT group and control group were balanced withaetsip age, gender, type of LRTI, and
baseline PCT levels.
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Table 14: Patient Baseline Characteristics in LRTIPatient-Level Meta-Analysis

PCT Group Control Group

Characteristic (N=1536) (N=1606)
Age, median (IQR) 66 (50, 79) 66 (49, 78)
Male, n (%) 865 (56%) 744 (54%)
Diagnosis, n (%)
CAP 999 (65%) 1028 (64%)
Acute bronchitis 249 (16%) 282 (18%)
COPD exacerbation 288 (19%) 296 (18%)

PCT value at initiation

(ng/mL), median (IOR) 0.23 (0.10, 0.96)  0.21 (0.09, 1.04)

IQR — Interquartile range

6.2 Effectiveness Outcomes
6.2.1 Initiation of Antibiotics

As expected, PCT-guided antibiotic treatment wase@ated with reductions in antibiotic
initiation in patients with LRTI. In the study-leMmeta-analysis, the pooled rates of antibiotic
initiation yielded an odds ratio of 0.26 (95% CI18, 0.52), which represents a 74% reduction in
the odds of antibiotic initiation in the PCT grorgiative to the control group. This reduction

was mirrored in the patient-level meta-analysiswaib odds ratio of 0.27 (95% CI: 0.22, 0.33).
Figure 11lillustrates the consistent effect size seen ih lio¢ study-level and patient level meta-
analyses. Antibiotic initiation reported for indilial studies is provided kppendix 6 - 3

Figure 11: Initiation of Antibiotics in Study-Level Meta-Analysis and Patient-Level Meta-
Analysis — Overall LRTI Populations

PCT Control Odds Ratio

Endpoint # studies or  # studies or (95% CI)
Type of MA n/N (%) n/N (%) p-value

Initiation of Antibiotics

Study-Level Pooled data from 10 trials | ——&—— 0.26 (0.13, 0.52)

B B

£<0.001
. 1096/1536  1420/1606 0.27 (0.22, 0.33)
Patient-Level 74 4o,) (88.4%) - p<0.001
0.1 10

I5avors PCT Favors Co;'ltrol
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The reduction in antibiotic initiation was robusidssignificant across the multiple LRTI
diagnoses subgroups of CAP, acute bronchitis, @B exacerbation as well as in both the
inpatient and outpatient setting, as demonstratéda patient-level analysi$dble 15).

Table 15: Initiation of Antibiotics in Patient-Level Meta-Analysis — LRTI Subpopulations
Based on Type of LRTI and Setting

PCT Group Control Group Odds Ratio
Subgroup Patients Initiating Patients Initiating (95% CI)
Antibiotics (%) Antibiotics (%) p-value
0.07 (0.03, 0.14)
0 0,
CAP 898 (90%) 1019 (99%) 0<0.001
Type of Acute 0 0 0.15(0.10, 0.23)
T bronchitis 61 (25%) 185 (66%) 0<0.001
COPD 0.32 (0.23, 0.46)
0, 0,
exacerbation 137 (48%) 216 (73%) p<0.001
Inpatient 881 (79.7%) 1039 (91.2%) 0'35pi%2070’10'46)
Setting '
. 0.13 (0.09, 0.19)
0 )
Outpatient 215 (50.0%) 381 (81.6%) 0<0.001

6.2.2 Duration of Antibiotics

Duration of antibiotic therapy was significantlysster with PCT-guided decision-making, as
demonstrated in both study-level and patient-leveia-analyses (Figure 12). The mean
reduction in duration of antibiotic therapy in tRET group was 1.3 days in the study-level
meta-analysis and 2.9 days in the patient-levearaetlysis. This result should be evaluated in
the context of a low power to detect differencesaose of a small sample size (N=3 studies for
this resulty’ Accordingly, the 95% confidence interval arouhd mean difference of -1.9 days
was wide (i.e., -2.9 days to 0.4 days) (Table 2).

® Note: study-level data reported either antibidtication or exposure, but not both. More trialsgnreported
exposure than duration (N=3) and reporting wastardenate in 2
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Figure 12: Duration of and Exposure to Antibioticsin Study-Level Meta-Analysis and
Patient-Level Meta-Analysis — Overall LRTI Populations

PCT Control .
- = Mean Difference
Endpoint # studies or  # studies or (95% CI)
Type of MA  Median (IQR) Median (IQR) p-value
Duration of antibiotics (days) i
Study-Level Pooled data from 3 trials ——1 '1'3;;%'?1’40'4)
. : -2.9 (-3.3, -2.5)
Patient-Level 7 (4, 10) 10 (7, 12) a4 i p<0.001
Total antibiotic exposure (days) i
Study-Level Pooled data from 5 trials ——— E -2.8p(=-:|]-.gb%1.0)
- i -3.6 (-4.0, -3.2)
Patient-Level 5 (0, 8) 9 (6, 12) A4 : p<0.001
6 -4 2 0 2 4 6

»

I5avors PCT Favors Co;ltrol

The meta-analyses also evaluated total treatmgusexe based on all patients randomized
(Figure 12). When considering all patients (including thosenf whom antibiotics were
withheld), the mean exposure was reduced by 2.8 (85£6 CI. -4.6, -1.0) in the study-level
meta-analysis and by 3.6 days (95% CI: -4.0, -B.2he patient-level meta-analysis from a
median of 5 days in the PCT group to 9 days ircthrol groupFigure 13 shows the
difference in prevalence of antibiotics over 2 we&Klowing study initiation from the patient-
level meta-analysis.
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Figure 13: Antibiotic Use Over Time in Patient-Leel Meta-Analysis — Overall LRTI
Population
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Significant reductions in exposure to antibiotiaaswonsistent across the types of LRTI as well
as patients in both inpatient and outpatient sggtiable 16).

Table 16: Exposure to Antibiotics in Patient-LeveMeta-Analysis (in days) — LRTI
Subpopulations Based on Type of LRTI and Setting

PCT Group Control Group Mean Difference

Sl Median (IQR) Median (IQR) (sffg’lucé)
CAP 6 (4, 10) 10 (8, 14) '4'Opi'g"géi3'5)
Ear e 0(0,0) 5(0,7) oot
exe(l:c(Zer)gtion 0(0.6) 7(0,10) _3.Op£-§..§(')i2'3)
i Inpatient 6 (2, 9) 10 (7, 13) '3'7p£'g_'§6f'3)
Outpatient 0.5 (0, 6) 7(4,9) '3'5p£'g_'86 f'o)

IQR — Interquartile Range
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6.3 Safety Outcomes
6.3.1 Mortality

The reduction in antibiotic use associated withafSeCT-guided decision making did not
adversely affect mortality rates. The study-leved patient-level summary mortality endpoint
results are shown iRigure 14. In the study-level meta-analysis the risk ratiorhortality was

0.94 (95% CI: 0.69, 1.28) using a random effectslehaNote: risk ratios less than 1.0 indicate a
lower risk of mortality in the PCT group.)

A similar trend was observed in the patient-levetaranalysis with an odds ratio of 0.95 (95%
Cl: 0.77, 1.16). The patient-level analysis alloviedKaplan-Meier analysig~{gure 15). As

can be seen in by the overlapping survival curthresrate of survival over 30 days was not
adversely affected when antibiotic use was guideB®T algorithms.

Figure 14: Mortality in Study-Level Meta-Analysis and Patient-Level Meta-Analysis —
Overall LRTI Populations

PCT Control ORRR®
Endpoint # studies or  # studies or (95% Cl)
Type of MA /N (%) niN (%) pvalue
I
Mortality |
|
|
Study-Level  Data pooled from O trials — 0-34(0.69, 1.28)
, p=0.62
i
. 1031536  119/1606 ' 0.95 (0.77, 1.16)
Patient-level "¢ 7o) (7.4%) “"f* p=0.62
0.1 1 10

i =

an'ururs PCT Favors Eo;'ltrul

* OR for patient-level meta-analysis and RR fiudy-level meta-analysis
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Figure 15: Survival in Patient-Level Meta-Analysis— Overall LRTI Population

1.00
0.95
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Stratification by type of LRTI and setting in that@nt-level meta-analysis also yielded similar
mortality rates between the grougable 17). Kaplan-Meier survival curves f@OPD
exacerbatioror CAP by group are provided igure 16 andFigure 17, respectively.

Table 17: Mortality in Patient-Level Meta-Analysis— LRTI Subpopulations Based on
Type of LRTI and Setting

PCT Group Control Group OR

Subgroup Mortality rate Mortality rate (95% Cl)

n/N (%) n/N (%) p-value
CAP 92/999 (9.2%) 111/1028 (10.8%) 0'9252672’7 1.15)

Type of Acute . . )

LRTI bronchitis 21249 (0.8%) 0/282 (0%) NA
COPD 1.15 (0.46, 2.89)
0 0

exacerbation 9/288 (3.1%) B/296 (2.7%) p=0.76

Inpatient 101/1106 (9.1%) 116/1139 (10.2%) 0'95;962:’; 1.17)
Setting =0.

Outpatient 2/430 (0.5%) 3/467 (0.6%) 1'11326225’34'45)

* Statistics could not be calculated due to thig of O in control group
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Figure 16: Survival in Patient-Level Meta-Analysis—-COPD Subpopulation
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Figure 17: Survival in Patient-Level Meta-Analysis— CAP Subpopulation
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Information on initial PCT concentrations were dafalie in the patient-level meta-analysis, and
stratification by initial PCT was performed to avatle any associations with risk for mortality.
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As shown inFigure 18, the mortality rates were similar between the R@d control groups
regardless of initial PCT levels.

Figure 18: Mortality in Patient-Level Meta-Analysis — LRTI Subpopulations Based on
Initial PCT Level

PCT Control Odds Ratio
Endpoint - (95% Cl)
Initial PCT Lewvel niN (%) n/N (%) Patient-Level Results p-value
i
30-Day Mortality i
i
21388 51416 l 0.43 (0.08, 2.19)
o —
<010 ng/mL (0.5%) (1.2%) ! p=0.31
18/409 231413 ’ 0.78 (0.47, 1.30)
0.10 - 0.25 ng/mL (4.4%) (5.6%) Hwi p0.34
151217 221215 ! 0.50 (0.29, 0.85)
=0.25 - 0.50 ng/mL (6.9%) (10.2%) '_Hi p=0.01
68/516 63/524 : 0.88 (0.69, 1.13)
Al il (13.2%)  (12.0%) - p=0.31
0.01 0.1 1 10

Favors PCT  Favors Control
6.3.2 Length of Hospitalization

Length of hospital stay was not impacted by thelemgntation of PCT-guided antibiotic
treatment Figure 19). In the study-level meta-analysis, the overaiblé of hospitalization in
the PCT and control arms was similar (mean diffeeer0.2 days; 95% CI: -0.6, 0.3). Similarly,
no effect on length of hospitalization was detedtetthe overall patient-level meta-analysis
(median 7 vs. 6 days).

Figure 19: Length of Hospitalization (in days) inStudy-Level Meta-Analysis and Patient-
Level Meta-Analysis — Overall LRTI Populations

PCT Control Mean Difference

Endpoint # studies or  # studies or {95% CI)
Type of MA  Median (IQR) Median {IQR) p-value

Length of hospital stay (days)

g . -0.2 (-0.8, 0.3)
Study-Level Data pooled from 7 trials =051

. -0.2 (-0.9, 0.5

Patient-Level 7(0,12) 6 (0, 13) pLIJ.E1 )

-4 -2 2 4

ﬁavors PCT Favors Co;'ltrol
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In the patient-level meta-analysis, no notableedéhces in safety profile were observed across
all subgroups based on type of LRTI, setting, @&well of initial PCT with regards to length of
hospital stay. All point estimates for the meariedtdnce in length of hospital stay were within
+1 day and all 95% Cls overlapped with O.

6.3.3 Complications

Complications were evaluated in the patient-levetaranalyses and the results further
corroborate the safety of PCT guidance in antibidécision-making.A slightly lower risk of
complications was observed with PCT-guided treatr{$10%) relative to standard-of-care
control (21.1%) in the overall LRTI population (O&82; 95% CI: 0.68, 0.98;

Figure20), which was driven by a lower rate of ICU adnass in the PCT group. Subgroup
analyses by type of LRTI, inpatient vs. outpatiegiting, and initial PCT level at study entry
were consistent with the overall result (i.e., Islig lower risk of complications in the PCT
group) or had confidence intervals for the odd®raverlapping with 1.0 (i.e., indicating no
difference between groups).

Figure 20: Complications in Patient-Level Meta-Andysis — Overall LRTI Populations

PCT Control Odds Ratio

Endpoint - (95% CI)

Type of MA n/N (%) n/N (%) p-value

Complications

276/1536 339/1606
(18.0%) (21.1%)

0.82 (0.68, 0.99)
p=0.03

Patient-Level

RE

0.1 10

-

IEavors PCT Favors Co;ﬂrol

® Complications were defined as death, hospitabrdiCU admission/rehospitalization, ARI-specifimeplications
[empyema, meningitis], recurrent or worsening itifat, and patients reporting ongoing respiratofgétion
symptoms
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6.4 Subgroup Analyses by Age and Gender

Stratification based on age (<65 artb years) and gender in the patient-level analysis
demonstrated that the overall reductions in antibiaitiation, duration, and exposure associated
with PCT-guided antibiotic use were independerthese two demographic variables as were
the comparable risk of mortality, duration of haajzation, and risk of complicationEigure

21 andFigure 22).

Figure 21: Subgroup Analysis in Patient-Level MetaAnalysis — LRTI Subpopulations
based on Age and Gender (Effectiveness Endpoints)

Control

Odds Ratio or
Difference

(95% CI)
P-value

Initiation of Antibiotics niN (%) n/N (%)
o o o 0.28 (0.21, 0.37)
Female 455/671 (67.8%) 645/744 (86.7%) —— p<0.001
0.26 (0.19, 0.35)
641/865 (74.1%) 775/862 (89.9% !
Male ( ) ( ) —— p<0.001
Age <65 476/717 (66.4%) 624/732 (85.3%) —— 0'26;2)2?;'02'35)
o 9 0.27 (0.20, 0.37)
> . .
Age 265 620/819 (75.7%) T796/874 (91.1%) »—0—~ . . p<0.001
0.1 10
Favors PCT Favors Control
Duration of Antibiotics (days) Median (IQR) Median (IQR)
-28(-3.4,-2.3)
Female 7(4,10) 10(7,12) —- p<0.001
-2.9(-3.4,-2.4)
7(4,10 9(7,13 ?
Male (4,10) (7,13) 4 p<0.001
-3.1(-3.7, -2.5)
6(4,10 9(7,12 ’
Age <65 (4,10) (7,12) —— <0.001
-2.7(-3.2,-2.2)
>
Age 265 7(5,10) 10 (7, 13) - p<0.001
-6 -4 -2 2 4 6
Favors PCT Favors Control
Total Exposure of Antibiotics (days) Median (IQR) Median (IQR)
-3.6 (-4.1,-3.0)
Female 5(0, 8) 8(6,12) —— £<0.001
-3.6 (-4.1,-3.1)
Male 5(0, 8) 9 (6, 11) - p<0.001
-3.8(-4.3,-3.2)
4(0,7 7(5 1 ’
Age <65 (0,7) (5, 11) —— £<0.001
-3.4(-3.9,-2.9)
Age 265 5(1,9) 10(7,12) o P<0.001
-6 -4 -2 2 4 6
Favors PCT Favors Control
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Figure 22: Subgroup Analysis in Patient-Level MetaAnalysis — LRTI Subpopulations
based on Age and Gender (Safety Endpoints)

Control

Odds Ratio or
Difference

(95% CI)
P-value

30 Days Mortality n/N (%) n/N (%)
Female 33/671 (4.9%) 43/744 (5.8%) 0.93 ,()0_':76;61'29)
Male 70/865 (8.1%) 76/862 (8.8%) 0.96 (0.75, 1:24)
p=0.77
Age <65 26/717 (3.6%) 32/732 (4.4%) 0.92 ;(12326’61.35)
Age 265 77/819 (9.4%) 87/874 (10.0%) st ,(:1;‘:;’ 01 25)

0.1

Complications n/N (%) n/N (%)
Female 119/671 (17.7%) 160/744 (21.5%) h._ﬂ 0.80 :)‘:311,21-06)
Male 157/865 (18.2%) 179/862 (20.8%) FH 0.84 ’()(l-gﬁ,;-%)
Age <65 1M8/717 (16.5%) 141/732 (19.3%) HH 0.79 ,(,(:3_01'11'05)
Age 265 158/819 (19.3%) 198/874 (22.7%) H._q 0.85 ;23.51,31-06)

0.1 T 1

Hospital Length Of Stay (days) Median (IQR) Median (IQR)
Female 5(0, 11) 6 (0, 12) 0.3 p(;:, ..:,4 0.9)
Male 7(1,13) 7(0,13) -0.1,)(;(()’.%70.7)
Age <65 0(0,7) 0(0,7) -0.6 p(=:) .'72,70.5)
Age 265 10 (5, 16) 9 (5, 15) 0.2 ;:)6.7'}11'0)
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7 SEPSIS META-ANALYSIS RESULTS

Summary

» The average duration of antibiotics was 1.5 dagstshin the PCT group than in the
control group in the study-level meta-analygsQ.001).

* The average exposure to antibiotics was 3.2 daydestin the PCT group than the
control group in the patient-level meta-analysipatients with sepsis due to an
infection of the lung§<0.001). The median exposure to antibiotics waay& ¢IQR,
5to 15) in the PCT group and 12 days (IQR, 8 tpii&he control group.

* PCT-guided antibiotic treatment did not adversdlga safety outcomes for patients
with sepsis.

0 Mortality: The RR for mortality in the study-leveieta-analysis was 0.90 (95%
Cl: 0.79, 1.03). The OR for mortality in the pati¢evel meta-analysis was 0.87
(95% CI. 0.64, 1.18) and the observed mortalitgsatere 19.9% in the PCT
group and 23.8% in the control group.

0 Length of hospital stay: The average differenclkaspital stay was similar in
both groups (mean difference: -1.4; 95% CI: -4.4).1The median length of
hospital stay was 21 days in the PCT group anda®8 th the control group.

o Length of ICU stay: The mean length of ICU stay wiamsilar in the study-level
(mean difference: -0.8; 95% CI: -2.5, 0.8) andgrdttievel (mean difference: 1.1,
95% CI: -1.3, 3.4) meta-analysis. The median legttay was 12 days in the
both groups in the patient-level meta-analysis.

7.1 Patient Populations

Studies selected for the sepsis meta-analysesasarprised of the targeted sepsis patient
population: namely, adult patients with suspectecbnfirmed sepsis being admitted to the ICU
or having developed an infection while in the ICThe patient-level meta-analysis represents a
subset of patients with sepsis due to an infeaiicthe lung, as explained Bection 5.2.5.1

while the study-level meta-analysis includes stpdgulations with suspected or confirmed
sepsis due to any cau§able 18shows study-level population characteristics.
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Table 18: Sepsis Patient Baseline Characteristics Btudy-Level Meta-Analysis

o N Age Male
Publication PCT Group, (median or (%)
Control Group mean*)
Annane, 2013 31,31 57 74%
Bouadma, 2010 307, 314 62 66%
de Jong, 2016 761, 785 65 60%
Deliberato, 2013 42, 39 65 56%
Hochreiter, 2009 57,53 67 53%
Layios, 2012 258, 251 66 60%
Najafi, 2015 30, 30 40 63%
Nobre, 2008 39, 40 65 68%
Schroeder, 2009 14,13 69 56%
Shehabi, 2014 196, 198 64 54%

* depending on what was reported

The total N for the patient-level meta-analysis w@2 (PCT group) and 475 (control group), as
shown inTable 12. Patients that did not classify as sepsis war®ved prior to analysis (185
for PCT group and 164 for control group), leavif@y 2nd 311 patients in the PCT group and
control group, respectively, as available for patievel evaluation. Their baseline
characteristics are summarizedrliable 19

Table 19: Sepsis Patient Baseline Characteristics Patient-Level Meta-Analysis

PCT Group Control Group

Characteristic (N=287) (N=311)
Age, median (IQR) 62 (50, 74) 65 (53, 75)
Male, n (%) 208 (72%) 216 (69%)

PCT value at initiation

(ng/mL), median (IOR) 1.43(0.39,5.78)  1.20 (0.34, 4.74)

IQR — Interquartile range
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Some of the exclusion criteria in the studies urdtie study-level or the patient-level meta-
analyses include patients with outpatient or irgrdtcardiac arrest; conditions requiring long-
term antibiotic therapy such as endocarditis; clar@ocalized infection such as osteomyelitis;
trauma; severe immunosuppression; poor chancernatatior short expected ICU stay;
withdrawal of life-supportive therapies or a demrsto withhold them, neutropenia; various
degrees of recent/prolonged antibiotic use; and @owho were pregnant.

7.2 Effectiveness Outcomes — Antibiotics Duration

The goal of PCT algorithms in relation to sepsi®iseduce unnecessary prolonged use of
antibiotics when bacterial infections are abserttaore been adequately controlled. Both study-
level and patient-level meta-analyses confirmed disontinuation algorithms were effective in
reducing duration and exposure to antibiotic ingrds with sepsis, as shownRkigure 23,

As nearly all patients with suspected or confirrsedsis are given antibiotic treatment under
standard of care prior to study enrollment, the suess of antibiotic duration and antibiotic
exposure are, in effect, the same. In the studgtlemeta-analysis, there was an estimated 1.5-
day reduction (95% CI: -2.3, -0.7) in antibioticeusith PCT guidance.

Total exposure to antibiotics in the patient-levita-analysis was reduced an average of 3.2
days (95% CI: -4.3, -2.1) under PCT-guided treatmsith median exposures of 8 and 12 days
among PCT and control patients, respectively. Meall patient-level results were also
consistent among patients whose initial PCT lewa&s<0.5 ng/mL (mean reduction of 4.0
days) and >0.5 ng/mL (mean reduction of 3.8 days).

Figure 23: Duration of and Exposure to Antibioticsin Study-Level Meta-Analysis and
Patient-Level Meta-Analysis — Overall Sepsis Populens

PCT Control .
R e Mean Difference
Endpoint # studies or  # studies or (95% CI)
Type of MA  Median (IQR) Median (IQR) p-value
Duration of antibiotics (days) :
_ : -1.5(-2.3,-0.7)
Study-Level Data pooled from 8 trials 2 2 E p<0.001
Total antibiotic exposure (days) :
: -3.2(-4.3,2.1)
Patient-Level 8 (5, 195) 12 (8, 18) —— : p<0.001
8 6 4 -2 0 2 4 6 8

I;avors PCT Favors Co;\trol
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In the patient-level meta-analysis, more individugiscontinued antibiotics earlier under PCT-
guided treatment as illustratedkigure 24 by the growing gap between the two groups starting
at Day 2.

Figure 24: Antibiotic Use Over Time in Patient-Le\el Meta-Analysis — Overall Sepsis
Population

100% - e 99% 7340 40, I Control N=311 B PCT N=287

93%
m|87% 88%
T79%
80% 1 72% [T
68%
61% [7] 7%
oy |
Patients on 80% 52%
. . 49%
antibiotics 4% —
(%) 40% - 3%
20% -
0%

Day 0 | Day 2 | Day 4 | Day 6 | Day 8 Inay1ulnay1zlnay14
Days from Study Initiation

7.3 Safety Outcomes

7.3.1 Mortality

The reduction in antibiotic use associated with RfQided decision-making did not adversely
affect patient safety as demonstrated by both skendsl and patient-level meta-analysegyre
25). The estimated risk ratio (for the study-leveltaanalysis) and odds ratio (for the patient-
level meta-analysis) less than 1.0 do not indieagafety signal associated with PCT guidance.
Similar mortality rates for PCT and control grogwe also evident from Kaplan-Meier analysis
(Figure 26).
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Figure 25: Mortality in Study-Level Meta-Analysis and Patient-Level Meta-Analysis —
Overall Sepsis Populations

PCT Control OR/RR*

Endpoint # studies or # studies or (95% Cl)
Type of MA n/N (%) n/N (%) p-value

30-Day Mortality

0.90 (0.79, 1.03)

Study-Level Data pooled across 10 trials '0? p=0.11
. 57/287 74/311 i 0.87 (0.64, 1.18)
Patientlevel  (199%)  (23.8%) e p=0.36
0.1 1 10

Eavors PCT Favors Co;ltrol

* OR for patient-level meta-analysis and RR fiudy-level meta-analysis

Figure 26:  Survival in Patient-Level Meta-Analysis— Overall Sepsis Population

1.00 -
0.90 A
Proportion — PCT .
of Survivors Control
0.80 A
0.70 A
0.60 A
0 5 10 15 20 25 30
Time After Inclusion (Days)
Number at Risk
PCT 287 278 257 244 229 221 164
31 305 288 274 253 239 183

At the patient-level, stratification by initial PG&vels yielded similar ORs for mortality between
PCT and control arms as the overall estimate. TRddD patients with an initial PCT leveD.5
ng/mL was 0.70 (95% CI: 0.41, 1.20) and the ORpfatients with an initial PCT level >0.5
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ng/mL was 0.81 (95% CI: 0.56, 1.17), indicatingttthee early cessation of antibiotics in each
PCT category had no detrimental effect on patiantigal.

7.3.2 Length of ICU or Hospital Stay

The overall length of stay in the ICU or hospitasaunaffected by PCT-guided antibiotic
discontinuation as compared to standard daigu(e 27). In the study-level meta-analysis using
a random effects model, the average length of I@y was 0.8 days shorter (95% CI, -2.5, 0.8)
in the PCT group. Similarly, in the patient-leve¢ta-analysis, no significant difference was
observed in the average ICU stay (mean differehdedays; 95% CI: -1.3 to 3.4), and the
median length of stay was 12 days in both groups.

The patient-level meta-analysis also evaluateddts length of hospital stay. The median
duration of hospital stay was 21 days in the PG@lugrand 23 days in the control group. The
average difference between the groups was -1.4(@&9s Cl. -4.4, 1.7).

No notable differences on either endpoint were chotethe basis of baseline PCT levels above
or below 0.5 ng/mL.

Figure 27: Length of ICU or Hospital Stay in StudyLevel Meta-Analysis and Patient-
Level Meta-Analysis — Overall Sepsis Populations

_ S UTE] Mean Difference
Endpoint # studies or # studies or {95% CI)
p-value
i
Length of ICU stay (days) i
i
i -
Study-Level Data pooled across 10 trials o -ﬂ.3p[=%.§%ﬁ.3]
| i
i -
Patient-Level 12 (6, 23) 12 (6, 22) e 1 ,E;'.ﬁ;f 4
1
i
Hospital length of stay (days) i
i
I -
Patient-Level 21 (11, 37) 23 (13, 38) ———— 1'4;';’51'?1

-8 6 4 -2 0 2 4 6 8

ﬁavnrs PCT Favors Co;'ltrol
7.4 Subgroup Analyses by Age and Gender

Stratification based on age (<65 atb years) and gender in the patient-level metayarsal
demonstrated that the overall reduction in antibiexposure associated with PCT-guided
antibiotic use were independent of these varialalesyere the maintained risk of mortality and
length of stay in the ICU and hospit&idure 28 andFigure 29).
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Figure 28: Subgroup Analysis in Patient-Level MetaAnalysis — Sepsis Subpopulations
based on Age and Gender (Effectiveness Endpoint)

Odds Ratio or
Difference
(95% CI)
Sepsis PCT Control P-value
Total Exposure of Antibiotics (days) Median (IQR) Median (IQR)

-48(-6.9,-2.7)

Female 7(5,13) 11(8,19) —— p<0.001
26 (-4.0,-1.3)

Male 9 (6, 16) 13 (8, 18) —— £<0.001
-3.5(-5.0,-1.9)

Age <65 9 (5, 15) 14 (8, 20) —— p<0.001
29(-45,-14)

i
Age 265 8(6, 14) 11 (8, 17) —— p<0.001

-8 6 4 2 0 2 4 6

Favors PCT Favors Control
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Figure 29: Subgroup Analysis in Patient-Level MetaAnalysis — Sepsis Subpopulations
based on Age and Gender (Safety Endpoints)

Control

Odds Ratio or
Difference

(95% CI)
P-value

30 Days Mortality

n/N (%)

n/N (%)

0.71 (0.41, 1.25)

0, 0,
Female 15/79 (19%) 26/95 (27%) j p=0.24
Male 42/208 (20.2%)  48/216 (22.2%) »—o—' 0.95 ;(:::?81.37)
Age <65 28/162 (17.3%)  31/152 (20.4%) et 0.87 ,(:’(2355,61.38)
Age 265 29/125 (23.2%)  43/159 (27.0%) —— 0.86 S’_‘gz’;'w)
0.1 1 10
Favors PCT Favors Control
Hospital Length Of Stay (days) Median (IQR) Median (IQR)
P -1.6 (-8.0, 4.7)
Female 21 (12, 43) 25 (13, 38) *—— p=0.61
1 1.2 (-4.7, 2.2)
—
Male 21 (10, 36) 24 (13, 38) 5 0=0.48
1 0.0 (-4.5, 4.4)
, : —_—,
Age <65 24 (11, 43) 25 (13, 43) : =0.98
| -3.2 (-7.5, 1.0)
2 —_—
Age 265 18 (11, 30) 21 (12, 36) p=0.14
-10 5 0 5 10
Favors PCT Favors Control
ICU Length Of Stay (days) Median (IQR) Median (IQR)
] 2.2 (-2.5, 6.9)
—_——
Female 11 (5, 28) 10 (6, 22) ; p=0.37
: 0.5 (-2.1, 3.2)
Male 13 (6, 23) 13 (6, 22) r—o—« p=0.70
: 0.3 (-3.1, 3.6)
y )y [ —
Age <65 12 (6, 23) 14 (6, 24) : p=0.87
: 1.8 (1.3, 5.0)
[ y y —
Age 265 13 (6, 25) 11 (6, 21) ; =0.26
-10 5 0 5 10
Favors PCT Favors Control
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8 SUMMARY OF RISKS AND BENEFITS ASSOCIATED WITH PCT-G UIDED
ANTIBIOTIC TREATMENT OF LRTI AND SEPSIS

8.1 Benefits and Risks Associated with PCT Algorithmsdr LRTIs
Patient and Societal Benefits of PCT-Guided Treatme

In the meta-analyses, PCT-guided treatment algostfeduced the odds of antibiotic initiation
in patients with LRTIs by 75% and shortened therall@xposure to antibiotic treatment by 3-4
days without affecting patient outcomes comparestdndard of care. Approximately 27 million
patients receive antibiotics unnecessarily each (&@apiro, 2014) and have the potential to
benefit from more selective treatment. From anviadial patient perspective, the benefits of
reductions in initiation and duration of antibiotreatment achieved through PCT guidance
would reduce unnecessary exposure to the riskstifiatics, including drug-related adverse
events anclostridium difficileinfection as well as the risk of developing infentwith
antibiotic-resistant microbes. From a societal pective, widespread implementation of PCT
guidance for LRTIs has the potential to signifidgurb antibiotic overuse and misuse and slow
the growth and spread of antibiotic-resistant nberin the United States.

Risks Associated with PCT-Guided Treatment

Results from the study- and patient-level metayas®a confirmed that reductions in antibiotic
use based on PCT guidance does not put patiemsraased risk for an adverse outcome.
Namely, PCT-guided treatment algorithms did notpiee adverse safety signals for mortality
or complications or prolong the length of hospdiay relative to treatment under standard of
care.

Treatment with antibiotics is effective and necegsar patients with LRTIs when the symptoms
stem from bacterial infections; withholding or gpopgy antibiotics if a patient really needed
antibiotics would result in an inferior safety ptef However, the lack of a safety signal in the
meta-analyses when interpreted in the contextladrattudies suggests that, in the context of
clinical information, PCT is sensitive and specdimough, with a high enough negative
predictive value, to differentiate patients who \eblbenefit from antibiotics from those who
would not. Thus, while allowing antibiotic treatntea be delivered to patients who need them,
PCT results can safely support clinical decisian@ithhold or stop antibiotics.

The utility of PCT in guiding safe antibiotic trea¢nt is currently being incorporated into
standard clinical practice. One instance is inghielelines for management of LRTIs published
by the Joint Taskforce of the European RespiraBmgiety and European Society for Clinical
Microbiology and Infectious Diseases, which statBsomarkers, particularly PCT, may guide
shorter treatment duration... Biomarkers can guidatinent duration by the application of
predefined stopping rules for antibiotics [417—418has been shown that such rules work even
in most severe cases, including pneumonia withisspbck, and even if clinicians are allowed
to overrule the predefined stopping rule [420,4Z¥Woodhead, 2011).
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8.2 Benefits and Risks Associated with PCT Algorithmsdr Sepsis
Patient and Societal Benefits of PCT-Guided Treatme

The meta-analyses for sepsis showed that PCT-gdidedntinuation of antibiotics was safe and
effective. Specifically, implementation of a PCTidpd treatment algorithm reduced the

duration of antibiotic treatment by 1.5-3 days wiithadversely affecting patient outcomes. The
unnecessary continuation of antibiotics in casesuspected or confirmed sepsis contributes to
the rise of antibiotic resistant bacteria whileeoiiig no clinical benefit to the patient. The
reductions in unnecessary prolonged use of anigSiat patients with sepsis can reduce the risks
of drug-related reaction§lostridium difficileinfection, and subsequent infection with drug-
resistant bacteria. Again, reductions in overusantibiotics would limit the emergence and
spread of antibiotic-resistant bacteria in hosgtal globally.

Risks Associated with PCT-Guided Treatment

Results from the study-level and patient-level ragtalyses confirmed that reductions in
antibiotic use based on PCT guidance are not agsdawith increased patient risks. Patient
outcomes including mortality and length of hospatatl ICU stay were similar under PCT-
guided antibiotic discontinuation and under staddzare. Early treatment with antibiotics in
patients with suspected sepsis is associated wittedsed mortality and morbidity; early
discontinuation of treatment has the potentialidarmine benefits of current care. However, no
safety signals were associated with PCT-guidedenit discontinuation, providing assurance
that PCT-based algorithms have sufficient neggireglictive values to select patients who
would not benefit from continued antibiotic treatrhe

The utility of PCT in antibiotic decision-makingfiscognized in the Surviving Sepsis Campaign
guidelines, which are endorsed by the InfectiouseBses Society of America (IDSA). These
guidelines recommend “Use of low procalcitonin levar similar biomarkers to assist the
clinician in the discontinuation of empiric antibes in patients who initially appeared septic,
but have no subsequent evidence of infection (g2&tjé (Dellinger, 2013).

8.3 Complimentary Role of PCT in Clinical Evaluations

As with any diagnostic tool, the limitations ofiagle biomarker test must be understood and
taken into account when reviewing the totality liical information. As such, the draft VIDAS
BsReA*H*M+S PCT package insert states:

“VIDAS BeReAsH*M+S PCT is not indicated to be usad a stand-alone diagnostic
assay. PCT results should always be interpretéukicontext of the clinical status
of the patient and other laboratory results....

Procalcitonin (PCT) can provide important inforneatregarding the necessity,
duration, and effectiveness of antibiotic therafyis should always be seen in
terms of risk evaluation or probability assessmartter consideration of different
influential factors, e.g. the clinical impressionstate of the patient, imaging
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studies and other laboratory or diagnostic testg;quiures, evaluation of the
mortality risk, and the individual risk profile e presumed infection. Decisions
regarding antibiotic therapy should NOT be basdelgon procalcitonin
concentrations.”

As iterated in the proposed PCT guidelines accoripgrthe indications (Section 3.3), clinical
decisions on initiation and cessation of antib®ticust take into account other information
including changes in clinical symptoms, clinicallstity, severe comorbidities, ICU admission,
risk for adverse outcome, or evidence of pathogelazed in the clinical context of a patient, the
VIDAS BeR+A+sHsM+S PCT provides important and actaie information that complements
and enhances current clinical practice.

Curbing the societal burden of antibiotic resisgahyg limiting unnecessary antibiotic use is a
call to action that has been emphasized by the GO, United States government, and
United Nations. Given that PCT-guided algorithmsgenthe potential to reduce the adverse
effects of antibiotic overuse for both society gadients without increasing safety risks in
patients with LRTIs and sepsis, a net benefit geeied with the VIDAS BeReAsHsMeS PCT.
The body of evidence, as systematically evaluatgéte meta-analyses, provide confidence that
the VIDAS BeR+A*H*M+S PCT is safe and effectiveasaid for physicians to make more
informed decisions on antibiotic prescribing forLIRand sepsis that result in less unnecessary
antibiotic use and a high level of patient care.
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APPENDIX 1
PubMed Database Search — Study-Level Meta-Analys{&ERTI)

Keywords and number of hits obtained from the PUBMED database for the literature search conducted
on May 4th, 2016 (J. Hey and N. Picot). The final equation retrieved 204 publications for appraisal from
the PUBMED database.

Search

Query

Items

found

#1

Search procalcitonin[Supplementary Concept]

2405

#2

Search (procalcitonin[Supplementary Concept]) AND "anti bacterial
agents"[MeSH Terms]

257

#3

Search "Respiratory Tract Infections"[Mesh] OR "Pulmonary Disease,
Chronic Obstructive"[Mesh] OR "Bronchitis"[Mesh] OR
"Pneumonia”’[Mesh]

355223

4

Search (((procalcitonin[Supplementary Concept]) AND "anti bacterial
agents"[MeSH Terms])) AND ("Respiratory Tract Infections"[Mesh] OR
"Pulmonary Disease, Chronic Obstructive"[Mesh] OR "Bronchitis"[Mesh]
OR "Pneumonia"[Mesh])

112

#5

Search (PROCALCITONIN OR PCT) AND (antibiotic OR antibiotics OR
"antibacterial agent" OR "antibacterial agents" OR "anti bacterial agent"
OR "anti bacterial agents"” OR "antimicrobial agent" OR "antimicrobial
agents" OR "anti microbial agent" OR "anti microbial agents") AND (LRTI
OR "low respiratory tract infection” OR "low respiratory tract infections”
OR pneumonia OR bronchitis OR copd OR "chronic obstructive
pulmonary disease" OR "chronic obstructive pulmonary diseases")

235

#6

Search (PROCALCITONIN OR PCT) AND (antibiotic OR antibiotics OR
"antibacterial agent"” OR "antibacterial agents" OR "anti bacterial agent"
OR "anti bacterial agents"” OR "antimicrobial agent" OR "antimicrobial
agents" OR "anti microbial agent" OR "anti microbial agents") AND (LRTI
OR "low respiratory tract infection” OR "low respiratory tract infections”
OR pneumonia OR bronchitis OR copd OR "chronic obstructive
pulmonary disease" OR "chronic obstructive pulmonary diseases") Field:
Title/Abstract

192

H#7

Search ((("procalcitonin" [Supplementary Concept] AND "Anti-Bacterial
Agents"[Mesh]) AND ( "Respiratory Tract Infections'[Mesh] OR
"Pulmonary Disease, Chronic Obstructive"[Mesh] OR "Bronchitis"[Mesh]

253
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OR "Pneumonia"[Mesh] ))) OR #6 Field: Title/Abstract

#8 Search ((("procalcitonin” [Supplementary Concept] AND "Anti-Bacterial([244
Agents"[Mesh]) AND ( "Respiratory Tract Infections"[Mesh] OR
"Pulmonary Disease, Chronic Obstructive"[Mesh] OR "Bronchitis"[Mesh]
OR "Pneumonia"[Mesh] ))) OR #6 Filters: Publication date from
2004/01/01; Field: Title/Abstract

#9 Search ((("procalcitonin" [Supplementary Concept] AND "Anti-Bacterial([204
Agents"[Mesh]) AND ( "Respiratory Tract Infections"[Mesh] OR
"Pulmonary Disease, Chronic Obstructive"[Mesh] OR "Bronchitis"[Mesh]
OR "Pneumonia"[Mesh] ))) OR #6 Filters: Publication date from
2004/01/01; English; Field: Title/Abstract

Cochrane Database of Systematic Reviews Search u®j-Level Meta-Analysis (LRTI)

Keywords and number of hits with the Cochrane Database of Systematic Reviews for the literature search
conducted on May 4th, 2016 (J.Hey and N. Picot): The final equation retrieved 104 publications for
appraisal from the Cochrane database of Systematic Reviews.

Search Name: PCT LRTI FDA

Date Run: 04/05/16 15:54:58.653

Description:

ID Search Hits

#1 procalcitonin or pct 750

#2 antibiotic or antibiotics or "antibacterial agent" or "antibacterial agents" or "anti bacterial agent"
or "anti bacterial agents" or "antimicrobial agent" or "antimicrobial agents” 26928

#3 LRTI or "low respiratory tract infection" or "low respiratory tract infections" or pneumonia or
bronchitis or copd or "“chronic obstructive pulmonary disease" or "chronic obstructive
pulmonary diseases" 22515

#4 #1 and #2 and #3 92

#5 MeSH descriptor: [Respiratory Tract Infections] explode all trees 10877

#6 MeSH descriptor: [Pneumonia] explode all trees 2800

#7 MeSH descriptor: [Bronchitis] explode all trees 1520

#8 MeSH descriptor: [Pulmonary Disease, Chronic Obstructive] explode all trees 3093

#9 MeSH descriptor: [Anti-Bacterial Agents] explode all trees 10196

#10 #1 and (#5 or #6 or #7 or #8) and #9 41

#11 #10 or #4 104
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PubMed Database Search — Study-Level Meta-Analys{Sepsis)

Find below the keywords and number of hits obtained with the Pubmed database for the literature search
conducted on May 19" 2016 (J. Hey and N. Picot). The final equation retrieved 275 publications from the
Pubmed database.

Items
Search Query
found

#1 Search (("Sepsis"[Mesh] OR "Shock, Septic"[Mesh] OR "Bacteremia"[Mesh]) 97
OR ( "Bacterial Infections"[Mesh] AND "Intensive Care Units"[Mesh] )) AND
"Anti-Bacterial Agents"[Mesh] AND "procalcitonin" [Supplementary Concept]

#2 Search sepsis OR septicemia OR septicemias OR bacteremia OR bacteremias 174041
OR bacteraemia OR bacteraemias OR "blood poisoning" OR "blood stream
infection" OR "blood stream infections” OR "bloodstream infection" OR
"bloodstream infections"” OR "septic shock"” OR "endotoxic shock" OR "toxic
shock" OR (("intensive care unit" OR "intensive care units" OR ICU OR ICUs)

AND ("bacterial infection"” OR "bacterial infections"))

#3 Search antibiotic OR antibiotics OR "antibacterial agent” OR "antibacterial 755523
agents" OR "anti bacterial agent" OR "anti bacterial agents” OR "antimicrobial
agent” OR "antimicrobial agents" OR "anti microbial agent” OR "anti microbial

agents"
#4 Search procalcitonin OR PCT 7651
#5 Search (sepsis OR septicemia OR septicemias OR bacteremia OR bacteremias 405

OR bacteraemia OR bacteraemias OR "blood poisoning” OR "blood stream
infection" OR "blood stream infections" OR "bloodstream infection" OR
"bloodstream infections" OR "septic shock"” OR "endotoxic shock" OR "toxic
shock" OR (("intensive care unit" OR "intensive care units" OR ICU OR ICUs)
AND ("bacterial infection" OR "bacterial infections"))) AND (antibiotic OR
antibiotics OR "antibacterial agent” OR "antibacterial agents” OR "anti
bacterial agent” OR "anti bacterial agents” OR "antimicrobial agent" OR
"antimicrobial agents" OR "anti microbial agent” OR "anti microbial agents")
AND (procalcitonin OR PCT)

#6 Search (sepsis OR septicemia OR septicemias OR bacteremia OR bacteremias 315
OR bacteraemia OR bacteraemias OR "blood poisoning" OR "blood stream
infection" OR "blood stream infections” OR "bloodstream infection" OR
"bloodstream infections” OR "septic shock"” OR "endotoxic shock" OR "toxic
shock" OR (("intensive care unit" OR "intensive care units" OR ICU OR ICUs)

AND ("bacterial infection" OR "bacterial infections"))) AND (antibiotic OR
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Search

H#7

#8

#9

Query

antibiotics OR "antibacterial agent” OR "antibacterial agents” OR "anti
bacterial agent” OR "anti bacterial agents” OR "antimicrobial agent" OR
"antimicrobial agents” OR "anti microbial agent” OR "anti microbial agents")
AND (procalcitonin OR PCT) Field: Title/Abstract

Search (#20) OR ((("Sepsis"[Mesh] OR "Shock, Septic'[Mesh] OR
"Bacteremia“"[Mesh]) OR ( "Bacterial Infections"[Mesh] AND "Intensive Care
Units"[Mesh] )) AND "Anti-Bacterial Agents"[Mesh]) AND "procalcitonin”
[Supplementary Concept]) Field: Title/Abstract

Search (#20) OR ((("Sepsis"[Mesh] OR "Shock, Septic'[Mesh] OR
"Bacteremia“"[Mesh]) OR ( "Bacterial Infections"[Mesh] AND "Intensive Care
Units"[Mesh] )) AND "Anti-Bacterial Agents"[Mesh]) AND "procalcitonin”
[Supplementary Concept]) Filters: Publication date from 2004/01/01

Search (#20) OR ((("Sepsis"[Mesh] OR "Shock, Septic"[Mesh] OR
"Bacteremia“"[Mesh]) OR ( "Bacterial Infections"[Mesh] AND "Intensive Care
Units"[Mesh] )) AND "Anti-Bacterial Agents"[Mesh]) AND "procalcitonin”
[Supplementary Concept]) Filters: Publication date from 2004/01/01; English

Items

found

354

332

275
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Cochrane Database of Systematic Reviews Search -u®-Level Meta-Analysis (Sepsis)

Find below the keywords and number of hits with the Cochrane Database of Systematic Reviews for the
literature search conducted on May 19" 2016 (J. Hey and N. Picot). The final equation retrieved 94
publications from the Cochrane database of Systematic Reviews.

Date Run: 19/05/16 09:05:10.429

Description:

ID Search Hits
#1 MeSH descriptor: [Sepsis] explode all trees 3378
#2 MeSH descriptor: [Bacteremia] explode all trees 813
#3 MeSH descriptor: [Bacterial Infections] explode all trees 15234
#4 MeSH descriptor: [Intensive Care Units] explode all trees 3041
#5 MeSH descriptor: [Shock, Septic] explode all trees 497
#6 #1 or #2 or (#3 and #4) or #5 3528
#7 MeSH descriptor: [Anti-Bacterial Agents] explode all trees 10196
#8 procalcitonin or PCT 750
#9 #6 and #7 and #8 27
#10 ((sepsis or septicemia or septicemias or bacteremia or bacteremias or bacteraemia or

bacteraemias or "blood poisoning" or "blood stream infection" or "blood stream infections" or
"bloodstream infection" or "bloodstream infections" or "septic shock" or "endotoxic shock" or
"toxic shock" or (("intensive care unit" or "intensive care units" or ICU or ICUs) and ("bacterial
infection” or "bacterial infections"))) and (antibiotic or antibiotics or "antibacterial agent" or
"antibacterial agents" or "anti bacterial agent" or "anti bacterial agents" or "antimicrobial agent"
or "antimicrobial agents" or "anti microbial agent" or "anti microbial agents")) and (procalcitonin
or PCT) 89

#11 #9 or #10 94
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APPENDIX 2
Data Extracted from Studies Selected for the Stud{-evel Meta-Analyses

» Geographic location

» Setting

* Number of randomized patients

» Details on treatment and control arms

» Patient eligibility criteria

* Duration of follow-up

» Patient demographics and clinical characteristics
* PCT method of measurement

» PCT algorithm for antibiotic decision-making
» Level of adherence to PCT algorithm

* Outcomes as summarized in Section 5.1.3

Data Extracted from Studies Selected for the Patidr_evel Meta-Analyses

» Geographic location

» Setting

* Number of randomized patients

» Details on treatment and control arms

» Patient eligibility criteria

e Duration of follow-up

» Patient demographics and clinical characteristics
* Details on PCT algorithm

* Level of adherence to algorithm

» Outcomes as summarized in Section 5.2.3
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APPENDIX 3

Cochrane Risk of Bias Assessment Tool

RANDOM SEQUENCE GENERATION

Selection bias (biased allocation to interventiongjue to inadequate generation of a randomised sequee.

Criteria for a judgment of
‘Low risk’ of bias.

The investigators describe a random componentséiguence generation process sud
e Referring to a random number table;

e Using a computer random number generator;

¢ Coin tossing;

e Shuffling cards or envelopes;

e Throwing dice;

e Drawing of lots;

e Minimization*.

*Minimization may be implemented without a randetament, and this is considered t
be equivalent to being random.

h as:

Criteria for the judgment of
‘High risk’ of bias.

The investigators describe a non-random compomethiei sequence generation proces
Usually, the description would involve some systemaon-random approach, for
example:

e Sequence generated by odd or even date of birth;
e Sequence generated by some rule based on datayjoofdadmission;

¢ Sequence generated by some rule based on hospitalio record number.

mentioned above and tend to be obvious. They ysimsiblve judgment or some method
of non-random categorization of participants, fkarmaple:

¢ Allocation by judgment of the clinician;
e Allocation by preference of the participant;
e Allocation based on the results of a laboratory ¢es series of tests;

e Allocation by availability of the intervention.

Other non-random approaches happen much less fridggtlean the systematic approaches

Criteria for the judgment
of ‘Unclear risk’ of bias.

Insufficient information about the sequence genengbrocess to permit judgment of ‘Ld
risk’ or ‘High risk’.

W
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ALLOCATION CONCEALMENT

Selection bias (biased allocation to interventiongjue to inadequate concealment of allocations prido assignment

Criteria for a judgment of
‘Low risk’ of bias.

Participants and investigators enrolling particigazould not foresee assignment becay
one of the following, or an equivalent method, waed to conceal allocation:

Central allocation (including telephone, web-baaed pharmacy-controlled
randomization);

Sequentially numbered drug containers of identpglearance;

Sequentially numbered, opaque, sealed envelopes.

Criteria for the judgment of
‘High risk’ of bias.

Participants or investigators enrolling particiaotduld possibly foresee assignments &
thus introduce selection bias, such as allocatased on:

Using an open random allocation schedule (e.gt@firandom numbers);

Assignment envelopes were used without appropsedfieguards (e.g. if
envelopes were unsealed or nonopaque or not ségllyenumbered);

Alternation or rotation;

Date of birth;

Case record number;

Any other explicitly unconcealed procedure.

Criteria for the judgment
of ‘Unclear risk’ of bias.

Insufficient information to permit judgment of ‘Lorisk’ or ‘High risk’. This is usually th
case if the method of concealment is not descrilvetbt described in sufficient detail to
allow a definite judgment for example if the use of assignment envelopegssiibed, by
it remains unclear whether envelopes were sequigrmiambered, opaque and sealed.

BLINDING OF PARTICIPANTS AND PERSONNEL

Performance bias due to knowledge of the allocatadterventions by participants and personnel duringthe study.

Criteria for a judgment of
‘Low risk’ of bias.

Any one of the following:

No blinding or incomplete blinding, buteéhreview authors judge that the outc
is not likely to be influenced by lack of blinding;

Blinding of participants and key study personnedwed, and unlikely that the
blinding could have been broken.

Criteria for the judgment of
‘High risk’ of bias.

Any one of the following:

No blinding or incomplete blinding, and the outcoindékely to be influenced b
lack of blinding;

Blinding of key study participants and personn&rapted, but likely that the
blinding could have been broken, and the outconlikely to be influenced by
lack of blinding.

Criteria for the judgment
of ‘Unclear risk’ of bias.

Any one of the following:
Insufficient information to permit judgment of ‘Lovisk’ or ‘High risk’;

The study did not address this outcome.
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BLINDING OF OUTCOME ASSESSMENT

Detection bias due to knowledge of the allocatedt&rventions by outcome assessors.

Criteria for a judgment of
‘Low risk’ of bias.

Any one of the following:

No blinding of outcome assessment, but the revietivas judge that the
outcome measurement is not likely to be influenogthck of blinding;

Blinding of outcome assessment ensured, and unliket the blinding could
have been broken.

Criteria for the judgment of
‘High risk’ of bias.

Any one of the following:

No blinding of outcome assessment, and the outcoessurement is likely to 4
influenced by lack of blinding;

Blinding of outcome assessment, but likely thatlifieding could have been
broken, and the outcome measurement is likely tofieenced by lack of
blinding.

Criteria for the judgment
of ‘Unclear risk’ of bias.

Any one of the following:

Insufficient information to permit judgment of ‘Lovisk’ or ‘High risk’;

The study did not address this outcome.

INCOMPLETE OUTCOME DATA

Attrition bias due to amount, nature or handling of incomplete outcome data.

[¢)

Criteria for a judgment of
‘Low risk’ of bias.

Any one of the following:

No missing outcome data;

Reasons for missing outcome data unlikely to beteedlto true outcome (for
survival data, censoring unlikely to be introducbigs);

Missing outcome data balanced in numbers acrosssgrition groups, with
similar reasons for missing data across groups;

For dichotomous outcome data, the proportion osimgoutcomes compared
with observed event risk not enough to have aadihy relevant impact on the
intervention effect estimate;

For continuous outcome data, plausible effect @iféerence in means or
standardized difference in means) among missingoougs not enough to have
clinically relevant impact on observed effect size;

a

Missing data have been imputed using appropriatbads.
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Criteria for the judgment of
‘High risk’ of bias.

Any one of the following:

Reason for missing outcome data likely to be rdl&tetrue outcome, with eithelr
imbalance in numbers or reasons for missing datssadntervention groups;

For dichotomous outcome data, the proportion osmgoutcomes compared
with observed event risk enough to induce clinicedlevant bias in intervention
effect estimate;

For continuous outcome data, plausible effect @iéerence in means or
standardized difference in means) among missingoougs enough to induce
clinically relevant bias in observed effect size;

‘As-treated’ analysis done with substantial deparf the intervention receivegl
from that assigned at randomization;

Potentially inappropriate application of simple umgtion.

Criteria for the judgment
of ‘Unclear risk’ of bias.

Any one of the following:

Insufficient reporting of attrition/exclusions temnit judgment of ‘Low risk’ or
‘High risk’ (e.g. number randomized not stated reasons for missing data
provided);

The study did not address this outcome.

SELECTIVE REPORTING

Reporting bias due to selective outcome reporting.

Criteria for a judgment of
‘Low risk’ of bias.

Any of the following:

The study protocol is available and all of the gtaghre-specified (primary and
secondary) outcomes that are of interest in thieweliave been reported in the
pre-specified way;

The study protocol is not available but itlear that the published reports incl
all expected outcomes, including those that weeespecified (convincing text pf
this nature may be uncommon).

Criteria for the judgment of
‘High risk’ of bias.

Any one of the following:

Not all of the study’s pre-specified primary outasrhave been reported;

One or more primary outcomes is reported using oreagents, analysis methgds
or subsets of the data (e.g. subscales) that vatnere-specified;

One or more reported primary outcomes were nospesified (unless clear
justification for their reporting is provided, suah an unexpected adverse effgct);

One or more outcomes of interest in the revieweperted incompletely so that
they cannot be entered in a meta-analysis;

The study report fails to include results for a keycome that would be expected
to have been reported for such a study.

Criteria for the judgment
of ‘Unclear risk’ of bias.

Insufficient information to permit judgment of ‘Lovisk’ or ‘High risk’. It is likely that the
majority of studies will fall into this category.

OTHER BIAS

Bias due to problems not covered elsewhere in thakile.
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Criteria for a judgment of
‘Low risk’ of bias.

The study appears to be free of other sourcesasf bi

‘High risk’ of bias.

Criteria for the judgment of [There is at least one important risk of bias. B@meple, the study:

¢ Had a potential source of bias related to the §ipestudy design used; or
* Has been claimed to have been fraudulent; or

e Had some other problem.

Criteria for the judgment
of ‘Unclear risk’ of bias.

There may be a risk of bias, but there is either:

e Insufficient information to assess whether an inguatrrisk of bias exists; or

¢ Insufficient rationale or evidence that an ideetifiproblem will introduce bias.
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APPENDIX 4
Quality Assessment Results for LRTI Based on Cochree Risk of Bias Assessment Tool
Random Blinding of Blinding of .
. . Incomplete Selective
sequence Allocation participants and outcome outcome data  reportin
Author, year generation concealment personnel assessment (attrition (rep orting
(selection (selection bias)  (performance (detection bias) Eias) 9
bias) bias) bias)

Branche, 2015
Briel, 2008
Burkhardt, 2010

Christ-Crain,
2004

Christ-Crain,
2006

Corti, 2016

Kristoffersen,
2009

Long, 2011
Schuetz, 2009
Stolz, 2007
Verduri, 2015
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Quality assessment results for Sepsis based on Coate Risk of Bias Assessment Tool

Random . Blinding of Blinding of Incomplete .
Allocation . Selective
. sequence participants outcome outcome ;
First author, . concealment reporting
generation . and personnel  assessment data .
year . (selection ) " (reporting
(selection bias) (performance (detection (attrition bias)
bias) bias) bias) bias)

Annane, 2013
Bouadma, 2010

de Jong, 2016

Deliberato,
2013

Hochreiter,
2009

Layios, 2012

Najafi, 2015

Nobre, 2008

Schroeder,
2009

Shehabi, 2014
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APPENDIX 5

PCT Algorithms Used in Meta-Analysis Studies — LRTIAntibiotic Initiation
Cut-offs (in ng/mL)

Study AQ::SLOJ:SS Antibiotics Antibiotics AQ::SLOJ:SS
discouraged discouraged encouraged encouraged

Bouadma (2010) (P) <0.25 0.25-0.49 0.5-0.99 21
Branche (2015) (S) <0.1 0.11-0.24 0.25 - 0.49 205
Briel (2008) (S)(P) <0.1 0.10-0.25 >0.25 -
Burkhardt (2010) (S)(P) - <0.25 20.25 -
Christ-Crain (2004) (S)(P) <0.1 0.1-0.25 0.25-0.5 205
Christ-Crain (2006) (S)(P) <0.1 0.1-0.25 0.25-0.5 >0.5
Corti (2016) (S) <0.15 0.15-0.25 >0.25 -
Hochreiter (2009) (P) - - - -
Kristoffersen (2009) (S)(P) - <0.25 0.25-0.5 >0.5
Long (2009) (P) - <0.25 >0.25 -
Long (2011) (S)(P) <0.1 0.1-0.25 >0.25 -
Nobre (2007) (P) - - - -
Schroeder (2009) (P) - - - -
Schuetz (2009) (S)(P) <0.1 0.1-0.25 0.26-0.5 >0.5
Stolz (2007) (S)(P) <0.1 0.1-0.25 >0.25 -
Verduri ( 2015) (S) - - - -
Applicant proposal <0.10 0.10-0.25 0.26 - 0.50 >0.50

(S): In study-level meta-analysis; (P): In patient-level meta-analysis
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PCT Algorithms Used in Meta-Analysis Studies — LRTIAntibiotic Discontinuation

Cut-offs (in ng/mL)

Study

Stop 1

Stop 2

Bouadma (2010) (P)

Refer to initiation cut-offs (< 0.49)

decrease by = 80% of the initial PCT
level

Branche (2015) (S)

Refer to initiation cut-offs (< 0.24)

Briel (2008) (S)(P) <0.25 -
Burkhardt (2010) (S)(P) - -
Christ-Crain (2004) (S)(P) <0.25 -

Christ-Crain (2006) (S)(P)

Refer to initiation cut-offs (< 0.25)

If PCT(on admission) > 10 ng/mL,

use decrease by > 90% of the initial
PCT

Corti (2016) (S)

Refer to initiation cut-offs (< 0.25)

If PCT(on admission) > 5 ng/mL,

use decrease by > 80% of the peak
PCT

Hochreiter (2009) (P)

<1

2 65-75% change from initial PCT
level AND current PCT level > 1
ng/mL

Kristoffersen (2009) (S)(P)

<0.25

Long (2009) (P)

Refer to initiation cut-offs (< 0.25)

Long (2011) (S)(P)

Refer to initiation cut-offs (< 0.25)

Nobre (2007) (P)

< 0.25 ng/mL if initial PCT level 2
1, or <0.1 ng/mL if initial PCT
level <1

> 90% change if initial PCT = 1 ng/mL

Schroeder (2009) (P)

<1

= 65-75% change from initial PCT
level

Schuetz (2009) (S)(P)

Refer to initiation cut-offs (< 0.25)

If PCT(on admission) > 10 ng/mL,
use decrease by = 80% of the initial
PCT

Stolz (2007) (S)(P)

Verduri ( 2015) (S)

< 0.1 ng/mL or < 0.25 ng/mL for
patients without severe disease

Applicant proposal

PCT level £ 0.25 ng/mL or decrease > 80%

(S): In study-level meta-analysis; (P): In patient-level meta-analysis
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PCT Algorithms Used in Meta-Analysis Studies — SepsAntibiotic Cessation

Cut-offs (in ng/mL)

Antibiotics stop

Antibiotics stop

Antibiotics stop

Stud
y (option 1) (option 2) (option 3)
Annane (2013) (S) <0.5 - -
> 80% change
Bouadma (2010) (S)(P) <0.5 - from peak PCT level
= 80% change
De Jong (2016) (S) =05 i from peak PCT level
. > 90% change
Deliberato (2013) (S) <0.5 - from peak PCT level
= 65-75% change
Hochreiter (2009) (S)(P) <1 : from inftl T level
current PCT level >1
Laiyos (2012) (S) <0.5 - -
Najafi (2015) (S) <05 - -
< 0.25 if initial < 0.1 if initial > 90% ch if
Nobre (2007) (S)(P) if initial if initia 90 6 change i
PCT level = 1 PCT level < 1 initial PCT 2 1
2 65-75% change from
Schroeder (2008) (S)(P) <1 - initial PCT level
0.10-0.25 if >90% ch f
Shehabi (2014) (S) <0.10 | e © ehange from
infection unlikely baseline PCT level
= 80% change from
Stolz (2009) (P) <05 - o chang

initial PCT level

Applicant proposal

PCT level £ 0.5 ng/mL or decrease > 80%

(S): In study-level meta-analysis; (P): In patient-level meta-analysis
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APPENDIX 6

Number of Patients Included in Patient-Level Meta-Aalyses

Appendix 6 - 1. Number of Patients Contributing toLRTI Patient-Level Meta-Analysis

Total Number of

Number of Patients

Publication Patients Included Included in LRTI
in Trial Analysis
Briel, 2008 458 218
Burkhardt, 2010 571 195
Christ-Crain, 2004 243 206
Christ-Crain, 2006 302 286
Stolz, 2007 226 208
Kristoffersen, 2009 223 165
Long, 2009 127 127
Schuetz, 2009 1381 1304
Long, 2011 172 156
Nobre, 2008 79 52
Schroeder, 2009 27 8
Hochreiter, 2009 110 43
Bouadma, 2010 630 174
Total 4549 3142
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Appendix 6 - 2: Number of Patients Contributing toPatient-Level Meta-Analysis of
Patients with Sepsis and Lung Infection

Total Number of

Number of Patients

Publication Patients Included Included in Sepsis
in Trial Analysis
Nobre, 2008 79 52
Schroeder, 2009 27 8
Hochreiter, 2009 110 43
Stolz, 2009 101 101
Bouadma, 2010 630 394
Total 947 598
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Initiation of Antibiotics — LRTI

Appendix 6 - 3: Antibiotic initiation (random effects model)

Study %

D OR (95% CI) Weight
1
]

Branche (2015) 1 1.21(0.77,1.92) 10.94
I

Briel (2008) —_— : 0.01 (0.00, 0.02) 9.99
1

Burkhardt (2010) e 0.31 (0.20, 0.48) 10.99
1

Christ-Crain (2004) —+—: 0.16 (0.09, 0.29) 10.60
]

Christ-Crain (2006) —_—— 0.07 (0.02, 0.32) 7.73
1

Corti (2016) — 0.48 (0.22, 1.05) 10.09
1

Kristoffersen (2009) : 1.52(0.74,3.12) 10.26
1

Long (2011) — - 0.15 (0.03, 0.67) 7.50
1
]

Schuetz (2009) e 0.43 (0.32,0.58) 11.24
1

Stolz (2007) —_— 0.27 (0.15,0.47) 10.65
1

Verduri (2015) : (Excluded) 0.00

Overall (I-squared = 93.1%, p = 0.000) ¢ 0.26 (0.13, 0.52) 100.00
1
1

NOTE: Weights are from random effects analysis 1

I
| 5

ClI: confidence interval; OR: odds ratio
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Appendix 6 - 4: Antibiotic initiation stratified by PCT adherence (random effects model)

Study %

D OR (95% CI) Weight

Low adherence

Branche (2015) —ro— 121(0.77,1.92) 10.94
Christ-Crain (2004) — 0.16 (009, 0.29) 10.60
Corti (2016) e 0.48 (022, 1.05) 10.09
Kristoffersen (2009) ' ——— 152 (0.74,3.12) 1026
1
Subtotal (I-squared = 91.2%, p = 0.000) > 0.62 (022, 1.75) 41.89
]
1
}
High adherence I
1
Briel (2008) — i 0.01 (0.00,0.02) 9.99
1
Burkhardt (2010) —— 031 (020, 0.48) 1099
Christ-Crain (2006) _— 0.07 (0.02,0.32) 173
Schuetz (2009) |- 0.43 (032, 0.58) 11.24

Subtotal (I-squared = 96.0%. p = 0.000) CF:- 0.11 (0.03, 0.43) 39.95

Adherence not reported

Long (2011) ——— 0.15 (0.03, 0.67) 7.50

Stolz (2007) —'|.'— 0.27 (0.15, 0.47) 10.65

Verduri (2015) : (Excluded) 0.00

Subtotal (I-squared = 0.0%, p = 0.472) @ 0.25 (0.14, 0.42) 18.15
|

Overall (I-squared =93 1%, p = 0.000) <> 0.26 (0.13,0.52) 100.00

NOTE: Weights are from random effects analysis

Cl: confidence interval, OR: odds ratio
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Appendix 6 - 5: Antibiotic initiation stratified by risk of bias (random effects model)

Study %

D OR (95% CI) Weight

Higher risk of bias

Branche (2015) —— 1.21(0.77, 1.92) 10.94
Christ-Crain (2006) —_— 0.07 (0.02, 0.32) 773

Corti (2016) -:—0— 0.48 (0.22, 1.05) 10.09
Kristoffersen (2009) il e 1.52(0.74,3.12) 10.26

Long (2011) 0.15 (0.03, 0.67) 7.50

Verduri (2015) (Excluded) 0.00
Subtotal (I-squared = 82.3%, p = 0.000) B 0.49 (0.20, 1.21) 46.52
Lower risk of bias

Briel (2008) —— 0.01 (0.00, 0.02) 9.99
Burkhardt (2010) 0.31 (0.20, 0.48) 10.99
Christ-Crain (2004) 0.16 (0.09, 0.29) 10.60
Schuetz (2009) 0.43 (0.32, 0.58) 11.24

Subtotal (I-squared = 94.7%. p = 0.000) 0.15 (0.06, 0.39) 53.48

Overall (I-squared = 93.1%, p = 0.000) 0.26 (0.13, 0.52) 100.00

1
———
1
1
1
1
1
1
I
1
1
1
———
1
1
| —-—
Stolz (2007) —l.— 0.27 (0.15, 0.47) 10.65
1
1
1
1
1

NOTE: Weights are from random effects analysis

Cl: confidence interval; OR: odds ratio
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Duration of Antibiotics — LRTI

Appendix 6 - 6: Antibiotic duration stratified by the definition of antibiotic duration
(random effects model)

Study %
D WMD (95% CI) Weight

Overall AB exposure

I

!
Branche (2015) : —_—r -0.33 (-1.52, 0.85) 11.06
Briel (2008) I - -0.90 (-1.33,-0.47) 1231
Christ-Crain (2006) —_—— : -7.10 (-8.44, -5.76) 10.72
Corti (2016) _0—:— -2.90 (-5.55,-0.25) 7.53
Schuetz (2009) - : -3.00 (-3.48, -2.52) 12.26
Subtotal (I-squared =96.2%, p =0.000) O -2.79 (-4.63, -0.96) 53.87

I

I
AB duration among initiators 1
Burkhardt (2010) : - 0.10 (-0.41, 0.61) 12.23
Kristoffersen (2009) —:'4— -1.70 (-2.90, -0.50) 11.02
Long (2011) —OI— -2.25 (-3.06, -1.44) 11.80

Subtotal (I-squared = 92.4%, p = 0.000) = -1.25 (-2.92,0.43) 35.05

Unclear

Christ-Crain (2004) -1.90 (-3.07, -0.73) 11.08

1

1

1

1

——

Subtotal (I-squared = %, p=") <> -1.90 (-3.07,-0.73) 11.08

1
) 1

1

1

1

Overall (I-squared = 94.9%, p = 0.000) 2.15 (-3.30, -0.99) 100.00

NOTE: Weights are from random effects analysis

0 1 4

ClI: confidence interval; WMD: weighted mean difference
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Appendix 6 - 7: Antibiotic duration stratified by PCT adherence (random effects model)

Study %
D WMD (95% CI) Weight
Low adherence :
Branche (2015) : — 033 (-1.52,0.85) 11.06
Christ-Crain (2004) —_—— -1.90 (-3.07,-0.73) 11.08
Corti (2016) —0—:— 290 (-5.55,-0.25) 7.53
Kristoffersen (2009) _:'._ -1.70 (-2.90, -0.50) 11.02
Subtotal (I-squared = 43.0%, p = 0.153) b -1.47 (2.39,-0.55) 40.69
:
High adherence :
Briel (2008) T -0.90 (-1.33,-0.47) 1231
Burkhardt (2010) : — 0.10 (-0.41, 0.61) 1223
Christ-Crain (2006) —_— : -7.10 (-8.44,-5.76) 10.72
Schuetz (2009) - : -3.00 (-3.48,-2.52) 1226
Subtotal (I-squared = 98.0%, p = 0.000) <> 2.62 (-4.61, -0.64) 4751
1
1
Adherence not reported 1
Long (2011) —0'— 225 (-3.06, -1.44) 11.80
Stolz (2007) | (Excluded) 0.00
Verduri (2015) : (Excluded) 0.00
Subtotal (I-squared = %, p =) <> 225 (:3.06, -1.44) 11.80
1
Overall (I-squared = 94.9%, p = 0.000) <> 215 (-3.30, 0.99) 100.00
1
NOTE: Weights are from random effects analysis :

ClI: confidence interval; WMD: weighted mean diffece
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Appendix 6 - 8: Antibiotic duration stratified by r isk of bias (random effects model)
Study %
1] WMD (95% CI) Weight

Higher risk of bias

Branche (2015) —— -0.33 (-1.52, 0.85) 11.06
Christ-Crain (2006) —_— ; -7.10 (-8.44, -5.76) 10.72
Corti (2016) —_— 2,90 (-5.55, -0.25) 7.53
Kristoffersen (2009) —:.— -1.70 (-2.90, -0.50) 11.02
Long (2011) — 225 (-3.06, -1.44) 11.80
Verduri (2015) : (Excluded) 0.00

Subtotal (I-squared = 93.4%. p = 0.000) 0 -2.84 (-5.01. -0.66) 5212

Lower risk of bias

Briel (2008) - -0.90 (-1.33,-047) 12.31
Burkhardt (2010) - 0.10(-0.41, 0.61) 1223
Christ-Crain (2004) —_— -1.90 (-3.07, -0.73) 11.08
Schuetz (2009) - : -3.00 (-3.48, -2.52) 12.26
Stolz (2007) : (Excluded) 0.00

Subtotal (I-squared = 96.3%. p = 0.000) -1.41 (-2.86, 0.04) 47.88

I
1 :
I
Overall (I-squared = 94.9%, p= 0.000) ¢ -2.15 (-3.30, -0.99) 100.00
I
I
1

NOTE: Weights are from random effects analysis

ClI: confidence interval; WMD: weighted mean diffece
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Mortality — LRTI
Appendix 6 - 9: Mortality (random effects model)

Study %
1D RR (95% CI) Weight

Ul
Branche (2015) —_— 0.85 (0.29, 2.46) 838

|
Briel (2008) & > :I 0.32 (0.01,7.93) 0.93

I
Christ-Crain (2004) —_— 0.96 (0.25,3.75) 5.13
Christ-Crain (2006) S 0.90 (0.50, 1.63) 26.89
Corti (2016) - 0.47 (0.04, 5.02) 1.69
Kristoffersen (2009) : - 2.08 (0.19,22.57) 1.68
Schuetz (2009) —— 1.06 (0.66, 1.69) 4373
Stolz (2007) ——— 0.58 (0.20, 1.66) 8.50

|
Verduri (2015) — 1.53 (0.26, 8.96) 3.06

I
Burkhardt (2010) : (Excluded) 0.00

I
Long (2011) I (Excluded) 0.00

1
Overall (I-squared = 0.0%, p = 0.957) <> 0.94 (0.69, 1.28) 100.00

I

I
NOTE: Weights are from random effects analysis I

| | | I
1 2 LT | 3

ClI: confidence interval; RR: risk ratio
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Study
ID

Low adherence
Branche (2015)

|

Christ-Crain (2004)

- &

[ 3

Corti (2016)

Kristoffersen (2009)
Subtotal (I-squared = 0.0%, p = 0.853)

High adherence

A\
V

[ 3

L ]

-

Briel (2008) €
Christ-Crain (2006)
Schuetz (2009)

Burkhardt (2010)

Subtotal (I-squared = 0.0%, p = 0.727)

Adherence not reported

4

AN
vV

Stolz (2007)

Verduri (2015)
Long (2011)
Subtotal (I-squared = 0.0%, p = 0.352)

Overall (I-squared = 0.0%, p = 0.957)

NOTE: Weights are from random effects analysis

[ 3

V

Appendix 6 - 10: Mortality stratified by PCT adherence (random effects model)

RR (95% CI)

0.85 (0.29, 2.46)
0.96 (0.25, 3.75)
0.47 (0.04, 5.02)
2.08 (0.19, 22.57)
0.91 (0.43, 1.92)

0.32(0.01, 7.93)
0.90 (0.50, 1.63)
1.06 (0.66, 1.69)
(Excluded)

0.98 (0.68, 1.41)

0.58 (0.20, 1.66)
1.53 (0.26, 8.96)
(Excluded)

0.75 (0.30, 1.85)

0.94 (0.69, 1.28)

%
Weight

8.38
5.13
1.69
1.68
16.88

0.93
26.89
43.73
0.00
71.55

8.50
3.06
0.00
11.57

100.00

—

ClI: confidence interval; RR: risk ratio
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Appendix 6 - 11: Mortality stratified by risk of bi as (random effects model)

Study
ID

Higher risk of bias :|

Branche (2015) —_—

Christ-Crain (2006) —_—

Corti (2016) N

Kristoffersen (2009)

Verduri (2015)
Long (2011)

Lower risk of bias

Briel (2008) € *

Christ-Crain (2004) —_——
Schuetz (2009) —_—

Stolz (2007) —_—
Burkhardt (2010) :

Subtotal (I-squared = 0.0%, p = 0.687) <>

. 1

Overall (I-squared = 0.0%, p = 0.957) <>

NOTE: Weights are from random effects analysis E

|
[l
|
|
I
Subtotal (I-squared = 0.0%, p = 0.893) <P
|
|
|
|
1
|

RR (95% CI)

0.85(0.29, 2.46)
0.90 (0.50, 1.63)
0.47 (0.04, 5.02)
2.08 (0.19, 22.57)
1.53 (0.26, 8.96)
(Excluded)

0.93 (0.58, 1.50)

0.32(0.01, 7.93)
0.96 (0.25, 3.75)
1.06 (0.66, 1.69)
0.58 (0.20, 1.66)
(Excluded)

0.94 (0.63, 1.41)

0.94 (0.69, 1.28)

%
Weight

8.38
26.89
1.69
1.68
3.06
0.00
41.70

0.93
5.13
43.73
8.50
0.00
58.30

100.00

1

ClI: confidence interval; RR: risk ratio
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Length of Hospitalization — LRTI

Appendix 6 - 12: Length of hospital stay (random décts model)

Study

ID

Christ-Crain (2004)

Christ-Crain (2006)

Corti (2016) —
Kristoffersen (2009) —-0—5-
Schuetz (2009) —_——
Stolz (2007) :E
Verduri (2015) —_—

Branche (2015)
Briel (2008)
Burkhardt (2010)
Long (2011)

Overall (I-squared = 0.0%. p=10.761)

NOTE: Weights are from random effects analysis

WMD (95% CI)

-0.50 (-2.97, 1.97)
-1.00 (-3.04, 1.04)
-0.60 (-1.96, 0.76)
-0.80 (-2.07, 0.47)
0.20 (-0.43, 0.83)
-0.33 (-3.15, 2.49)
-0.10 (-1.26, 1.06)
(Excluded)
(Excluded)
(Excluded)
(Excluded)

-0.15 (-0.60, 0.30)

Yo

Weight

333
4.85
10.92
12.49
50.93
2.54
14.93
0.00
0.00
0.00
0.00

100.00

I I
-6 -3

CI: confidence interval; WMD: weighted mean diffece
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Appendix 6 - 13: Length of hospital stay stratifiedoy PCT adherence (random effects

model)

Study
ID

Low adherence

Christ-Crain (2004)

Corti (2016)

Kristoffersen (2009)

Branche (2015)

Subtotal (I-squared = 0.0%, p = 0.967)

High adherence

Christ-Crain (2006)
Schuetz (2009)
Briel (2008)
Burkhardt (2010)
Subtotal (I-squared = 17.5%, p = 0.271)

Adherence not reported
Stolz (2007)

Verduri (2015)
Long (2011)
Subtotal (I-squared = 0.0%, p = 0.881)

Overall (I-squared = 0.0%, p =0.761)

NOTE: Weights are from random effects analysis

WMD (95% CI)

-0.50 (-2.97, 1.97)
-0.60 (-1.96, 0.76)
-0.80 (-2.07, 0.47)
(Excluded)

-0.68 (-1.55, 0.19)

-1.00 (-3.04, 1.04)
0.20 (-0.43, 0.83)
(Excluded)
(Excluded)
0.01 (-0.85, 0.87)

-0.33 (-3.15, 2.49)
-0.10 (-1.26, 1.06)
(Excluded)

-0.13 (-1.21, 0.94)

-0.15 (-0.60, 0.30)

%
Weight

3.33
10.92
12.49
0.00
26.73

4.85
50.93
0.00
0.00
55.79

2.54
14.93
0.00
17.48

100.00

CI: confidence interval; WMD: weighted mean diffece
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Appendix 6 - 14:

Length of hospital stay stratifiedby risk of bias (random effects model)

Study %
D WMD (95% CI) Weight
Higher risk of bias :
Christ-Crain (2006) — : -1.00 (-3.04, 1.04) 4.85
Corti (2016) * : -0.60 (-1.96, 0.76) 10.92
Kristoffersen (2009) —— : -0.80 (-2.07, 0.47) 12.49
Verduri (2015) —_—— -0.10 (-1.26, 1.06) 14.93
Branche (2015) : (Excluded) 0.00
Long (2011) : (Excluded) 0.00
Subtotal (I-squared = 0.0%, p = 0.823) C:> -0.53 (-1.21, 0.15) 43.19
l
I
Lower risk of bias 1
Christ-Crain (2004) & -0.50 (-2.97, 1.97) 333
Schuetz (2009) —_—— 0.20 (-0.43, 0.83) 50.93
Stolz (2007) * : -0.33 (-3.15,2.49) 2.54
Briel (2008) : (Excluded) 0.00
Burkhardt (2010) | (Excluded) 0.00
Subtotal (I-squared = 0.0%, p = 0.818) <> 0.14 (-0.46, 0.73) 56.81
l
Overall (I-squared = 0.0%, p = 0.761) ¢> -0.15 (-0.60, 0.30) 100.00
1
NOTE: Weights are from random effects analysis :
| |

CI: confidence interval; WMD: weighted mean diffece
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Duration of Antibiotics — Sepsis

Appendix 6 - 15: Length of antibiotic duration (random effects model)

Study %

D WMD (95% CI) Weight
i

Annane (2013) : —— 0.67 (-0.16, 1.49) 16.50

Bouadma (2010) —_— i -3.00 (-4.20, -1.80) 13.65

de Jong (2016) —OI— -1.67 (-2.15,-1.19) 18.79

Deliberato (2013) 'i -1.75 (-6.08, 2.58) 2.79

Hochreiter (2009) —O—E -2.00 (-2.46, -1.54) 18.90

Nobre (2008) iv‘- -1.25 (-4.67,2.17) 4.14

Schroder (2009) —OI— -1.70 (-2.39, -1.01) 17.47

Shehabi (2014) _:O—— -1.33 (-3.53, 0.87) 7.76

Laiyos (2012) i (Excluded) 0.00

Najafi (2015) i (Excluded) 0.00

Overall (I-squared = 81.3%, p = 0.000) @ -1.49 (-2.27,-0.71) 100.00
:

NOTE: Weights are from random effects analysis i

I I | I

-8 -6 -4 -2

CI: confidence interval; WMD: weighted mean diffece
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Appendix 6 - 16: Antibiotic duration stratified by adherence (random effects model)

Study %

D WMD (95% CI) Weight

I
Low adherence |
1

Annane (2013) | —— 0.67 (-0.16, 1.49) 16.50
I
I

Bouadma (2010) —— -3.00 (-4.20. -1.80) 13.65

Subtotal (I-squared = 95.9%, p = 0.000) —<:::==— -1.14 (-4.73, 2.45) 30.16

High adherence

de Jong (2016) -1.67 (-2.15, -1.19) 18.79

|
Nobre (2008) B -1.25(-4.67,2.17) 4.14

Subtotal (I-squared = 0.0%, p = 0.813) -1.66 (-2.13, -1.18) 2293

Adherence not reported

Deliberato (2013) -1.75 (-6.08, 2.58) 2.79

Hochreiter (2009) -2.00 (-2.46, -1.54) 18.90

Schroder (2009) -1.70 (-2.39, -1.01) 1747

Shehabi (2014) -1.33 (-3.53, 0.87) 7.76

Laiyos (2012) (Excluded) 0.00

Najafi (2015) (Excluded) 0.00

Overall (I-squared = 81.3%, p =0.000) -1.49 (-2.27,-0.71) 100.00

NOTE: Weights are from random effects analysis

——
I
I
I
I
=
-
=
I
[}
I
I
Subtotal (I-squared = 0.0%, p = 0.859) 0: -1.89 (-2.27, -1.51) 1691
I
: |
|
[}
1

01 1 4

CI: confidence interval; WMD: weighted mean diffece
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Appendix 6 - 17: Antibiotic duration stratified by risk of bias (random effects model)

Study

D

Lower risk of bias

Annane (2013)

Bouadma (2010) —_——

Nobre (2008)
Schroder (2009)
Shehabi (2014)
Laiyos (2012)
Najafi (2015)

Subtotal (I-squared = 86.7%, p = 0.000)

Higher risk of bias
de Jong (2016)

Deliberato (2013)

Hochreiter (2009)

Subtotal (I-squared = 0.0%, p = 0.618)

Overall (I-squared = 81.3%, p = 0.000)

NOTE: Weights are from random effects analysis

___<>___<>_i_f._+ {>+{

WMD (95% CI)

0.67 (-0.16, 1.49)
-3.00 (-4.20, -1.80)
-1.25(-4.67,2.17)
-1.70 (-2.39, -1.01)
-1.33(-3.53, 0.87)
(Excluded)
(Excluded)

-1.30(-2.82,0.21)

-1.67 (-2.15,-1.19)
-1.75 (-6.08, 2.58)
-2.00 (-2.46, -1.54)

-1.84(-2.17,-1.51)

-1.49 (-2.27,0.71)

%

Weight

16.50
13.65
4.14

17.47

0.00
0.00

59.52

18.79
2.79
18.90

40.48

100.00

ClI: confidence interval; WMD: weighted mean diffece
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Mortality — Sepsis

Appendix 6 - 18: Risk of mortality (random effectsmodel)

Study

1D

Annane (2013)
Bouadma (2010)

de Jong (2016)

Deliberato (2013)

/N

Hochreiter (2009)
Laiyos (2012)
Najafi (2015)
Nobre (2008)
Schroder (2009)
Shehabi (2014)

Overall (I-squared = 0.0%, p = 0.542)

NOTE: Weights are from random effects analysis

RR (95% CI)

0.68 (0.30
1.04 (0.76
0.78 (0.65
0.23 (0.03
1.00 (0.53
1.03 (0.74
1.25 (0.37
1.03 (0.43
0.93 (0.23
1.41 (0.75

0.90 (0.79

,1.55)
. 1.41)
,0.95)
, 1.99)
, 1.86)
,1.43)
,421)
,2.46)
,3.81)
,2.66)

, 1.03)

%o

Weight

2.57
18.57
49.45
0.38
4.49

15.80

I
o |

ClI: confidence interval; RR: risk ratio

2
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Appendix 6 - 19: Mortality stratified by adherence(random effects model)

Study
1D

Low adherence

Annane (2013)

Bouadma (2010)

Subtotal (I-squared = 0.0%, p = 0.341)

High adherence

de Jong (2016)

Nobre (2008)

Subtotal (I-squared = 0.0%, p = 0.557)

Adherence not reported

Deliberato (2013) € *

Hochreiter (2009) ——
Laiyos (2012) ——

Najafi (2015) —,1-.—
Schroder (2009) *

Shehabi (2014) ——
Subtotal (I-squared = 0.0%, p = 0.716) O

Overall (I-squared = 0.0%, p = 0.542)

NOTE: Weights are from random effects analysis

RR (95% CI)

0.68 (0.30, 1.55)
1.04 (0.76, 1.41)
0.99 (0.74, 1.32)

0.78 (0.65, 0.95)
1.03 (0.43, 2.46)
0.79 (0.66, 0.95)

0.23 (0.03, 1.99)
1.00 (0.53, 1.86)
1.03 (0.74, 1.43)
1.25 (0.37. 4.21)
0.93 (0.23, 3.81)
1.41 (0.75, 2.66)
1.06 (0.82, 1.37)

0.90 (0.79, 1.03)

%o
Weight

2.57
18.57
21.14

49.45
2.29
51.74

0.38
4.49
15.80
1.19
0.88
4.38
27.12

100.00

ClI: confidence interval; RR: risk ratio
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Appendix 6 - 20: Mortality stratified by risk of bi as (random effects model)

Study
1D

Lower risk of bias
Annane (2013)
Bouadma (2010)
Laiyos (2012)
Najafi (2015)
Nobre (2008)

Schroder (2009)
Shehabi (2014)
Subtotal (I-squared = 0.0%, p = 0.914)

Higher risk of bias
de Jong (2016)

Deliberato (2013) € .
Hochreiter (2009)

Subtotal (I-squared = 0.0%, p = 0.410)

Overall (I-squared = 0.0%, p = 0.542)

NOTE: Weights are from random effects analysis

RR (95% CT)

0.68 (0.30, 1.55)
1.04 (0.76, 1.41)
1.03 (0.74, 1.43)
1.25 (0.37, 4.21)
1.03 (0.43, 2.46)
0.93 (0.23, 3.81)
1.41 (0.75, 2.66)
1.04 (0.86, 1.27)

0.78 (0.65, 0.95)
0.23 (0.03, 1.99)
1.00 (0.53, 1.86)
0.79 (0.66, 0.95)

0.90 (0.79, 1.03)

Y%
Weight

2.57
18.57
15.80

2.29
0.88
4.38
45.69

49.45
0.38
4.49
5431

100.00

Cl: confidence interval; RR: risk ratio
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Length of ICU Stay — Sepsis
Appendix 6 - 21: Length of ICU stay (random effectsnodel)

Study %o
D WMD (95% CI) Weight
I
Annane (2013) - - -7.00 (-22.77, 8.77) 1.07
Bouadma (2010) E—.— 1.50 (-0.88, 3.88) 12.94
de Jong (2016) - 0.17 (-0.76, 1.09) 16.61
Deliberato (2013) E — 7.50 (2.77,12.23) 7.32
Hochreiter (2009) —ml .20 (-6.43, 2.03) 829
Laiyos (2012) —.— -0.67 (-2.35, 1.01) 14.89
Najafi (2015) ——o—E— -3.00 (-5.83, -0.17) 11.69
Nobre (2008) ——— E -19.00 (-26.15, -11.85) 4.20
Schroder (2009) —-:tl-— -0.30 (-5.61, 5.01) 637
Shehabi (2014) '.' -0.50 (-1.42, 0.42) 16.63
Overall (I-squared = 80.1%, p = 0.000) -0.84 (-2.52, 0.84) 100.00
i
NOTE: Weights are from random effects analysis ;
N B . N N
-6 -12 -8 -4 0 46

CI: confidence interval; WMD: weighted mean diffece

Page 112 of 114



. VIDAS® BeReAsH*M+S PCT™ Briefing Document: November 1@15

MERIEUX

— FDA Advisory Committee Meeting

Appendix 6 - 22: Length of ICU stay stratified by alherence (random effects model)

Study %
] WMD (95% CI) Weight
1
Low adherence 1
- |
Annae (2013) - T 100 (:22.77,87T) 107
I
Bouadma (2010) [ 1.50(-0.88, 3.88) 1294
Subtotal (I-squared = 8.4%, p = 0.296) <> 0.97 (-3.06, 5.00) 1401
1
1
I
High adherence 1
de Jong (2016) - 0.17(-0.76, 1.09) 16.61
]
Nobre (2008) —— y -19.00(-26.15,-11.85) 420
.
Subtotal (I-squared = 96.3%, p = 0.000) -9.08 (-27.85,9.70) 2081
+
1
1
1
Adherence not reported |
Deliberato (2013) : ———— 7.50(2.77,1223) 732
Hochreiter (2009) —_—— -2.20 (-6.43, 203) 8.29
Laiyos (2012) —— 067 (-235,1.01) 1489
Najafi (2015) : -3.00 (-5.83,-0.17) 1.69
Schroder (2009) —_—— -0.30 (-5.61,5.01) 6.37
Shehabi (2014) - -0.50 (-1.42,042) 16.63
Subtotal (I-squared = 65.8%, p=0.012) -037(-2.16,141) 65.18
I
|
Overall (I-squared = 80.1%, p = (.000) -0.84 (-2.52, 0.84) 100.00

NOTE: Weights are from random effects analysis

ClI: confidence interval; WMD: weighted mean diffece
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Appendix 6 - 23: Length of ICU stay stratified by lisk of bias (random effects model)

Study %
D WMD (95% CI) Weight
I
Lower risk of bias |
Annane (2013) +- E -7.00 (2277, 8.77) 1.07
Bouadma (2010) :—0— 1.50 (-0.88, 3.88) 12.94
Laiyos (2012) —— -0.67 (-2.35, 1.01) 14.89
Najafi (2015) . H -3.00 (-5.83, -0.17) 11.69
Nobre (2008) —— E -19.00 (-26.15, -11.85) 4.20
Schroder (2009) —— -0.30 (-5.61, 5.01) 6.37
Shehabi (2014) - 20.50 (-1.42, 0.42) 16.63
Subtotal (I-squared = 81.1%, p = 0.000) 0 -2.09 (-4.46, 0.28) 67.78
I
!
Higher risk of bias :
de Jong (2016) - 0.17 (-0.76, 1.09) 16.61
Deliberato (2013) | ——— 7.50(2.77,12.23) 7.32

Hochreiter (2009)

—+
Subtotal (I-squared = 80.6%, p = 0.006) <';:> 1.52 (-2.81, 5.84) 3222
1
. 1
¢
1
1
1

— -2.20 (-6.43,2.03) 8.29

Overall (I-squared = 80.1%, p = 0.000) > -0.84 (-2.52, 0.84) 100.00

NOTE: Weights are from random effects analysis

ClI: confidence interval; WMD: weighted mean diffece
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