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Disclosure Statement
* | have no finandal interests or relationships to disclose

Non-finandial conflicts of interest

* I'm a pharmacist! (butnotan ID pharmadist)
* Mechanism, PK/PD underscore much of my education
* My institution has pharmacist-driven prolonged-infusion protocols
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Abbreviations

* PI: Prolong infusion (or continuous or extended)
* Willbe used interchangeably for thistalk

* Sl: Short infusion (or intermittent infusion)
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Learning Objectives 2\
 OSHP

\ L/
* Review the history of Pl vs Sl for beta-lactams w

* Establish priors — before publication, what should we expect?
* Dissect BLING Il — how does it fit with prior understandings
* Apply the findings clinical practice and policy discussions
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Pre-Test Questions and Answers
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Q: Prolonged infusions of beta-lactams maximize the duration of
exposure by

A. Adjusting the infusion duration

B. Shortening the dosing interval

C. Increasing the dose of antibiotic

Pre-Test Questions and Answers

(

Q: What fraction of medicine is so obviously effective thatit does not
require randomized assessment?

A 80%

B. 50%

C. 20%

D. 1%
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Pre-Test Questions and Answers

Q: BUNG Il demonstrated
A. An overw helming improvement of prolonged -infusions on mortality
B. That prolonged infusionslimit line access and are likely net harmful

C. Thatarationaland well poweredtrialcanbe hard to interpret. These data
are either positive or neutral depending on who you ask

PK/PD Refresher Lol o\
) ‘OSHP)
=

Concentration dependent (Cnax/MIC )
E.g Amincglycosides, fluoroquinolones

Time dependent (7T > MIC)
Time >MIC E.g Beta-lac tams

Mic
Concentration and Time (AUC/MIC)
E g glycopeptides

Concentration

Time (hours)

‘ Sls ofbet-lactams are designed to achieve a goal T>MIC 40-70% ‘ Horg LTt o) 2023

Why short infusions may fail f USHP -

L/
* Why SI may not meet goal T>MIC w

* Bugs with high MICs
* Poor drug penetration
« Altered kinetics

« brugcearance Extremes of weight
e Extremes of age

+ Volume of distribution Critically il

+ Protein binding Maigrancy

Roberts JA et al, 2014




Concentration

PK/PD: Optimizing T > MIC

ANTANTANENE

Infusion duration

Time (hours)
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Pathophysiologic model is compelling |

* Causal pathway is fairly linear
« intervention is spedific
* Efficacy is dependent on exposure time

0SHR

(

* Experience
* Accessible: Brug-eh y+egdlateryapp |
N . N Disease Morbidity
Bacteria infection Nliness Mortality
—
MiC Drug penetration Altered kinetics

Is ‘obvious’ successful?

A detour through the satirical BMJ Christmas issues
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Obvious is rarely successful

2003: BMJ

2007: Glasziou,
Parachute RCT #16

VLMERG \ Odds Ratio a2 7,';:3
Starford 5 or<0.2 s =

500/ 85, 00 8 > 1% of medicd interventions are obvious ‘

Glasziou P 2007; Djulbe govic B 2008, Pereira TV et al 2012

11/5/2024

am
OSHP
=

/

Spring 2023

Update to my institutional PI protocol

SPECIAL ARTICLE

International consensus recommendations for the use of
prolonged-infusion beta-lactam antibiotics: Endorsed by the

* Endorsed by the essential organizations
+ ACCP,IDSA, SIDP, SCCM, etc.

ar ¢354 (i sbuve e MIC. P Gos

ieerfmple warkdwide bt Implementation s ncomsisert. We

* World-wide adoption

* Unanimous that Pl reduce mortality

Hong LTet al, 2023




Plausibility

Lodse 2007 Baver2013; Vela 2016
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Clinical Data

What is the totality of evidence to date?

Clinical Data

. |DSHR)
55 studies H 6400 subjects W

‘ 6 Meta-analyses

. RCTs | Obs Studies |

34 trials 21 studies

3100+ patients, 3300+ patients




Clinical Data - RCTs
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= Prolonged rfusion improves mortdlity
® Nodifference inmortalitybetween Pl and S
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Clinical Data - Observational
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8 Prolonged irfusian improves mortdlity
8 Nodifference inmortlitybetween Pl and S

Clinical Data — RCTs w BLING |1l
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Clinical Data — Meta-Analyses
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Meta-ana lyse s( mor ta lity) A :
Auhor  Trals RCE Obs N PiMormlity SiMotally  Dela Comment

Falagas2013 12 4 8 1116 7.7% 141% 64% Favors Pl, 'driven by nonrando mized studies" (-) (+)

Teo2014 19 10 9 2206 110% 166% 5.6% RCTE no diff, obsfavor Pls -1+

Vardakas 2018 17 17 0 1876 137% 188% 5.1% Favors Pl, 13% v 18%;0.70 (0 .56 - 0.87 ) (+)

Rhodes 2018 18 7 11 3520 138% 202% 6.4%  Favors Pl, 13% v 20%; 0.69 (0.56-0.84 ) (+)

Kon do 20 20 9 9 0 84 193% 284% 5.1% Nodiff,0.69 (0.47-1.02 ) )

Abdul 20 24 17 17 0 9014 260% 309% 4.9%  Favors PI (+)

\ Analyticflexibility. Cruce mortality benefitis ~5%. \

Clinical Data — MA vs Mega trials £
| OSHP

imestigation| st and Researc Methods e@

Agreement Between Mega-Trials and Smaller Trials
A Systematic Review and Meta-Research Analysis

Findings 11

Kastmii L, 2024

What is the best data to date? L
. OSHP

MERCY Trial 2023 (N = §Q7)®

BLING Il Trial 2015 (N = 432

* Multicenter RCT, open-label

Continuous vs Intermittent

Severe sepsis
* APACHE~20

Meropenem or zosyn

90-day Mortality, NS
* 25.7% Vs 27.5% (091, 063-1.31, PO 61)

(no differences inany outco me)

* Multicenter RCT, double-blind
Continuous vs Intermittent

Severe sepsis
* SOFA 9

Meropenem

90-day Mortality, NS
* 42% vs 42% (0.1, -7.7-8.0, P0.97)

[ The2 largest, best design studies

: 0-2% change in mortality

Dulhunty 2015 Monti 023




BLING Il — PRE publication

What did we know about BLING Ill prior to publication?
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Protocol and SAP Pre-registered

* Randomized trial
* Thereisequipoise
* Sample size 7,000 (Largest RCT in 2024!)
* Effect size
* Baseline rate
* Populationvariance
* Interim analysis
* Stopping rules

Designed to detect a 3.6 difeerence in 90-daymorwlity
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RCTs in the critically ill

he assessment of mortality
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Mortality is difficult to prove

Comparison with
subsequent multicenter RCTs

RCTs  Positive RCTs
published in followed by
NEJM, JAMA, and Lancet  at least 1 multicenter RCTs

14 e conter vt )
followed by
NEUTRAL multicenter RCTs

1 single-conter RCT (6%)

3 NEGATIVE multicenter RCT

\ Very few RCTs have demonstraied martality improvemerts in the criticd ly ill \

Kotaniy, 2023
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What should we expect from BLING Il /-~y
OSHP

* PIs are compelling, but compelling isn’t enough w

* Mortality is a difficult endpointin ICU trials

* Meta-analyses favor Pls, ~5% delta in mortality

* Best RCTs, ~2% mortality benefit

* Investigators designed the trialfor a 3.5% mortality defta
* BUNG Ilis huge with a great studydesign (more on this)

30% ~10% OR 30% ~27%

Ffany dfect it willbe marginal o best
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BLING Il

Continuous vs Intermittent B-Lactam Antibiotic Infusions in Critically Il
Patients With Sepsis

Dulhunty JM, 2024
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Clinical Question

OBJECTIVE To evaluate whether continuous vs intermittent infusion of a B-lactam antibiotic
(piperacillin-tazobactam or meropenem) results in decreased all-cause mortality at 90 days in
critically ill patients with sepsis.
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Who is our target population? Lagdo o\
 OSHP

Patientisin
Itis a gram the balan ce
"Sep tic" negative bug
() ( ( ) () (
Infe ction is There is
driving the impaired drug
iline'ss exposure

e

Housekeeping i USHP‘

Y,
* Funding:

* Government grants
* Educational grants
* Non-profit entities
* COls
* The Georges Institute for Global Health (sponsor)
* No dassic FCOI
* ldeologicbias?
* Published a priori
* Trial protocol (2019)
* Statistial analysis plan (2021) o
* DSMB Charter (2021) la\an)[;ﬁswmw
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Trial Design

3498
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24hour
222 Infusion  ————124995 ] “acause moraiiy 50 do)
Critically il with rolong ed
Zosyn or Meropenem 30min «dlin i@l cure (d ay 14)
. 4-1411 /s MRO
Infusion > +1CU mortality
Intemitene
 Hospial mortaliy
DailDose
3 gmeropenem
OR
14gz05yn

Intemational, multicenter, randomized, open-label

Participants

Inclusion
* Suspected infection
* On Meropenem or Zosyn within 24
hours
* Expected ICU x 2 midnights
* Organ dysfunction (1 or more)
* MAP <60 x 1 hour
* Vasopressors >4 hours
* Respiratory support
* Highflow, CPAP, BiPAP > 1hour, OR
* Mechanical ventilation

Exclusion w

* < 18 years old

* Pregnant or sus pected
« Allergy (any penicillin)

* CRRT

* DNR orimminent death

e L Scroening Randomization, and Ansyssof Sty Prticents n the BUNG I Trisl.
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Baseline characteristics

* High degree of baseline balance (no concerns)

Table | Baseiens Caractenstic of Partickaants it the BLING 1 Tl

Prior to randomization ominoed
* APACHE II: 20 (mean)
* 70% on vasopressors
* 70% received antibiotics

* 80/20 Zosyn, meropenem

‘osHp'
=
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Interventions

* Dosing schemes
* 14 g Zosyn (daily)
* 3g Meropenem (daily)

™
Continuous infusion

e
Intesmmitiont
* * * *
) 4 ] 2 1% w0 2
Time fhours)
® Loading dose —Continuous * Intermitont

This is an impressive trial! [l o
g (OSHP

P
The Goog The Bad =

* Rand omized « ?open-label?
* Adequately powered * But an objective outcome
* COls, sponsorship * ?Investigator bias?

* 290 day outcome?

* Pre-registered Protocol and SAP
* 28 day??

« Ethical controlarm

« Dosing schemes, rescue therapy,
post-protoco| therapy are fair

* Meaningful outcomes
* These gatients look like my
patien
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Results
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FGSHP)
=

Results

* When do infections/antibiotics matter for mortality?

‘gSHp)
=

JURRAL ASTIGLE

All-cause and Infection-attributable Mortality
Amongst Adults With Bloodstream Infection—a
Population-based Study

fiths, Davie &

e 11, Issue 5, sy 2021, pdoe) 26,

lels histry «

<30 days:lofedtion leading cause of death.

30-90 days: Canceris the leading cause of death

Underwood Jetal 2024,

Results

= psHp)

o Death

eFigure 3. Cumulative Incidence Functl
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Results

* Results by gram negative infection ‘ Qni S H E ‘

* 40% identified ->70% GNB (N ~1800)

Gram negative infections con’t agpear to drive the resuts

11/5/2024

Results Lo\
‘0SHR)
* Results by MIC w

* To be determined

* PK/PD substudy underway

Pending

Results - misc

Tabie 2 Reporting of Primary Secenan an Tertiary Outcomes

15



Results
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Efficacy: Neutral or Positive

11/5/2024

Adverse Events Lol o\
- OSHP

Rema ;kable !

Logistics

Q0

N

==/ |
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* Patient mobility

* Line availability

Considerations, not deal breakers ‘

* Compatibility

* Stability
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Let’s assume equivalence

\ )/
* 3 criteria toward adoption w

* Lessinvasive or less toxic
* Cheaperorcost neutral
* Administration is logistically simplified

Pmsad V. 2018,

11/5/2024

Why might Pls work anyway?
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* The critically ill are heterogenous
* Sepsis>infection >GN >impaired drug exposure > inthe balance

(

* Clinical cure +++

* Genenal trend across everything +++

* Look at newer antibiotics
* Meropenem/vaborbactam
* Ceftazidime/avibactam out of drug development?

« Ceftobiprole

Conclusion

(o)
o
=
»

* A compelling model sn’t enough
* BUNG Il was rationale and adequately powered
* Efficacy —hard to know if noise or effect
* Theresult was expected!
* Curvesplit (late)
* Lack of separation with gram negative infections
* BLING Il — Safe beyond a reasonable doubt
* 13,000+ patients
* Study is neutral or positive
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Pre-Test Questions and Answers P \
OSHP

Q: Prolonged infusions of beta-lactams maximize the duration of
exposure by

A. Adjusting the infusion duration

B. Shortening the dosing interval

C. Increasing the dose of antibiotic

11/5/2024

Pre-Test Questions and Answers Ladli o\
0SHP

Q: What fraction of medicine is so obviously effective thatit does not
require randomized assessment?

A. 80%
B. 50%
C. 20%
D. 1%

Pre-Test Questions and Answers

(

Q: BUNG Ill demonstrated
A. An overw helming improvement of prolonged -infusions on mortality
B. That prolonged infusionslimit line access and are likely net harmful
C. Thata rationaland well powered trial can be hard to interpret. These data
are either positive or neutral depending on who you ask
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END

Stopping rules [ USHP

* Evidence “beyond a reasonable doubt” @

* Evidence that will kead clinicians to “change their mind”
* A 3-standard deviation in mortality
* Evidence of other important differences

[ Largely sutjective, flexible interprettion
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PK/PD: Clinical models

Intermittent
Continuous

(gSHP
=
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3
E
H
g
E Continuous vsintermittent
H Severe Sepsis
3
E MiC PI: T>MIC82%
é SET>MIC2%6
H
=

(B , T T T T T T T 1

Time (hr)
Plausibility
[ty e =]

Why therapies may still fail

* Most of medicine is modest to marginal
* Requires randomization

* The critically ill are heterogenous
* Interventions need to be early
* Some conditions are toorare

Improving mortality in the critically illis difficult! \
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Pre BLING Il Summary

\ L/
* Prolonged infusions are intuitive w

+ Causal pathway is simple
* Most institutions have adopted protocols
+ Andciteimpressive evidence!
* Yet many reasons why they might not be superior
* Biology is complex
* Aggregate RCT data iscomparatively bearish
« Andlikely anoverestimate
* Clinical trials are hard
* Early treatment
* Some diseasesare too rare
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Adverse Events across all data
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