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Seminar 1: Antibiotic Stewardship: Advanced

As seen during workshops and seminars at last congresses topic is of interest for members but knowledge is
different. A first Academy on ABS (ABS for Beginners) resulted in the wish of many participants to run another
Academy with the same topic but for hospital pharmacists with an advanced level of knowledge in this field. The

topics to be covered were named in the field of:

« Antimicrobial therapy in connection to lab results (MIC-based therapy)
« Antifungal therapy and the necessity to have TDM on board
« TDM driven antibiotic therapy: for whom and for what antibiotic?

About Antimicrobial Stewardship (ABS)

« Background: High costs of antimicrobial therapy, error prone therapy, development of resistance, no new
drugs for new targets, necessary for guideline, multidisciplinary team approach;

« Existing guidelines on how to implement and run Antibiotic Stewardship programs;

« Already a topic on several EAHP congresses, high number of audience.



Agenda

* MIC directed therapy

* Probleme bei kritisch Kranken, verlangerte Infusionsdauter,
Therapeutic Drug Monitoring

e New antibiotics and innovative treatments
* Neue Antimykotika
e Infection Control












MIC directed therapy:
why, when and what are the pitfalls

Dr A. Mdiller, clinical microbiologist, Rotterdam



Patient, pathogen and antimicrobial

Interactions

Pharmacocinetics Infection/inflammation
PK
Antibiotic Bacteria
Dose Pharmacodynamics MIC

PD



What is the MIC ?

The minimal inhibitory concentration is

- the lowest antimicrobial concentration that inhibits the growth of
bacteria/fungi and

- is a measure for the susceptibility of the pathogen to an antmicrobial.

A low MIC indicates higher susceptibility to the antimicrobial

A high MIC indicates lower susceptibility and
potential resistance to the antimicrobial




What is the MIC ?

The MIC value allows the clinician to:

m select antimicrobial choice: a direct relationship between MIC and patient
outcome has been demonstrated in many studies

30-day mortality

0.8

0.6

0.4

0.2

MIC, 32 or 64 mg/L

@ Piperacillin-tazobactam

0O Control
Patients infected with Pseudomonas aeruginosa
P=.673 having a high piperacillin/ tazobactam MIC
- are more likely to have a high mortality after 30 days.
MIC, s 16mg/L

Ham et al, Clin Infect Dis, 2018



What is the MIC ?

The MIC value allows the clinician to:

m customize antimicrobial dosing taking into account the susceptibility of the
pathogen (MIC) combined with patient profile and the PK parameters of the
drug. The MIC helps to define the target exposure that an optimized
antimicrobial dosing regimen should reach.

Time-dependant Concentration-dependant
Time > MIC Cmax >> MIC

%fT>MIC AUC >> MIC
Beta-lactams Fluoroquinolones

Macrolides Aminosides

Levison et al, Infect Dis Clin North Am, 2009



Methods for measuring MICs

Microdilution (reference method)



Methods for measuring MICs

Microdilution

Vitek 2

www.biomerieux-microbio.com



Methods for measuring MICs

Etest®

Ready to use reagent strips
comprised of a preformed
gradient of an antimicrobial agent



Methods for measuring effectivness of

antimicrobials

Disc diffusion

antimicrobial-impregnated filter paper
disks on an agar plate inoculated with a
standardized suspension of microorganism
The size of this zone is proportional to the
effectiveness of the antimicrobial

and the zone diameter is correlated

toas, | or R category.



What are clinical MIC breakpoints ?

EUCAST European Committee on Antimicrobial Susceptibility
Testing

www.eucast.org

Used in Switzerland since 2011

Bulletin Swissnoso 2013-04, www.swissnoso.ch



What are clinical MIC breakpoints ?

Objectives of EUCAST:

- harmonize clinical breakpoints for antimicrobials
- develop standardized method to test antimicrobial susceptibility

- define the distribution of Wild-Type MIC for each antimicrobial
species (Epidemiological cutt off)

Bulletin Swissnoso 2013-04, www.swissnoso.ch



What are clinical MIC breakpoints ?

Epidemiological cutt off

WILD Type NON-Wild Type
Acquired resistance

Mouton et al, J Antimicrob Chemother, 2018; MIC_Booklet_2018, Biomerieux



What are clinical MIC breakpoints ?

https://mic.eucast.org/Eucast2/







Agenda Workshop

* Minimale Hemmkonzentration MHK directed Therapy
* Antibiotika: Konzepte

* Probleme bei kritisch Kranken
 Verlangerte Infusionsdauer

* Therapeutic Drug Monitoring TDM
* Antimykotika

* Infection Control



Pharmakokinetik und Pharmakodynamik der
Antibiotika
Aminoglykoside / Colistin

Daptomycin / Chinolone
(Levofloxacin)

Colistin / Makrolide / Chinolone (Ciprofloxacin)
Tetrazyklin / Vancomycin

Betalaktame /

MHK: Minimale
Carbapenem

Hemmkonzentration

T . vuk: Time over MHK

Anaesthesist 2014 - 63:775-782



Wie oft wird Ziel erreicht? DALY Studie
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Variabilitat von Vancomycin (DALY Studie)

e 42 Patieten von 26 ICUs

e 24 Patienten erhielten
Vancomycin als
Dauerinfusion

» Tagesdosis 27 mg/kg KG

* 57 % der Patienten
erreichten gewilnschten
Talspiegel, haufiger bei
Dauerinfusion
(71 % versus 39 %; P = 0.038)

Blot et al. Critical Care 2014; 18:R99

@® sind Dauerinfusionen A sind Kurzinfusionen



Ursachen der PK Variabilitat beim kritisch
Kranken

Lancet Infect Dis. 2014 Jun; 14(6): 498-509



Verminderte Empfindlichkeit der gram-neg
Bakterien auf Carbapeneme

e Deutsche Studie bei ICU / nicht ICU Patienten
* Meropenem MHK 8 x héher in ICU
* Imipenem MHK 4 x hoher in ICU
* Doripenem MIC 4 x hoher in ICU

Cumulative % (MIC) distributions against
all pathogens (n=363).

» Es braucht hohere Dosen gegen gram-negative Bakterien
fir ICU Patienten zur Erreichung der PK/ PD Ziele

Compact Studie Valenza G et al. Int J Antimicrob Agents 2012; 39: 255-58



Variabilitat Zusammenfassung beim kritisch
Kranken

Pseudomonas
aeruginosa © Frey O et al Intensivnews 2013



Patientenfall

* 60-jahrige Frau, 36 kg
* Vollstandigige Schenkelhalsprothese rechts

* Vor 6 Monaten: Periprothetische Fraktur Femur mit Fixation mit
Besiedelung von Staphylococcus spp

»Vorschlag Flucloxacillin 2g g4h + Rifampicin 450 mg q12h:
Korrekte Dosis Rifampicin?






Rifampicin

 Standarddosierung bei Gelenkprotheseninfekt 450 mg/ql12h

e ABER: Dosierung von 10-20 mg/kg KG/24 h
plus langfristige Gabe Gber Monate

»Hepatotoxizitat !

Bei 36 kg sind dies 720 mg -2 ist bereits eine hohe Dosis



Auswirkungen fur die Therapie



Grundlagen vor einem Therapiestart

Rohr AC 2018 SOP Individuelle Dosierung und Applikation von
Antiinfektiva auf der Intensivstation



Arten der Verabreichung von Betalaktamen

Mouton et al. Drug Resist Updat. 2011 14:107-17



/usammenfassung

Mouton et al. Drug Resist Updat. 2011 14:107-17






Wann ist eine verlangerte Infusion sinnvoll?

e Schwer kranke Patienten (Sepsis, hohe Mortalitat)
» Resistentere gram-negative Bakterien (hohe MHK)

PK/PD Ziele Piperacillin
Med Klin Intensivmed Notfmed 2018 - 113:82-93



Patientenfall

 Patient (72J) mit Plasmazell-Myelom nach autologer
Stammzelltransplantation, in Neutropenie

* GFR geschatzt (CKD-EPI) 93 ml/min, Gewicht 85 kg

* Fieber ohne Schuttelfrost bis 39°C, zuvor mehrere
Tage dunner Stuhlgang sowie intermittierend leichte
Bauchschmerzen

* Empisicher Therapiebeginn mit Cefepime 2g 3x
taglich und Amikin 1 g

* WEITERES VORGEHEN?






Weiteres Vorgehen

* Wechsel auf Piperacillin/Tazobactam 3x 4.5 g
nach Erhalt Resistenzprifung

e Zusatzlicher Beginn mit Tobramycin 1x tgl
450 mg (5-6 mg/kg KG)

Breakpoint von Piperacillin /Tazobactam bei Pseudomonas spp. 16mg/L (Eucast)






Patientenfall: 4x tagliche Gabe
Piperacillin/Tazobactam 4.5 g



Weitere Empfehlung: Verlangerung der
Infusion

Verlangerte Gabe tber 4 h






Therapeutic drug monitoring: fur wen
sinnvoll?

 Unklare PK

* ICU, post-transplantir, Uber-/ Untergewicht, Padiatrie
* Organversagen (Niere, Leber)
» Extracorporeal circuits (RRT, ECCMO, TPE)

* Bekannte MHK, verminderte Empfindlichkeit

* Verschiedene Zielexposition
* Tiefliegende e.g. CNS
e Unterdrickung der Resistenz als Teilziel der Therapie

e Effizienz vs Toxizitat?

TDM ist der nachste Schritt fur kontinuierliche Infusionen zur Maximierung
der Wahrscheinlichkeit der Zielerreichung /Minimierung Toxizitat



TDM als Prozess mit (Fehler)-Potential

© EAHP Academy Brussels 2019 | Dr. Ute Blassmann



Alternative zu TDM

Verfahren kontinuierliche Dialyse

Wirkstoff Meropenem iv Dosis [mg/24h] 3000
Kreatinin-Clearance [ml/min] 15 Dialysatflussrate [I/h] 2

Dosierungsempliehlung

Dosis mit Nierenersatzverfahren (CRRT) [mg/24h]: 1500
Dosis ohne Nierenersatzverfahren (CRRT) [mg/24h]: 1100

Verfahren kontinuierliche Dialyse
Wirkstoff Meropenem iv Dosis [mg/24h] 6000
Kreatinin-Clearance [mi/min] 15 Dialysatflussrate [I/h] 3

Dosis mit Nierenersatzverfahren (CRRT) [mg/24h]: 3400

https://www.thecaddy.de/
Dosis ohne Nierenersatzverfahren (CRRT) [mg/24h]: 2200




Standardwerte bei Antibiotikatherapien

Jager et al. Expert rev clin pharm 2016;9(7): 961-979 Weissbuch Infektiologie, Universitatsspital Basel



What’s really new
in antibiotic therapy ?

Prof M Hug, pharmacist, Freiburg



Antibiotic pipeline

http://strama.se/wp-content/uploads/2016/04/Bad-Bugs-No-Drugs-White-Paperl.pdf




https://www.who.int/medicines/areas/rational use/PPLreport 2017 09 19.pdf?ua=1




https://www.who.int/medicines/areas/rational use/PPLreport 2017 09 19.pdf?ua=1




https://www.who.int/medicines/areas/rational use/PPLreport 2017 09 19.pdf?ua=1




Resistance rates in Switzerland




New antibiotics



Long acting Glycopeptides: Dalbavancin
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Boucher et al, NEJM, 2014



Long acting Glycopeptides

Dalbavancin

Xydalba® in USA, EU, not yet in CH

Indication: bacterial skin and soft tissue infection

Similar efficacy to vancomycin/linezolid (anti-MRSA)

Similar side effects as other glycopeptides

Slow elimination: t1/2 > 10 days =2
* 1gJ1and 500mg J8
* treatment option for outpatients

* complicates the management of serious side effects

Oritavancin
* Orbactiv® in USA, EU, not yet in CH

for bacterial skin and soft tissue infections
* Single dose! (1.2g)

Boucher et al, NEJM, 2014; Corey et al, NEJM, 2014



Cefiderocol

6t generation cephalosporin

Zhanel et al, Drugs, 2019



Cefiderocol

Tillotson et al, Infectious Diseases: Research and Treatment, 2016



Cefiderocol

e complicated urinary tract infections in patients at risk of MDR
Gram-negative infections

* 1g3x/j

* Better efficacy than imipenem-cilastatin

Portsmouth et al, Lancet Inf Dis, 2018



Cefiderocol

was granted Fast Track status for its potential as a new antibiotic to
treat serious or life-threatening conditions and to address unmet
medical needs.

Study CREDIBLE-CR : Treatment of Severe Infections Caused by
Carbapenem-resistant Gram-negative Pathogens

Death rates in the cefiderocol group outpaced those
in the other group 15.8% to 8.2%, but the data also showed an imbalance
in deaths caused by underlying comorbidities, 9.9% to 4.1%.
The experts also analyzed data on a separate phase 3 trial and a phase 2 trial.
Echols et al, Clin Infect Dis, 2019

An FDA advisory panel voted 14-2 to recommend approval for
cefiderocol for complicated urinary tract infections (cUTI),
including pyelonepbhritis, in patients with limited or no other
treatment options. Fetroja’

Nov. 2019




Meropenem-vaborbactam

Vabomere ° in USA, EU, not yet in CH

Vaborbactam: inhibiteur de béta-lactamases (KPC)

Meropenem 2 g + vaborbactam 2g 3x/j

Indicated for complicated urinary tract infections, including
pyelonephritis

Wunderink et al, Infect Dis Ther, 2018



Meropenem-vaborbactam

Meropenem-  Best Available Difference
A Clinical cure by subgroup at test of cure (mCRE-MITT) Vaborbactam Therapy (95% CI)
Age <65 years ¥ ° 1 14117 (82.4%)  4/9 (44.4%) 37.9 (0.7, 75.1)
265 years — e /15 (33.3%) 0/6 (0.0) 33.3 (95, 57.2
All ™ 19/32 (59.4%)  4/15 (26.7) 32.7 (4.6, 60.8)
SIRS Status  Yes b * i 9/15 (60.0%) 1/6 (16.7%) 43.3 (4.6, 82.1)
No - 10M7 (58.8%)  3/9 (33.3%) 255 (-13.2, 64.2)
Charison 24 b L g i 4727 (51.9%)  2/13 (15.4%) 365 (9.3, 63.7)
Comorbidity
Score
Category 26 k ° 1 9/14 (64.3%) 111 (9.1%) 55.2 (24.9, 85.5)
Creatinine |
Clearance <50 mL/min . 27 (28.6%) 0/4 (0.0) 28.6 (-4.9, 62.0)
250 mUmin ' > i 17/24 (70.8%)  4/9 (44.4%) 264 (-10.8, 63.6)
Immuno- . 4 -
oM k - 1 11 (63.6%) 0/8 (0.0) 63.6 (35.2, 92.1)
No k * 1 1221 (57.1%) 417 (57 .1%) 0.0(-42.3, 42.3)

T T

r T v T y T v
100 .90 .80 .70 .60 .50 .40 -30 -20 -10

Favors Best Available Therapy
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T T T T T ol
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Favors Meropenem-Vaborbactam

Wunderink et al, Infect Dis Ther, 2018



Antibiotic actions by mechanism of

resistance

Antibiotic Pseudomonas Klebsiella spp MDR
spp Acinetobacter
AmpC Efflux ESBL KPC NDM AmpC Oxa-48

Ceftazidime/
avibactam

Ceftolozane/
tazobactam

Meropenem/
vaborbactam

Cefiderocol




Innovative treatments

Theuretzbacher et al, Nature Rev, 2019



Bacteriophages

G. Resch Lab, UNIL




Bacteriophages

* Individualized medicine

* Indicated for osteoarticular infections, urinary tract infections as last-
resort treatment

* In combination with antibiotics (and surgery)
* No side effects
* Variability in clinical responses among patients

G. Resch Lab, UNIL



Innovative treatments

Theuretzbacher et al, Nature Rev, 2019; http://sitn.hms.harvard.edu/flash/2018/less-rebooting-antibiotic-pipeline










Antimykotika



Pilzmittel: ein Beispiel

Candida glabrata (BK / BAL)

 Patient (64 J) mit Akuter Myeloischer Leukamie ED
12.2018

* Probable pulmonale Schimmelpilzinfektion mit
Rasamsonia argillacea-Komplex (frither Penicillum)

e Candidamie mit C. glabrata (MDR), ED 22.09.19
unter antifungaler Therapie mit Caspofungin und
Isavuconazol aufgetreten

* Rezidivierende P. aeruginosa



Verlauf

Therapie
e Caspofungin 1x50mg tiber 8 Wochen
* Ambisome 400mg/d tiber 4 Wochen
* Fluorcytosin 4x1500mg/d tiber 4 Wochen bis BK negativ
e Caspofungin (Loading 70mg) 50mg lGber 3 Wochen

* Darunter massive Hepatotoxizitat
* Teilweise auch Nephrotoxizitat
e Operative Sanierung des Lungenbefundes



Aktuelle Herausforderung

* Resistenz bei Antimykotika
* Erworbene Resistenz (Candida, Aspergillus)

* Schwierige Diagnostik
* klinische Untersuchung, Bildgebung und Erregernachweis

* Toxizitat von Antimykotika
* Makrozyklische Verbindungen (Liposomal Amphotericin B)

* Drug-Drug interactions
* Triazoles and Tyrosinkinaseinhibitoren

e Zu wenig Substanzen fir gewisse Pilzinfekte
* (Mucorales)
* Cryptococcal meningitis
e Candida vaginitis



Nephrotoxizitat durch Cyclodextrin

Azole -

Therapeutische 3-4 mg/L
Umschau (2016), 73(8),
475-481 Problem bei Suspension



Ziel der Antimykotischen Therapie

* Moglichst geringe Toxizitat bei maximalem Effekt

* Loading dose
* TDM
 Kombinationstherapie



Neue Antimykotika

* Weiterentwicklungen bisheriger Substanzen durch

 Modifikation der Galenik

* Weiterentwicklungen bisheriger Substanzgruppen durch chemische
Modifikationen

e Substanzen mit neuen Wirkmechanismen



Angriffspunkte der Antimykotika

© Pilzaufbau, R. Bellmann, Innsbruck

1 Echinocandine
Zeliwand |3 (4 3)-D-Glucan-Synthase
Mannoprotein
Glucane
Chitin

Amphotericin B

Interaktion mit
Ergosterol => Poren

Zellker‘

5-Flucytosin => 5FU
RNA-DNA-Proteinsynth.

v Zellmembran

Triazole Hemmung der _ :iahig_sglr;o-er
14-a-Demethylase s L
Ergosterolsynthese




Rezafungin (Cidara)

* Neues Echinocandin, nur iv.
(noch keine Zulassung)

* Breites Spektrum
* Candida spp.
* Aspergillus spp.
* Pneumocystis spp.
* dermatophytes

* Lange Halbwertszeit 2 Gabe 1x
pro Woche




Olorofim (F2G)

* Oral und i.v. in Vorbereitung

* Nur gegen Schimmelpilze (invasiver Aspergillus..)
* Time-dependent PD

* Oxidativer Metabolismus via CYP3A4

* In Phase llb Studie



C. albicans 90028

C. albicans 2732

. é g ﬁh‘%""'ﬂ"i!!;’!ﬁ!-!::i L?_ ; § E
SCY-0870 (Scynexis) b S L
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Antimicrob Agents Chemother. 2017 Feb 23;61(3). TR R R TS R




Otesaconazole VT-1161(Mycovia
Pharmaceuticals)

e VT-1598 (Phase 1 Studie): resistente Candida, Cryptococcus
neoformans

* VT-1161 (Phase Il Studien): wiederkehrende vulvovaginale
Candidiasis

Voriconazole



Fosmanogepix APX001 (Amplyx)

* Breites Spektrum: Multieffektiv gegen Candida spp., Aspergillus spp.,
including multi-drug resistant strains, Schimmelpilze,
including Fusarium spp., Scedosporium spp., inklusive Mucorales

* Oral and i.v. Galenik

e Konzentrationsabhangige PD
* Oxidativer Metabolismus

* Phase Il Studien



Yellow needs TDM,
blue doesn’t

© William Hope



TDM

 [traconazol: TDM fir alle Patienten

* Talspiegel >0.5 mg/L (HPLC), 5-17 mg/L (bioassay)
e VVoriconazol : TDM fiir alle Patienten

* Talspiegel 1 (or 2) to 5-6 mg/L

* Talspiegel: MHK 2-5
 Posaconazol: TDM fur alle Patienten

* Talspiegel > 0.8 mg/L (Prophylaxe)
 Talspiegel > 1.2 mg/L (Therapie)

* Isovuconazol ?



Isavuconazol (Cresemba®)

* Behandlung einer invasiven Aspergillose

* Behandlung einer Mukormykose bei Resistenz oder Unvertraglichkeit
auf Ambisome®

 Dosis 200 mg/Tag iv. oder oral mit Loading Dose von 200 mg/q8h fiir
72 h

* Prodrug, Hydrolyse Uber Plasmaesterasen zum aktiven Wirkstoff
* Starke Proteinbindung
* Halbwertszeit ~100 h



Individualisierte Therapie

Gewicht

MHK

CYP Genotype

Pilzart und Stamm

Magensaure / Essensaufnahme

Infektiose Belastung

Nierenfunktion

Verzogerung in der Therapie

Leberfunktion

Ort des Infekts

Personelle Variabilitat

Variabilitat




Ausblick: Vermehrte Resistenzen

Aspergillus spp.

* Vermehrtes Auftreten
* Triazol Prophylaxe (Posaconazol, Voriconazol)

* “Breakthrough” (Fieber, abnormales CT)

* Reluctance to use a triazole for treatment (because of possible cross
* resistance)

«Candida auris hat gezeigt, dass er fdhig ist, in Spitdlern grosse
Ausbriiche zu verursachen. Er ist enorm gut darin, sich zu
verbreiten, und zwar in Umgebungen, die normalerweise kein
Pilz mag. Uberall klebt er, man wird ihn fast nicht mehr los.
Befiillt er eine Person, léster in 30 bis 50 Prozent der Fdille eine
Infektion aus, die dann wiederum in 30 bis 60 Prozent der Fdille
zum Tod fiihrt. Zudem bleiben bei Candida auris die meisten
Antipilzmittel wirkungslos.»

Candida auris



Hygiene measures, isolation
and decolonization

Dr A Schuermans, pharmacist, Leuven



Jai2 Prevalence of hospital acquired

infections

' | 5.9%

Zingg et al, Euro Surv, 2019



Distribution of HA

Zingg et al, Euro Surv, 2019



Are HAI preventable ?

Harbarth et al, J Hosp Infection, 2003

Systematic review:
20% reduction (10% - 70%)
Mainly in catheter-related bacteraemia (>50%)

Umscheid et al, Infect Control Hosp Epidemiol, 2011

Reasonably preventable with current evidence-based strategies:
CLABSI and CAUTI (most preventable): 65-70%

VAP and SSI: 55%

CLABSI most preventable deaths and highest associated costs



How can they be preventable?

Not pathogen specific
* Chlorhexidine shower or bath
 Selective digestive decontamination

e Standard precautions

www.hpci.ch



How can they be preventable?

Pathogen specific
* Active surveillance: MRSA, VRE, CRE

* Decolonization: MRSA (nasal), C diff (fecal transplantation)



Thank you for your attention !



Antibiotic Stewardship Toolkit

* Does my patient have an antibiotic that requires
antibiotics?

* Have | ordered appropriate cultures before
starting antibiotics? What empric therapy should |
initiate?

* A day or more has passed. Can | stop antibiotics?
Can | narrow therapy or change from IV to oral
therapy? These questions should be asked every
day that a patient is on antibiotics.

* What duration of antibiotic therapy is needed for
my patient’s diagnosis?

https://www.ahrg.gov/antibiotic-use/acute-care/four-moments/index.html




