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A single drug concentration?

C (Vancomycin) = 15,0 mg/L

A single drug concentration?

* Patient’s parametres
* Renal function
* Dosing history

C (Vancomycin) = 15,0 mg/L  ° Kind of infection

* Pathogen’s susceptibility
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Steady state?
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ls a PK/PD target reached?
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Does it make sense?

15,0 mg/L

Concentration (/L]
.

If you look at the lab result

Vancomycin (mg/L) Ref. (mg/L)

15,0 Q 10,0 - 20,0
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Why us?

Which patients, which drugs?
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Focus on:

Infectious diseases

Narrow therapeutic index

Critically ill

Special patient populations

Evalwation of Renal Drug Dosing:
Prescribing Information and Clinical Pharmacia Approaches
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PHARMACOTHERAPY Volume 30, Number 8, 2010

Table 6. Pharmacist Survey Item 7: Rank Order of Top 10 Drugs for Which Renal Dosage Adjustments Were
Recommended by Clinical Pharmacists

No. (%) of No. (%) of

Critical Care Nephrology

Pharmacists Pharmacists

Rank Drug (n=149) Drug (n=55)
1 Piperacillin-tazobactam 141 (94.6) Vancomycin 42(76.4)
2 Vancomycin 126 (84.6) Piperacillin-tazobactam 37 (67.3)
3 Ciprofloxacin, levofloxacin 125 (83.9) Gentamicin, tobramycin 34(61.8)
-+ Gentamicin, tobramycin 124 (83.2) Enoxaparin 29(52.7)
5 Imipenem, meropenem, 115 (77.2) Imipenem, meropemen® 26 (47.3)
doripenem, ertapenem®

6 Enoxaparin 95 (63.8) Ciprofloxacin 22 (40.0)
T Cefepime 70 (47.0) Gabapentin 17 (30.9)
8 Famotidine 56 (37.6) Ganciclovir, valganciclovir 16(29.1)
Q Fluconazole, voriconazole® 45 (30.2) Cefepime 14(25.5)
10 Ampicillin-sulbactam 31 (20.8) Levofloxacin 14 (25.5)
11 Cefazolin 31 (20.8) Acyclovir 12 (21.8)
12 Metoclopramide 29 (19.5) Famotidine 12 (21.8)
13 Acyclovir 26 (17.4) Cefazolin 11 (20.0)
14 Co-trimoxazole 24 (16.1) Fluconazole 11 (20.0)
15 Ranitidine 24 (16.1) Ampicillin-sulbactam 10 (18.2)
16 Ceftazidime 20 (13.4) Digoxin 10 (18.2)
17 Digoxin 19 (12.8) Allopurinol 9(16.4)
18 Amikacin 16 (10.7) Celtazidime 8 (14.5)
19 Gabapentin 14 (9.4) Daptomycin® 8(14.5)
20 Allopurinol 13 (8.7) Co-trimoxazole 7027

“Includes & new molecular entity identilied in the prescribing information review:
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4. Therapeutic Drug monitoring

Process for inclusion of therapeutic drug monitoring tests

secretanats

Prioritization:

High (most authors consider TOM useful even for noncribcatly Il patients ) amikacin, gentamicin, phenyton
thium

Moderate (TDM useful In patients with co-treatments or concomatant clinical complications (e g . impared
renal funcion]): vancomycin, methotrexale, cyciosporin

Low (carefudl clinical assessment is enough for most cases, or there are evidences that there are no
differances between patents with and without TDM): digomn. phencbarbital. carbamazepine. valproate

Ve "
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How to manage?

Vancomycin Therapeutic Guidelines: A Summary
of Oonsensus Recommendations from the Infectious
Diseases Society of America, the American Society
of Health-System Pharmacists, and the Society

of Infectious Diseases Pharmacists
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Clinical Infectious Diseases, Volume 49, Issue 3, 1 August 2009, Pages 325327, https://doi.org/10.1086/600877
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Recommended trough serum concentrations and dosage adjustments

* On the basis of the potential to improve penetration, to increase the
probability of optimal target serum concentrations, and to improve clinical
outcomes of complicated infections, such as bacteremia, endocarditis,
osteomyelitis, meningitis, and hospital-acquired pneumonia caused by S.
aureus, trough serum vancomycin concentrations of 15-20 mg/L are
recommended.

* Trough serum vancomycin concentrations in that range should achieve an
AUC/MIC of > 400 for most patients if the MIC is <1 mg/L.

Clinical Infectious Diseases, Volume 49, Issue 3, 1 August 2009, Pages 325-327, https://doi.org/10.1086/600877

Recommended trough serum concentrations and dosage adjustments

* On the basis of the potential to improve penetration, to increase the
probability of optimal target serum concentrations, and to improve clinical
outcomes of complicated infections, such as bacteremia, endocarditis,
osteomyelitis, meningitis, and hospital-acquired pneumonia caused by S.
aureus, [trough serum vancomycin concentrations of 15-20 mg/L[are
recommended.

* Trough serum vancomycin concentrations in that range should achieve an
AUC/MIC of > 400 for most patients if the MIC is <1 mg/L.

Clinical Infectious Diseases, Volume 49, Issue 3, 1 August 2009, Pages 325-327, https://doi.org/10.1086/600877
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Recommended trough serum concentrations and dosage adjustments

* On the basis of the potential to improve penetration, to increase the
probability of optimal target serum concentrations, and to improve clinical
outcomes of complicated infections, such as bacteremia, endocarditis,
osteomyelitis, meningitis, and hospital-acquired pneumonia caused by S.

aureus, [trough serum vancomycin concentrations of 15—-20 mg/L|are

recommended.

* Trough serum vancomycin concentrations in that range should achieve an
AUC/MIC of > 400 for most patients if the MIC is <1 mg/L.

(Level of evidence, Ill; grade of recommendation, B.)

28-10-2019

Clinical Infectious Diseases, Volume 49, Issue 3, 1 August 2009, Pages 325-327, https://doi.org/10.1086/600877

Accute kidney injuries due to C 15-20 mg/L?

Systematic Review and Meta-Analysis of Vancomycin-Induced
Nephrotoxicity Associated with Dosing Schedules That Maintain
Troughs between 15 and 20 Milligrams per Liter

4

S. J. van Hal* "’D L. Paterson® T.

v

Lod

e st

PERT d

ive vancomycin dosing schedules to main-
tain vancomycin troughs between 15 and 20 mg/liter. The widespread use of these more-intensive regimens has been associated
with an increase in vancomycin-induced nephrotoxicity reports. The purpose of this systematic literature review is to determine
the neph icity potential of maintaining higher troughs in clinical practice. All studics pertaining to vancomycin-induced

In an cffort to maximize outcomes, recent expert g rec

P
nephrotoxicity between 1996 and April 2012 were identified from PubMed, Embase, Cochrane Controlled Trial Registry, and
Medline databases and analyzed according to Cochrane guidelines, Of the initial 240 studics identified, 38 were reviewed, and 15
studies met the inclusion criteria. Overall, higher troughs (=15 mg/liter) were associated with increased odds of nephrotoxicity
(odds ratio [OR], 2.67; 95% confidence interval [ CI, 1.95 to 3.65) relative to lower troughs of <15 mg/liter. The relationship be-
tween a trough of =15 mg/liter and nephrotoxicity persisted when the analysis was restricted to studies that examined only ini-
tial trough concentrations (OR, 3.12; 95% CI, 1.81 to 5.37). The relationship between troughs of =15 mg/liter and nephrotoxicity
persisted after adjustment for covariates known to independently increase the risk of a ncphroloxicity event. An incremental
increase in nephrotoxicity was also observed with longer durations of vancomycin administration. Vancomycin-induced neph-
rotoxicity was reversible in the majority nfcascs, with shor\ term dialysis required only in 3% of nephrotoxic episodes. The col-
lective literature indicates that an exp ity relationship for vancomycin exists. The probability of a nephrotoxic
cvent increased as a function of the trough conccmmuon and dunuon of therapy.

Antimicrob. Agents Chemother. 57 (Nov 1 2013) 734-744.
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Advanced Drug Delivery Reviews

L R R N T TR )

ABTIEAN Inne

Innovative approaches to optimizing the delivery of vancomycin in O P
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Fig. 2. Scatter and linear fit plot of vancomycin area under the curve over 24 h (AUC24)
versus trough vancomydn concentration from 5000 subject Monte Carlo simulation.

Advanced Drug Delivery Reviews 77 (2014) 50-57

28-10-2019

16



28-10-2019

How to manage AUC-guided dosing?

Option 1

BAYESIAN APPROACH (Bayesian dose optimising software)
* Population data (Bayesian prior)
* Measured drug concentration

* Revised probability distribution of a given patient’s PK parameter
values after dosing and concentration taken into account (Bayesian
posterior)

Advanced Drug Delivery Reviews 77 (2014) 50-57
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Option 2

EQUATION-BASED APPROACH

Csoi’' — Cr
Ke

f Ceol’ + 1 Ceoi -1 AUCq

Advanced Drug Delivery Reviews 77 (2014) 50-57

Advantages of Bayesian approach

* Requires 1 concentration (trough-only), 97% (93%-102%) accurate
AUC!

* Allows loading doses or irregular dosing patterns

* Allows non-steady state concentrations

* Allows any-time concentratios

* Allows including covariates (e.g. serum creatinine changes)

18



AUC-based dosing efficacy & safety
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A Quasi-Experiment To Study the Impact
of Vancomycin Area under the
Concentration-Time Curve-Guided
Dosing on Vancomycin-Associated
Nephrotoxicity

Natalie A. Finch,** Evan J. Zasowski,"” Kyle P. Murray,* Ryan P. Mynatt,*
Jing ). Zhao* Raymond Yost,' Jason M. Pogue Ml(hael L Rybak‘“’

2018. Antimicrob Agents Chemother 61:€01293-17.
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A Quasi-Experiment To Study the Impact
of Vancomycin Area under the
Concentration-Time Curve-Guided
Dosing on Vancomycin-Associated
Nephrotoxicity

Natalie A. Finch,* Evan J. Zasowski,® Kyle P. Murray,* Ryan P. Mynatt,*

Jing J. Zhao* Raymond Yost* Jason M. Pogue,* Michael J.

Department of Pharmacy Services, Detoil Macical Center, Detioit, Michigan, USA®; Ant-nfectve Research
Labortory, Department of Pharmady Practice, Eugens Appiebaum Coliage of Phasmiacy and Health Soences,

Zggo?v‘cg;'x" tional hazards regression (hazard ratio, 0.53; 95% CI, 0.35 to 0.78; P = 0.002). AUC-
- - quided dosing was associated with lower total daily vancomycin doses, AUC values,

and trough concentrations. Vancomycin AUC-guided dosing was associated with re-
duced nephrotoxicity, which appeared to be a result of reduced vancomycin expo-
sure.
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Prospective Trial on the Use of Trough Concentration versus
Area under the Curve To Determine Therapeutic Vancomycin
Dosing

Michael N. Neely,** Lauren Kato,* Gilmer Youn,* Lironn Kraler,* David Bayard,* Michael van Guilder,* Alan Schumitzky,®
Walter Yamada,* Brenda Jones,* Emi Minejima*©

*University of Soutnan Catfomiz, Keck School of Medione, Los Angeles, Calfamia, LSA

i znoratory of Appiied Pharmacokinetics ana Bioinformatics (LAPKE), Saban Resaaech Instituta, and Division of
nfectious Disaases, Cidran's Hospit of Los Angedles, Los Argeles, Caltlomia, USA

sUniversity of Southerm Caitfomiz Schook of Pharmiacy, Los Angeles, Calimia, USA
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2018. Antimicrob Agents Chemother 62:€02042-17.

20



TDM: acitve role of the pharmacist
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Prospective Trial on the Use of Trough Concentration versus
Area under the Curve To Determine Therapeutic Vancomycin
Dosing

Michael N. Neely,** Lauren Kato,* Gilmer Youn,* Lironn Kraler,* David Bayard,* Michael van Guilder,* Alan Schumitzky,®
Walter Yamada,® Brenda Jones,* Emi Minejima®

L‘IN(!S"YDI Soutnatn CAtfomiz, Kack Schook of Medkane, Los A’!@E Gafamia, LSA
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been registered at ClinicalTrials.gov under registration no. NCT01932034)

Compared to trough concemmnon ufgets AUC-gxded Bayesian estimation-assisted
vancomycin dosing was associated with decreased nephrotoxicity, reduced per-
patient blood sampling, and shorter length of therapy, without compromising effi-
cacy. These benefits have the potential for substantial cost savings. (This study has
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Bridging the Gap between Theory and Practice;
the Active Role of Inpatient Pharmacists in
Therapeutic Drug Monitoring
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iMDr}J
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Pharmacy 2019, 7, 20; doi:10.3390/pharmacy7010020

Figure 1. Patient's enrollment.

Table 1. Baseline characteristics.

Pre-Phase (n=75)  Post-Phase (n=75) p-Value *
n (%) or Median; IOR
Age (years) 66 (49-79) 63 (51-77) 0.7607
Sex (male} 38 (51%) 38 (51%) 1
Body Mass Index (kg/m?) 24,8 (20.6-30.8) 253 (21-31.2) 0.3904
Patients on dialysis 7 (9.33%) 13 (17.33%) 0150
Prescribed antibiotic
Vancomycin 71/75(95%) 71/75 (95%) 1
Gentamicin 4/75(5%) 3/75 (4%) 1
Amikacin 0/75 (0%) 1/75 (1.3%) 1
Baseline lab values at the time of initiation
of antibiotic
CrCl (ml/min) ® 67.9 (37.3-106.5) 60 (30-94) 0.3082
WBCs (< 10% cells/ L) 109 (7.6-16.1) 11(7.7-16) 0.7042
Wards at which antibiotics were initiated
Emergency 36 (48%) 35 (46.6%) 0.87
Medical 23 (30.7%) 32 (42.6%, 0127
Surgical 16 (21.3%) 8(10.6%) 0.075
Indications
Skin and Soft Tissue 5(6.6%) 5(6.6%) 1
Bacteremia 24 (32%) 35 (46.6% 0.066
Osteomyelitis 6 (8%) 3(4%) 0.494
Pneumonia 20(26.6%) 16(21.3%) 0472
Endocarditis 0 (0%) 1(1.3%) 1
Meningitis 8(10.6%) 4(53%) 0.367
Urinary Tract Infection 8(10.6%) 7(9.3%) 0785
Intra-abdominal infection 1(1.3%) 4(5.3%) 0.367
Other© 3(4% 0(0%) 0.367
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Table 2. Primary and secondary outcomes.

Mean Difference

Outcome Pre-Phase Post-Phase (95% Confidence Interval) p-Value
Optimal initial dosing B0% (45/75)  91%(68/75) O 0.31 (0.18-0.44) <0.0001
Optimal dose adjustments 55 % (817 TTT—B57% (32/80) 0.1 (—0.05-0.26) 0.2113
Optimal drug level requests 55 % (153/279) 58% (171/293) 0.03 (-0.13-0.19) 07110
Research Report
Annals of Pharmacotherapy

Evaluation of a Pharmacist-Directed
Vancomycin Dosing and Monitoring Pilot
Program at a Tertiary Academic Medical
Center
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Figure 2. The percentage of patients who received optimal vancomycin dosing within 24 hours of therapy pre- and

postimplementation of pharmacist-directed vancomycin dosing guideline.
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RESEARCH ARTICLE

Effects of pharmacist intervention in
Vancomycin treatment for patients with
bacteremia due to Methicillin-resistant
Staphylococcus aureus

Atsushi Komoto', Takayoshi Maiguma’, Daisuke Teshima', Tetsuhiro Sugiyama?,
Yuto Haruki?#

1 Graduate School of Pharmacy, Shujitsu University, Okayama, Okayama, Japan, 2 Department of
Pharmacy, Tsuyama Chuo Hospital, Tsuyama, Okayama, Japan

PLoS ONE 13(9): €0203453. https://doi.org/10.1371/journal.one.0203453

Endpoints

Absence of failure

* Death within 30 days from the start of VCM therapy

* Positive blood culture 7 days after the start of VCM therapy
* Change of VCM to another anti-MRSA agent

* Development of nephrotoxicity
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Table 1. Baseline characteristics of patients.

28-10-2019

Non-intervention Intervention p value
goop group
Number of paticats © 2%
Age” HMI=LD ™8=223 0074
Sex {male %) 31 (68.9%) 13 (432%) 0.081
Weight” (ke) WVI=LW\ 515=191 0798
ca® 2.3 3ps 0.101
PBS* 20L4 Lia3 0918
Trough Levels™ F6=102 112325 0.002
Percent that hit on first 408 2¥45) 543 (1878 0043
me/ke dose” 6115 J1+941 0.004
VOMMIC” (<2meiliter ) 44 (89.5%) 26 (92.9%) 0653

*CCE: Charkon Comorbidaty Index, PBS: Pitt Bacteremia score, VOM MIC: Vancomycin MIC
* Data shown 2s mean +standard devation.
* Data shown 2s medsan finterquartile anee].

2

o

©

S

a i —Intervention group of pharmacists

T 0.4- —Non-intervention group of pharmacists

5 =0.011

» i (log rank test)
0.2+
0 . 0 1 L 1 T 1 T T T T T

5 10 15 20 25 30
Days passed from the start of VCM therapy
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Optimising antimicrobial therapy through the use of Bayesian dosing
programs

M. L. Avent'2( . B. A. Rogers>*

Received: 25 February 2019 / Accepted: 27 July 2019
© Springer Nature Switzerland AG 2019

Abstract

The optimisation of antibiotic dosing therapy with therapeutic drug monitoring is widely recommended. The aim of thera-
peutic drug monitoring is to help the clinician to achieve target pharmacokinetic/pharmacodynamic parameters, maximising
efficacy and minimising toxicity. Computerised programs, utilising the Bayesian estimation procedures, are able to achieve
target concentrations in a greater percentage of patients earlier in the course of therapy compared to linear regression analy-
sis and population methods. This article summarises various methods for dose optimisation of antibiotics with a focus on
Bayesian programs.

Keywords Antibiotics - Bayesian statistics - Pharmacodynamics - Pharmacokinetics - Software
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* Summary
The ideal method for monitoring antibiotics is one that predicts an accurate,
clinically appropriate dose, requires minimal resources and is easy to use.

The advantage of the nomograms are that they require only one serum
concentration, are easy to interpret and require no specialised
pharmacokinetic knowledge. Nevertheless, concerns have been raised about
their reliability given the large interpatient variability in antibiotic
pharmacokinetics and are no longer recommended by published guidelines.

The linear regression methods, i.e. Sawchuk—Zaske and ALADDIN, require two
serum concentrations after an antibiotic dose and do not utilise population
data to assist in calculating the patients pharmacokinetic/ pharmacodynamic
indices.

Utilising population data the Bayesian estimation procedures can calculate
doses based on one serum concentration. They are currently the closest to
an ideal solution for clinical use which can achieve a greater percentage of
patients attaining target concentrations as compared to other
methodologies.

But...

* the Bayesian estimation procedures are decision support programs -
not diagnostic tools!

* They allow the end user the flexibility to choose appropriate target
parameters to tailor the recommendations to a patient

* they require skilled personnel, usually clinical pharmacists and or
clinical pharmacologists, with an understanding of pharmacokinetics
and pharmacodynamics to use and interpret the information

* the software is only as good as the data entered!
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Review and Validation of Bayesian Dose-Optimizing
Software and Equations for Calculation of the
Vancomycin Area Under the Curve in Critically 111
Patients
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TDM team in 2012

Our TDM service

« 24/7
* Bayesian software
* All pharmacist included

_ 2015 2016 2017 2018

VANCOMYCIN 845 1153 1714
GENTAMICIN 206 289 360 530
AMIKACIN 72 46 218 146
OTHER 102 17

)2 1245 1354 1885 2420
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TDM team in 2019
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Nobody is perfect, but a team can be!

- s 4
100th Anniversary of the Maribor Hospital Pharmacy, October 2019
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