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Quiz

1. To calculate the loading dose (LD) we need to know:
a) Rate of Absorption (k,)
b) Rate of elimination (k)
c) Volume of distribution (V)
d) Areaunder the curve (AUC)

2.  To calculate the maintenance dose (MD) we need to know
a) Time to reach the steady state (Tg)
b)  Volume of distribution (V)
c) Clearance (Cl)
d) Rate of absorption (k,)

3. Indicate one of the main advantages of chromatographic methods over immunoassays
a) Low sample volume
b) Less time of analysis
c) Lesscost
d) More sensitivity
e) Minimum sample preparation
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Quiz

4. How long is the Post Antibiotic Effect or Post MIC Effect of an aminoglycosides?
a) 2 hours
b) 7 hours

5. Do modern TDM tools require steady state conditions for valid analysis and

forecasts?
a) Yes
b) No
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EAHP Academy Seminar 2018 -
Warszawa

© GSASA 2018



Agenda

e Basic Clinical Pharmacokinetics
* Concept of TDM

* TDM in Antibiotic Therapy

* Clinical case on dose adjustments based on TDM of
antibiotics
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Basic Clinical Pharmacokinetics

Answer to questions: * Bioavailability (F)

* Volume of distribution (Vvd)
 What dose to give? * Clearance (CL)
e How often to give it ? _ o Halflife (ty,)

- When is steady-state achieved ?

e Peak conc. (Css max)

* How to change the dose in certain medical conditions ?
® Trough conc (Cy in)

e Area under the curve (AUC)

e How some drug-drug interactions occur ?
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Half-life

Bioavailability
Relevance: Half life (linear kinetics) does not depend on:
If F<1 (100%) - dose
- dosage interval

Absorbed dose = administered dose x bioavailability

* Calculation of p.o. dose based on F and i.v. dose

Clearance

Relevance:

* Maintenance Dose (MD) = The dose needed to
maintain the concentration within the therapeutic
window when given repeatedly at a constant interval

* Dosing rate (mg/h) = D/t CxCL
MD = X = XT
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* We can not control: CL, Vd, F

- Change in F will alter Cssavg (not Peak:Trough)
- Change in Vd will alter Peak:Trough (not Cssavg)
—> Change in CL will alter both Peak:Trough and Cssavg

* We can control: dose, rate (D / 1)

- Necessary, if disease, age, renal/hepatic function, other drugs, ... change CL, F, vd
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Concept of Therapeutic Drug
Monitoring (TDM)
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Indications for TDM (‘why do it’)
* Individualizing therapy (assessment of MD, t; adjustment of D)
* Toxicity

— diagnosing toxicity when the manifestation of toxicity and disease state are similar
(theophylline)

— Avoiding toxicity (aminoglycosides)
e Assessing compliance

* Diagnosing failed therapy (TDM can help distinguish between ineffective drug treatment
and non-compliance)

e Change in patient’s clinical state
* Monitoring and detecting drug interactions
* Guiding withdrawal of therapy

Which drugs?

* narrow therapeutic index drugs

* significant interindividual pharmacokinetic variability

* no high intraindividual pharmacokinetic variability

* areasonable relationship between plasma conc. and clinical effects
* established target concentration range

* availability of cost-effective drug assay
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Timing of the plasma sample (‘when to do it’)
* |In most cases when SS is reached (earlier if toxicity is suspected)
* At the appropriate time in relation to the last dose

- Generally measured in the elimination phase (correlates with C,,,.,); gives a more
reliable guide to drug dosing

- Coeax SOMe antibiotics (aminoglycosides)

- not during the distribution phase (not equilibrium between
plasma and tissue conc.)

Therapeutic drug monitoring request (‘what to document’)
Details to include on the request form:

* Time sample collected

* Time dose given

* Dosage regimen (dose, duration, dosage form)

» Patient demographics (age / gender)

e Comedications

» Relevant co-morbidities (e.g. renal / liver disease)

* Indications for testing (e.g. toxicity, non-compliance)
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Bioanalytical methods for TDM
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Interpretation
Sample concentration is

Lower than anticipated
* Patient noncompliance
Error in dosage regimen
Rapid elimination
Poor bioavailability

Drug-drug interaction (ind.)

not achieved SS

Higher than anticipated

* Patient noncompliance
* Error in dosage regimen
* Slow elimination

* Decreased renal/hepatic
function

@
@
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* Drug—drug interaction (inh.)

* Time sampling
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Interpretation

» Before making dose adjustments, consider:

- if the sample was taken at the correct time with respect
to the last dose,

- if a steady state has been reached

- If the patient is adhered to the treatment
- If there is a drug-drug interaction

- If there is a liver/kidney dysfunction

+ the individual patient without rigid adherence to a target
range.



Methods available to individualize drug therapy

* Clinical pharmacokinetic principles using simple
mathematical relationships that hold for all drugs that
obey linear pharmacokinetics

Css * _ InCss-InCss ™
D¥f=————xD 1= K
Css
* Bayesian calculations represent the gold standard TDM

approach

* (complex) computer programs that could cover more
drugs.

What you need for TDM:
 PK/PD targets

* Population pharmacokinetic model for
the ‘a priori’ dose

* Patient characteristics
* Knowledge when to take sample(s)
* Knowledge on the reliability of your assay results

* Pharmacokinetic software
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Process Successful TDM service requires a coordinated effort among physicians, clinical pharmacists, and

laboratory personnel.

Drug administration  Correct and standardized procedures

Sampling When was it drawn? Record the time as military time, to the minute!!!
‘Optimal sampling’:
— You want the most of the information from a limited number of samples
— You want the best information from each sample, every sample has different information:
Optimal sampling points:
—1. Cmax
—-2.1.5xt,), later

Request Form completed correctly (written in simple, clear language), should include patient data, drug data,
concentration data, interpretation and comments; central access to patient data would be optimal
(KIS)

Measurement Simple, accurate, precise, fast, specific. Knowledge of the assay error over the entire range of the
assay

Interpretation Draw right conclusions. Potential errors:

e Assuming patient is at steady-state

¢ Assuming patient is adherent to the therapy

¢ Not knowing the sampling time in relation to dose administration
* Not considering decreased renal/hepatic function

¢ Not considering drug interactions

¢ Using reference range as absolute values

Use Therapeutic ranges are recommended values, but interindividual variability exists.
Beside the measured value you should consider the clinical effect in each patient: is the patient
doing fine, the dose is ok and you should not change the dose—> treat the patient, not a value!




THERAPEUTIC DRUG MONITORING EDUCATION

Paiient Clinician

Drug

e TDM is interprofessional

[ observed Effect ) : e TDM training is crucial

Technician [Clir. Chem.] TDM trainin
Sampling °

Lab Technician {Pharmacy) —B  TDM training I

Immunalegy (TDx / FLx, EMIT)
HELS , GT

Hospital Pharmacist
Interpratation

‘Simple' Approach
‘Computer' Approach

Report to Clinician i

Dose Adjusimeant
if necessary

TDM-TOX
LABORATORY
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Conclusion part 1

* Knowledge and understanding of basic principles of clinical
pharmacokinetics are necessary for interpretation of measured
concentration and individualization of drug dose.

* Measurement of serum drug conc. without appropriate interpretation is
useless (or even misleading).

 TDM is complementary to and not a substitute for clinical judgement so
it is important to treat the individual patient and not the l[aboratory
value.

e Successful TDM service requires a coordinated effort among physicians,
clinical pharmacists, and laboratory personnel.

* To have good control of every step of the TDM process is necessary for
good dosing adjustment of drug therapy in each patient.

* You can’t do drug dosing adjustments if you don’t control all
information, and if you don’t use the information correctly.
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TDM and dose optimisation of antibiotics

Prof Dr Daniel J. Touw, University Medical Center Groningen, The Netherlands

* PK/PD principles of antibacterial drugs
* Optimal sampling

* Workshop examples
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TDM and dose optimisation of antibiotics
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Pharmakodynamic Principles
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Pharmakodynamic Principles
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Summary Beta-lactam Antibiotika

Time > MIC dependent killing of Bacteria
® At |eaSt 50% (Car < Pen = Cef) [Andes and Craig, Int J Antimicrob Ag 2002]

CSS free 4 x MIC

* Dauerinfusion Vorteilhaft ggl. Intermitt. Inf?

* Nurin Tierstudien klar nachgewiesen; Humanstudien zeigen Nutzen fir
Risikopatienten (bspw. IMC, hepatologische)

Proteinbindung: vernachlissigbar ausser bei Flucloxacillin (95%) und
Ceftriaxon (90-95%)
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How to integrate this into TDM?

e With the present PK software equipped with a
population PK model there is no need to wait for
steady-state. Besides, severely ill patients will never
be in a steady-state.
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How to integrate into TDM

* What you need for Therapeutic drug monitoring:
— PK/PD targets
— Population pharmacokinetic model for the ‘a priori’ dose
— Patient characteristics
— Knowledge when to take sample(s)
— Knowledge on the reliability of your assay results
— Pharmacokinetic software (e.g. OPT, MWPharm)
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How to integrate into TDM

Optimal Samplin
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Clinical case on dose adjustments based on
TDM of antibiotics — Starting Dose

PD parameter tobramycin: Cmax/MIC = 10, assume MIC of 2
mg/L

Cmax = Dos/V = 20 mg/L
Vd = 0.2-0.3 L/kg
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Case tobramycin

Male, born 8th june 1978
1,86m, 75 kg
serum creat 91 micromol/L.
Urinary infection, started with beta-lactam + tobramycine

PD parameter tobramycin: Cmax/MIC = 10, assume MIC of 2
mg/L

Cmax = Dos/V = 20 mg/L
Vd = 0.2-0.3 L/kg, take 0.25 L./kg * 75 kg = 18.75 L
Dos = 20 * 18.75 = 375 mg (= 5 mg/kg)
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Case tobramycin

Male, born 8th june 1978
1,86m, 75 kg
serum creat 91 micromol /L.

Pulmonary infection with sepsis, started with beta-lactam +
fobramycine

PD parameter tobramycin: Cmax/MIC = 10, assume MIC of 2 mg/L
Cmax = Dos/V = 20 mg/L

Vd = 0.3-0.4 L/kg,take 0.35 L/kg * 75 kg = 26.25 L

Dos = 20 * 26.25 = 525 mg (= 7 mg/kg)
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Case tobramycin

Male, born 8th june 1978
1,86m, 75 kg
serum creat 91 micromol/L.

Exacerbation of his|cystic fibrosis, ptarted with beta-lactam +
tobramycine

What is your initial tobramycin dose?
A) 225 mg
B) 375 mg
C) 525 mg
D) 750 mg
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Case tobramycin

Male, born 8th june 1978
1,86m, 75 kg
serum creat 91 micromol /L.

Exacerbation of his cystic fibrosis, started with beta-lactam +
tobramycine

European Consensus Cystic Fibrosis

Cmax = Dos/V = 25-30 mg/L (due to limited penetration into
sputum)

Vd = 0.28-0.38 L /kg, take 0.33 LL/kg * 75 kg = 25 LL
Dos = 30 * 25 = 750 mg (= 10 mg/kg)
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Summary Tobramycin

Efficacy determined by Cmax/MIC
Often poor penetration into pulmonary tissue
Cmax mainly determined by Volume of distribution, target 20 mg/L
Vd normally: 0.2 - 0.3 L/kg
Vdin sepsis: 0.3 — 0.4 L/kg
Standard dose (based on Vd):
Non-sepsis: 5 mg/kg
Sepsis: 7 mg/kg
CF: 10 mg/kg
Note: in obese patients, take the ideal bodyweight
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Clinical case on dose adjustments based on
TDM of antibiotics — following doses

Case tobramycin

Male, born 8th june 1978
1,86m, 75 kg
serum creat 91 micromol /L.
Pulmonary infection, started with beta-lactam + tobramycine

Initial dose (5 mg/kg) 375 mg o.d. (Standard practice based on
epidemiological susceptibility values and population Vd
value: 5 mg/kg o.d. with a moderate renal function)
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Case tobramycin

Male, born 8th june 1978
1,86m, 75 kg
serum creat 91 micromol/L.
Pulmonary infection, started with beta-lactam + tobramycine

Initial dose 375 mg o.d. (Standard practice 5 mg/kg o.d. with a moderate
renal function)

Blood samples
1 h after start (peak level): 14 mg/L
after 10 h: 4 mg/L.

Your advice:

A) Maintain dose and interval

B) Decrease dose and maintain interval
C) Increase dose and increase interval
D) Decrease dose and increase interval
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Premature neonates

Volume of distribution (in L/kg) increase with decreasing

gestation
Term: 0.4-0.6 L/kg
Preterm: 0.5-0.7 L/kg

Extremely premature:  0.6-0.8 L/kg

Distribution of the peak level in 115 neonates
treated with 5 mg/kg

301
mmGA < 35weeks Vd = 0.5-0.7 L/kg
EmGA > 35 weeks Vd = 0.4-0.6 L/kg

g 2 i

ntage of neonates (%)

-
T

Percei
i

T

<50 50599 60-699 7.0-799 50899 90.9.99 10.0-10.99 11.0-11.99 12.0-12.99 13.0-13.99 14.0-14.99 51500

Cpeak (Mall)
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Open ductus Botalli

Blood vessel connecting the main pulmonary artery to the
proximal descending aorta to bypass the fetus's fluid-
filled non-functioning lungs

Closure is normally spontaneous at birth, but can be done
by NSAID treatment

NSAID’s

reduce renal blood flow and renal drug clearance

Case gentamicin in premature neonate

Expected higher Vd and lower clearance
Expected lower peak and higher trough levels

Take samples immediately after dose and about 12 hours
after dosing for dose optimisation
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Case flucloxacillin

Flucloxacillin

Vd = 0.25v L/kg

Half life =1 h

Cstst = (F*D/T) * 1,44 * T,;,/Vd
Cstst = 12000/24 * 1.44 * 1/(0.25 * 80)
Cstst = 500 * 1.44 * 1/20 = 36 mg/L

Seems OK ?
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Case flucloxacillin

Flucloxacillin
Vd = 0.25 L/kg, halflife =1 h

Cstst = (F*D/T) * 1,44 * T,;,/Vd = 36 mg/L
Protein binding is 95%

Free concentration is 0.05 * 36 = 1.8 mg/L

So yes, because level may be too low.
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[Swissmedicinfo]
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Personliches Fazit / Highlights

* Komplexitat des TDM Prozesses

* TDM als interessantes Wirkungsfeld ftr
Pharmazeuten kennengelernt

* Weitere Verbesserung bereits
bestehender Therapien
durch TDM

e Kosteneinsparungen durch TDM

(Verweis auf Workshop 9 “Business case” on
implementation of TDM in hospital, u.a.)
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Quiz

1. To calculate the loading dose (LD) we need to know:
a) Rate of Absorption
b) Rate of elimination
c) Volume of distribution
d) Areaunder the curve

2.  To calculate the maintenance dose (MD) we need to know
a) Time to reach the steady state
b)  Volume of distribution
c) Clearance
d) Rate of absorption

3. Indicate one of the main advantages of chromatographic methods over immunoassays
a) Low sample volume
b) Less time of analysis
c) Less cost
d) More sensitivity
e) Minimum sample preparation

© GSASA 2018



Quiz

4. How long is the Post Antibiotic Effect or Post MIC Effect of an aminoglycosides?
a) 2 hours
b) 7 hours

5. Do modern TDM tools require steady state conditions for valid analysis and

forecasts?
a) Yes
b) No

© GSASA 2018



Quiz - Anhswers

1. To calculate the loading dose (LD) we need to know:
a) Rate of Absorption
b) Rate of elimination
c) Volume of distribution
d) Areaunder the curve

2. To calculate the maintenance dose (MD) we need to know
a) Time to reach the steady state
b)  Volume of distribution
c) Clearance
d) Rate of absorption

3. Indicate one of the main advantages of chromatographic methods over immunoassays
a) Low sample volume
b) Less time of analysis
c) Less cost
d) More sensitivity
e) Minimum sample preparation
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Quiz - Answers

4. How long is the Post Antibiotic Effect or Post MIC Effect of an aminoglycosides?
a) 2 hours
b) 7 hours

5. Do modern TDM tools require steady state conditions for valid analysis and

forecasts?
a) Yes
b) No
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Anhang | — Gesamtiibersicht Prasentationen

Concept of therapeutic drug monitoring (TDM)

Practical consideration to TDM

Population pharmacokinetic analysis of TDM in optimising therapy

TDM and dose optimisation of antibiotics and antifungals

TDM and dose optimisation of antiepileptic and antipsychotic drugs

An overview of therapeutic drug monitoring software

TDM and dose optimisation of immunosuppressive and oncolytic agents

O N O Uk WNPRE

Workshop. Clinical cases on dose adjustments based on TDM of
Immunosuppressives and oncolytic agents

9. Workshop “Business case” on implementation of TDM in hospital

10. Workshop. Clinical cases on dose adjustments based on TDM of antibiotics
and antifungals

11. Workshop. Clinical cases on dose adjustments based on TDM of antiepileptic
and antipsychotic drugs
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http://www.eahp.eu/sites/default/files/1._concept_of_therapeutic_drug_monitoring_tdm.pdf
http://www.eahp.eu/sites/default/files/2._practical_consideration_to_tdm.pdf
http://www.eahp.eu/sites/default/files/3._population_pharmacokinetic_analysis_of_tdm_in_optimising_therapy.pdf
http://www.eahp.eu/sites/default/files/4._tdm_and_dose_optimisation_of_antibiotics_and_antifungals.pdf
http://www.eahp.eu/sites/default/files/5._tdm_and_dose_optimisation_of_antiepileptic_and_antipsychotic_drugs.pdf
http://www.eahp.eu/sites/default/files/6._an_overview_of_therapeutic_drug_monitoring_software_0.pdf
http://www.eahp.eu/sites/default/files/7._tdm_and_dose_optimisation_of_immunosuppressive_and_oncolytic_agents.pdf
http://www.eahp.eu/sites/default/files/8._workshop._clinical_cases_on_dose_adjustments_based_on_tdm_of_immunosuppressives_and_oncolytic_agents.pdf
http://www.eahp.eu/sites/default/files/9._workshop_business_case_on_implementation_of_tdm_in_hospital.pdf
http://www.eahp.eu/sites/default/files/10._clinical_cases_on_dose_adjustments_based_on_tdm_of_antibiotics_and_antifungals.pdf
http://www.eahp.eu/sites/default/files/11._clinical_cases_on_dose_adjustments_based_on_tdm_of_antiepileptic_and_antipsychotic_drugs.pdf

Anhang Il - Link zu Originalprasentationen:

PP /Videoaufzeichnung:

http://www.eahp.eu/events/academy/academy-seminar-2018-warsaw-
poland/PresentationsS2
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