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DRUGS FOR CENTRAL NERVOUS SYSTEM DISORDERS



• DRUG GROUPS:

• ANTIDEPRESSANTS

• ANTIPSYCHOTICS

• MOOD STABILIZERS

• ANTICONVULSANTS

• ANXIOLYTICS AND DRUGS FOR SLEEP DISORDERS

• ANTIDEMENTIA DRUGS

• DRUGS OF SUBSTANCE USE

• DRUGS OF ATTENTION DEFICIT AND HYPERACTIVITY DISORDER

• ANTIPARKINSON DRUGS

• RECOMMENDATIONS ARE ON A SCALE OF 1 THROUGH 4 (1: STRONGEST)

DRUGS FOR CENTRAL NERVOUS SYSTEM DISORDERS



• FAST AND EFFICIENT ABSORPTION FROM GASTROINTESTINAL TRACT, PEAK CONCENTRATION IS 

ATTAINED IN 1-6 HOURS

• BIOAVAILABILITY: 5-100%

• RAPID DISTRIBUTION BETWEEN CENTRAL COMPARTMENT AND CENTRAL NERVOUS SYSTEM

• LARGE APPARENT VOLUME OF DISTRIBUTION

• METABOLISM COMMONLY TAKES PLACE (CYP450, UDP GLUCURONOSYL TRANSFERASES)

• ELIMINATION HALF LIFE: 12-36 H

• LINEAR PHARMACOKINETICS

DRUGS FOR CENTRAL NERVOUS SYSTEM DISORDERS



SPECIAL ASPECTS OF MONITORING ANTIPSYCHOTIC TREATMENT

• SEVERAL PATIENTS UNDERGO POLYTHERAPY

• DEPOT ANTIPSYCHOTICS (LONG-ACTING INJECTABLES, LAI)

• FLUPHENAZINE, FLUPENTHIXOL, HALOPERIDOL, ZUCLOPENTHIXOL

• ARIPIPRAZOLE (MONOHYDRATE, LAUROXIL), PALIPERIDONE PALMITATE, OLANZAPINE

PAMOATE, RISPERIDONE MICROSPHERES

• GIVEN EVERY 2-12 WEEKS



ADVERSE EFFECTS OF ANTIPSYCHOTICS

• TARDIVE DYSKINESIA

• AKATHISIA

• NEUROLEPTICS-INDUCED DEFICIT SYNDROME (NIDS)

• AGRANULOCYTOSIS

• EFFECTS ON NEWBORNS: THIRD-TRIMESTER EFFECTS AND LACTATION



ADVERSE EFFECTS OF ANTICONVULSANTS

• NEUROLOGICAL EFFECTS

• SEDATION

• MOVEMENT COORDINATION DISORDERS

• DIPLOPIA

• MOOD INSTABILITY

• SEXUAL DISORDERS

• CHRONIC ADVERSE EFFECTS

• BODY MASS CHANGES

• EFFECTS ON FETUS AND THE NEWBORN

• CONGENITAL MALFORMATIONS

• VALPROATE HAS AN OUTSTANDING RISK POTENTIAL



AGNP GUIDELINE: 
DOSE-DEPENDENT REFERENCE RANGES

𝑐𝑎𝑣 =
𝐷𝑚
𝑑𝑖

×
𝐹

𝐶𝑙

Cav: mean steady-state concentration (ng/mL)

Dm: daily maintenance dose (ng)

di: dosing interval (min)

CL: clearance (ml/min)

F: bioavailability (unitless)

Limitation: when elimination half life is relatively short and the dosing interval is longer than

the elimination half life, the equation will not predict trough concentrations

efficiently



Hiemke C et al. Pharmacopsychiatry 2018;51:9.



Ct: concentration at any t time (ng/mL)

Dm: daily maintenance dose (ng)

Di: dosing interval (min)

F/Cl: reciprocal apparent clearance (min/mL)

ke: elimination rate constant (min)

t: time from intake to sampling

𝑐𝑡 =
𝐷𝑚
𝑑𝑖

×
𝐹

𝐶𝑙
×

𝑘𝑒 × 𝑑𝑖
1 − 𝑒−𝑘𝑒𝑑𝑖

× 𝑒−𝑘𝑒𝑡

𝑘𝑒 =
𝑙𝑛2

𝑡1/2

Limitation: assumes single compartment pharmacokinetics, does not take

repeated dose intake into account

AGNP GUIDELINE: 
DOSE-DEPENDENT REFERENCE RANGES



Cmin: estimated trough concentration (ng/mL)

Dm: daily maintenance dose (ng)

F/Cl: reciprocal apparent clearance (min/mL)

ke: elimination rate constant (min)

t: time from intake to sampling

𝑐𝑚𝑖𝑛 =
𝐷𝑚
24

×
𝐹

𝐶𝑙
×

𝑘𝑒 × 24

1 − 𝑒−𝑘𝑒×24
× 𝑒−𝑘𝑒𝑡

„DRC-factor”

AGNP GUIDELINE: 
DOSE-DEPENDENT REFERENCE RANGES

Limitation: assumes single compartment pharmacokinetics and once-daily dosing, 

does not take repeated dose intake into account



AGNP GUIDELINE: 
DOSE-DEPENDENT REFERENCE RANGES





• PHARMACOLOGICALLY ACTIVE METABOLITES ARE FREQUENTLY IMPORTANT IN EXERTING THE CLINICAL EFFECTS OF A DRUG

• ACTIVE METABOLITES CAN EVEN DOMINATE CLINICAL EFFECTS

• SEVERAL HUNDRED DRUGS ARE METABOLIZED TO ACTIVE PRODUCTS

Molden E. Heart Drug 2004;4:55.

Isoherranen N. Drug Metab Dispos 2004;32:1121.

SIMULTANEOUS MEASUREMENT OF ANTIPSYCHOTICS AND THEIR
PHARMACOLOGICALLY ACTIVE METABOLITES



• THE SIMULTANEOUS MEASUREMENT OF THE DRUG AND ITS PHARMACOLOGICALLY ACTIVE METABOLITE IS 

RECOMMENDED:

• AMITRIPTYLINE + NORTRIPTYLINE (THERAPEUTIC RANGE, TR: 80-200 NG/ML)

• BUPROPION + HYDROXYBUPROPION (TR: 850-1500 NG/ML, 550-1500 NG/ML WHEN TREATING

SLEEP DISORDERS)

• CLOMIPRAMINE + N-DESMETHYLCLOMIPRAMINE (TR: 230-450 NG/ML)

• DOXEPIN + N-DESMETHYLDOXEPIN (TR: 50-150 NG/ML)

• FLUOXETINE + N-DESMETHYLFLUOXETINE (TR: 120-500 NG/ML)

• IMIPRAMINE + DESIPRAMINE (TR: 175-300 NG/ML)

• VENLAFAXINE + O-DESMETHYLVENLAFAXINE (TR: 100-400 NG/ML)

• ARIPIPRAZOLE + DEHYDROARIPIPRAZOLE (TR: 150-500 NG/ML)

• QUETIAPINE (TR: 100-500 NG/ML) + N-DESALKYLQUETIAPINE (TR: 100-250 NG/ML)

SIMULTANEOUS MEASUREMENT OF ANTIPSYCHOTICS AND THEIR
PHARMACOLOGICALLY ACTIVE METABOLITES



• THE SIMULTANEOUS MEASUREMENT OF THE DRUG AND ITS PHARMACOLOGICALLY ACTIVE METABOLITE IS 

RECOMMENDED:

• RISPERIDONE + 9-HYDROXYRISPERIDONE (TR: 20-60 NG/ML)

• CLOBAZAM (TR: 30-300 NG/ML) + N-DESMETHYL CLOBAZAM (TR: 300-3000 NG/ML)

• METHSUXIMIDE + N-DESMETHYL METHSUXIMIDE (TR: 10-40 NG/ML)

• OXCARBAZEPINE + 10-HYDROXYCARBAZEPINE (TR: 10-35 NG/ML)

• DIAZEPAM + N-DESMETHYLDIAZEPAM (TR: 100-2500 NG/ML)

• BUSPIRONE + 6-HYDROXYBUSPIRONE + 1-(PYRIMIDINYL)-PIPERAZINE (TR: 1-4 NG/ML)

• FLURAZEPAM (TR: 0-4 NG/ML 1-3 HOURS AFTER ADMINISTRATION) + N-1-DESALKYLFLURAZEPAM (TR: 10-22 

NG/ML 1-3 HOURS AFTER ADMINISTRATION, 75-165 NG/ML 10 HOURS AFTER ADMINISTRATION)

• MEDAZEPAM + DESMETHYLMEDAZEPAM + TEMAZEPAM + OXAZEPAM (TR: 200-2500 NG/ML)

• DISULFIRAM (TR: 50-400 NG/ML) + DIETHYLTHIOMETHYL-CARBAMATE-METHYLESTER (TR: 270-10 NG/ML)

SIMULTANEOUS MEASUREMENT OF ANTIPSYCHOTICS AND THEIR
PHARMACOLOGICALLY ACTIVE METABOLITES



AGNP guideline:
C/D ratio

• C: TROUGH CONCENTRATION

• D: DOSE

• HIGH C/D RATIO: SLOW METABOLISM

• LOW C/D RATIO: RAPID METABOLISM

• C/D RATIOS CAN PROVIDE FURTHER INFORMATION ON THE PATIENT OR ON DRUG PK 

WHEN EVALUATION IS BASED ON POP PK OR ON LONGITUDINAL MONITORING

• CAN BE A TOOL FOR IDENTIFYING DRUG INTERACTIONS



AGNP guideline
Metabolite-to-parent compound ratio, MPR

Drug Active metabolite MPR

Aripiprazole Dehydro aripiprazole 0.3-0.5

Escitalopram N-desmethyl escitalopram 0.3-1.0

Fluvoxamin Fluvoxamin acid 0-1.2

Clozapin N-desmethyl clozapine 0.45-0.79

Quetiapine N-desalkyl quetiapine 0.54-3.10

Mianserine N-desmethyl mianserine 0.5-0.8

Mirtazapine N-desmethyl mirtazapine 0.5-1.2

Olanzapine N-desmethyl olanzapine 0.1-0.3

Sertraline N-desmethyl sertraline 1.7-3.4

Risperidone Paliperidone 3.6-22.7

Venlafaxin O-desmethyl venlafaxine 2.7-7.7



LABORATORY TESTING OF ANTIPSYCHOTICS

• SAMPLE: SERUM (NATIVE BLOOD) OR PLASMA (ANTICOAGULANT: EDTA)

• METHOD: LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETER



Per os administered, direct-acting anticoagulants

Wieland E. Shipkova M. Ther Drug Monit 2019;41:180-91.



Property Apixaban Dabigatran Edoxaban Rivaroxaban

Target protein Factor Xa Factor IIa Factor Xa Factor Xa

Dosing regime b.i.d. b.i.d. q.d. q.d.

Time to reach peak concentration 3-4 hours 1.5-3 hours 1-2 hours 2-4 hours

Elimination half-life 10-14 hours 12-14 hours 9-11 hours 5-9 hours

Bioavailability 50% 3-7% 60% 80-100%

Protein binding 85% 35% 40-60% 90-95%

Renally eliminated fraction 25% 80% 50% 40%

Interactions during metabolism CYP3A4, p-

glycoprotein

P-glycoprotein P-glycoprotein CYP3A4, p-

glycoprotein

Per os administered, direct-acting anticoagulants: pharmacodynamic and 
pharmacokinetic properties



Gulilat M et al. Canadian J Cardiol 2017;33:1036-43.



Gulilat M et al. Canadian J Cardiol 2017;33:1036-43.



Chin PKL et al. Ther Drug Monit 2020;42:468-72.



LABORATORY TESTING OF DIRECT-ACTING ANTICOAGULANTS

• SAMPLE: SERUM (NATIVE BLOOD) OR PLASMA (ANTICOAGULANT: EDTA)

• SERUM APIXABAN AND RIVAROXABAN CONCENTRATIONS ARE TYPICALLY HIGHER BY 15-20% 

AND BY 35-40% THAN CITRATE PLASMA CONCENTRATIONS, RESPECTIVELY

• SERUM APIXABAN AND RIVAROXABAN CONCENTRATIONS ARE TYPICALLY HIGHER BY 5% AND 

BY 15% THAN EDTA PLASMA CONCENTRATIONS, RESPECTIVELY

• ANALYTICAL METHODS: LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY, ACTIVITY

TESTS

Aakeroy R et al. Ther Drug Monit 2022;44:578.





METHOTREXATE

• „S-PHASE-SPECIFIC” CYTOTOXIC AGENT

• INHIBITS ENZYMES OF THE FOLIC ACID CYCLE

• LOW-DOSE THERAPY: <50 MG/M2 (URINARY BLADDER, BREAST CANCER, 

DESMOID TUMORS, LGL-LEUKEMIA, ALL, ACUTE PROMYELOCYTE LEUKEMIA,

MYCOSIS FUNGOIDES, IMMUNE MEDIATED DISORDERS)

• MID-DOSE THERAPY: 50-500 MG/M2 (MALIGN GESTATIONAL TROPHOBLAST

DISEASE)

• HIGH-DOSE (HDMTX) THERAPY: >500 MG/M2 (CNS PROPHYLAXIS IN LEUKEMIA

AND HIGH-RISK LYMPHOMA, LEPTOMENINGEAL METASTASIS, CNS LYMPHOMA, 

OSTEOSARCOMA)



METHOTREXATE: ADVERSE EFFECTS

• LIVER FAILURE

• RENAL FAILURE

• HEMATOLOGICAL TOXICITY

• LUNG FAILURE

• NEUROTOXICITY (ENCEPHALOPATHIA)

• SKIN DISORDERS



METHOTREXATE: LEUCOVORIN RESCUE

• FOLINIC ACID (5-FORMYLTETRAHYDROFOLIC ACID) – L-LEUCOVORIN (LEVOLEUCOVORIN) IS THE

ACTIVE FORM

• LEUCOVORIN PREPARATIONS: TABLET (5-25 MG), INJECTION (50-500 MG)

• INDICATIONS: METHOTREXATE OVERDOSE AND HDMTX THERAPY

• DAILY MONITORING OF METHOTREXATE CONCENTRATIONS IS REQUIRED:

• NORMAL MTX ELIMINATION: <10 MCMOL/L @ 24 H, <1 MCMOL/L @ 48 H, <0.2 MCMOL/L @ 72 H

• DELAYED LATE MTX ELIMINATION: >0.2 MCMOL/L @ 72 H, >0.05 MCMOL/L @ 96 H

• DELAYED EARLY MTX ELIMINATION: >50 MCMOL/L @ 24 H, >30 MCMOL/L @ 36 H, > 5 MCMOL/L @ 48 

H, OR >100% SERUM CREATININE ELEVATION @ 24 H COMPARED TO INITIAL VALUE



• HOMOGENOUS ENZYME IMMUNOASSAY (CE-IVD REAGENTS, AUTOMATED PLATFORM)

• LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY

(LAB-DEVELOPED TESTS)

• TEST SAMPLE: SERUM (NATIVE BLOOD)

METHOTREXATE MONITORING



• CHRONIC MYELOGENOUS LEUKEMIA, CNS TUMORS, AUTOLOGOUS OR ALLOGENIC

HEMATOPOIETIC STEM CELL TRANSPLANTATION

• PEDIATRICS: CONDITIONING FOR HEMATOPOIETIC STEM CELL TRANSPLANTATION

• MECHANISM OF EFFECT: ALKYLATING AGENT, MYELOSUPPRESSIVE AND IMMUNOSUPRESSIVE

EFFECTS

• FORMULATION: IV. INFUSION

• COMBINATION WITH FLUDARABIN (ONLY ADULTS)

BUSULFAN



• SUBTHERAPEUTIC DOSES RESULT IN GRAFT REJECTION AND RELAPSE

• ADVERSE EFFECTS:

• VENOOCCLUSIVE DISEASE (CMAX CORRELATES WITH RISK)

• INFECTIONS (40% OF ADULTS, FEBRILE NEUTROPENIA IS DEVELOPED BY 90% OF PEDIATRIC

PATIENTS)

• LIVER FAILURE

• TEST METHOD: LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY

BUSULFAN



Philippe M et al. Bone Marrow

Transplant 2016;51:72.

AUC calculated based on concentrations

obtained after 1st dose

Steady-state AUC calculated

using Bayesian modeling

Steady-state AUC calculated using Bayesian

modeling and individualized treatment goals



5-FLUORURACIL

• PRODRUG OF 5-FLUORODEOXYURIDINE MONOPHOSPHATE (ANTIMETABOLITE)

• INDICATIONS: GASTROINTESTINAL TUMORS, ADVANCED HEAD-NECK TUMOR, BREAST

CANCER

• FORMULATIONS: IV. INFUSION, TOPICAL

• SATURABLE FIRST-PASS EFFECT (DIHYDROPIRIMYDINE DEHYDROGENASE)

• BONE MARROW TOXICITY

• AUC: 20-30 MG*H/L

• TEST SAMPLE: SERUM (NATIVE BLOOD)

• TEST METHOD: LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY



• BREAST ESTROGEN RECEPTOR (ER) ANTAGONIST, ENDOMETRIAL ESTROGEN RECEPTOR 

AGONIST

• MORE OF A PRODRUG WITH ACTIVE FORMS SUCH AS 4-HYDROXYTAMOXIFEN AND 

N-DESMETHYL-4-HYDROXYTAMOXIFEN (ENDOXIFEN) EXERTING MOST OF THE

CLINICAL EFFECT

• COMPLEX METABOLISM (CYP2D6, CYP3A4)

• INDICATION: ER-POSITIVE BREAST CANCER

• TDM: ENDOXIFEN, TROUGH TARGET >6 NG/ML

• TEST SAMPLE: SERUM, PLASMA

• TEST METHOD: LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY

TAMOXIFEN









https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0801-5/tables/1



Verheijen RB et al. Clin Pharm Ther 2017;102:765-76.



DISTRIBUTION OF PER OS SMALL-MOLECULE ANTICANCER DRUGS
WITH SPECIFIC PROTEIN TARGETS INTO PERIPHERAL FLUID SPACES

• POOR PENETRATION THROUGH BLOOD-BRAIN BARRIER

• LOW CONCENTRATIONS ATTAINED IN SALIVA

• ACCUMULATION IN PLEURAL FLUID, ASCITIC FLUID

• EXCRETED BY BREAST MILK

• PENETRATION THROUGH BLOOD-TESTIS BARRIER



THERAPEUTIC MONITORING OF ANTIBIOTICS



BASICS: MINIMAL INHIBITORY CONCENTRATIONS

• MINIMAL INHIBITORY CONCENTRATION (MIC): THE LOWEST CONCENTRATION OF AN 

ANTIBIOTIC WHICH VISIBLY INHIBITS THE GROWTH OF AN ISOLATED MICROORGANISM

STRAIN

• EUCAST MIC: MIC VALUES PUBLISHED BY THE EUROPEAN COMMITTEE ON ANTIMICROBIAL

SUSCEPTIBILITY TESTING

• MIC VALUES ARE DETERMINED AS A SERIES OF 2N CONCENTRATIONS

• MIC IS DETERMINED IN VITRO, AND IS THEREFORE PRIMARILY SUITABLE FOR IDENTIFYING

ANTIBIOTIC RESISTANCE

MIC determination using E-test: https://www.youtube.com/watch?v=ATBoj5jWJhg



Susceptibility of Pseudomonas aeruginosa against various antibiotics (2022)



ALGORITHM OF MIC DETERMINATION

Is there an identified pathogen?
Use according to label. Targets to be 

specified based on practical experience.

IS a locally determined MIC value available? Use EUCAST MIC

Use locally determined MIC value

https://mic.eucast.org/search/

No

No

Yes

Yes



PHARMACOKINETIC-PHARMACODYNAMIC (PK/PD) INDICES

• TIME-DEPENDENT EFFICACY: T>MIC

• PEAK CONCENTRATION-DEPENDENT EFFICACY: CMAX/MIC

• EXPOSURE-DEPENDENT EFFICACY: AUC0-24/MIC

• TARGETS MUST BE ESTABLISHED FOR EVALUATING THE EFFICACY OF TREATMENT

• VANCOMYCIN TROUGH >15 MG/L: INCREASED RISK OF NEPHROTOXICITY

• AMINOGLYCOSIDE TROUGH 2 MG/L: INCREASED RISK OF NEPHRO- AND OTOTOXICITY

• DILEMMA: INCREASED DRUG EXPOSURE MAY BE BOTH THE CAUSE AND THE RESULT OF IMPAIRED RENAL

FUNCTION



TIME DEPENDENT (T>MIC) ANTIBIOTICS

• GOAL: TO KEEP DRUG CONCENTRATION OVER THE TARGET FOR A FRACTION OF THE DOSING

INTERVAL

• BETA-LACTAMS (PENICILLINS, CARBAPENEMS)

Kowalksa-Krochmal B. Dudek-Wicher R. Pathogens 2021;10:165.



PEAK CONCENTRATION-DEPENDENT (CMAX/MIC) ANTIBIOTICS

• GOAL: TO ATTAIN A DEFINED RATIO OF PEAK CONCENTRATION AND MIC

• AMINOGLYCOSIDES, FLUOROQUINOLONES

Kowalksa-Krochmal B. Dudek-Wicher R. Pathogens 2021;10:165.



AUC-DEPENDENT (AUC/MIC) ANTIBIOTICS

• GOAL: TO ATTAIN CONCENTRATIONS WHICH CORRESPOND TO A DEFINED RATIO OF THE 

AREA UNDER THE CONCENTRATION-TIME CURVE AND MIC OR ITS MULTIPLICATE

• GLYCOPEPTIDES, LINEZOLID

Kowalksa-Krochmal B. Dudek-Wicher R. Pathogens 2021;10:165.



ESTABLISHING PK/PD INDICES

• T>MIC: >2 MEASUREMENTS REQUIRED

(EG. 1X AND 2X T1/2. OR 2X AND 4X T1/2)

• CMAX/MIC: 10-15 MIN AFTER ENDING INFUSION

• AUC/MIC: 

• (A) AT LEAST 3 MEASUREMENTS REQUIRED

• BEFORE STARTING INFUSION

• WITHIN 15 MIN OF ENDING INFUSION

• BEFORE STARTING NEXT INFUSION

• (B) WHEN USING A CALCULATOR APPLICATION,

AT RECOMMENDED SAMPLING TIMES



METHODS FOR TESTING ANTIBIOTICS

• IMMUNOASSAY

• AMINOGLYCOSIDES: GENTAMICIN, TOBRAMYCIN

• GLYCOPEPTIDES: TEICOPLANIN, VANCOMYCIN

• HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY WITH UV/VIS DETECTION

• BETA-LACTAMS: AMPICILLIN, CEFEPIME, CEFTAZIDIME, LINEZOLID, MEROPENEM,

PIPERACILLIN

• BETA-LACTAMASE INHIBITORS: SULBACTAM, TAZOBACTAM

• LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY

• AMINOGLYCOSIDES

• GLYCOPEPTIDES

• BETA-LACTAMS

• FLUOROQUINOLONES



Kowalksa-Krochmal B. Dudek-

Wicher R. Pathogens

2021;10:165.



MONITORING FREE DRUG CONCENTRATIONS

• EXPERIMENTAL TECHNIQUES:

• EQUILIBRIUM DIALYSIS

• ULTRAFILTRATION

• ESTIMATES BASED ON LITERATURE DATA:

𝑓𝑟𝑒𝑒 𝑑𝑟𝑢𝑔 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 × (1 − 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 − 𝑏𝑜𝑢𝑛𝑑 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛)



MONITORING TRIAZOLE SYSTEMIC ANTIFUNGALS

• TREATMENT OF SYSTEMIC ASPERGILLOSIS AND CANDIDIASIS

• SYSTEMIC FUNGAL INFECTIONS DEVELOP WITH ORGAN TRANSPLANT, COVID INFECTION, INTENSIVE

CARE, OR OTHER IMMUNE DEFICIENT CONDITIONS (MORTALITY: 30-70%)

• FLUCONAZOLE: THE BENEFIT OF TDM IS NOT FULLY SUPPORTED. RECOMMENDED AUC0-24/MIC>100

• ITRACONAZOLE: CARDIOVASCULAR ADVERSE EFFECTS, MONITORING IS INDICATED DUE TO THE

FORMATION OF VARIOUS METABOLITES

• ISAVUCONAZOLE: OBESE PATIENTS, LIVER FAILURE, PEDIATRICS

• POSACONAZOLE: >0.7 MG/L TROUGH TARGET(PROPHYLAXIS). >1 MG/L IN FUNGAL INFECTIONS. 

CYP450 3A4 INHIBITOR

• VORICONAZOLE: TROUGH THERAPEUTIC RANGE: 1.0-5.5 MG/L. CYP2C19 SUBSTRATE



TESTING TRIAZOLE ANTIFUNGALS

• TEST METHODS:

• HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY WITH UV/VIS OR

FLUORESCENCE DETECTION

• LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY

• TEST SAMPLE: SERUM, PLASMA

fluconazole itraconazole isavuconazole posaconazole voriconazole



• HIGHLY ACTIVE ANTIRETROVIRAL THERAPY (HAART)

• MONITORED DRUGS:

• PROTEASE INHIBITORS: INDINAVIR, RITONAVIR, SAQUINAVIR, NELFINAVIR, AMPRENAVIR,

LOPINAVIR, ATAZANAVIR, DARUNAVIR, FOSAMPRENAVIR, TIRANAVIR

• NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS: NEVIRAPIN, DELAVIRDIN,

EFAVIRENZ, ETRAVIRIN, RILPIVIRIN

• INTEGRASE INHIBITORS: DOLUTEGRAVIR, ELVITEGRAVIR, RALTEGRAVIR

• INDICATIONS:

• MONITORING THERAPY ADHERENCE

• DRUG INTERACTIONS (CYP3A4, 2B6, 2D6, 2C19)

• PREGNANCY

MONITORING ANTIVIRAL DRUGS



Cattaneo D. et al. Ther Drug

Monit 2021;42:64.

Trough concentrations are

correlated with the risk of 

developing renal tubule

impairment

MONITORING ANTIVIRAL DRUGS



Cattaneo D. et al. Ther Drug

Monit 2021;42:64.

MONITORING ANTIVIRAL DRUGS



MONITORING GANCICLOVIR

• VALGANCICLOVIR (PRODRUG): A PER OS ANTIVIRAL

• ACTIVE FORM: GANCICLOVIR

• APPLICATION: CYTOMEGALOVIRUS INFECTION PROPHYLAXIS AFTER ORGAN TRANSPLANT

• TARGET CONCENTRATIONS:

• PEAK: 3-12.5 MG/L

• TROUGH: 1-3 MG/L



METHODS OF TESTING ANTIVIRALS

• LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY



MONITORING IMMUNOSUPPRESSANTS

• INHIBIT T-CELL IMMUNE RESPONSE

• CALCINEURIN INHIBITORS

• CYCLOSPORINE A

• TACROLIMUS

• MAMMALIAN TARGET OF RAPAMYCIN (MTOR) INHIBITORS

• EVEROLIMUS

• SIROLIMUS (RAPAMYCIN)

• INOSINE-MONOPHOSPHATE DEHYDROGENASE INHIBITOR

• MYCOPHENOLATE



• CYCLOSPORINE A:

• PROPHYLAXIS OF GRAFT REJECTION AFTER LIVER, KIDNEY AND HEART

TRANSPLANT

• RHEUMATOID ARTHRITIS, PSORIASIS

• ORPHAN APPLICATIONS: LUNG TRANSPLANT, CROHN’S DISEASE

• PER OS AND IV INJ. FORMULATIONS

• TACROLIMUS:

• PROPHYLAXIS OF GRAFT REJECTION AFTER LIVER, KIDNEY AND HEART

TRANSPLANT

• PER OS, IV INF. AND IV INJ. FORMULATIONS

APPLICATION OF IMMUNOSUPPRESSANTS



• SIROLIMUS:

• PROPHYLAXIS AFTER KIDNEY TRANSPLANT

• LYMPHANGIOLEIOMYOMATOSIS

• COADMINISTRATION WITH CYCLOSPORINE A FOR AT LEAST 2-4 MONTHS

• PER OS AND IV INF. FORMULATIONS

• EVEROLIMUS:

• PROPHYLAXIS OF GRAFT REJECTION AFTER KIDNEY, LIVER AND HEART TRANSPLANT

• ADVANCED RENAL CELL CARCINOMA

• SUBEPYNDEMAL GIANT CELL ASTROCYTOMA (SEGA)

• PANCREAS NEUROENDOCRINE TUMORS

• HER2-NEGATIVE BREAST CANCER (WITH EXAMESTANE)

• PER OS FORMULATIONS

APPLICATION OF IMMUNOSUPPRESSANTS



• MYCOPHENOLATE (IN THE FORM OF MYCOPHENOLATE MOFETIL):

• PROPHYLAXIS OF GRAFT REJECTION AFTER KIDNEY, LIVER AND HEART

TRANSPLANT

• COMBINATION WITH CYCLOSPORIN A AND CORTICOSTEROIDS

• PER OS FORMULATONS ARE AVAILABLE

APPLICATION OF IMMUNOSUPPRESSANTS



PHARMACOKINETIC PROPERTIES OF IMMUNOSUPPRESSANTS

Cyclosporin A Everolimus Mycophenolate Sirolimus Tacrolimus

Molecular weight 1202 958 320 914 822

Bioavailability Depends on

formulation

15% >70% 10% 20%

Time to reach

peak concentration

1-6 h 1-3 h 1-2.5 h 1-2 h 0.5-6.0 h

Volume of

distribution

4-6 L/kg 4-20 L/kg kb. 4 L/kg 4-20 L/kg 0.3-2.36 L/kg

Protein binding 90-99% 

(lipoproteins)

75% >98% 90% 99%

Elimination half-life 6-27 h. Depends

on age in pediatric

patients

18-35 h 8-18 h 46-78 h 3.9-34.8 h

Metabolism >30 metabolites

CYP3A4

Kb. 20 metabolites

CYP3A4, p-

glycoprotein

>4 metabolites

UGT

>7 metabolites

CYP3A, p-

glycoprotein

>9 metabolites

Elimination Bile Bile Urine Bile Bile



TEST SAMPLES FOR MONITORING IMMUNOSUPPRESSANTS

• SERUM OR PLASMA

• MYCOPHENOLATE

• WHOLE BLOOD

• CYCLOSPORINE A

• EVEROLIMUS

• SIROLIMUS

• TACROLIMUS



METHODS FOR MONITORING IMMUNOSUPPRESSANTS

• IMMUNOASSAYS

• MICROPARTICULAR ENZYME IMMUNOASSAY (MEIA)

• CLONED ENZYME DONOR IMMUNOASSAY (CEDIA)

• ANTIBODY CONJUGATE MAGNETIC IMMUNOASSAY (ACMIA)

• CHEMILUMINESCENT MICROPARTICULATE IMMUNOASSAY (CMIA)

• ELECTROCHEMILUMINESCENT IMMUNOASSAY (ECLIA)

• PARTICLE-ENHANCED TURBIDIMETRIC INHIBITION IMMUNOASSAY (PETINIA)

• HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY WITH UV/VIS DETECTION

• MYCOPHENOLATE

• LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY

• CYCLOSPORINE A, EVEROLIMUS, SIROLIMUS, TACROLIMUS, MYCOPHENOLATE



INTERFERENCES WITH IMMUNOASSAYS EMPLOYED FOR MONITORING 
IMMUNOSUPPRESANTS

• CROSS REACTIONS

• CYCLOSPORINE: METABOLITES, ENDOGENOUS HETEROPHILIC ANTIBODIES

• EVEROLIMUS: METABOLITES

• MYCOPHENOLATE: ACID GLUCURONIDE METABOLITE

• SIROLIMUS: METABOLITES

• TACROLIMUS: METABOLITES, ENDOGENOUS AND ENDOGENOUS HETEROPHILIC

ANTIBODIES

• LOW HEMATOCRIT

• TACROLIMUS

• POOR REPRODUCIBILITY AT LOW CONCENTRATIONS

• TACROLIMUS



TARGETS IN IMMUNOSUPPRESSANT MONITORING

• CYCLOSPORIN A

• TROUGH CONCENTRATIONS (MAINTENANCE THERAPY: <150 NG/ML), C2 CONCENTRATIONS

• DEPENDS ON TYPE OF TRANSPLANT, TIME FROM TRANSPLANT, AND TESTING METHOD

• EVEROLIMUS

• 3-8 NG/ML (TROUGH)

• MYCOPHENOLATE

• 1.0-3.5 MG/L (TROUGH)

• SIROLIMUS

• 5-20 NG/ML (MONOTHERAPY)

• 5-15 NG/ML (COMBINED TREATMENTS)

• TACROLIMUS

• 5-15 NG/ML (TROUGH)

• 0-12 AREAS UNDER THE CONCENTRATION-TIME CURVE HAVE A BETTER PREDICTIVE VALUE

Kovarik JM et al. Pediatr Nephrol 2003;18:1275.



MONITORING TACROLIMUS USING MICROSAMPLING

Veenhof H. et al. Clin Chem

Lab Med 2020;58:1687.



MONITORING CARDIOVASCULAR DRUGS: DIGOXIN

• INDICATIONS OF THERAPY:

• HEART FAILURE DUE TO IMPAIRED PUMP FUNCTION

• ATRIAL FIBRILLATION

• ATRIAL FLUTTER

• PAROXYSMAL SUPRAVENTRICULAR TACHYCARDIA

• MECHANISM OF EFFECT:

• NA/K ATP-ASE INHIBITOR

• POSITIVE INOTROPIC AGENT



• TOXIC AGENT WITH NARROW THERAPEUTIC RANGE

• ADVERSE EFFECTS: ARRYTHMIA, HEART BLOCKADE, NEUROLOGICAL SYMPTOMS, GI SYMPTOMS

• ANTIDOTE: DIGIBIND. DIGIFAB

• PER OS AND IV. FORMULATIONS

• INDIVIDUALIZED DOSE ADJUSTMENT INDICATED:

• TREATING ATRIAL ARRYTHMIAS USUALLY REQUIRES DOSES HIGHER THAN THOSE ADMINISTERED TO

TREAT HEART FAILURE

• DOSE MUST BE CALCULATED FOR LEAN BODY MASS

• RENAL FUNCTION

• HORMONAL STATUS (EG. THYROIDS)

• COMORBIDITIES

• CO-ADMINISTERED MEDICATIONS (EG. ANTIBIOTICS)

MONITORING CARDIOVASCULAR DRUGS: DIGOXIN



• PER OS BIOAVAILABILITY: 50-100%

• VOLUME OF DISTRIBUTION: 5-7.5 L-KG

• ATTAINS 10-30X PLASMA CONCENTRATIONS IN CARDIAC MUSCLE

• DISTRIBUTES IN TOTAL BODY WATER

• RATE OF PROTEIN BINDING: 25%

• ELIMINATION HALF-LIFE: 26-48 H

• METABOLISM: DEGLYCOSYLATION, CONJUGATION, REDUCTION (INTESTINAL MICROBES)

• ELIMINATION: FIRST-ORDER KINETICS, PRIMARILY THROUGH KIDNEYS

• NON-DIALYSABLE

MONITORING CARDIOVASCULAR DRUGS: DIGOXIN



• TARGET TROUGH RANGE: 0.5-1.0 NG/ML

• TOXICITY: FROM 2 NG/ML

• TEST SAMPLE: SERUM, PLASMA

• TEST METHOD: IMMUNOASSAY

MONITORING CARDIOVASCULAR DRUGS: DIGOXIN



• PROTEINS EMPLOYED FOR TREATING INFLAMMATORY BOWEL DISEASE AND OTHER IMMUNE-

MEDIATED INFLAMMATORY DISORDERS

• TNF-ALPHA INHIBITORS AND IMMUNOGLOBULIN G1 ANTIBODIES

• FORMATION OF ANTIBODIES AGAINST THE DRUG MAY LEAD TO SUBOPTIMAL EFFICACY, THESE

ANTIBODIES ARE ALSO MONITORED

• ADVERSE EFFECTS CAN BE SEVERE

• ADALIMUMAB, INFLIXIMAB, GOLIMUMAB, USTEKINUMAB, VEDOLIZUMAB ETC.

• TESTING METHOD: ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)

MONITORING BIOLOGICAL THERAPY AGENTS



IMPACT OF DRUGS ON LABORATORY TESTS

• BIOLOGICAL IMPACT (ADVERSE AFFECTS) AND TECHNICAL INTERFERENCES ARE DIFFERENT!

• EXAMPLES OF LAB TEST-RELATED ADVERSE EFFECTS OF DRUGS:

• PROTON PUMP INHIBITORS DECREASE ION CONCENTRATIONS

• STATINS – CREATINE KINASE (CK), GLUTAMATE OXALOACETATE TRANSAMINASE, GLUTAMATE

PYRUVATE TRANSAMINASE

• SELECTIVE SEROTONINE REUPTAKE INHIBITORS MAY CAUSE HYPONATRAEMIA

• NON-SELECTIVE BETA-BLOCKERS MAY CAUSE HYPERKALAEMIA

• EXAMPLES OF TECHNICAL INTERFERENCES:

• BIOTIN (VITAMIN B7) INFLUENCES THE RESULTS OF BIOTIN-BASED IMMUNOASSAYS

• CEFALOSPORINES AND OTHER BETA LACTAMS MAY PRESENT FALSE POSITIVE URINE GLUCOSE AND 

KETONE TESTS, AND ALTERED COOMBS TEST RESULTS



EXAMPLE: CROSS-REACTIVITY OF AMPHETAMINE IMMUNOASSAYS
WITH MDMA (ECSTASY) AND MDA

Immunoassay MDMA cross reactivity (%) MDA cross reactivity (%)

DRI-amphetamine 11-44 51-99

CEDIA-amphetamine 57-68 0

EMIT d.a.u. monoclonal IA 7-46 175-214

SYNCHRON-CX-amphetamine 49-100 58-73

COBAS Integra amphetamine 38-48 24-42

EXAMPLE: CROSS-REACTIVITY OF AMPHETAMINE IMMUNOASSAYS
WITH DRUGS

• BUPROPION. MEXILETINE. PHENYLEPHRINE. PROMETHAZIN. RANITIDINE



Van Balveren JA et al. Clin Chem Lab Med 2021;59:235.
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