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Pharmacology/Therapeutic Drug Monitoring 
Topics: Others 

A Systematic Review And Meta-Analysis Of Enzyme-Linked Immunosorbent Spot (Elispot) Assay For Bk 
Polyomavirus Immune Response Monitoring After Kidney Transplantation 

Suwasin Udomkarnjananun1,2, Stephen J. Kerr2, Marith I Francke1, Yingyos Avihingsanon2, Nicole M. van Besouw1, Carla C. 
Baan1, Dennis A Hesselink1 
1Erasmus MC, Netherlands, The; 2Chulalongkorn University, Thailand 

Background: BK virus (BKV) infection after kidney transplantation can cause BKV nephropathy (BKVAN) resulting in graft dysfunction 
and allograft loss. The treatment for BKVAN is reduction of the immunosuppressive load which increases the risk of kidney transplant 
rejection. There is no biomarker to monitor BKV activity besides BK viral load. The value of the Enzyme-Linked Immunosorbent Spot 
(ELISPOT) assay as a tool to monitor the recipient's anti-BKV immune response after transplantation was investigated systematically. 

Methods: Electronic databases, including MEDLINE, Scopus, and the Cochrane Central Register of Controlled Trials were searched for 
studies of ELISPOT evaluating the immune response against BKV. BKV status was categorized as "active BKV replication" and as 
"inactive BKV replication". Random-effects model meta-analysis was performed to determine the diagnostic performance of the ELISPOT 
assay, which stratified patients into non-responders and responders. 

Results: One-hundred twenty-seven articles were identified of which nine were included. Non-responders had an increased risk of having 
active BKV replication (odds ratio of 71.9 (95%-CI 31.0-167.1). Pooled sensitivity was 0.95 (95%-CI 0.89-0.98) and specificity was 0.88 
(95%-CI 0.78-0.94). The standardized mean difference of the number of IFN-γ producing cells between patients with active BKV 
replication compared with patients who had inactive BKV was -2.09 (95%-CI -2.50, -1.68). 

Conclusions: IFN-γ ELISPOT non-responders have a 71.9 higher risk of having active BKV replication. The ELISPOT assay is a useful 
tool for BKV risk assessment and in combination with BKV load may support clinicians in guiding immunosuppressive therapy in patients 
with BKV replication. 
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Confirmation of Methylphenidate and Ritalinic Acid in Urine Using Liquid Chromatography Tandem Mass 
Spectrometry (LC-MS/MS) 

Prof. Loralie J Langman, Darlington Danso, Dr. Paul J Jannetto 

Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, MN, USA 

Introduction: Methylphenidate is a phenethylamine derivative with psychostimulant properties similar to amphetamine and commonly 
used to treat attention-deficit hyperactivity disorder and narcolepsy. Methylphenidate is metabolized to ritalinic acid (RA). The aim of this 
study was to validate an LC-MS/MS method for the quantification of methylphenidate and RA in urine. 

Methods: A “dilute-and-shoot” method for urine was developed in which 10 µL of standards, controls, blanks, and patients were mixed 
with 50 µL of the deuterium labeled internal standards, and 1700 µL reagent grade water. Five µL was then injected on the ABSciex 6500 
LC-MS/MS 

Results: The analytical measuring range was linear from 10-2000ng/mL for methylphenidate and 50-10,000ng/mL for RA. The intra- and 
inter-assay (n=20) imprecision CVs were <5% throughout the analytical range. Analytical accuracy was determined with a minimum of 
40 patient samples, and showed good agreement (slope=1.088, r2=0.9902, and slope=0.9508, r2=0.9857 for methylphenidate and RA 
respectively). Studies showed no significant (<20% of the LOQ) carryover up to 50,000ng/mL. No interferences were seen with the top 
25 prescribed and over the counter, and, commonly co-prescribed drugs in the USA, potential known interferences, and common drugs 
of abuse. Additionally, no significant ion suppression or enhancement was identified. 

Conclusions: A highly specific and sensitive LC-MS/MS assay was validated and shown to be free of interferences. The timely and 
accurate quantification of methylphenidate and RA in urine is important for both clinical and forensic applications for the monitoring of 
therapeutic compliance and potential misuse. A quantitative assay can provide insight into atypical metabolic ratios suggestive of 
alternative metabolic pathway or altered pharmacokinetics. Additionally, it can be used to identify if an individual may have added (spiked) 
the drug directly to the urine sample in attempt to simulate compliance with their therapeutic regimen. 
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Drug transporters expression on PBMC membrane is associated with tacrolimus intracellular concentration 

Gwendal Coste, Dr. Jonathan Chemouny, Dr. Pauline Houssel-Debry, Prof. Mikael Roussel, Dr. Caroline Jézéquel, Dr. Camille 
Tron, Dr. Michel Rayar, Dr. Fabien Robin, Prof. Cécile Vigneau, Dr. Marie-Clémence Verdier, Prof. Eric Bellissant, Prof. Karim 
Boudjema, Prof. Bruno Laviolle, Dr. Florian Lemaitre 

Rennes University Hospital, France 

Measuring tacrolimus (TAC) its whole blood concentrations (Cmin) is mandatory in liver and kidney transplant recipients (LTR and KTR). 
However, while having adequate Cmin, some patients still experience rejection/adverse events, highlighting the limitation of the actual 
monitoring. As TAC exerts its effect inside T cells, monitoring intracellular instead of whole blood concentrations is an appealing strategy. 
Some drug transporters expressed at the cells membrane could be major factors of TAC diffusion into peripheral blood mononuclear cells 
(PBMC). 

The aim of the study was to explore the relationship between TAC diffusion into PBMC and cell membrane expression of four drug 
transporters (P-glycoprotein (P-gp), Multidrug resistance-associated protein 2 (MRP-2), Concentrative nucleoside transporter 3 (CNT-3) 
and Equilibrative nucleoside transporter 1(ENT-1)). 

Sixty stable LTR and KTR were included in the study. TAC Blood and PBMC concentrations were determined by liquid chromatography 
coupled with tandem mass spectrometry. P-gp, MRP-2, CNT-3 and ENT-1 expression at the PBMC surface was evaluated using flux 
cytometry. Correlation between TAC PBMC/blood ratios and transporters expressions were explored using correlation tests. 

TAC PBMC/blood ratios were not different between LTR and KTR and the results were then analyzed altogether. P-gp, CNT-3 and ENT-
1 expressions show positive correlation with TAC PBMC/blood ratio. Correlation was stronger for ENT-1 (R2=0.31,p<0.0001) than for P-
gp and CNT-3 (R2=0.17,p=0.001 and R2=0.14,p=0.003, respectively). MRP-2 expression was not correlated with PBMC/blood 
ratio(figure 1). 

In this study, TAC diffusion into PBMC increased as a function of membrane expression of ENT-1, CNT-3 and P-gp. ENT-1 expression 
seems to be the strongest driver of TAC diffusion, which is consistent with its role as an influx transporter. Findings for P-gp might be 
explained by an induction of its expression when intracellular TAC concentration increases. ENT-1 and CNT-3 influx effects on TAC 
diffusion would then outweigh the P-gp efflux effect. 
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Avoiding tacrolimus under- and overexposure with a dosing algorithm for renal transplant recipients: a single 
arm prospective intervention trial 

Marith I. Francke1,2,3, Louise M. Andrews4,5, Hoang Lan Le4, Jaqueline van de Wetering1,2, Marian C. Clahsen-van Groningen2,6, 
Teun van Gelder7, Ron H.N. van Schaik8, Bronno van der Holt9, Brenda C.M. de Winter2,4, Dennis A. Hesselink1,2 
1Department of Internal Medicine, Division of Nephrology and Transplantation, Erasmus MC, University Medical Center Rotterdam, the 
Netherlands; 2Rotterdam Transplant Group; 3Netherlands Institute for Health Sciences; 4Department of Hospital Pharmacy, Erasmus 
MC, University Medical Center Rotterdam, Rotterdam, The Netherlands; 5Department of Hospital Pharmacy, Meander Medical Center, 
Amersfoort, The Netherlands; 6Department of Pathology, Erasmus MC, University Medical Center Rotterdam, Rotterdam, The 
Netherlands; 7Department of Clinical Pharmacy and Toxicology, Leiden University Medical Center, Leiden, the Netherlands; 
8Department of Clinical Chemistry, Erasmus MC, University Medical Center, Rotterdam, the Netherlands; 9Department of Hematology, 
Erasmus MC Cancer Institute, Rotterdam, the Netherlands 

Introduction: Bodyweight-based tacrolimus dosing followed by therapeutic drug monitoring is standard clinical care after renal 
transplantation. However, after transplantation, a meager 38% of patients are on target at first steady state and it can take up to 3 weeks 
to reach the target tacrolimus pre-dose concentration (C0). Tacrolimus underexposure and overexposure is associated with an increased 
risk of rejection and drug-related toxicity, respectively. To minimize subtherapeutic and supratherapeutic tacrolimus exposure in the 
immediate post-transplant phase, a previously developed dosing algorithm to predict an individual’s tacrolimus starting dose was tested 
prospectively. 

Methods: In this single-arm, prospective, therapeutic intervention trial, 60 de novo kidney transplant recipients received a tacrolimus 
starting dose based on a dosing algorithm instead of a standard, bodyweight-based dose. The algorithm included cytochrome P450 
(CYP) 3A4 and CYP3A5 genotype, body surface area and age as covariates. The target tacrolimus C0, measured for the first time at day 
3, was 7.5-12.5 ng/mL. 

Results: Between February 23, 2019 and July 7, 2020, 60 patients were included. One patient was excluded because of a protocol 
violation. On day 3 post-transplantation, 34 of 59 patients (58%, 90% CI 47%-68%) had a tacrolimus C0 within the therapeutic range. 
Markedly subtherapeutic (<5.0 ng/mL) and supratherapeutic (>20 ng/mL) tacrolimus concentrations were observed in 7% and 3% of the 
patients, respectively. Biopsy-proven acute rejection occurred in three patients (5%). 

Conclusion: Algorithm-based tacrolimus dosing leads to the achievement of the tacrolimus target C0 in as many as 58% of the patients 
on day 3 after kidney transplantation. 
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Nuclear factor of activated T cells as potential pharmacodynamic biomarker for the risk of acute and subclinical 
rejection in de novo liver recipients 

Dr. Olga Millán1,2, Dr. Pablo Ruiz3, Virginia Fortuna1, Dr. Miguel Navasa1,3, Dr. Constantino Fondevila1,4, Dr. Mercè Brunet1,2 
1Pharmacology and Toxicology, Biochemistry and Molecular Genetics, Biomedical Diagnostic Centre (CDB), IDIBAPS, Hospital Clinic 
of Barcelona, University of Barcelona, Spain.; 2Biomedical Research Centre in Hepatic and Digestive Diseases (CIBERehd), Instituto 
de Salud Carlos III, Spain.; 3Liver Transplant Unit, IDIBAPS, Hospital Clinic of Barcelona, University of Barcelona, Spain; 
4Hepatopancreatobiliary Surgery and Transplantation, General and Digestive Surgery Service, Hospital Clínic, IDIBAPS, University of 
Barcelona, Barcelona, Spain. 

Background:NFAT-regulated gene expression (NFAT-RGE) has been proposed as a pharmacodynamic biomarker for Tac and CsA. Our 
aim was to evaluate the role of NFAT-RGE in modulating intralymphocytary IL-2 and IFN-  expression and its clinical utility as an early 
predictive biomarker for the risk of acute rejection (AR) and infection in de novo adult liver transplant (LT) recipients. 

Methods:Fifty-six LT recipients treated with Tac or CsA [with and without mycophenolate mofetil (MMF)] were included: 30 free of rejection 
or infection, 11 rejectors (TCMAR), 5 with subclinical rejection (SCR) and 10 with cytomegalovirus (CMV) infection. Within the first 3 
months after transplantation, NFAT-RGE and intralymphocytary synthesis of IL-2 and IFN-  were evaluated by real-time PCR and flow 
cytometry, respectively. The trough and 1.5h concentrations after CNi administration were analysed within the 1st week, on the 15th day, 
and at 1,2 and 3 months post-transplantation. 

Results:A significant increase in NFAT-RGE was observed in patients who experienced TCMAR [75% (42%-100%)] or SCR [41% (18%-
78%)] compared with patients without rejection or infection [14% (2%-23%)]. Positive correlations between the %NFAT-RGE-IFN and 
both the %CD8CD69IFN-  and %CD4CD69IFN- and between the %NFAT-RGE-IL2 and the %CD8CD69IL2 were observed. NFAT-
RGE was significantly lower in CMV+ patients than in non-infected patients. No statistically significant differences between patients 
without rejection, patients with rejection (TCMAR or SCR) and patients who had CMV infections were observed with regard to drug 
exposure. 

Conclusions:The results suggest that NFAT-RGE is a potential biomarker for the risk of TCMAR and SCR and may provide guidance for 
CNi therapy. The combination of sequential pre- and post-transplantation monitoring of intralymphocytary IL-2 and IFN-  levels with 
NFAT-RGE may be considered to improve patient risk stratification, mainly pre-transplantation and at the 1st and 3rd months post-
transplantation and provide physicians with broad information for early personalized treatment adjustment and better prevention of 
rejection. 
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Prognostic value of liver and kidney function parameters and their correlation with the ratio of urine-to-plasma 
paraquat in patients with paraquat poisoning 

Prof. Hualin Cai, Shuangyang Zhang, Prof. Bikui Zhang 

The Second Xiangya Hospital and Institute of Clinical Pharmacy, Central South University, China 

Introduction: Acute paraquat poisoning resulting from multiple organ failure usually has a high mortality rate. Liver and kidney, serve as 
the key oranges of paraquat detoxification and elimination. We intended to explore the prognostic value of liver and kidney function 
parameters, and further evaluate their correlation with urine-to-plasma paraquat ratio. 

Methods: We retrospectively analyzed the records of patients with paraquat poisoning admitted to four centers in China from January 
2018 to December 2019. All patients received the same drug protocols including immune-suppressing drugs, glucocorticoid, vitamin C, 
stomach- and liver-protective drugs and some antimicrobials. The initial plasma samples for determining paraquat concentrations were 
collected before taking other drugs and surgical treatments. 

Results: Thirty-three patients with full medical records were included and 16 of them died from paraquat poisoning. Paraquat plasma 
concentrations (Fig. a) were significantly associated with urine paraquat concentrations (R2 = 0.19, P < 0.01) (Fig. b). The ratio of urine-
to-plasma paraquat is negatively correlated with ALT (r = −0.94, P = 0.02) and BUN (r = −0.82, P = 0.03), which represent liver/kidney 
function, respectively. For receiver operating characteristic curve (Fig. c), new findings were as follows: ALT had an area of 0.85 (95% 
CI, 0.76-0.94) and the optimal cutoff value was 25.60 mmol/L (sensitivity, 56.67%; specificity, 89.57%). The BUN had an area of 0.99 
(95% CI, 0.98-1.00) and the optimal cut-off value was 26.60 mmol/L (sensitivity, 96.67%; specificity, 100.00%). The ratio of urine-to-
plasma paraquat had an area of 0.94 (95% CI, 0.81-1.00), and the optimal cut-off value was 20.97 (sensitivity, 88.89%; specificity, 
100.00%). 

Conclusions: The ratio of urine-to-plasma paraquat dynamically reflecting the excretion speed of paraquat, and ALT, BUN (Fig. d) which 
both reflect organ injuries and the capability of paraquat excretion of an individual patient, should be considered simultaneously with 
urine-to-plasma paraquat ratio for prediction of survival. 
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Exome sequencing in oncology: a way to obtain relevant pharmacogenetic information. 

Simon Verdez1,2, Juliette Albuisson3,4, Yannis Duffourd1,2, Romain Boidot3,4,5, Manon Reda3,5,6, Christel Thauvin-Robinet2,4,7, 
Jean-David Fumet6, Sylvain Ladoire6, Sophie Nambot2,7, Maxime Luu8, Patrick Callier1,2, Laurence Faivre2,4,7, Francois 
Ghiringhelli3,4,5,6, Picard Nicolas9 
1UF Innovation en diagnostic génomique des maladies rares, Dijon, France; 2UMR1231 GAD, Inserm - Université Bourgogne-Franche 
Comté, Dijon, France; 3Platform of Transfer in Cancer Biology, Georges François Leclerc Cancer Center - UNICANCER, Dijon, France; 
4Genomic and Immunotherapy Medical Institute, Dijon, France; 5Department of Tumour Biology and Pathology, Georges François 
Leclerc Cancer Center - UNICANCER, Dijon, France; 6Department of Medical Oncology, Georges François Leclerc Cancer Center - 
UNICANCER, Dijon, France; 7Centre de Référence maladies rares « Anomalies du Développement et syndromes malformatifs », 
Centre de Génétique, FHU-TRANSLAD, CHU Dijon Bourgogne, Dijon, France; 8Centre d'Investigation Clinique, module Epidémiologie 
Clinique/Essais cliniques, CHU Dijon Bourgogne, Dijon, France; 9Inserm U1248, service de pharmacologie et toxicologie, université de 
Limoges, CHU de Limoges, F-87042, Limoges, France. 

Introduction: Pangenomic sequencing plays an important role in cancer diagnosis and treatment. In addition, it has the potential to reveal 
several germline genetic variations with therapeutic impact including polymorphisms in pharmacogenes responsible for adverse drug 
reactions (ADRs) in relation with chemotherapy, antiemetic or pain treatments used in oncology. 

Material and Methods: We evaluate the interest of such pharmacogenetic information in a cohort of 445 solid cancer patients with 
aggressive diseases or relapses, who previously benefited from exome sequencing (ES) for therapeutic issues. We applied a dedicated 
pipeline to identify relevant pharmacogenetic variants among a list of 67 variants in 8 genes. Based on patient’s clinical and treatments 
history, we retained 2 genes with variations of potential interest, namely DYPD (dihydropyrimidine dehydrogenase gene) and CYP2D6. 
For CYP2D6 we determined bioinformatically the metabolizers status for each patient. We retrospectively analyzed drug plasma 
concentrations and treatment outcomes in line of the variants identified. 

Results: Four gene-drug pairs were analyzed: DPYD/5FU, CYP2D6/opioids, CYP2D6/Tamoxifen and CYP2D6/Ondansetron. Six patients 
treated with 5-fluorouracil and carrying one level 1A PharmGKB variant in DPYD showed a decreased drug mean clearance compared 
to non-carriers (p=0.01). All patients (n=5) with CYP2D6 poor or ultra-metabolizers status, experienced ADRs related to opioid therapy, 
a proportion significantly higher than in normal metabolizers (p=0.02 and p<0.01, respectively). Analysis of proportion between patients 
carrying one level 1A PharmGKB allele for CYP2D6 and non-carriers for the last two drugs (Tamoxifen and Ondansetron), did not reveal 
a statistical difference with the risk of ADRs. 

Conclusion: Although the study was not designed to provide definitive evidence, it suggests that pangenomic germline sequencing in 
patients with solid tumor can provide pharmacogenetic information likely to be a useful tool to guide therapeutic decisions in particular for 
drugs interacting with the CYP2D6 and DPD enzyme. 
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Assessing the binding interaction of polystyrene sulfonate with amitriptyline in healthy volunteers, a cross-over 
design: The BIND study 

Ilona Prins-Can1, Inge Regina Francina van Berlo-van de Laar1,2, Marieke Zeeman3, Cornelis Gerard Vermeij4, Esther van 't 
Riet5, Katja Taxis2, Franciscus Gerhardus Antonius Jansman1,2 
1Deventer Teaching Hospital, The Netherlands, Department of Clinical Pharmacy; 2University of Groningen, The Netherlands, 
Groningen Research Institute of Pharmacy (GRIP),Unit of Pharmacotherapy, -Epidemiology &-Economics; 3Deventer Teaching 
Hospital, The Netherlands, Department of Geriatrics; 4Deventer Teaching Hospital, The Netherlands, Department of Nephrology; 
5Deventer Teaching Hospital, The Netherlands, Research Department 

Introduction: Polystyrene sulfonate is used for binding potassium in patients with chronic kidney disease (CKD). Because of its binding 
properties, it can potentially bind other medications and thereby decrease their bioavailability and effectiveness. Amitriptyline, often used 
by CKD patients for neuropathic pain, shows significant binding to polystyrene sulfonate in vitro. To assess the clinical relevance of this 
interaction, in vivo information is needed. 

Aim: To determine the effect of polystyrene sulfonate on the exposure of amitriptyline when taken simultaneously, in healthy volunteers. 

Methods: We performed a prospective cross-over study in nine healthy volunteers. Participants were 18 years of age or older, did not 
use any medication and had no known allergy to amitriptyline or polystyrene sulfonate. Participants visited the hospital on two separate 
days. Once they received a single dose of amitriptyline 50mg and once a single dose of both polystyrene sulfonate 15g and amitriptyline 
50mg. After drug intake six blood samples were collected; at 2, 3, 4, 5, 6 and 8 hours. Cmax and AUC0-8h of amitriptyline were determined 
on both days. A Wilcoxon signed-rank test was performed to determine whether Cmax and AUC0-8h values were different between days. 
A two sided p-value <0.05 was considered significant. 

Results: Of the nine participants included, eight participants completed both visits to the hospital. Mean Cmax of amitriptyline was 
35.61µg/l (±9.23µg/l) when taken alone, compared to 9.25µg/l (±3.19µg/l) when taken with polystyrene sulfonate (p=0.012). Mean AUC0-
8h of amitriptyline was 168.20h*µg/l (±33.79h*µg/l) when taken alone and 45.78h*µg/l (±18.64h*µg/l) when taken with polystyrene 
sulfonate (p=0.012). 

Conclusion: These results show a 75% decrease in exposure to amitriptyline when taken concomitantly with polystyrene sulfonate, 
compared to amitriptyline alone. Therapy efficacy of amitriptyline is likely to be decreased when taken concomitantly with polystyrene 
sulfonate. Patients using both amitriptyline and polystyrene sulfonate should apply a staggered administration regimen. 
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Residual blood from blood gas tests can be used for therapeutic drug monitoring of vancomycin: a method 
comparison 

Tim JL Smeets1, Anouk Rietveld1, Ruud Huisman1, Dr. Henrik Endeman2, Dr. Birgit CP Koch1, Dr. Nicole GM Hunfeld1,2 
1Erasmus MC, University Medical Center Rotterdam, Department of Hospital Pharmacy, Doctor Molewaterplein 40, 3015 GD 
Rotterdam, the Netherlands; 2Erasmus MC, University Medical Center Rotterdam, Department of Intensive Care, Doctor Molewaterplein 
40, 3015 GD Rotterdam, the Netherlands 

Introduction 

Therapeutic drug monitoring (TDM) of vancomycin is standard care during treatment with vancomycin. Regarding sustainability, there is 
increasing interest in combining different analyzes in the same tube and the use of residual material. In the intensive care unit (ICU) on 
daily basis up to 12 blood gas tests per patient are analyzed. After analysis, with each syringe a variable volume of blood is discarded. 
Presumably, this residual material is suitable for TDM of vancomycin. However, the specifics of the heparin-coated syringes for blood gas 
analysis differ from the normally used ethylenediaminetetraacetic acid (EDTA tubes). Therefore, the aim of our study was to compare 
both different tubes and determine whether residual blood from blood gas sampling is suitable for TDM of vancomycin. 

Methods 

Samples from both EDTA tube and residual material from the blood gas test were simultaneously collected at the same time. Vancomycin 
was determined in both matrices with a particle enhanced turbid metric inhibition immunoassay method for EDTA tubes. Based on the 
‘guidelines of Clinical & Laboratory Standards Institute’ a method comparison between EDTA tubes and heparin-coated syringes was 
performed with the Bland-Altman plot analysis. 

Results 

Prospectively, a total of 24 samples from 18 patients in both EDTA tubes and blood gas syringe were obtained. The Bland-Altman plot 
revealed no clinically relevant difference between vancomycin plasma concentrations (Figure 1). The mean difference is 2.0% and all 
samples are within the agreement limit of ± 15%. 

Conclusion 

Residual blood from blood gas samples can be used for vancomycin analysis for TDM. No relevant differences were found in vancomycin 
concentration between the two analyzes. The use of residual material may prevent additional blood sampling and reduce the number of 
nursing procedures. These results may serve as an example for monitoring of other drugs to create a more sustainable TDM process 
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Probe Electrospray Ionization Mass Spectrometry (PESI) : an application for testing driving under the influence 
of drugs (DUID) in saliva 

Dr. Pauline Griffeuille, Dr. Elies Zarrouk, Dr. Souleiman El Balkhi, Prof. Franck Saint-Marcoux 

Limoges University Hospital, France 

Introduction: 

Probe ElectroSpray Ionization (PESI) is an ambiant ionization method where a disposable solid needle is used as a sample probe and 
an Electrospray Ionization (ESI) is used as an emitter. Coupled with a mass spectrometer, it allows very fast analyses with a minimal 
sample preparation. 

Our objectives were to develop a method for the measurement of illicit drugs in saliva using a PESI-MS/MS approach. 

Method: 

The following conditions were defined : 50 µL of saliva are mixed in a methanol/ethanol/ammonium formate buffer. After adding deuterated 
internal standards, 10 µL are set in the PESI. A scheduled Multiple Reaction Monitoring (MRM) approach with 2 transitions per compound 
was developed. Total run time was about 1,5 minute. According to the ISO 15189 standards, the validation steps included a determination 
of the limit of detection (LDD), the limit of quantification (LDQ), repetability and reproducibility analysis. 

Results: 

Satisfactory results were obtained for 8 opiates, amphetamines and cocaine derivatives. Especially, LDD were below the limits defined 
by the law (10 ng/mL). In a sample of 52 real cases, the new method yielded results comparable to those of a LC-MS/MS method routinely 
used in the lab for confirmation of a positive test to Driving Under the Influence of Drugs (DUID). 

Conclusion: 

It is feasible to use PESI-MS/MS for a very fast measurement of illicit drugs in saliva, especially in authorized labs using LC-MS/MS 
methods for DUID testing. 
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Population pharmacokinetics of oxycodone and active metabolites in patients with cancer-related pain 

Bram Agema1,2, Astrid Oosten1, Sebastiaan Sassen2, Wim Rietdijk2, Carin Van der Rijt1, Birgit Koch2, Ron Mathijssen1, Stijn 
Koolen1,2 
1Dept. of Medical Oncology, Erasmus MC Cancer Institute, Erasmus University Medical Center, Rotterdam, The Netherlands; 2Clinical 
Pharmacy, Erasmus University Medical Center, Rotterdam, The Netherlands 

Background Oxycodone is frequently used for the treatment of cancer-related pain, while not much is known about the factors that 
influence treatment outcomes in these patients. We aim to unravel these factors by developing a population-pharmacokinetic model to 
assess the pharmacokinetics (PK) of oxycodone and its metabolites in cancer patients. Further, we associate oxycodone (metabolite) 
exposure with pain scores, and the occurrence and severity of adverse events. 

Methods Hospitalized patients with cancer-related pain, who were titrated with oral oxycodone could participate. PK samples of 
oxycodone, oxymorphone, nor-oxycodone, and nor-oxymorphone were taken every 12h and occasionally at 5, 15, 30, and 60 min after 
oxycodone administration. Patient-reported pain scores and occurrence and severity of nausea, vomiting, dry mouth, drowsiness, 
obstipation, myoclonia, confusion, hallucinations and transpiration were collected on a 4-point Likert scale every 12h. PK data was 
analyzed using NONMEM and PK/pharmacodynamic (PK/PD) associations were tested using mixed-effects linear regression. 

Results In 28 patients, 309 samples for oxycodone and its metabolites were collected. A five-compartment model best described 
oxycodone, nor-oxycodone, and nor-oxymorphone pharmacokinetics. None of the tested covariates (age, gender, albumin eGFR, weight, 
BMI, and CYP3A4, CYP2D6, and UGT2B7 genotype) significantly improved the PK model, mainly due to lack of power. Furthermore, 
oxycodone exposure, quantified as area under the curve, was not associated with average and maximal pain scores and oxycodone, 
nor-oxycodone, and nor-oxymorphone exposure were not associated with adverse events (all p>0.05). 

Conclusion This is the first model to describe the pharmacokinetics of oxycodone including the metabolites nor-oxycodone and nor-
oxymorphone in hospitalized patients with cancer pain. Additional research, including more patients and more timely collection of PD 
data, is needed to further elucidate oxycodone (metabolite) PK/PD relationships. This model is a good starting point for further studies to 
optimize oxycodone dosing regiments in patients with cancer-related pain. 
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Multi-Site Evaluation of Immunoassays for Antipsychotic Drug Measurement in Clinical Samples 

Prof. William A Clarke1, Bruce Slayer1, Casey Hussey1, Dr. JoAnn Gardiner2, Prof. Kamisha Johnson-Davis3,4, Dr. Michael C 
Milone2, Dr. Salvatore J Salamone5 
1Johns Hopkins University School of Medicine, United State of America; 2Perelman School of Medicine of the University of 
Pennsylvania, United State of America; 3University of Utah Health Sciences Center, Department of Pathology, United States of 
America; 4ARUP Institute for Clinical and Experimental Pathology, United State of America; 5Saladax Biomedical, Inc., United States of 
America 

Background: Atypical antipsychotic drugs are frequently used in the treatment of serious mental illness (SMI), specifically in schizophrenia 
and bipolar disorder. Adherence to these prescribed drug regimens is a challenge to successful treatment. For some of the more common 
drugs in this class, novel turbidimetric immunoassays have been developed for TDM to aid in the management of patients prescribed 
these drugs. 

Methods: Immunoassays for aripiprazole, clozapine, olanzapine, paliperidone, quetiapine, and risperidone were set up at two centers: 
Johns Hopkins Hospital (JHH) on the Roche Cobas® c501, and the Hospital of the University of Pennsylvania (HUP) on the Beckman 
AU480. Assay precision, limit of quantification (LOQ), functional sensitivity, linearity, and recovery were assessed. Remnant clinical 
samples were obtained from a reference laboratory (ARUP), and immunoassay results were compared with those obtained by LC-MS/MS. 

Results: Imprecision at both sites for all analytes and concentrations tested was <8%. The manufacturer’s LOQ was confirmed for each 
assay, and the functional sensitivity for each assay was found to be lower than the LOQ. All assays were found to be linear over the 
measuring range, with recoveries ranging from 91-123%. For method comparison, Deming regression slopes were found to be between 
0.84 and 1.28. 

Conclusion: The immunoassays evaluated here are suitable for quantifying drug concentrations to be used in TDM for all 6 drugs. 
Commercialization of these assays will enable increased access for TDM in psychiatric patient management. 
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Molecular Signaling (PZMS), Saarland University, Homburg, Germany 

Introduction: Volumetric absorptive microsampling (VAMS), an emerging microsampling technique, claims to maintain the advantages 
and overcome the limitations of dried blood spots such as volume inaccuracy and hematocrit (HT) effects. Thus, the current study aimed 
to develop and validate a VAMS-based analytical procedure suitable for adherence monitoring of 10 frequently prescribed 
antihypertensive drugs. 

Methods: Amlodipine, bisoprolol, candesartan, carvedilol, lercanidipine, losartan (assessed via the carboxylic acid metabolite), 
metoprolol, nebivolol, telmisartan, and valsartan were included. Sample preparation was performed by hydration of the VAMS-tip and 
subsequent precipitation with methanol:acetonitrile (30:70, v/v). The supernatant was injected onto a Dionex LC coupled to a 
ThermoFisher (TF) Q-Exactive. Full chromatographic separation was performed on a TF Accucore Phenyl-Hexyl column (100 mm x 2.1 
mm, 2.6 µm particle size) within a total runtime of 10 min. The mass spectrometer was operated in positive parallel reaction monitoring 
mode. The analytical procedure was validated based on the EMA guideline on bioanalytical method validation and the IATDMCT guideline 
for development and validation of dried blood spot-based methods for therapeutic drug monitoring. 

Results: VAMS enabled a fast and easy sample preparation. Carry over, selectivity, within/between day accuracy and precision met 
recommended criteria for most analytes, except of e.g. amlodipine. Matrix effects and recovery, determined at HT20%, HT40%, and 
HT60%, were sufficient even at low or high HT values in most cases. Dilution integrity achieved good results in case blank matrix was 
used for dilution of the extract, but not in case the precipitation agent was used. 

Conclusions: A quantitative method for adherence monitoring of 10 antihypertensive drugs in finger prick blood was successfully 
developed and validated. The next step will be the application of the current method to assess the adherence of hypertensive patients to 
their medication by calculating individual dose related references ranges. 
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In vitro toxicokinetics of three novel stimulants of the (2-aminopropyl)benzothiophene type including cellular 
uptake, metabolic fate, isozyme mapping, and monoamine oxidase inhibition 
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Introduction. The availability of amphetamine-based new psychoactive substances has attracted the attention of clinical and forensic 
toxicologists. The psychostimulant character extends to sulfur-based compounds such as methiopropamine with a thiophene ring. Three 
novel (2-aminopropyl)benzothiophene (APBT)-based stimulants, by name 3-APBT, 5-APBT, and 6-APBT, have been included in the 
present study to investigate their in vitro toxicokinetics. 

Methods. Cellular uptake was studied using HEK293 cells overexpressing the organic cation transporter OCT1 and intracellular 
concentrations were compared to those in an empty vector control cell line. In vitro metabolites were identified in incubations with pooled 
human liver S9 fraction containing cosubstrates for most phase I and II reactions, while individual incubations with 11 human phase I 
isozymes were used for isozyme mapping. Monoamine oxidase (MAO) inhibition was tested in incubations with human MAO-A and MAO-
B. All analyses were performed by liquid chromatography-high resolution tandem mass spectrometry. 

Results. The three APBT isomers were identified as OCT1 substrates with preliminary Km values of 2.0 (6-APBT), 2.2 (5-APBT), and 2.7 
µM (3-APBT). Hydroxylations were identified as main metabolic phase I steps and were found to be mainly catalyzed by CYP2D6, 
CYP3A4, and CYP3A5. Glucuronidation and sulfation could be detected as subsequent phase II metabolic transformations. The APBT 
isomers inhibited MAO-A with IC50 values of 0.4 (5-APBT), 0.6 (6-APBT), and 4 µM (3-APBT), but also MAO-B with IC50 values between 
23 (5-APBT) and 49 µM (6-APBT). 

Conclusions. The toxicokinetics of three novel APBT-based stimulants was extensively studied in vitro. OCT1 is expected to play an 
important role in their hepatic uptake. 5-APBT and 6-APBT were identified as potent MAO-A inhibitors and a clinical relevance after intake 
cannot be excluded. The presented results may help toxicologists in the interpretation of future cases. 
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University of Turin 

Therapeutic drug monitoring is a clinical practice which is able to quantify drugs in a biological matrix at specific timings to maintain a 
constant concentration in patient bloodstream, thereby optimizing individual dosage regimens in various clinical situations. In literature, 
studies showed that some drug concentrations, as the immunosuppressant drugs tacrolimus and sirolimus, may differ according to 
seasonal variation; authors justify this variability consistently with changes in vitamin D level, which is able to influence the expression of 
cytochrome P-450 3A4, main responsible of these drugs metabolism. 

No data are available in literature concerning antiviral drug exposure variation according to seasonality. 

For these reasons, plasma antiviral drug concentrations were evaluated and their level variation was investigated during the year. 

Plasma concentrations of raltegravir, ritonavir, darunavir, elvitegravir, dolutegravir, etravirine, atazanavir, tenofovir, emtricitabine, 
lamivudine, efavirenz, nevirapine, maraviroc, abacavir, rilpivirine, lopinavir and enfuvirtide were measured through liquid chromatography 
coupled with mass spectrometry or UV detection. 

A number of 4148 samples with blood withdrawn date were available from 2010 to 2020: maraviroc and etravirine levels were lower in 
winter compared to summer, whereas lopinavir concentrations had an opposite trend, with an increased exposure in summer than in 
winter. 

Furthermore, an age higher than 50 years and summer resulted predictive factors of etravirine 300 ng/mL, the cut-off value associated 
with therapeutic efficacy. 

This study reports for the first time the variability of antiviral drug concentrations during the year and seasons and it highlights the needed 
of therapy personalization. However, further studies in different cohorts are required to confirm this data and to clarify the role of vitamin 
D (certainly evaluating its levels) in drug pharmacokinetics. 
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Neural network modelling does not yield better results than Xgboost for the prediction of MPA exposure in large 
kidney transplantation datasets 
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Introduction: Therapeutic drug monitoring of mycophenolic acid (MPA) based on the interdose area under the curve (AUC) is well 
established and we previously used machine learning (Xgboost) to accurately estimate MPA AUC0-12h based on a limited sampling 
strategy. The aim of this work was to estimate MPA AUC0-12h in organ transplant patients using neural network (NN) modelling, the 
state of the art technique for analyzing very large and complex datasets. 

Methods: We used a total of 12,877 MPA AUC0-12h estimated through our ISBA expert system for 6884 different patients using at least 
3 plasma concentrations (at 20min, 1 and 3h after dosing), to develop 2 independent NN models based on 3 or 2 concentrations. Data 
were split into a training set (75%) and a test set (25%) and the NN models in the training set with the lowest root mean square error 
(RMSE) in a five-fold cross-validation experiment were evaluated in the test set and in one independent full-pk dataset from kidney 
transplant patients. The analyses were performed using the tidymodel framework and keras/tensorflow in R. 

Results: NN modelling yielded good performance in the training set after cross validation, with median[min-max] RMSE = 6.72[6.43-6.83] 
and 5.55[5.12-5.93] h*mg/L for the 2- and 3-sample NN models, respectively. Performance in the test set was similar, with relative Mean 
Prediction Error (MPE)/RMSE of 0.5/16.6% and -0.8/13.8% for 2 and 3 samples, respectively. AUC estimation in the external full-PK AUC 
with NN was less accurate, but still equivalent to the performance of Maximum A Posteriori-Bayesian estimation (MAP-BE), with relative 
MPE/RMSE/’number of profiles out-of the ±20% interval’ as follows: NN 2 samples: 0.15/24.7/36%; NN 3 samples: -3.8/19.8/31%; MAP-
BE: 0.9/19.9/29%). 

Conclusions: Neural network modelling does not improve MPA AUC estimation in renal transplant patients over Xgboost or MAP-BE. 
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Boosting Model-Informed Precision Dosing with Machine Learning: Improving predictions in atypical patients 
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Introduction: Bayesian estimation of individual pharmacokinetic (PK) parameters combines knowledge about the patient, in the form of 
therapeutic drug monitoring (TDM) samples or pharmacodynamic measurements, with prior knowledge about the drug PK, in the form of 
a population PK model. Although maximum a posteriori (MAP) Bayesian estimation underpins most recommendations in model-informed 
precision dosing (MIPD) software, there is little clinical guidance for how to handle patients that are poorly reflected by the model priors. 
One previously proposed approach is “flattened priors” (FP), in which the weight of the model prior is decreased relative to observed 
TDM data during estimation of individual PK parameters. However, little is known about the performance of this approach, nor when it 
should be applied. 

Methods: FP was evaluated retrospectively in data collected over the course of routine clinical care from 4679 adult patients treated with 
vancomycin. Machine learning (ML) models were developed to recommend when FP should be used in place of MAP during parameter 
estimation. 

Results: We find that FP improves PK model predictive performance in 42-55% of PK parameter estimations. The ML models correctly 
recommended the use of FP over MAP in 81-85% of decisions, reducing root mean squared error (RMSE) of PK model predictions by 
12-22% (0.5-1.2 mg/L). Two features were consistently the most indicative of using FP: past prediction error magnitude and consistent 
bias in prediction error. A minimal model developed using only these two features reduced RMSE by 5-18% (0.20-0.93 mg/L) relative to 
MAP. 

Conclusions: This work validates the use of FP for predicting PK in patients poorly described by model priors. The proposed models 
leverage machine learning to improve model predictive accuracy in precision dosing, while maintaining the mechanistic insight and 
explainability of pharmacokinetic models. 
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An easy, fast and inexpensive multiplex pharmacogenetics assay to simultaneously analyze clinically relevant 
genetic polymorphisms in CYP3A4, CYP3A5, CYP1A2, CYP2C9, CYP2C19, CYP2D6, ABCB1 and VKORC1 genes 
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Introduction 

In order to optimize genotyping of clinically relevant pharmacogenes, the trend is nowadays to analyze a panel of several genetic 
polymorphisms. This approach is valuable for patients but might be challenging to perform in some laboratories. Indeed, it usually needs 
to use next generation sequencing which requires expensive reagents and instruments and specific skills to interpret results. To overcome 
these hurdles, the aim of this work was to validate an easy, fast and inexpensive multiplex pharmacogenetics assay to simultaneously 
genotype a panel of 18 clinically actionable variants involved in drug pharmacokinetics/pharmacodynamics. 

Methods 

We designed primers to perform a multiplex PCR assay using a single mix. Primers were labeled by two different fluorescent dye markers 
(HEX/FAM). Those two labels were used to discriminate alleles, while the size of the PCR fragment allowed identifying a particular 
polymorphism location. The only instruments needed for the analysis were a thermocycler, a capillary sequencer (3500 Genetic Analyzer 
Applied Biosystems) and GeneMapperTM software. Polymorphisms of interest were CYP3A4*22, CYP3A5*3, CYP1A2*1F, CYP2C9*2 -
*3, CYP2C19*2-*3-*17, VKORC11639G>A, ABCB1 rs1045642-rs1128503-rs2229109-rs2032582, CYP2D6*3-*4-*5-*6-*9. 

Results 

The assay was repeatable (n=3 data sets), a minimum amount of 10 ng of DNA/ samples was needed. For CYP3A4, CYP3A5 and ABCB1 
variants, the method was applied to a validation cohort of 60 samples and genotyping results were consistent with those previously 
obtained with reference methods. For other variants, analysis of a validation cohort is on-going. The assay is efficient since 96 samples 
can be genotyped in the same run. Results are available within one working-day. The average cost of reagents and consumable to 
analyze 10 patients sample is 10 euros. 

Conclusion 

This robust assay can be easily implemented in laboratories as an alternative to cumbersome simplex assays or expensive multiplex 
approaches. It could help to widespread access to pharmacogenetics in clinical practice. 
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Introduction 

Most of bioanalytical methods used for therapeutic drug monitoring (TDM) of infliximab (IFX) and adalimumab (ADA) are immunoassays 
such as enzyme-linked immunosorbent assay (ELISA). Alternative methods like liquid chromatography tandem mass spectrometry (LC-
MS/MS) are of increasing interest and offer valuable analytical benefit. This work aimed at validating a LC-MS/MS method using a ready-
to-use kit for the simultaneous quantification of IFX and ADA in human plasma, and at comparing its performance with two ELISA 
methods. 

Methods 

IFX and ADA were extracted from plasma using mAbXmise kit. Full-length stable-isotope-labeled antibodies were used as internal 
standards. Chromatography was performed on a column BioZen™ 2.6µm Peptide XB-C18 LC 100x2.1 mm (Phenomenex). Mobile phase 
was composed of a gradient of water/acetonitrile + formic acid 0.1%. Analysis was performed using a 6500+ QTRAP mass spectrometer 
(Sciex, Framingham, USA). 

Results 

The method was linear from 2 to 100 µg/mL for both mAbs. Intra-assay and inter-assay accuracy and precision fulfilled acceptance 
criterion for quantification of IFX and ADA for innovator drugs as well as two biosimilars of IFX. No carry-over was observed. No 
concerning relative matrix effect was observed while there was an absolute matrix effect on analytes and internal standards. For methods 
comparison, plasma samples from 105 patients treated for inflammatory bowel diseases (n=70 for IFX, 35 for ADA) were analyzed with 
the LC-MS/MS method. For IFX, results were in good agreement with those obtained from an in-house ELISA assay (mean bias of -1.8 
μg/mL) but there were a significant bias with those obtained from the ELISA commercial kit Lisa-Tracker® (mean bias of -6.1 μg/mL). 
Regarding ADA, the LC-MS/MS assay was compared to the in-house ELISA assay and results were consistent (mean bias of -1.2 μg/mL). 

Conclusion 

The LC-MS/MS method appears suitable to be implemented in clinical practice for TDM. 

  



 

22 

 

ID: 185 / C-04: 5 
Clinical Toxicology 
Topics: Clinical Toxicology/Drugs of Abuse 

A LC-MS/MS method for the detection of two phosphatidylethanol homologues as long-term biomarkers of 
alcohol exposure 

Prof. Kamisha L. Johnson-Davis1,2, Dr. Nkemakonam C. Okoye1, Dr. Chad D. Moore3 
1University of Utah / ARUP Laboratories, United States of America; 2ARUP Institute for Clinical and Experimental Pathology, United 
States of America; 3Sports Medicine and Research Testing Laboratory, United States of America 

Introduction: Alcohol use disorders are a global healthcare problem. Long-term alcohol biomarkers are needed to monitor alcohol 
abstinence for transplant pre-qualification, drug rehabilitation programs and to assess in utero alcohol exposure. Phosphatidylethanol 
(PEth) is a group of ~48 glycerophospholipid homologues that are formed from ethanol and phospatidylcholine through a 
transphosphotidylation reaction catalyzed by phospholipase D. PEth is incorporated into RBCs with a half-life of 4-10 days following 
ethanol consumption. The purpose of this project was to develop and validate a LC/MS-MS method for quantifying the predominant 
homologues PEth 16:0/18:1 (POPEth) and PEth 16:0/18:2 (PLPEth) in blood. 

Methods: Fifty µL of internal standards (POPEth-d5 and PLPEth-d5) was added into 100 µL aliquot of whole blood samples and vortexed. 
Protein precipitation was achieved using a 10% (v/v) isopropanol (IPA) / acetonitrile (ACN) solution. Upon centrifugation, the supernatant 
was extracted and buffered with 15 mM ammonium acetate. Sample extracts were analyzed by LC-MS/MS using an Agilent 6470 triple 
quadrupole mass spectrometer coupled to an Agilent LC system equipped with two 1260 Infinity II binary HPLC pumps, a 1260 Infinity II 
autosampler, and a 1260 Infinity II thermostat column compartment. The mass spectrometry method was performed using negative mode 
ionization with MRM acquisition. Analytical validation of the LC-MS/MS method was performed for linearity, accuracy, imprecision, 
sensitivity, specificity and ion suppression/matrix effect, in accordance to CLSI guidelines. 

Results: The analytical measurement range, 10 – 2000 ng/mL, was linear with R2 of 0.999 for both PLPEth and POPEth. The within run 
and total imprecision was < 5% CV for the low (20 ng/mL), medium (200 ng/mL) and high QC (1000 ng/mL). Results for accuracy and 
method comparison experiments met the bias criteria of ±20%. 

Conclusion: The LC-MS/MS method for the detection of POPEth and PLPEth in blood demonstrated high sensitivity and specificity for 
detecting alcohol exposure. 
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Introduction: 

A decrease in the population of bees has been observed in the last decades. Among the supposed factors, the increase of pesticides 
use and the nature of the new pesticides are the most suspected culprits. . In the present study, we analyzed different bee products, 
collected in 2 areas where bees population declined significantly (Lot and south Corrèze: about 2500 km² in the Centre of France): honey, 
pollen, bee-food, bee-bread, honey-bees and beeswax. 

Methods: 

All along 2019, we collected 80 honey samples from 40 different beekeepers, and 27 pollen, bee-food, bee-bread, honey-bee and 
beeswax samples. Each sample was analysed by taking into account to its location and the human activities around the hive. Different 
LC-MS/MS and GC-MS/MS methods (accredited according to the International Standards Organization (ISO) 17025 standard) were 
applied to determine more than 320 different pesticides in each sample. 

Results: 

At least one pesticide residue was detected in 61% of honey samples and 32% of them contained more than 2 molecules. About a half 
of pollens and more than 80% of the bee-bread and beeswax samples contained at least one pesticide. Interestingly, we detected 
pesticides in more than one half of the bees. The molecules detected were herbicides (ex: clonidafop, metamitron), insecticides (ex: 
cyfluthrin, ethofenprox) and antifungals (thiabendazol, propiconazol). No concentration above the Maximum Levels of Residue (MLR) 
was measured in honey samples and no significant difference was observed when considering the human activities around a hive. 

Conclusion: 

The risk associated with the presence of pesticides in bee products is hardly interpretable but it is likely to be partially responsible for the 
decline in the population of bees that is observed particularly in the area considered herein. 
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Background: Determination of dihydropyrimidine dehydrogenase (DPD) activity before fluoropyrimidines (FP) administration is currently 
mandatory in France and recommended by EMA. In this on-going study, we aimed to refine the pre-analytical recommendations for uracil 
(U) and dihydrouracil (UH2) plasma determination, which are essential for the reliability of DPD deficiency testing. 

Methods: Plasma concentrations of U and UH2 are being collected from 11 francophone laboratories. Different parameters were 
evaluated: nature of sampling tube, whole blood and plasma stability before and after centrifugation at 4°C and at room temperature (RT), 
and long-term plasma storage at -80°C. Bias for measured concentrations were calculated from a reference value and acceptability 
threshold for stability variability was ± 20%. Intra-individual variability (IIV) was assessed in 527 patients sampled on two occasions for 
DPD-deficiency testing before FP administration. 

Results: Preliminary analyses showed that U in whole blood was stable until 4 hours when stored at 4°C (+10% variation on average) but 
not at RT (+18% after 1h30, +24% after 2h). A similar trend was observed for U in plasma stored at RT (+23% after 1h30) or at 4°C 
(+12% after 6 hours) after centrifugation. Long-term freezing (24 months) did not affect U (+0.8%) and UH2 (+3.2%). For patients having 
two samples compliant with pre-analytical recommendations, mean IIV coefficients of variation (CV) reached 23.7% for U and 20.7% for 
UH2. Among them, 20.3% had a contradictory DPD status (based on U > or < 16 ng/ml). For those having one non-compliant sample, 
this misclassification rate increases up to 32% and CVs up to 31.6% and 26.3%, respectively. 

Conclusions: These preliminary results consolidate the pre-existing recommendations about sample handling for DPD phenotyping. More 
importantly, these unpublished IIV data may help biologists interpreting discrepancies between U concentrations obtained at two 
occasions for a given patient. 
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Background 

It remains uncertain whether potential pharmacokinetic changes following Roux-en-Y gastric bypass (RYGB) are attributed to the surgery-
induced gastrointestinal alterations per se and/or the subsequent weight loss. The objective was to disentangle these effects by comparing 
short- and long-term effects of RYGB and non-surgical calorie-restriction on CYP3A-activity (midazolam as probe). 

Methods 

This non-randomized, single-center trial included patients with severe obesity preparing for RYGB or diet-induced weight loss. Both 
groups underwent an initial 3-week low-energy-diet (<1200 kcal/day) followed by a 6-week very-low-energy-diet (<800 kcal/day) or RYGB 
(<800 kcal/day). Patients were followed for 2 years, with four 24-hour midazolam pharmacokinetic investigations (week 0, 3, 9 and year 
2) using semi-simultaneous oral and intravenous dosing. The primary outcomes were changes in absolute bioavailability and clearance 
of midazolam, a standard CYP3A probe drug, within and between groups. 

Results 

In total, 82 patients (28 males) were included, with a mean±SD body weight of 132±24 kg and 124±23 in the RYGB- (n=41) and diet 
group (n=41), respectively. The RYGB- and diet group showed similar weight loss at week 9 (13±2.2% vs. 11±3.6%), but differed 
substantially after 2 years (-30±6.7% vs. -3.1±6.3%). Midazolam absolute bioavailability and clearance were similar in the two groups at 
baseline. Absolute bioavailability was unaltered after 9 weeks both within and between the groups, but decreased after 2 years (RYGB: 
10% [95% CI: 4.0, 16], diet: 7.0% [95% CI: 0.97, 13], mean group difference 0.22% [95% CI: -5.4, 5.8]). No difference in clearance was 
observed over time within, or between, the groups. 

Conclusions 

Neither RYGB per se nor the subsequent weight loss impacted absolute bioavailability or clearance of midazolam short-term, suggesting 
that dose adjustments of CYP3A-substrates may not be needed in the early period after RYGB. The decrease in absolute bioavailability 
long-term supports the hypothesis that CYP3A-activity recovers following a substantial weight loss. 
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Introduction: Sevelamer and polystyrene sulfonate can bind concomitantly administered drugs in the gastrointestinal tract, decreasing 
their bioavailability and clinical effectiveness. The aim of this study was to identify potential new binding interactions by assessing the 
relative binding of different drugs to sevelamer and to polystyrene sulfonate in vitro. 

Methods: Twenty-eight drugs were selected from a previous in silico study on co-dispensed drugs with sevelamer and polystyrene 
sulfonate and an assessment of pKa- and log P values of these drugs. The relative binding was determined by dissolving these drugs 
alone (= control), with 800mg sevelamer and with 15g polystyrene sulfonate at different pH levels (1.5, 5.5 and 7.4), respectively. After 
incubation at 37°C and shaking for 60 minutes, the solutions were diluted, centrifuged and drug concentrations were quantified with 
validated analytical assays. The binding assays were performed in three-fold. The mean relative binding (MRB) at each pH level was 
calculated. A MRB > 20% for at least one pH level was considered as relevant binding. 

Results: Drugs with relevant binding to sevelamer (highest MRB (%±standard deviation) of the different pH levels) were salicylic acid 
(85±2%), flucloxacillin (74±6%), amiodarone (58±20%), sulfamethoxazole (54±3%), trimethoprim (53±4%), sertraline (45±22%), 
amitriptyline (44±14%), imipramine (38±7%), mirtazapine (38±1%), clomipramine (31±13%), duloxetine (29±12%), haloperidol (24±6%), 
fluvoxamine (22±6%) and phenytoin (21±10%). For polystyrene sulfonate, these concerned duloxetine (100±0%), sertraline (100±0%), 
amitriptyline (99±0%), aripiprazole (99±0%), citalopram (99±0%), clomipramine (99±0%), clozapine (99±0%), imipramine (99±0%), 
nortriptyline (99±0%), risperidone (99±0%), venlafaxine (99±0%), fluoxetine (98±0%), fluvoxamine (98±0%), haloperidol (98±0%), 
mirtazapine (98±0%), pipamperone (98±0%), lamotrigine (97±0%), clonazepam (96±0%), metformin (96±0%), paroxetine (95±2%), 
trimethoprim (94±0%), amiodarone (87±4%) and sulfamethoxazole (86±4%). 

Conclusions: This in vitro study identified 14 and 23 potentially new binding interactions with sevelamer and with polystyrene sulfonate 
respectively, which have to be confirmed in vivo to assess their clinical relevance. 
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Introduction 

Nintedanib is an oral tyrosine kinase inhibitor used in fibrotic interstitial lung disease (ILD) and metastatic lung cancer. Drug absorption 
in the gastrointestinal tract is -with <5% bioavailability- limited. Nintedanib is a substrate of efflux transporter ABCB1 (P-gp) and to a minor 
extend of CYP3A4. It is known that potent inhibitors of ABCB1 significantly increase nintedanib’s bioavailability. Flavonoids have the 
potency to influence ABCB1 in vitro and in vivo. One of the most potent flavonoids is epigallocatechin gallate (EGCG), that is highly 
present in green tea. Hence, we hypothesized that administration of green tea could increase nintedanib uptake. We performed a two-
period randomized cross-over study to investigate the influence of green tea capsules on the exposure of nintedanib in patients with 
fibrotic ILD. 

Methods 

Patients were randomized between phases A>B and B>A. In both phases nintedanib was administered twice daily after a meal and each 
phase lasted 7 days. In phase B patients also received green tea capsules (GTC; 500mg BD, >60% EGCG) which were taken with water, 
30 min prior to a meal. Pharmacokinetic sampling (12h) was performed at day 7 of each phase. Primary endpoint was change in geometric 
mean for the area under the curve (AUC0-12h). A linear mixed model was used to analyze AUCs and maximal concentration (Cmax). 

Results 

In the first 16 patients, the nintedanib AUC0-12h was 23% lower (95%CI: -33 to -10%; P=0.002) in phase B (with GTC) compared to 
phase A. Cmax did not differ significantly between phases; -20% (95%CI: -40 to +8%; P=0.131). No differences in toxicities were 
observed. 

Conclusion 

Exposure to nintedanib significantly decreased when administered 60 min after GTC (500mg BD, >60% EGCG) for 7 days. This is a 
clinically relevant interaction according to the FDA, which could impair treatment efficacy and therefore should be avoided. 
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Background: Dried blood spot (DBS) microsampling has gained interest in different clinical fields, including pediatrics, owing to its many 
advantages compared to conventional blood sampling. However, whilst being applied for decades for screening purposes, some 
challenges, such as the hematocrit (Hct) effect, hinder further widespread use of DBS for quantitative purposes in clinical practice. 
Amongst the approaches that were developed to cope with this issue, is the Hct prediction of DBS using near-infrared (NIR) spectroscopy. 

Objectives: The aim of this study was to extensively evaluate a commercially available NIR set-up for the prediction of the Hct from DBS. 

Methods: Using left-over venous EDTA-anticoagulated blood from patients, the accuracy and precision, stability, and robustness were 
assessed. Furthermore, applicability of the method on capillary DBS was evaluated via finger prick samples. 

Results: Following actualization of an in-built calibration model, which was needed as an unacceptable negative bias was observed, the 
method validation resulted in a maximal bias, respectively CV, of 0.013 L/L and 4.5%. The method was robust towards several aspects, 
including storage (except for storage at 60°C), measurement location, type of filter paper (Whatman 903 vs Ahlström 226) and spotted 
volume (except for 10 µL spots). Furthermore, the method allowed to discern an altered blood spreading in DBS that had been pressed 
following collection. In contrast, holding the filter paper at an angle of approximately 45° while collecting the DBS did not relevantly affect 
the Hct predictions. Finally, the potential to predict the Hct of capillary DBS was demonstrated. 

Conclusion: A commercially available NIR set-up was extensively and successfully validated, allowing non-contact Hct prediction of DBS 
with excellent accuracy and precision. This allows to correct for the Hct-based bias observed in partial-punch DBS analysis and the set-
up of blood-plasma conversion factors, increasing the application potential of patient-centric sampling. 
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Introduction: The occurrence of interactions may significantly alter the effectiveness of highly active antiretroviral therapy (HAART). 
Whereas awareness of drug-drug interactions exists, contrastingly, interactions between drugs and food (including dietary supplements) 
are often underestimated by patients, physicians, and pharmacists. In our study we used chemometric methods to analyze simultaneously 
many different features of antiretroviral drugs and food, that may influence their mutual interactions. Methods: 1) A comprehensive 
literature review of clinical studies investigating interactions with food, beverages, dietary supplements, and alcohol was performed for 
33 antiretroviral drugs. 2) Data concerning different factors related to the drug and food was extracted and aggregated. Among evaluated 
drug features were e.g.: physicochemical properties, formulation, dose, pre- and postprandial values of pharmacokinetic and 
pharmacodynamic parameters. Investigated food features were e.g.: caloric density, quantitative and qualitative meal composition. 3) 
pKa values for the main chemical groups of each drug were calculated in silico, as well as the set of molecular descriptors. 4) Both 
extracted and calculated data were analyzed using chemometric methods based on data mining, e.g.: cluster analysis, principal 
component analysis, partial least-squares regression, and correspondence analysis. Results: With the review, evidence for either positive 
or negative interactions between HAART and food, beverages, dietary supplements, and alcohol was found. The result of interaction 
depended on the studied drug features and meal composition. Correlation structure between parameters investigated was evaluated and 
the strength of bivariate associations, for the pairs of correlated parameters was calculated. The apparent similarities and dissimilarities 
between studied drugs were revealed. Conclusions: The results of our study will contribute to a better understanding of HAART-food 
interactions and emphasizing their importance. The outcomes may also help to predict possible interactions based on the chemical 
structure and physicochemical properties of specific drugs and improve the safety and effectiveness of HAART. 
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Background: As Human Serum albumin (HAS) matures inside the hepatocytes, we hypothesized that HSA modifications occur at early 
stages of cellular hepatic injuries, long before liver parameters. Such modifications produce albumin isoforms and alter the conformation 
and binding properties of HSA. Therefore, we developed the Serum Enhanced Binding (SEB) Test as a new biomarker for the detection 
of DILI. 

Methods: Hepatotoxicity was induced in 84 Wistar rats. Rats were intoxicated with ethanol, CCl4 or paracetamol for several days, or 
subjected to bile duct ligation (BDL) (n=6/group/delay). Blood was collected for HSA isoforms determination, the SEB test and liver 
parameters. Histological injuries were determined on liver tissues. For isoforms determination: serums were diluted and injected on a 
µLC-tripleTOF 5600 Plus system. HSA spectra were deconvoluted by using PeakView 2.1 for the identification of HSA isoforms. For the 
SEB test: Cu, Au, Cd, L-thyroxine (LT) and Dansylsarcosine (DS) were incubated with rats serums for 30 min and ultrafiltrated using 
Amicon® 30 KDa filters. The presence of ligands in the ultrafiltrates signed a modification of albumin. All ligands were measured by ICP-
MS. 

Results: Several isoforms were detected: acetylated, cysteinylated, glycosylated and glutathinoylated albumin. SEB ligands and the 
isoforms increases were significantly higher than the controls and had different profiles upon the degree of the liver injuries. The apparition 
of isoforms and the positivity of the SEB test were observed early, starting day3 in all groups. The classical tests (ALT, AST, PAL,...) 
significantly increased starting only D7. Cu, DS and Au increases were rapid, starting D1 for both ethanol and paracetamol. Cd increased 
only at D7 for paracetamol and D14 for ethanol. 

Conclusions: The increase of HSA isoforms could be used as an early biomarker for DILI. These liver injuries could be revealed by a very 
rapid and simple test, the SEB test. 
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Introduction: Fosfomycin disodium (FOD) is a wide-range antibiotic used against resistant bacteria. We developed a plasma and urine 
population PK (PopPK) model to evaluate: (1) FOD disposition and subject characteristics impact on PK parameters, and (2) the adequacy 
of standard dose regimens to attain efficacy targets. 

Methods: In this two-way crossover study, eight healthy men were randomised to receive both intermittent 8g tid and continuous infusion 
1g/h over 18h with a loading dose of 8g separated by a wash-out period of at least 48h. Per subject 22 blood and 9-11 urine samples 
were collected. Concentrations were determined using LC-MS/MS. PopPK modelling was performed using Non-Linear Mixed Effects 
Modelling (NONMEM, FOCE-I). Monte Carlo simulations using the final model were conducted to evaluate Probability of Target 
Attainment (PTA) of efficacy targets (AUC24h/MIC of 25 and 70%T>MIC). 

Results: The data was best described by a two-compartment model with a urine compartment. All parameters were scaled by BMI. Final 
model included glomerular filtration rate (GFR) calculated with CKD-EPI formula which showed a significant positive correlation with the 
renal clearance. For MIC ≤32mg/L, 4g every 8h reached 100% and 99.9% of attainment for AUC/MIC and 70%T>MIC targets, 
respectively. For more resistant pathogens with a MIC 128mg/L, 100% of subjects who received 1g/h continuous infusion attained target 
of 70%T>MIC, while none of those received intermittent infusion achieved 70%T>MIC. Subjects with reduced kidney function and low 
BMI resulted in highest PTA. 

Conclusion: Intermittent infusion dose of 4g every 8h might be sufficient and the most optimal dosing to treat susceptible bacteria with 
MIC ≤32mg/L. Continuous infusion is preferred for treatment which requires time-dependent bactericidal activity. The model suggests 
that FOD dosing should be based on GFR and BMI. 
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Background: Flucloxacillin is the first-choice antibiotic to treat severe methicillin-sensitive Staphylococcus aureus infections. Intravenous 
(IV) therapy is typically followed by a course of oral flucloxacillin enabling discharge of the patient from the hospital. Given the high inter-
individual variability in absorption after oral administration, a switch from IV to oral flucloxacillin therapy can only be justified after 
documenting adequate absorption by performing an oral absorption test (OAT). In this study we evaluated the use of an OAT in a routine 
clinical setting. 

Methods: An oral test dose of 1g flucloxacillin was given after a two-hour fasting period and blood samples were taken at baseline and 
45 and 90min after administration, to estimate peak levels. Continuous infusion was not interrupted for the test. If flucloxacillin was 
administered via an intermittent infusion, one IV administration was replaced by the oral test dose. Absorption was considered sufficient 
if the increase after 45 or 90min was ≥10 mg/L from baseline. Flucloxacillin concentrations in plasma samples were determined by an 
UHPLC-HRMS (Q-Exactive, ThermoFisher) method after protein precipitation. 

Results: OAT results were obtained from 90 adult patients (40 females/50 males) with a median age of 60.5 years (IQR 49.3-69.0). In 
66% of the patients the maximal increase in concentration reached the target of 10 mg/L. For 73% of the patients the maximal increase 
of flucloxacillin concentration was obtained after 45min (median 19.8 mg/L, IQR 13.4-30.2) and for the other 27% the maximal increase 
was obtained after 90min (median 20.5 mg/L, IQR 15.5-40.1). The patients with adequate absorption were switched to oral flucloxacillin 
administration, for the poor absorbers IV therapy was prolonged or switched to another oral antibiotic. 

Conclusions: An adopted OAT (protocol based on Dijkmans et al.) has been successfully implemented and applied in a Belgian tertiary 
hospital to guide antibiotic treatment. 
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Background: Therapeutic drug monitoring of infliximab (IFX) in combination with inflammation biomarkers and clinical response might be 
relevant to the optimization of IFX in rheumatoid arthritis (RA) patients. Main objective: to identify patient, disease and treatment 
characteristics that affect Cmin IFX and clinical response. Secondary: to evaluate the effect of patient characteristics, concomitant 
immunosuppressants, ATI and Cmin IFX in TNFα and IL-6. 

Methods: prospective, observational study of repeated measures. 120 blood samples were obtained from a cohort of 22 RA adult patients 
treated with IFX (July 2014 to August 2017). Cmin IFX, ATI, TNFα, IL-6, erythrocyte sedimentation rate (ESR) and C reactive protein 
(CRP) were measured. The clinical response was evaluated with the disease activity score in 28 joints using ESR (DAS28-ESR). Clinical, 
biochemical and demographic data were recorded. We performed a mixed effects analysis to determine the predictive factors of Cmin 
IFX and clinical response. Statistical analysis was conducted with R 3.4.4. 

Results: 22 patients (16 women (72.7%)) were included. The median age and body mass index (BMI) were 62.0 (49.9-70.2) years and 
27.6 (23.5-30.5) kg/m2, respectively. 90.9% of the patients received concomitant immunomodulatory (IMM) treatment. Median DAS28-
ESR at inclusion was 2.54 (1.95-3.57) (63.6% were in remission or moderate activity). During the study period, median Cmin IFX, IL-6 
and TNFα were 0.75 mg/L, 5.90 pg/mL and 19.4 pg/mL, respectively. The intra-patient variability (IPV) for Cmin IFX was 57.3% (41.3-
99.5). Four patients developed ATI. Cmin IFX was significantly associated with the presence of ATI in all patients, and with IL-6 
concentration in patients with undetectable ATI. Male sex and IL-6 were significantly associated with DAS28-ESR value. 

Conclusions: Cmin IFX was significantly associated with the presence of ATI and with IL-6 in ATI negative patients. Predictive variables 
of clinical response were sex, CRP, ESR and IL-6. 
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Background: With the use of capillary microsamples, limited sampling strategies (LSS) and population pharmacokinetic model derived 
Bayesian Estimators (popPK-BE), AUC-guided TDM of tacrolimus is clinically applicable. However, most popPK models are based on 
data from clinical trials, obtained under controlled conditions (i.e. fasting and without concomitant drugs), and may not reflect a real-life 
scenario. In addition, most data are obtained during the day, not taking tacrolimus circadian variation into account. The aim of the present 
study was to investigate the PK of twice-daily tacrolimus in a real-life setting. 

Methods: Successive 12-hour tacrolimus PK investigations were performed after the morning- and the evening dose both in a fasting-
state (±2 hours fasting rule) and under real-life conditions (administered as in the patients every-day life). A total of 31 renal transplant 
recipients were investigated in the early post-transplant phase (14 repeated the investigations after 1-2 weeks). 

Results: Circadian variation was observed under fasting conditions, with 45% higher peak-concentration and 20% higher AUC following 
the morning dose (P<0.06). Under real-life administration circadian variation was not present: the PK-profiles were flat and comparable 
after the morning and evening dose. The absorption rate was slower and AUC lower when compared to the fasting morning administration. 
LSS with samples obtained at 0, 1, and 3 hours predicted AUC well after the fasting morning dose using a previously developed popPK 
model. Adapting this model to fit the slower absorption shown in real-life data, an LSS using sampling times at 1, 3 and 6 hours predicted 
AUC well for the fasting evening dose and in the real-life setting. 

Conclusion: When administered in a real-life setting tacrolimus show flat PK-profiles and no circadian variation. In a fasting state circadian 
variation is present. LSS in combination with popPK-BE are able to predict AUC under both conditions. 
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Human Immunodeficiency Virus (HIV) treatment with dolutegravir(DTG)-rilpivirine(RPV) dual therapy is now increasingly recommended 
as a switch option in patients virologically suppressed. The aim of the study is to explore the relationship between DTG and RPV plasma 
trough concentrations (Cmin) and treatment response during maintenance treatment. 

Patients switched to a dual DTG-RPV (50/25mg qd) therapy and with a plasma HIV-RNA (VL)<50 cp/mL were included in this 
retrospective, multicenter (n=9) study. Variables collected at W4, W12, W24 and W48 included demographics, VL, DTG and RPV Cmin, 
CD4, creatinine, eGFR. DTG and RPV Cmin were estimated using existing popPK models. The relationship between virological failure 
(defined as VL>50 cp/mL) and Cmin was explored at each visit using t-tests. Median [IQR25-75%] were presented. 

Two hundred and two patients were enrolled in the study. Baseline characteristics were: age 56.0 years[50.2-63.0], 26% female, zenith 
VL 90,209 cp/mL[26,893-292,250] and nadir CD4 202/mm3[97-336]. Before switching, patients were mainly treated with triple therapy 
(n=149; 44 with DTG and 34 with RPV). DTG and RPV Cmin were 2175 ng/mL[1,327-3,150; n=309] and 112 ng/mL[77-176; n=310), 
respectively. Besides, 4.2 and 8.0% of patients had concentrations below clinical threshold (600 and 50 ng/mL) for DTG and RPV, 
respectively.During the 48-week follow-up, 16 patients (7.5%) exhibited a VL>50 cp/mL. No relationship between virological response 
and Cmin was evidenced at any time-point. At W48, 20 patients (9.4%) have discontinued their dual therapy: 5 for virological failure 
(2.4%), 7 for adverse events (3.3%) and 8 for other causes (3.8%). 

A majority of patients receiving DTG/RPV maintenance dual therapy demonstrated virological success at W48 suggesting treatment 
efficacy of the one pill and once daily regimen. Drug exposure was not associated with VL>50 cp/mL during the 48-week study period 
possibly due to a low power/low number of events and a relatively drug exposure for both drugs. 
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Introduction. Maximum a posteriori Bayesian estimation (MAP-BE) of pharmacokinetic (PK) parameters is the cornerstone of model-
based therapeutic drug monitoring (mbTDM). Because current mbTDM tools present several drawbacks (limited drug library, restricted 
settings, not free of charge), we developed the free and open-source R package mapbayr to perform MAP-BE easily for any kind of PK 
model, independently of external modeling software. Our objective was to validate its performance versus NONMEM. 

Methods. mapbayr relies on mrgsolve for model coding and differential equation solving, and on the L-BFGS-B algorithm to minimize 
objective function value (OFV). Thirty-four PK models were coded with the possible features: oral or intravenous administration ; first- or 
zero-order absorption ; lag time ; time-varying covariates ; Michaelis-Menten elimination ; additive, proportional, mixed and exponential 
residual error ; parent drug and metabolite ; limited or large inter-individual variability. For each model, 4,000 PK profiles were simulated, 
with combinations of single/multiple dosing and rich/sparse sampling. MAP-BE of PK parameters was performed in both mapbayr and 
NONMEM. For every patient, the estimation was qualified as excellent if the maximum difference in PK parameter values (∆η) was lower 
than 0.1%, discordant if higher than 10%, and acceptable in between. 

Results. Of the 136,000 estimations, median ∆η was 0.0003%, 98.8% had an excellent estimation of PK parameters, 0.3% acceptable 
and 0.9% discordant. The highest percentages of discrepancy (5.7% discordant) were seen with models with lag time or zero-order 
parameters to estimate in rich sampling settings. However, in those cases, OFV was often lower with mapbayr than NONMEM and 
discrepancies affected absorption parameters and rarely elimination such as clearance. 

Discussion. Thanks to mapbayr, any model can be coded in R and be used for MAP-BE with reliable estimates. It is intended to be an 
universal tool for in-house Shiny apps to perform mbTDM. mapbayr will soon be available on CRAN and Github. 
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First report on in vivo toxicokinetics of Dichlorobisphenol A 
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Context: During the water disinfection process, bisphenol A (BPA) present in water can react with chlorine to form chlorinated derivatives 
of BPA (ClxBPA), including 3,3’-dichlorobisphenol A (Cl2BPA). This emerging pollutant was found in tap water as well as in human 
biological matrices such as urine, adipose tissue, placental tissue and maternal milk. As an endocrine disruptor, Cl2BPA constitutes a 
potential risk to human health. Currently, no toxicokinetic data are available to assess exposure to Cl2BPA, which is essential for proper 
risk assessment. 

Objective: The aim of this study is to determine in vivo toxicokinetics of Cl2BPA after administration in rats. 

Materials and Methods: 20 males Sprague-Dawley rats (280g) were exposed intravenously to Cl2BPA at two doses: 2.9 mg/kg and 45.1 
mg/kg (10 rats per dose). Blood samples were taken from the lateral vein of the tail at 0.25, 0.5, 1, 2, 4, 8 and 24h. After euthanasia at 4 
and 24h, liver, brain, adipose tissue and muscles were collected, and urine and feces were harvested. Cl2BPA concentrations in plasma 
and tissues were determined by using a validated LC-MS/MS assay. 

Results and discussion: For both doses, plasma kinetic curves show a rebound in concentration. Quite marked differences are present 
between the doses in terms of elimination and distribution of Cl2BPA, suggesting dose-dependent kinetics. Indeed, there was no 
proportional increase of AUC with dose. Lower tissue: plasma concentration ratios were found in adipose tissue in comparison to liver, 
brain and muscles. At 24h, excretion in feces was much greater compared to urines. 

Conclusion: This study reports for the first time in vivo toxicokinetics of Cl2BPA but further investigations are required to understand the 
mechanisms involved in its disposition and to develop a PBPK model for exposure assessment. Moreover, the toxicokinetic of other 
ClxBPA are also currently under investigation. 
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Analysis of Synthetic Cannabinoids Paraphernalia in two Patients admitted for drug Rehabilitation in UAE 
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The use of synthetic cannabinoids has been become wide spread around the world and especially within the last 10 years. Compared to 
some other regions (e.g. Europe and North America), such use has been more recent in the Gulf region. Potential drug material from two 
clinical patients was analysed in association with their admission and treatment programmes at the National Rehabilitation Center (NRC) 
in Abu Dhabi. Patient 1 had a history of drug use (in particular, heroin, methamphetamine, pregabalin, tramadol, benzodiazepines, 
cannabis and eye drops). As part of the out-patient programme after in patient care, urine drugs of abuse monitoring detected synthetic 
cannabinoids on one occasion but the patient denied use. The family were concerned of sporadic episodes of patient confusion, self-
talking, restlessness, inappropriate laughter and nonsensical talking but the patient denied any drug use. Small pieces of paper were 
found next to the patient’s smoking kit at home and were submitted to the NRC toxicology laboratory. The synthetic cannabinoids 5F-
MDMB-PICA and 5F-MDMB-PINACA were detected with use of such drugs potentially accounting for the patient symptoms exhibited. 
Patient 2 had a history of pregabalin and methamphetamine drug use. They had started to use synthetic cannabinoids within the last 2 
years prior to admission for rehabilitation and had experienced a rapid health deterioration, including uncontrolled blood sugar (alternating 
hyperglycemia and hypoglycemia), repeated nausea and vomiting, repeated infections and bouts of irritability and anger. As part of the 
patient programme a small piece of paper was submitted to the NRC toxicology laboratory with 5F-MDMB-PICA and 5F-MDMB-PINACA 
being detected. Whilst synthetic cannabinoids are more commonly encountered as substances on plant material for smoking, in some 
situations (typically prisons), they may be present in paper items. These cases represent the less common form but provide useful 
confirmation of synthetic cannabinoids in the UAE. 
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Therapeutic drug monitoring based dosing of oral targeted anticancer therapies: a prospective multicenter 
study 
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Introduction: 

Oral targeted anticancer therapies are still prescribed at a fixed dose despite their high interpatient variability. Consequently, the risk for 
overdosing resulting in toxicity or underdosing leading to ineffectiveness is high. For several of these drugs exposure-response 
relationships have been described which makes them highly suitable for Therapeutic Drug Monitoring (TDM), which is dose 
personalization based on drug levels. 

Methods: 

We performed a prospective nationwide multicenter study (www.trialregister.nl;NL6695) in which TDM was implemented if a patient 
started with one of the 24 drugs included in this protocol. Trough levels were measured after 4, 8, and 12 weeks and every 12 weeks 
hereafter. If a trough level was below the predefined target and toxicity profile was manageable, a PK-guided intervention (i.e. checking 
compliance and drug-drug interactions, concomitant intake with food, splitting the intake or dose increments) was performed. The primary 
outcome was to halve the proportion of patients with a exposure below the target at the third Ctrough measurement compared with 
historical data. 

Results: 

Up to now, 600 patients were included of whom 386 patients are evaluable for the primary outcome. In 543 patients ≥1 PK sample(s) 
were taken and are therefore evaluable for the overall analyses. At the third PK measurement, PK-guided dosing reduced the proportion 
of underexposed patients by 44% (95% confidence interval 32-54%) compared with historical data. At a certain time point during treatment 
261 patients (48.1%) had ≥1 PK samples below the target. PK-guided interventions were performed in 139 of these patients (53.3%), 
which were successful in 95 out of 124 evaluable patients (76.6%). PK-guided interventions could not be performed in 122 patient, mainly 
due to toxicity (n=78), physician decision (n=21), or treatment discontinuation (n=16). 

Conclusion: 

TDM based dosing of oral targeted anticancer therapies reduced the proportion of underexposed patients and was feasible in clinical 
practice. 



 

40 

 

ID: 226 / C-11: 2 

Pharmacology/Therapeutic Drug Monitoring 

Topics: Alternative Sampling Strategies 

Fully Automated Dried Blood Spot-Based Therapeutic Drug Monitoring of Immunosuppressants 

Sigrid Deprez, Prof. Christophe Stove 

Laboratory of Toxicology, Department of Bioanalysis, Faculty of Pharmaceutical Sciences, Ghent University, Ottergemsesteenweg 460, 
9000 Ghent, Belgium 

Introduction: In therapeutic drug monitoring (TDM), there is an increased interest in dried blood microsampling. Sampling of dried blood 
spots (DBS) on filter paper is the best known strategy, as a less invasive alternative to venous blood sampling. Key advantages are the 
possibility to perform home sampling and the amenability for automation. The aim of this study was to develop, validate and compare LC-
MS/MS methods for the quantification of four immunosuppressants (tacrolimus, everolimus, sirolimus and cyclosporin A) in blood and in 
DBS, for the latter using a DBS-MS-500 autosampler. 

Methods: Method development included optimization of the fully automated extraction procedure. This optimized procedure was applied 
on venous left-over samples from patients taking immunosuppressants at Ghent University Hospital and was compared with an optimized 
procedure in whole blood. 

Results: The LC-MS/MS methods were successfully validated based on international guidelines, for the DBS method also taking into 
account DBS-specific parameters. Reproducible (CV<15%) IS-compensated relative recovery values were obtained. However, a 
hematocrit-dependent relative recovery was observed for the DBS, with lower hematocrit values yielding higher relative recoveries (and 
vice versa). Relative to the reference hematocrit of 0.37, this difference exceeded 15% at hematocrit extremes (0.18 and 0.60), implying 
that ideally, for real samples outside the validated recovery range, a hematocrit correction should be applied. 

Comparative analysis of blood and DBS for all analytes demonstrated applicability of fully automated DBS analysis. Using a validation 
set, a hematocrit-based correction algorithm was set up for the automated DBS procedure, which, upon application on an independent 
set, led to an acceptable agreement of DBS results with whole blood. 

Conclusion: We demonstrated the potential of fully automated DBS-based analysis of immunosuppressants in the context of TDM (from 
card to result, with no hands-on). We are currently evaluating the clinical applicability of the DBS method in a real-life setting. 
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An innovative and efficient tool for clinical toxicology: a 60 patients retrospective study on drug annotation 
combining a Molecular Networking Approach with MetWork web application 
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Background: In Toxicology, analysts are confronted with complex problems, resulting in important clinical consequences. Untargeted 
screening remains a challenge, given the high number of molecules to be detected. LC-HRMS, the reference method for screening, 
generates a large volume of high quality spectral data, without tools for visualizing and organizing MS data. We applied molecular 
networking (MN) for screening interpretation. Objectives were to build a MS library and apply this database (DB) for drug’s identification; 
compare theoretical MS libraries obtained in-silico with our DB; use MetWork webserver for metabolites identification. 

Methods: Patient’s plasma was crushed with acetonitrile. After centrifugation, supernatant was injected onto an LC-Orbitrap QExactive 
LC-HRMS system. For MS, positive MS and two data-dependent MS/MS scans were recorded using CID and HCD activation types. For 
MN, data were analyzed and visualized using Metgem. Finally, MetWork annotations were filtered and this file was used to annotate the 
previously obtained MN. 

Results: For the DB, 155 compounds were recorded. Using this DB, intake of various commercialized drugs as well as drugs of abuse 
were confirmed in 60 patients. The MN approaches confirmed results obtained by references methods (80% of the compounds were in 
common). Comparison was made between our experimental DB and in-silico MS/MS spectra using CFM-ID to annotate drugs 
metabolites. CFM-ID gave comparable results in 50% of cases whatever the activation types used. Finally, using MetWork, additional 
metabolite annotations were possible, such as mephedrone major metabolites; phase 2 metabolites like oxazepam glucuronides; isobaric 
drugs like tramadol, amitriptyline, venlafaxine and their metabolites were identified in patients without ambiguity. 

Conclusions: For untargeted screening, our results show that MN opens perspectives in toxicology using LC-HRMS. Combined with CFM-
ID and MetWork to extend the annotation of new potential drugs or old drug’s metabolites, even without reference standard, it could help 
clinicians to explain potential toxicity. 
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Escitalopram Metabolite Profiles According to CYP2C19 and CYP2D6 Genotypes 
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Introduction 

Escitalopram (ESC) is a selective serotonin reuptake inhibitor used in the treatment of anxiety and depression disorders. ESC is 
metabolized to four main metabolites, and several CYP enzymes are involved. The aim of this study was to investigate the impact of 
CYP2C19 and CYP2D6 genotypes on the different ESC metabolites in vivo. 

Methods 

Serum samples were collected from a routine therapeutic drug monitoring service at Diakonhjemmet hospital in Oslo. Samples were 
included from patients who had undergone both CYP2C19 and CYP2D6 genotyping and serum concentration measurement of ESC. The 
serum samples were analyzed with high resolution Orbitrap MS to measure the concentrations of N-demethyl-ESC, N-didemethyl-ESC, 
ESC-N-oxide and ESC propionic acid. The metabolite/ESC ratios were compared between genotype groups using Kruskal-Wallis followed 
by Bonferroni-adjusted Dunn’s tests. 

Results 

In total, 258 patients were included in the study, 166 women and 92 men. The patients had a median age of 41 years (range 15-99). The 
metabolic ratio most closely related to CYP2C19 genotype was ESC propionic acid/ESC, which was 46% lower in CYP2C19 IMs and 
77% lower in PMs compared with NMs (p ≤ 0.005). CYP2C19 genotype was also associated with N-demethyl-ESC/ESC and N-
didemethyl-ESC/ESC metabolic ratios. CYP2D6 genotype was most closely related to the ESC N-oxide/ESC metabolic ratio, which was 
34% lower in CYP2D6 IMs and 82% lower in PMs compared with NMs (p < 0.001). CYP2D6 genotype was also associated with N-
didemethyl-ESC/ESC metabolic ratio. 

Conclusion 

CYP2C19 genotype impacts serum levels of the ESC metabolites N-demethyl-ESC, ESC propionic acid and N-didemethyl-ESC in vivo, 
while CYP2D6 genotype impacts ESC-N-oxide and N-didemethyl-ESC. These metabolic ratios can be applied when investigating 
mechanisms underlying potential interaction between ESC and other drugs. 
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Tacrolimus (TAC) is a calcineurin-inhibitor representing one of the most used immunosuppressants in organ transplantation. 
Immunosuppressants require careful monitoring, as they are characterized by drug-drug interactions, significant inter- and intra-patient 
variability and a narrow therapeutic index: particularly, high TAC concentrations are associated with adverse events, whereas low levels 
increase organ rejection risk. Therapeutic Drug Monitoring (TDM) has proven to reduce the incidence of these negative events. 

TAC is currently quantified in whole blood, despite it acts within lymphocytes: therefore, studying TAC penetration in peripheral blood 
mononuclear cells (PBMCs) may represent a substantial improvement for future TDM. For these reasons, the aim of this study was to 
assess the intracellular TAC concentrations in PBMC and their medium-term intra-patients variability in pediatric patients who underwent 
liver transplantation assuming constant absolute TAC doses. 

Thirty-nine patients were enrolled, 12 patients excluded due to changes in TAC posology, 27 were finally included. TAC intra-PBMCs 
quantification was performed through a validated method in UHPLC–MS/MS method coupled with automated online solid-phase 
extraction and the resulting concentrations were tested for their variability over a period of 2-8 months. TAC intracellular concentrations 
by weight-adjusted dose varied in a not-significant manner (p=0.683), with a median deviation of 1.7% (IQR -14.0% – +25.1%): the 
median deviation was -7.8% (IQR -17.5% – +25.2%) if the weight-adjusted dose was not considered (p=0.517). Significant correlations 
were observed between TAC intracellular levels and the weight-adjusted doses (r=0.660; p<0.001) and between the first and second 
measurement (r=0.780; p<0.001). 

Concluding, these data highlight a slight, yet not negligible, intra-individual variability in the TAC intracellular exposure; the slightly lower 
differences observed with weight-based adjustment suggest patients growth as a contributor to this variability. Further studies are needed 
to translate this evidence to the clinical practice and to confirm the clinical usefulness of intra-PBMC TAC concentration monitoring. 
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Identification of 3-methylmethcathinone and its metabolites with artificial intelligence and molecular networks. 
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Introduction: 3-methylmethcathinone (MMC) is a synthetic ring-substituted cathinone. It is a positional isomer of mephedrone, differing 
only in the position of the methyl group on the phenyl ring. In March 2021, the EMCDDA added it to the list of new psychoactive substances 
(NPS) under intensive monitoring. The purpose of our research was to differentiate 3-MMC from mephedrone and to explore the 
metabolism of 3-MMC using Feature Based Molecular Networking (FBMN) Global Natural Products Social Molecular Networking (GNPS) 
platform. FBMN is a bioinformatic tool that organizes the LC-HRMS data in molecular networks based on similarity between MS/MS-
spectra. 

Methods: Positive electrospray ionization was used in full-scan (70-700 m/z) on a Thermo Q Exactive with data-dependent acquisition 
based preferentially, but not exclusively, on an inclusion list of known mephedrone metabolites. The raw data were converted to an open 
MS format (.mzML) using Proteowizard, and imported into MZMine 2.53 for mass detection, chromatogram building and deconvolution, 
isotopic peak grouping, alignment and filtering. Features present in the blank urine sample were discarded and only features present in 
two or more urine samples were retained. The data were exported to GNPS for FBMN. 3-MMC and 4-MMC were differentiated based 
upon the retention time and a principal components analysis linked to a linear discriminant analysis (PCA-LDA) of the MS/MS-spectra. 

Results: The retention times of 3- and 4-MMC differed by only 0.05 minutes, but PCA-LDA confirmed that all samples contained 3-MMC. 
Currently, 3-carboxy dihydroMMC, 3-carboxy-dihydronorMMC, 3-carboxy-MMC, 3-carboxyMMC glucuronide 3-carboxy-norMMC, 3-
hydroxy-dihydroMMC, 3-hydroxytolyl N-acetyl norMMC, 3-norMMC, DihydroMMC, DihydronorMMC, hydroxytolyl-3-MMC, N-acetyl-3-
MMC and N-succinyl-3- MMC have been (tentatively) identified using FBMN; only 2 human metabolites of 3-MMC had previously been 
reported in literature. 

Conclusions: FBMN has potential for the identification of NPS metabolites in samples of users, in addition to existing techniques like liver 
microsome studies. 
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Background: Therapeutic drug monitoring (TDM) of tyrosine kinase inhibitors (TKIs) in cancer therapy offers the potential to improve 
treatment efficacy while minimizing toxicity. Compared to traditional venous blood sampling, (dried blood) microsampling is minimally 
invasive and easy to perform, enabling sampling at home by the patient. As plasma is still the standard matrix for performing TDM of 
TKIs, blood-plasma ratios should be known when aiming at implementation of a TDM method via blood microsampling. In this study we 
determined blood-plasma ratios of eight TKIs used in the treatment of hematologic malignancies. 

Material & methods: A high-throughput sensitive LC-MS/MS method, involving simple protein precipitation on merely 50 µL plasma or 
whole blood, for the simultaneous quantification of bosutinib, dasatinib, gilteritinib, ibrutinib, imatinib, midostaurin, nilotinib and ponatinib 
was developed and validated. Calibration curve ranges and LLOQs were designed to cover the expected trough therapeutic 
concentrations. Blood-plasma ratios, and the variation thereof, were determined by analyzing authentic patient samples. 

Results: The method was successfully validated according to EMA guidelines and applied on a total of 132 coupled blood and EDTA-
plasma samples from 65 patients on TKI treatment. The mean obtained blood-plasma ratios (CV%) were 1.12 (16%) for bosutinib, 1.40 
(24%) for dasatinib, 0.97 (17%) for gilteritinib, 1.10 (22%) for ibrutinib, 0.73 (8%) for imatinib, 0.71 (11%) for midostaurin, 0.70 (13%) for 
nilotinib and 0.92 (13%) for ponatinib. For dasatinib and ibrutinib wide interpatient variabilities were observed; to allow adequate 
interpretation of the concentrations of these compounds in blood, blood-specific reference values should be established. For bosutinib 
and gilteritinib larger datasets are required. 

Conclusions: The derived blood-plasma ratios can be used for calculating plasma concentrations from dried blood microsamples. Method 
validation for the quantification of the same panel of TKIs in dried blood microsamples, obtained via volumetric absorptive microsampling 
(VAMS), is currently in progress. 
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Background 

Endoxifen is the most important active metabolite of tamoxifen. Several (retrospective) studies suggested a minimal, or threshold, 
endoxifen systemic concentration of 14–16 nM for a lower recurrence rate. The aim of this study was to investigate the feasibility of 
reaching a predefined endoxifen level (≥16 nM; 5.97 ng/mL) --over time-- using therapeutic drug monitoring (TDM). 

Methods 

In this prospective, open label, intervention study, patients who started treatment with a standard dose of tamoxifen -- 20 mg once daily 
-- for early breast cancer were enrolled. An outpatient visit was combined with a TDM sample at 3, 4.5 and 6 months after initiation of the 
tamoxifen treatment. The tamoxifen dose was escalated to a maximum of 40 mg if patients had an endoxifen concentration below 16 nM. 
Primary endpoint of the study was the percentage of patients with an endoxifen level ≥16 nM at 6 months after the start of therapy 
compared with historical data. 

Results 

In total, 145 patients were included. After 6 months, 89% of the patients had endoxifen levels ≥16 nM, compared with a literature based 
80% of patients with endoxifen levels ≥16 nM at baseline (95% CI, 82 to 94%; P = .007). In patients with an affected CYP2D6 allele, it 
was not always feasible to reach the predefined endoxifen level ≥16 nM. No increase in tamoxifen related adverse events was reported 
after dose escalation. 

Conclusion 

This study demonstrates that it is feasible to increase the percentage of patients with endoxifen levels ≥16 nM by means of TDM. TDM 
is a safe strategy and offers a possibility to nearly halve the number of patients with endoxifen levels <16 nM. 
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Background: 

Infliximab is indicated for the treatment of crohn disease (CD) and ulcerative colitis (UC). The recommended dose is 5 or 10mg/kg at 
week 0, 2 and 6 then every 8 weeks. The therapeutic drug monitoring of infliximab is commonly performed based on trough concentration 
(C0) with a target of 3-7µg/mL. However, doses and dosing interval may be adapted to patients' outcome and this C0 target could 
correspond to a large range of exposure in terms of exposure (area under the curve of the concentrations over the time (AUC)). The aim 
of the study was to assess the relationship between C0 and AUC0-tau/AUC0-8wk through different dosing regimen. 

Methods: We conducted a single center retrospective pharmacokinetic study in adults who received infliximab to treat CD or UC and had 
available infliximab concentrations between January 2014 and January 2021, per standard of care. A 2-compartment model with first-
order elimination and including weight on volumes and weight, antibodies to infliximab, albuminemia and immumodulators drugs on 
clearance as significant covariates previously published was used to estimate the AUC0-tau/AUC0-8wk (Fasanmade et al., 2011). The 
correlations between C0 and AUC0-tau/AUC0-8wk were also assessed. 

Results: A total of 247 patients contributed 5535 infliximab concentrations. The median [range] age and weight were 33years [16-94] and 
65kg [39-150], respectively. The median [range] doses and maintenance dosing interval were 5mg/kg [4.2-10] and 8weeks [3-17], 
respectively. The median infliximab C0, AUC0-tau and AUC0-8wk were 7.2µg/mL [0.1-88], 26,637µg.h/mL [14,242-69,864] and 
28,390µg.h/mL [10,698-170,454], respectively. The correlation between C0 and AUC0-tau and AUC0-8wk showed a correlation 
coefficient of 0.05 and 0.24, respectively. 

Conclusion: Wide ranges of C0, AUC0-tau and AUC0-8wk were found with poor correlation between C0 and AUC. Exposure surrogate 
using C0 appears to be inappropriate in a clinical setting with various doses and dosing interval. AUC-guided drug monitoring should be 
preferred. 
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Introduction: The persistent exposure of the population, including pregnant women and their fetuses in utero to environmental chemicals 
from varied sources, has given rise to the expanding field of biomonitoring. Biomonitoring is, however, currently disproportionately 
conducted mainly in advanced countries, calling for globally inclusive approach. 

Comment: Human biomonitoring (HBM) is generally regarded as the method of assessing human exposure to chemicals and their effects 
by measuring specific chemicals, their metabolites or reaction products in human biospecimens. Biomonitoring contributes very useful 
information to the understanding of the effects of chemical exposures on human health. It is an integrated method of evaluating health 
risks, their early recognition, intervention, mitigation, and prevention. It may also provide clues to pressing global concerns, shaping public 
policies. Numerous chemicals and related metabolites may be measured relatively easily with progress in science and technology, but 
are largely advanced and expensive. Owing to the prohibitive cost involved in biomonitoring, many Low and Medium Income Countries 
(LMICs) do not conduct formal biomonitoring, rather they are involved in indirect or ‘surrogate biomonitoring ’program (SBP). As HBM is 
an important tool for supporting environmental health policy formulation, extending beyond regional to global levels, it appears imprudent 
to leave LIMCs to their own limitations, which may have unintended global backlash, including global insecurity/ terrorism from chemical 
induced-neurological dysfunction. 

Conclusion: A Global Biomonitoring Institute (GBI) is proposed, which will globally evaluate environmental chemicals exposure in maternal 
population and attendant offspring, where the more economically and technically endowed countries lift up LIMCs to avoid late lessons 
from early warning or neglect of chemical-induced individual and societal disorders. One lesson the current pandemic has thought the 
scientific community is to act globally and proactively. Environmental pollutants know no national boundaries, as the SARS- CoV-2 virus 
has demonstrated very painfully and at a great cost 
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Small animal’s blood volume limits the amount of samples that pre-clinical pharmacokinetic studies require. VAMS (Volumetric Absorptive 
MicroSampling) systems allow reproducible sampling of few microliters of blood. To validate their use to describe baclofen 
pharmacokinetics in rats, we developed and validated a new method with the Mitra® system. 

Previous validated LCMSMS method for plasma baclofen determination was adapted. 20µL-Mitra® were impregnated with whole blood 
and dried. Baclofen extraction was performed with water (200µL) and 1% (v/v) formic acid and baclofen-d4 (300ng) was added. 
Supernatant was evaporated and dry residue was taken up with 50µL of 80/20/0.1 water/acetonitrile/formic acid solution (%, v/v). Ten 
microliters were injected into Quantum UltraTM LCMSMS system coupled to turbulent-flow chromatography (ThermoFisher). To validate 
sampling protocol, two baclofen dosages (5mg/kg; 116mg/kg, i.e. 80% of the LD50) were tested on rats. Samples were drawn between 
5min and 24h, simultaneously from a catheter and from tail. Plasma determinations in classical conditions were also performed. 

This method was linear from 5 to 2000 ng/mL (R2mean=0.992; n=6) with Loq at 5ng/mL. Repeatability and intermediate precision were 
below 9.74% on three different levels (15, 750 and 1500ng/mL; n=6). Extraction efficiencies were between 98.2 and 115.8% (n=6). 
Excellent correlations were described between baclofen concentrations on Mitra® system on the two sampling sites, catheter and tail 
(p<0.0001) and between plasma values. First results allowed description of elimination half-life estimated at 5.5h. 

A new baclofen quantification on VAMS system was validated. Sampling with Mitra® on catheter appeared to be the most practical and 
will allow us to precisely describe baclofen’s kinetic phases in rats, particularly the short absorption phase, which requires multiple 
samples. Elimination half-life estimation obtained was similar to previously reported data on plasma samples. Mitra® system therefore 
appears to be promising for kinetic studies in pharmacology or toxicology in small animals. 
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Background. Fluconazole TDM is not recommended mostly due to the dose-concentration relationship. However, both lack of 
pharmacokinetic data and large dose range recommended in pediatric patients receiving fluconazole against invasive-candidiasis, is of 
concern especially in ICU associated with larger inter-individual pharmacokinetics variability. A fluconazole trough concentration 
(FCtrough) > 11µg/mL was suggested to be efficient against Candida species. The purpose of this study was to identify patient 
characteristics associated with FCtrough in pediatric ICU population and to identify an optimal dose to reach an adequate drug exposure. 

Methods. We conducted a retrospective study in children hospitalized in pediatric (PICU) or neonatal (NICU) of a university hospital 
treated with fluconazole and for whom FCtrough were available. Demographic, biologic and clinical data were gathered through review 
of the medical records and correlation with the FCtrough was assessed in the whole and both populations using Pearson correlation and 
non-parametric tests. FCtrough were determined using an UPLC assay. 

Results. From November 2015 to 2020, 53 patients were included (12 from PICU, 41 from NICU), 58% weighted < 1.5 kg and 71 % were 
preterm (late to extreme). In PICU, a positive correlation was found between FCtrough and fluconazole dose (p=0.005). In NICU, 
FCtrough was correlated to serum creatinine (p<0.001) while linear dose-concentration relationship was no longer observed. A higher 
proportion of FCtrough below the 11 µg/mL threshold was observed in NICU (48%) versus PICU (30%) patients. A FCtrough> 11 µg/mL 
was significantly associated with a higher dosing regimen (p=0.02) 

Conclusion. With current dosing recommendations, FCtrough is suboptimal in more than one third of the pediatric population suggesting 
that a higher fluconazole dose is required to achieve adequate drug exposure. Fluconazole TDM can be a valuable helpful tool to rapidly 
detect suboptimal exposure, especially in NCIU population where dose-linearity is no longer observed 
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ABSTRACT 

Introduction 

In the critically ill zanamivir is indicated for the treatment of complicated and potentially life-threatening influenza A or B virus infection in 
adult and paediatric patients (aged ≥6 months). Little is known about the pharmacokinetics of zanamivir in patients undergoing continuous 
venovenous hemofiltration (CVVH) and the dosage to be used for optimal treatment. Our objective is to report the sieving coefficient (Sv) 
for zanamivir in patients receiving CVVH. 

Methods 

Patients of ≥18 years admitted to the intensive care unit (ICU) with a life-threatening Influenza A or B infection, treated with zanamivir i.v. 
and undergoing CVVH were included in this prospective observational study. Patients received a zanamivir loading dose of 600mg i.v., 
12 hours later followed by maintenance dosages two times daily according to the treating physician. Zanamivir plasma and ultrafiltrate 
samples were drawn at t= 0, 0.5, 1, 2, 3, 4, 6, 8, 12h on day 3 of treatment and analysed with a validated HPLC-MS/MS method. The 
AUC, V, T1/2 were estimated with non-compartmental analysis using PK Solver software, a validated platform for non-compartimental 
analysis. The CLtotal was calculated as the ratio of zanamivir maintenance dose/plasma AUC0-12HR. The CLCVVH Sv was calculated 
as the Sv × ultrafiltration flow rate. The CLCVVH AUC was calculated as the ratio (dialysate AUC0-12HR/plasma AUC0-12HR)*CLtotal. 

Results 

Four patients were included in the study. A Sv of approximately 1.0 was identified, with unrestricted transport of zanamivir to the 
ultrafiltrate. The calculated average CLCVVH AUC, CLCVVH Sv and CLtotal were comparable with 48 ± 10ml/min, 48 ± 11ml/min resp. 
46 ± 10ml/min. The half-life was prolonged with 5.6–9.9 hours compared to the 2-3 hours in patients with normal renal function. 

Conclusions 

Zanamivir is well cleared by CVVH. Drug exposure is potentially predictable based on ultrafiltration flow rates and may help guide dosing 
of zanamivir. 
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Darunavir and ritonavir (DRV/r) are victims of drug-drug interactions (DDI) with strong cytochrome inducers, such as rifampin (RIF). 
Recent data showed that doubling DRV/r dose did not compensate RIF-induced decrease in both drugs plasma exposure. The impact of 
this DDI within Peripheral Blood Mononuclear Cells (PBMC) is still unknown. Therefore we investigated the intra-PBMC pharmacokinetics 
(PK) of DRV/r, dolutegravir (DTG) and RIF. 

People living with HIV were enrolled in a prospective dose-escalation cross-over study. Patients started with a DRV/r 800/100mg QD 
regimen, then RIF (600-750mg) and DTG 50mg BD were added, RTV dose was escalated to 200mg, then they received either DRV/r 
800/100 BD and then 1600/200 QD or vice versa. RIF was withdrawn. Plasma and intra-PBMC concentrations of DRV/r, DTG and RIF 
were measured through validated LC-MS/MS methods at the Ctrough at each treatment switch, and at 2-6h at the start and after DRV/r 
dose escalations. 

17 patients were enrolled but due to high incidence of liver toxicity only 4 patients completed the protocol. 

In this patients, after the addition of RIF, intra-PBMC DRV Ctrough dropped significantly (P=0.039) to 119ng/mL (IQR 13–694) and 
68ng/mL (16–164) for 800/100 BD and 1600/200 QD dosages, respectively. Differences were less pronounced at 2-6h (P=0.114). RIF 
addition and dose escalation was associated with a significant increase in the intra-PBMC/plasma ratio for DRV, from a median starting 
value of 0.17 (0.09–0.26) to 0.23 (0.20–0.26) and 0.28 (0.21–0.41) for 800/100 BD and 1600/200 QD regimens, respectively. This 
indicates that the reduction within PBMC is less pronounced than in plasma. DTG and RIF intra-PBMC concentrations were comparable 
with data in literature. 

The observed different impact of this DDI in plasma and in PBMC suggests that the intra-PBMC quantification may be useful to fully 
understand the relevance of pharmacokinetic DDIs with strong inducers. 
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Dalbavancin (DBV) is a lipoglycopeptide antibiotic with high efficacy and tolerability against Gram+ infections: its effectiveness is partially 
due to its long half-life. Nevertheless, little is known about DBV intracellular pharmacokinetics (PK) in the real-life. 

For this reason 7 patients were enrolled, treated with one (n=3) or two (n=4, 2 weeks delay) high 1500 mg doses. Peripheral blood 
mononuclear cells (PBMCs) and plasma concentrations were evaluated through a modified version of UHPLC-MS/MS CoQua Lab Kit-
System Antibiotics® before infusion, end-of-infusion, 1h post-infusion and then weekly. PBMCs were isolated through Cell Preparation 
Tubes, while cell counts and mean cell volumes were determined through an automated counter. Intracellular concentrations were 
compared with plasma concentrations: AUCs (0-2w and 0-∞) and half-lives (t1/2) for both doses were calculated through Phoenix 
WinNonLin ® (Certara) software on mean concentration data. 

DBV mean terminal t1/2 resulted longer in PBMCs than in plasma both for the first and second dose (696h and 611h in PBMC vs. 473h 
and 336h in plasma), in accordance with mean intra-PBMCs AUC0-∞: 73123 h*mg/L and 78524 h*mg/L for PBMCs vs. 50313,8 h*mg/L 
and 55077 h*mg/L for plasma, for the first and second dose, respectively. As expected, AUC0-2w in plasma and PBMCs were both higher 
after the second dose: 33133 h*mg/L vs 39472,8 h*mg/L in PBMCs and 31307,5 h*mg/L vs 35733,9 h*mg/L in plasma. Mean 
PBMCs/plasma AUC0-2w ratios were 1.05 and 1.10 for the first and second dose, respectively, indicating a progressive accumulation 
within cells. 

Mean Cmax in PBMCs and plasma were 371.1 and 378.8 mg/L for the first dose and 320.5 and 385.4 mg/L for the second dose, 
respectively. These data suggest a slightly delayed Cmax in PBMCs and a longer permanence time of DBV within cells, confirming the 
proposed mechanism of tissue redistribution at the basis of its extremely long terminal halflife. 
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Introduction: Pembrolizumab is a humanized monoclonal IgG4 antibody directed against the programmed death receptor-1 (PD-1). It 
blocks the interaction between PD-1 and its ligands which enhances the activation of T-cell mediated immune responses against tumor 
cells. Nivolumab, another human monoclonal antibody (IgG4), also targets PD-1 resulting in enhanced T-cell proliferation and interferon-
gamma release. Both are FDA-approved for malignant melanoma monotherapy as intravenous injections (240 mg or 480 mg every 2 or 
4 weeks for nivolumab and 200 mg every 3 weeks for pembrolizumab). The purpose of the study was to determine if peak or trough 
serum concentrations correlated to clinical outcomes or toxicity. 

Methods: Twelve melanoma patients (5 prescribed nivolumab, 7 pembrolizumab) at steady state were consented into this IRB approved 
study. Trough and peak blood samples were collected immediately before and after infusions, processed, and frozen until analysis using 
monoclonal immunoglobulin Rapid Accurate Mass Measurement (miRAMM). Briefly, IgG4 immunoglobulins and the therapeutics were 
extracted from serum using a Human IgG4 affinity matrix. After wash steps and elution, a reduction step with dithiothreitol was used to 
release the light chains for quantification following chromatographic separation and a full scan mass spectrum detection on a Q-TOF 
mass spectrometer. All patients were also evaluated for adverse events prior to every treatment cycle and radiographically for disease 
progression. 

Results: Trough concentrations of nivolumab and pembrolizumab ranged from 45-198 and 11- 74 mcg/mL, with peak concentrations 
ranging from 122-416 and 37-163 mcg/mL, respectively. Using a Kruskal-Wallis test, the pembrolizumab trough concentrations were 
higher in patients who achieved optimal clinical response (complete remission vs. partial response, p=0.0237) and toxicity (e.g. 
pancreatitis, thyroiditis) compared to no side effects (p=0.0019). 

Conclusions: Preliminary data indicated that trough pembrolizumab concentrations may correlate with efficacy and toxicity, but larger 
studies will be needed to demonstrate the full benefit of TDM. 
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Introduction: Tisagenlecleucel has revolutionized the pharmacological approach of relapsed or refractory B-cell acute lymphoblastic 
leukaemialeukaemia in paediatrics. The safety profile of tisagenlecleucel still needs to be better defined. The aim of this study was a 
post-marketing evaluation of the safety of tisagenlecleucel through the analysis of the Eudravigilance database with focus on the 
paediatric population. Method: From 2017 to 2020, one third of Individual Case Safety Reports referring to tisagenlecleucel (117/364) 
have been collected in paediatrics, on average nine year-old boys. Results: Overall, 92% of the638 adverse events were serious and 
caused or prolonged hospitalisation. A total of 55 adverse events presented a fatal outcome, mainly due to progression of malignant 
neoplasm (N = 10; 18.2%), recurrence of acute lymphocytic leukaemia (N = 6; 10.9%) or occurrence of acute lymphocytic leukaemia (N 
= 5; 9.1%). Cytokine release syndrome was commonly reported after tisagenlecleucel infusion (54/638), followed by pyrexia (45/638) and 
hypotension (27/638). Only 18/638 events referred to neurotoxicity, none of them resulted in death. More than one third of cases (41/117) 
were suggestive of therapeutic failure. Conclusions:This first post-marketing analysis confirms pre-approval evidence of the safety profile 
of tisagenlecleucel in paediatrics. Since only a few years of marketing is available, further followed-up studies need to be performed to 
investigate longer-term safety of tisagenlecleucel. 
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INTRODUCTION: Hydroxychloroquine (HCQ) has been widely used during the SARS-COV2 pandemic as an antiviral drug. Most previous 
pharmacokinetic/pharmacodynamic studies on HCQ were conducted in healthy volunteers or patients in chronic therapy. There are no 
studies on the elimination of HCQ after short treatments. HCQ is known to have a pro-arrhythmic effect through QT interval prolongation, 
but data in this setting are not conclusive. Our aims are to estimate the time needed for HCQ whole blood concentrations (CHCQ) to drop 
to a safety level (500 ng/mL) after cessation of a short-term therapeutic cycle and to correlate corrected QT interval (QTc) with CHCQ in 
this particular setting. 

METHODS: We collected blood samples and electrocardiograms of patients who underwent a short-term therapy with HCQ during drug 
intake and after discontinuation. CHCQ were measured by a HPLC-MS/MS assay and analysed with a linear regression model to estimate 
the elimination time of the drug after its discontinuation correcting for total dose taken. We analysed through a multivariate analysis QTc 
correlation with CHCQ. 

RESULTS: The Figure shows the correlation between normalized (for drug dose) HCQ concentrations (nCHCQ) and time from treatment 
cessation. The linear regression model of nCHCQ versus days since the last HCQ dose taken has an upper 95% CI that crosses the 
concentration of 500 ng/mL 16 days after treatment cessation. QTc prolongation significantly correlates with CHCQi in a model that 
includes also age, sex and concomitant treatment with QT prolonging drugs. 

CONCLUSIONS: The data confirm the long half-life of HCQ and its effect on QT interval even after short treatment courses. We suggest 
that 16 days after the last administered HCQ dose, physicians could safely introduce (or reintroduce) treatments with a QT prolonging 
potential. 
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Introduction: More than a thousand new psychoactive substances (NPS) were reported by the UNODC in December 2020. In the same 
year, etizolam, flualprazolam and flubromazolam, 3 designer benzodiazepines, were reported as the top 3 NPS in toxicologic cases by 
the UNODC. Difficulties with legislation, identification and detection are a worldwide problem. The objective of our research was to 
determine whether or not Feature Based Molecular Networking (FBMN) gives additional value in NPS metabolite detection, exploration 
and identification when compared to literature and in silico calculation. 

Method: Urine samples that contained one of the target designer benzodiazepines etizolam (3 urine samples), flubromazolam (1), 
bromazolam (1) or flualprazolam (7) were used and prepared with and without ß-glucuronidase. Positive electrospray ionization was used 
in full-scan (70-700 m/z) on a Thermo Q Exactive with data-dependent acquisition based on an inclusion list with metabolites compiled 
primarily from literature and the BioTransformer website. The raw data were converted using MassIVE and imported into MzMine for pre-
processing using mass detection, chromatogram building and deconvolution, isotopic peak grouping, alignment, and filtering. The data 
were exported to the Global Natural Products Social Molecular Networking (GNPS) platform for FBMN. The output was visualised using 
Cytoscape. 

Results: A total of 7 bromazolam metabolites were found compared to 8 found in the literature. For flubromazolam 3 metabolites were 
found (6 in literature). Seven flualprazolam metabolites were identified and 1 tentatively (7 in literature). For etizolam 9 metabolites were 
suspected, and 1 metabolite was identified, while only 2 have been reported in the literature. In samples containing more than 1 
benzodiazepine, the networks overlapped, e.g. when they differed by one substituent. 

Conclusion: GNPS and FMBN might prove useful for the detection and differentiation of potential metabolites of newly discovered NPS 
which can be further isolated and identified. 
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Background 

This study (NCT01891123) aimed to compare the safety and efficacy of dosing by therapeutic drug monitoring (TDM) versus body surface 
area (BSA) of docetaxel in patients with non-small cell lung cancer (NSCLC). 

Methods 

Patients with advanced NSCLC were randomly assigned (1:1) to receive 3-weekly docetaxel (≤6 cycles) either with TDM (arm-A) or 
standard 75mg/m2 BSA dosing (arm-B). In arm-A, subsequent doses after cycle 1 were adjusted to an area under time-concentration 
curve (AUC) of 2.5-3.7μg/mL·h by previous-cycle AUC determined from two blood samples. Patients in arm-B were dosed based on BSA 
and dose adjustments were made according to the drug label. Primary endpoint was severe neutropenia and secondary endpoints were 
neuropathy, response rate and progression free survival. The plasma concentration of docetaxel was determined utilizing the 
MyDocetaxel™ immunoassay and AUC was calculated using nonlinear mixed-effect modelling program. 

Results 

99 patients were randomized (arm-A 50, arm-B 49) and treated. TDM significantly reduced doses (75 to 61mg/m2, p<0.001), AUC 
overexposure (53% to 32%, p=0.012) and variation (CV 63% to 42%). Grade 3-4 neutropenia rate was significantly (p<.001) reduced in 
arm-A versus arm B at cycle 2 (35% vs. 83%, respectively. A significant lower cumulative hazard (0.41, 95%CI 0.17-0.98, p=0.037) of 
grade 2-4 neuropathy was observed in arm-A versus arm B. The overall response rate ORR and progression free survival between the 
arms was not significant. 

Conclusion 

TDM reduces the risk of docetaxel related neutropenia and neuropath and improves benefit-risk profile in patients with NSCLC. 
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Introduction: 

Neurodegenerative disorders refer to neuronal degradation and dysfunctions: Alzheimer's, Parkinson's diseases and amyotrophic lateral 
sclerosis are regarded as the major ones. Currently, effective treatments for CNS depressive symptoms associated with 
neurodegenerative diseases involve the use of “new-generation” antidepressant agents (ADA). In order to correctly assess therapeutic 
options, alternative and patient-friendly microsampling strategies are particularly attractive to promote accurate TDM practices. 

Methods: 

Microsampling approaches were developed, based on dried matrix spot (DMS) and volumetric absorptive microsampling (VAMS). In 
comparison with routine protocols, miniaturised haematic samples are minimally invasive, using few drops of capillary blood from a 
fingerprick, with promising future applications for home-sampling. Moreover, when using dried samples, cryopreservation for transport 
and storage is not required while usually granting high analyte stability. Whole blood microsampling was studied for several ADA together 
with their active metabolites, exploiting high resolution mass spectrometry (HRMS). In addition, oral fluid microsampling was investigated 
as possible alternative matrix in TDM. All the original procedures were optimised and validated, then compared to classic fluid samples. 

Results: 

Method validation results were satisfactory in terms of sensitivity, extraction yield (85%-95% range) and precision (RSD always <8.5%). 
Moreover, enhanced stability was observed for dried microsamples stored at room temperature (>88% after 3 months), when compared 
to fluid counterparts stored at controlled temperatures. Finally, good agreement from patient TDM data was demonstrated between 
microsampling and reference in-tube sample analysis. 

Conclusion: 

Dried microsampling approaches provided sound and reliable results allowing a feasible analysis of ADA in subjects suffering from 
neurodegenerative diseases, with high potential within an increasingly patient-centric scenario. In fact, more frequent TDM could enhance 
precision medicine practices and provide novel diagnostic tools for remote sampling, when coupled to high-throughput, cost-effective 
analysis workflows. This collaborative research work was made possible by the Research Projects of National Relevance (PRIN) 2017 
funds. 
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One year after the COVID-19 pandemic announcement, the disease still expands and spreads that increases the necessity to develop 
specific antiviral drugs. Viral RNA Polymerase inhibitors is a pharmacologic group that includes Remdesivir approved by FDA for COVID-
19 treatment. Favipiravir is another drug from this group attracting the interest of society and generic manufacturers. 

The aim of this study was to assess the bioequivalence of a new generic 200 mg Favipiravir enteric-coated tablet “Favipiravir-Microchim” 
(Microchim, Ukraine) to the reference medicine “Avigan” (FUJIFILM Toyama Chemical Co., Japan). 

This randomized, two-period, two-sequence, crossover bioequivalence study was conducted in 24 healthy volunteers of both sexes under 
fasting conditions. To reduce the risk of infection, a set of special measures was carried out, including multiple PCR-testing. Blood samples 
were collected just before and after dosing during a 24-h time period. Blood concentrations of favipiravir were measured by HPLC-MS/MS. 
Cmax, Tmax, t1/2, AUC0-t, AUC0-∞ AUCres, and Kel were determined for the test and reference drugs. Bioequivalence was to be 
concluded if the 90%-confidence intervals were within the range of 80% to 125% for Cmax and AUC0-t. 

24 healthy volunteers were enrolled: 14 men and 10 women; mean age 32.8±6.9 31.9±10.8 years; mean weight 79.1±9.4 and 61.4±6.8 
respectively. The 90%-confidence intervals for Favipiravir-Microchim/Avigan mean ratios of the log-transformed pharmacokinetic 
variables were within the conventional bioequivalence range: 91.14 – 114.04% for Cmax and 97.50 – 111.66% for AUC0-t (point estimate: 
101.95 % and 104.34 % respectively). None of the volunteers reported any adverse events during the study. 

Conclusions: The two favipiravir enteric-coated tablet formulations demonstrated similar pharmacokinetic profiles and were found to be 
bioequivalent, and therefore, interchangeable. Considering the limited number of favipiravir pharmacokinetics studies in COVID-19 
patients, Pharmbiotest has initiated the project of therapeutic drug monitoring with home blood sampling using VAMS Mirta® (Neoteryx 
LLC, USA). 
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Introduction. 

A poor adherence to therapy in chronic treatments has recently been reported in several pathological conditions including hypertension, 
dyslipidemic conditions and diabetes. This impacts severely public health and pharmaco-economy (see: 
https://www.who.int/chp/knowledge/publications/adherence_report/en/). 

On the grounds of the poor effectiveness of the current approaches to evaluate the patients’ adherence to long term pharmacological 
treatments, the present work aims at testing the potential usefulness of hair analysis based on modern chromatographic and 
electrophoretic techniques coupled to mass spectrometry. Because of its wide retrospective detection window and its limited invasivity, 
as already assessed in the field of forensic toxicology, hair analysis looks suitable to provide objective information on the intake of drugs 
in the recent months before hair collection. However, the limited amount of hair which can be collected and the low concentrations of 
drugs and metabolites present in the hair matrix require highly sensitive analytical methods, which only recently have become available 
in pharmaco-toxicology laboratories. On the other hand, the complex composition and still largely unknown interaction of drugs with the 
hair matrix require high analytical selectivity. 

Methods. 

The adopted approach based on liquid chromatography and capillary electrophoresis hyphenated with mass spectrometry proved 
situatable for a quantitative determination of drugs and metabolites in hair of subjects undergoing chronic treatments with statins and 
antihypertensive drugs (beta-blockers, calcium antagonists, ACE inhibitors). The methods have been validated according to the 
guidelines of forensic toxicology. 

Results and conclusions. 

The preliminary results show significant correlations between parent drug and/or metabolite concentrations in the hair matrix and the 
medium term “exposure” to therapy. These data strongly support the potential use of hair analysis for an objective monitoring of adherence 
to long term therapy. 
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INTRODUCTION: Poisoning by mycotoxin contaminated food is a common global problem, especially in developing countries, that is 
often overlooked by toxicologists from developed countries. A result of this was demonstrated by a recent case report describing the 
delayed diagnosis of lethal 3-NPA poisoning after ingestion of ‘spoiled’ coconut milk (Birkelund et al, Emerging Infectious Diseases. 
2021;27:278-280). 

METHODS: This delayed diagnosis and my toxicology experience prompted this brief review of 3-NPA toxicity. 

RESULTS: Ingestion of edible plants contaminated by the mycotoxin 3-NPA produced by a fungus (Arthrinium) can cause irreversible 
damage to the basal ganglia(Ludolph et al, Can J Neurol Sci.1991;18:492–8); similar to that caused by carbon monoxide, cyanide, 
hydrogen sulfide, manganese, or methanol. I was unaware of this until presented with a 5 year old, Chinese girl at the Beijing University’s 
First Hospital who had bilateral lenticular lesions on CT and severe Parkinson’s symptoms secondary to “Moldy Sugar-Cane Poisoning.” 
This syndrome had been well described, but mostly in Chinese medical journals (Liu et al, Biomed Environ Sci.1992;5:161–77). This case 
was published as a case report in an English language toxicology journal(Li Ming, J Toxicol Clin Toxicol.1995;33:363-7), but recognition 
of this toxin remains underappreciated by many western toxicologists. 

CONCLUSIONS: These two 3-NPA poisoning cases, and my experience as an Editor-in-Chief of three English language medical journals, 
have convinced me that western toxicologists, toxicology journals, and medical societies (e.g., IATDMCT) would benefit if we could 
overcome the publication barriers and lack of recognition faced by practitioners in resource poor, non-English speaking environments. 
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Introduction: 5-fluorouracil (5FU) is widely used in the treatment of various cancers. 5FU pharmacokinetics are characterised by high 
variability, an established concentration-effect relationship and narrow therapeutic index, which support the use of therapeutic drug 
monitoring (TDM) approaches to improve 5FU safety and efficacy. Nonetheless, dose adjustment of 5FU is complex due to saturable 
pharmacokinetics and multiple TDM dose adjustment algorithms have been proposed. 

Methods: A population pharmacokinetic approach was used to evaluate the probability of target attainment (AUC 18-30 mg.hr/L) of 
established TDM algorithms over four treatment cycles. Monte Carlo simulations were conducted for 1000 individuals with characteristics 
representative of patients receiving 5FU therapy. The results informed the development of a new and improved 5FU TDM algorithm. 

Results: Standard BSA-based dosing of 5FU was predicted to result in supra-therapeutic exposure in 80% of individuals. After three 
subsequent TDM-adjusted cycles, previously proposed dose adjustment algorithms were predicted to reduce the risk of toxicity, with 40-
50% of patients exhibiting drug exposure above the upper limit of the therapeutic range. Significant intra-individual variability in drug 
concentrations was also identified. Based on these findings, an alternate TDM algorithm was developed, which is predicted to result in 
supra-therapeutic drug exposure in only 5% of patients after one TDM-adjusted cycle. 

Conclusion: Due to wide inter-individual variability in 5FU exposure after BSA-based dosing, existing TDM dosing algorithms require 
numerous dose adjustment cycles to achieve therapeutic targets in the majority of patients. Furthermore, high variability in quantification 
of drug concentrations limits the ability of current TDM practice to achieve optimal 5FU exposure. An alternate TDM-based dose 
adjustment approach has the ability to decrease the risk of 5FU-related toxicity, whilst maintaining treatment efficacy. 
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Introduction 

Mycophenolate mofetil (MMF), an ester pro-drug of Mycophenolic Acid (MPA), is an immunosuppressive drug used as a prophylactic 
regimen in hematopoietic stem cell transplantation (HSCT) to prevent the developing of graft-versus-host disease (GVHD). Analogously 
to solid organ transplantation, MPA exposure, in terms of its Area Under the 12h time concentration Curve (AUC0-12h) correlates with 
treatment outcome. The therapeutic range has been established (30-60 mg×h/L), but regarding pediatric HSCT there is a lack of 
exposure–response data, and only few Limited Sampling Strategies (LSSs) has been developed. 

The aim of this study is to demonstrate the capability of a LSS developed for renal pediatric patients for the execution of Therapeutic 
Drug Monitoring (TDM) in pediatric HSCT patients. 

Methods 

In this retrospective study 30 HSCT pediatric patients were enrolled. The patients underwent TDM, executed with the following LSS: MPA 
AUC0-12h= 18.6+4.3×C0+0.54×C0.5+2.15×C2. MPA abbreviated AUC0-12h values were checked at baseline and at 15.9 (±4.3) days 
after the first TDM. The difference between MPA AUC0-12h values from baseline to after the TDM, was tested by Mann Whitney test, 
considering as statistically significant p values of a 2-sided Test < 0.05. 

Results 

At baseline 13 patients were under the therapeutic range, 16 patients were in the correct range, and 1 patient was over the range. After 
the TDM only 3 patients were under the therapeutic range and 27 patients were in the correct range. The median value of AUC0-12h 
(mg×h/L) from baseline vs after TDM was: 30.70; Interquartile range (IQR): 26.50 to 40.47 vs. 39.41; IQR: 35.80 to 42.90 (p = 0.004). 

Conclusion 

These results suggest the capability of a renal transplant LSS to reach an adequate MPA exposure in a group of HSCT patients, 
evidencing the pivotal role of TDM in the first period after HSCT. Future studies are needed to confirm these results. 
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Introduction: 

There is more and more evidence of an impact of inflammatory state on drugs metabolism. Thus, pro-inflammatory cytokines has been 
shown to downregulate cytochrome activity leading to a decrease in drugs biotransformation. Tacrolimus is altogether the major 
immunosuppressive drugs, a drug with a narrow therapeutic range and a remarkably good substrate for cytochrome P450 enzymes. Its 
metabolism could then be influenced by inflammatory state. 

The aim of this study was to explore the impact of inflammation on tacrolimus pharmacokinetics. 

Methods: 

Every consecutive kidney transplant recipients with at least one measurement of C-reactive protein (CRP) hospitalized in our institution 
was included in this retrospective monocenter study. To evaluate the impact of inflammation on metabolism and to account for patients 
difference in basal metabolism, we calculate the ratio of the maximum tacrolimus concentration over dose ratio (MaxC/D) over the 
minimun concentration over dose ratio (MinC/D) during the patient's hospital stay. We finally explore the relationship between the 
maximum CRP expressed as quartiles and the MaxC/D over MinC/D ratio using a Kruskal-Wallis test. 

Results: 

Two-hundred and ninety-seven hospital stays in 195 patients were collected. Patients in the first CRP quartile (CRP below 16.6 mg/L) 
have lowest Max over Min C/D ratio than patients in the third (CRP between 58.8 and 141.3 mg/L) and in the fourth (CRP above 141.3 
mg/L) quartile. Mean Max over Min C/D ratio were respectively 1.48 ± 0.51; 1.87 ± 2.04; 1.99 ± 0.99 and 3.92 ± 6.13 (p<0.0001). 

Conclusion: 

Inflammation might induce a decrease in tacrolimus metabolism leading to an increase in the risk of patients overexposure. Inflammation 
parameters could be used as a complementary tool to therapeutic drug monitoring of tacrolimus in kidney transplantation. 
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Dalbavancin (DBV) is a potent long-acting lipoglycopeptide active against Gram+ bacteria with high efficacy and excellent tolerability. 
Nowadays, little is known about its pharmacokinetic/pharmacodynamic (PK/PD) profile, particularly in the osteoarticular setting and with 
two high 1500 mg infusions. 

Two groups of patients treated with DBV were enrolled, receiving one or two high doses (1500 mg vs 2 x 1500 mg weekly) respectively. 
Plasma DBV concentrations were measured through a UHPLC-MS/MS analytical Kit (CoQuaLab) at the end of infusion, after one hour 
and then weekly. AUCs and half-lives (t1/2) were calculated through Phoenix WinNonLin ® (Certara) software. Then, AUC0-2w/MIC and 
the estimated T>MIC were calculated according to the breakpoint-MIC for susceptible microorganisms (0.125 mg/L) and adjusted by 93% 
protein binding. 

Ten patients were enrolled: 3 with soft-tissues infections (ABSSSI) and 7 with osteoarticular infections. Six and 4 patients received 1 and 
2 infusions, respectively. Mean Cmax after the first and second dose were 355.7 mg/L and 376.1mg/L, respectively. DBV concentrations 
showed multiphasic PK, with an extremely long terminal t1/2 (554.3 h). Mean observed AUC0-2w for the single dose and double dose 
groups were 20590 and 56010 mg/L*h, respectively. 

Mean protein-binding-adjusted AUC0-2w/MIC were 20590 and 31366 in the single and dual dose groups, respectively; mean estimated 
T>MIC were 17.3 w and 20.5 w, respectively. There were no adverse events; Two patients were not cured, both with single dose and 
osteoarticular infections and slightly lower mean AUC0-2w/MIC (21406 vs 27863, P=0.057) 

By a theoretical point of view, our data highlight very high AUC0-2w/MIC both with single and dual infusions, abundantly higher than the 
previously suggested cut-off value (nearly 1000 for ABSSSI), even considering protein binding. This suggests the need for dedicated 
PK/PD targets in the osteoarticular setting. The evidence of high T>MIC is reassuring in terms of prophylaxis from re-infections or systemic 
spreading. 
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Introduction. Therapeutic plasma exchange (TPE) is the process of extracorporeal plasma removal to reduce autoantibody levels in 
specific clinical settings. Patients are frequently immunosuppressed and require antimicrobial treatment or prophylaxis. TPE prescription 
changes may require drug dose adjustments. Understanding the influence of TPE on the pharmacokinetics of antimicrobials is essential 
to optimize their effectiveness and achieve therapeutic targets. 

Itraconazole is a commonly used antifungal lacking published data regarding clearance during TPE. 

Theoretically, drugs with a low Vd (<0.2 L/kg) and highly protein-bound are more susceptible to clearance via TPE. Itraconazole is highly 
protein-bound (>99%); however it possesses a large Vd. Therefore, the effect of TPE on the pharmacokinetics of itraconazole remains 
unclear. Our report examines the pharmacokinetics of itraconazole in a patient on regular TPE. 

Case description. A 34-year-old Malaysian male presented with anti-MDA5 amyotrophic dermatomyositis. Management included twice-
weekly TPE and immunosuppression with rituximab and high dose corticosteroids. Oral itraconazole (200mg BD) was commenced for 
invasive Aspergillus lentulus infection after voriconazole failed to reach therapeutic concentrations despite dose escalation. Multiple 
measurements of itraconazole were performed to guide dose adjustment. One illustrative episode is described. 

TPE was 142 minutes, 1.1 total body volume exchanged with albumin. Serial venous blood at TPE start, mid-point and completion and 
multiple points the same day were obtained to determine itraconazole concentrations. Pre-and post-TPE serum itraconazole 
concentrations were 3956 ug/L and 1850 ug/L respectively - a 53.2% reduction. Waste plasma volume was 3740 mL with itraconazole 
concentration of 2451 ug/L, giving a calculated clearance of 1.36 L/h via TPE. 

An increase in drug levels was observed during the inter-TPE period, probably reflecting redistribution from extravascular compartments. 

Conclusion. Despite the large volume of distribution, a significant proportion of itraconazole is removed by plasma exchange. TDM is 
required to guide dose adjustments during a TPE treatment course. 
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Background: Augmented renal clearence (ARC) risk factors and effects on vancomycin (VCM) of obstetric patients were possibly different 
from other populations based on pathophysiological characteristics. Our study was to establish a regression model for prediction of ARC 
and the effects on VCM treatment in critically ill obstetric patients. 

Methods: We retrospectively included 427 patients, grouped into ARC and non-ARC patients. Logistic regression analysis was used to 
analyze the factors related to ARC. Patients who received VCM therapy were collected. Vancomycin population pharmacokinetic (PPK) 
model was used to calculate pharmacokinetic parameters. 

Results: Of the 427 patients, ARC was present in 214 patients (50.1%). According to the results of Logistic regression analysis, we 
established the above nine-variable prediction regression model and calculated the predicted probability. ROC curve showed that the 
predicted probability of combined weight, albumin, height and gestational age had better sensitivity (93.8%) and specificity (54.2%) as 
well as the maximal AUC (AUC = 0.866). 41 cases received VCM; 17 cases (41.5%) had ARC. The initial trough concentration in ARC 
patients was lower than in non-ARC patients (p = 0.032). Comparing the predicted trough concentration of two VCM PPK models with 
the measured trough concentration, correlation coefficients (r) were all more than 0.8 in the ARC group and non-ARC group. AUC was 

significantly decreased in the ARC group (p = 0.026; p = 0.043), and CL increased in the ARC group (p＜0.001; p＜0.001) when compared 

with the non-ARC group. 

Conclusions: ARC is a common state in critically ill obstetric patients. The regression model of nine variables had high predictive value 
for predicting ARC. Vancomycin PPK model had good predictive performance for predicting trough concentrations of obstetric patients. 
Pharmacokinetic parameters of VCM are different in ARC patients, which results in enhanced VCM clearance and decreased trough 
concentration. 
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Introduction: Treatment guidelines, clinical support tools, and expert consensus guidelines recommend measurement of antipsychotic 
blood levels, as adherence to antipsychotic therapy is critical to positive treatment outcomes. POCT provides immediate, objective drug 
level results during the patient visit so clinicians can provide personalized treatment plans to combat problems such as nonadherence, 
pharmacokinetic interactions (drug-drug, changes in lifestyle), poor response, or unacceptable toxicity. The aims of the study were to 
validate whole blood (WB) POCT assays for total aripiprazole (aripiprazole + major metabolite dehydroaripiprazole; ARI), and total 
risperidone (risperidone + major metabolite 9-hydroxyrisperidone; RSP). 

Methods: Automated homogenous immunoassays (MyCare Psychiatry Assay Kits for Total Aripiprazole (CE Mark) and Total Risperidone 
(CE Mark), were modified to test analyte levels in WB with the MyCare Insite, a small, portable analyser used for rapid POCT. Analytical 
performance of MyCare Insite ARI Test (ARI-POCT) and MyCare Insite RSP Test (RSP-POCT) was evaluated according to CLSI 
guidelines with 3 reagent lots. Testing was performed using buffered controls and spiked WB samples. 

Results: The ARI-POCT was linear from 56 – 1,000 ng/mL. Within-laboratory precision over the measuring range was 7 – 15%. The limit 
of quantification (LoQ) was 120 ng/mL. No bias from hematocrit (35 – 50%) was observed for either ARI or RSP. The recovery over the 
measuring range was 90 – 110%. ARI-POCT Insite results from 41 patient samples were compared to a validated LC-MS/MS; Passing-
Bablok regression statistics: 0.1.08 (slope), -23.44 (intercept), and 0.96 (R). The RSP-POCT was linear from 10 - 120 ng/mL. LoQ was 
16 ng/mL. Within-laboratory precision over the measuring range was 9 – 18%. Recovery from 15 to 120 ng/mL was 92–115%. 

Conclusions: Precise, accurate blood levels of the antipsychotics aripiprazole and risperidone can be reported in less than 8 minutes 
using capillary human whole blood samples at point of care. 
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Background: More than 670.000 infections due to bacteria resistance to antibiotics occur each year in the EU, and approximately 33.000 
people die as direct consequence of these infections. The paucity of new antibiotics active against drug resistant pathogens brings to a 
reassessment and reintroduction of already existing therapeutic options such as fosfomycin. 

Aim: Develop and validate a rapid UHPLC-MS/MS method for the determination of fosfomycin and clinically apply to plasma patients 
undergoing fosfomycin therapy. 

Methods: Sample preparation involved protein precipitation with [13C3]-fosfomycin benzylamine salt as internal standard. Quantification 
of fosfomycin was based on MRM (m/z 136.85 >78.87; for IS m/z 139.85 >62.83). A seven-point standard calibration curve was prepared 
over the concentration range of 2 to 800 mg/L. The present method was successfully applied to patients in therapy with fosfomycin from 
the IRCCS Ca’ Grande Ospedale Maggiore Policlinico of Milan. 

Results: Within- and between-day precision and accuracy, sensitivity, selectivity, dilution integrity, recovery were investigated and the 
results met the acceptance criteria. Fosfomycin is stable at 4 °C, over a 24-hour and 72-hours storage period (mean concentration 
variation 2.3%). After three freeze–thaw cycles no significant loss for fosfomycin was observed (mean deviation from fresh QCs -3.6%). 

Patients undergoing the routine TDM of fosfomycin were given fosfomycin in combination with other antibiotics. Daily fosfomycin doses 
ranged from 2 g to 24 g, depending on patient’s weight, renal function and MIC of the pathogen involved. Measured fosfomycin plasma 
concentrations in patient samples ranged from 7.4 mg/L and 644.6 mg/L (CV: 91.1%). 

Conclusions: In critical care patient setting where the optimization of pharmacokinetic parameters has become a clinical necessity, TDM 
represents an important tool to identify the best fosfomycin dosing in single patients. The sensitive, simple, reproducible and robust 
method proposed for fosfomycin quantification in plasma can be applied in real life settings. 
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Personalized treatment in oncology is very important because the drugs used for chemotherapy often require dose adaptation to limit the 
toxic effects while maintaining optimal efficacy. Pharmacogenetics (PGx) may contribute significantly to optimization of anti-cancer 
therapies. We present the retrospective analysis of data collected during the last 4 years on the application of pharmacogenetic analysis 
in the routine clinical practice. In particular, we report the results relatively to dihydropyrimidine dehydrogenase (DPYD) genotyping in 
case of fluoropyrimidines administration and UDP-glucuronosylstransferase (UGT1A1) genotyping for irinotecan. Besides these two PGx 
tests, strongly recommended, we also report results from tests for which the level of diagnostic evidence is still under active debate: PGx 
testing for methotrexate (MTX) and taxanes as potential supporting clinical tools. Single nucleotide polymorphisms (SNPs) in MTHFR, 
SLCO1B1, ABCB1, ABCC2 genes and in CYP3A4/3A5, CYP2C8, ABCB1 genes are investigated for MTX and taxanes tests, respectively. 
We collected a total of 2637 requests for PGx analysis, of which 1713 DPYD genotyping, 741 UGT1A1 genotyping, 180 for taxanes and 
3 for methotrexate. The requests for DPYD and UGT1A1 tests have doubled from 2019 to date, probably due to increasing evidence of 
their clinical usefulness. In addition to the four DPYD variants, included in the Clinical Pharmacogenetics Implementation Consortium 
(CPIC) guidelines, we analyse other two more frequent ones, c.496A>G and c.2194G>A, that especially in a homozygous or compound 
heterozygous status, seem to play a key role. Our data on taxanes show a possible influence of the CYP3A4*22 and CYP2C8*3/*4 on 
paclitaxel and nab-paclitaxel toxicity and of the ABCB1 c.3435C>T on taxanes effectiveness. We stress the use of methotrexate PGx 
tests as “a posteriori” strategy to assist the physician in the problematic treatment of patients with unusual and severe toxicities. PGx 
tests represent a useful and effective tools to prevent or limit anti-cancer drug-induced toxicity. 
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The possible impact of CYP3A genotypes in linezolid underexposure 
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ASST Fatebenefratelli Sacco, Italy 

Background: In adults, linezolid is licensed at the standard dose of 600 mg twice daily. However, the exposure to linezolid is characterized 
by a large inter-individual variability. Age, renal function and body weight explain this variability only to a limited extent and a considerable 
portion of it remains unexplained. Linezolid is predominantly metabolized through oxidation and cytochrome P450 enzymes seem not to 
play a significant role. However, some drug-to-drug interactions potentially related to the polymorphic CYP3A and ABCB1 genes have 
been reported in patients treated with linezolid, suggesting an involvement of the genetic background on linezolid disposition. 

Aim: Investigate the role of individual genetic background in linezolid underexposure. 

Methods: We conducted a retrospective analysis of routine requests for therapeutic drug monitoring of linezolid and pharmacogenetic 
analysis carried out by our Unit. 

Eligible population included patients who received linezolid therapy for ≥72 h, with a blood sample collected 12 h after the last drug intake. 

Linezolid plasma concentrations were classified as “below”, “within” or “above” reference range (2-8 mg/L). Genetic polymorphisms for 
ABCB1, CYP3A4 and CYP3A5, and POR were investigated 

Results: 72 out of 190 patients (37.9%) had linezolid trough concentrations within the therapeutic range; 52.4% and 9.4% had, 
respectively, linezolid trough concentrations above and below therapeutic range. Age significantly correlated with drug exposure. No 
association was found between ABCB1 polymorphisms and linezolid exposure. A significant relationship was instead found in the 
frequency distribution of linezolid trough concentrations when looking at the rs776746 polymorphism of the CYP3A5 gene. The 
multinomial logistic regression analysis confirmed that CYP3A5 expressers (*1/*1 and *1/*3) were found to be more at risk to be 
underdosed respect to CYP3A5 non expressers (*3/*3). 

Conclusion: Our data suggest that CYP3A5, but not ABCB1, polymorphisms significantly affect linezolid disposition, putting patients 
carrying allelic variants at higher risk to linezolid underexposure. 
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Università degli Studi di Milano, Milan, Italy. 

Introduction: The therapeutic use of tumor necrosis factor inhibitors (anti-TNF) has improved the management of chronic inflammatory 
diseases. However, one third of patients does not respond adequately to the treatment. Lack of response is related mainly to sub-
therapeutic drug concentrations due to increased non immune drug clearance and/or immunogenicity. In both cases, the use of anti-TNF 
agents can be optimized by therapeutic drug monitoring (TDM) coupled with antidrug antibodies (ADAs) monitoring. Here, we reported 
our one year experience the TDM of TNF-alpha inhibitors. As exploratory analysis, we also looked at the role of genetic variations in the 
HLA-DQA1 locus and TNF-alpha gene on the response to anti TNF treatment. Methods: TDM was performed using lateral flow rapid 
tests and ADAs were quantified using ELISA-based kits. All patients were typed for the HLA-DQA1*05 allele by polymerase chain reaction 
sequence specific oligonucleotide probes and screened for HLA-DQA and TNF-alpha gene polymorphisms by Real-Time PCR. Results: 
75% and 25% of patients were treated with infliximab and adalimumab, respectively. The target concentration was reached in about 70% 
of patients, whereas 19% and 11% had sub-therapeutic and undetectable drug concentrations, respectively. All patients with undetectable 
concentration developed ADAs and carried the HLA-DQA1*05 variant allele. Of note, patients with TNF-alpha -308AA genotype were 
found to respond poorly to adalimumab compared with TNF-alpha -308AG and GG. Conclusions: TDM of anti-TNF agents is helpful to 
identify patients with primary non response and secondary loss of response mainly due to the formation of ADAs. Despite 
pharmacogenetics is still of limited use in the clinical practice, we have provided preliminary evidence that an association may exists 
between HLA-DQA1*05 and the development of antibodies against anti-TNFalpha. Moreover individuals homozygous for TNF-alpha -
308A seemed to have a poorer response to adalimumab therapy than those with at least one G allele. 
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Elena Seminari4 
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Sciences and Infectious Diseases 

INTRODUCTION: Staphylococcus aureus is the predominant pathogen causing infective endocarditis (IE) and injection drug use due to 
opioid abuse is one of its leading causes. This infection is severe and still associated with a significantly high in-hospital mortality. 
Daptomycin administration in combination with β-lactams is strongly recommended, but its interaction with methadone, a drug widely 
used in the maintenance of opioid use disorder, is not yet well understood. 

METHODS: Five intravenous drug users (IDUs) in treatment with methadone under medical supervision and hospitalized for IE were 
administered with a Daptomycin daily dose of 12 mg/kg. All patients were examined by echocardiography for confirmation of IE. After five 
days of treatment, their exposure (AUC: µgxh/mL) to Daptomycin was calculated. The target AUC0-24/MIC was 666 whereas a safety 
threshold concentration (Cmin) was chosen <24.3 µg/mL. Pharmacokitetic results were compared with those described in literature for 
healthy volunteer treated with the same daily dose for 14 days. 

RESULTS: The calculated average CMAX and AUC0-24 were lower than expected for healthy volunteers and statistically different 
(p<0.001 and p=0.001, respectively). Cmin was always lower than 24.3µg/mL ( : 8.7µg/mL). Conversely, the mean Daptomycin plasma 
clearance normalized for the body weight (CLwp) and the volume of distribution at the steady state (Vd,ss) were both higher than expected 
(p=0.001 and p<0.001, respectively). Median AUC0-24/MIC was 1337. 

DISCUSSION: Daptomycin pharmacokinetics in 5 IDUs treated in combination with methadone were significantly different from those 
reported in healthy volunteers at the same antibiotic daily dosage. Low calculated CMAX AUC0-24 could predict therapeutic failures, 
whereas changes in Vd,ss and CLwp may modify the antibiotic concentration at the target site, affecting the drug’s efficacy. Median 
AUC0-24/MIC =1337 was due to a very low MIC. We suggest Daptomycin daily dose higher than 12 mg/kg for IDUs on methadone 
treatment and a rigorous TDM. 
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Clinically significant drug‐drug interaction between tacrolimus and fluconazole in stable renal transplant 
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Introduction: Clinical use of fluconazole against fungal infections in renal transplant patients is complicated by the profound and 
unpredictable nature of drug-drug interactions (DDIs). 

Methods: We reported a case of tacrolimus-fluconazole DDI in stable renal transplant recipient and analyzed the onset, mechanism, 
magnitude, duration and clinical characteristics of this DDI. An individualized regimen was adapted by therapeutic drug monitoring of 
tacrolimus trough concentration and genetic screening of CYP3A5 6986 A>G and ABCB1 3435 C>T. 

Results: A 38-year-old woman experienced a 9.13-fold increase in dose-normalized tacrolimus trough level (trough concentration/weight-
normalized daily dose) and an 87 % decrease in weight-normalized daily dose (daily dose/body weight) in the treatment of documented 
Candida albicans esophagitis by fluconazole. After discontinuation of fluconazole for 161-day, a 26 % reduction in weight-normalized 
daily dose was required to maintain therapeutic exposure. This patient was homozygous for the CYP3A5 6986 G allele (designated as 
CYP3A5*3/*3) and ABCB1 3435 T allele and therefore was expected to lack CYP3A5 and P-gp activity. Thus, she experienced an 
enhanced magnitude and prolonged duration towards the inhibitory effects of fluconazole. 

Conclusion: Oral fluconazole has a more significant impact on its drug interactions with tacrolimus than intravenous fluconazole. 
Proactively gene screening of CYP3A5 6986 A>G and ABCB1 3435 C>T in organ transplant recipients could help in determining the 
potency of DDI and facilitating tacrolimus dose adjustment in real clinical setting. 
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1Faculty of Medecine, University Oran1 Ahmed Ben Bella, Oran, Pharmacovigilance Department of the Hospital and university 
Establishment of Oran, Algeria; 2Nephrology Departement of the Hospital and university Establishment HUE of Oran, Algeria 

Background: Calcineurin inhibitors (CNIs) are immunosuppressive drugs that have been shown to significantly improve the survival rate 
of grafts in organ transplants. The residual concentration(C0) is the exposure index most commonly used in therapeutic monitoring of 
these drugs. However, the Bayesian estimator approach to assess the area under the curve (AUC) appears to have better reliability for 
therapeutic optimization. 

The adjective is to assess the contribution of the calculation of the AUC of ICNs by the Bayesian method in the TDM of kidney transplant 
recipients at the Hospital and University Etablishment of Oran in Algeria. 

Materials and methods: A one-year study of 35 renal transplant patients treated with cyclosporine (CSA) and tacrolimus (Tac) who 
benefited from a TDM based on the evaluation of Co and AUC. The AUC estimate was made after measuring three concentrations (Co, 
C1 and C 3) on the CHU platform "ABIS et sites pour l'individualisation posologique en transplantation"of CHU Limoge, France. 

Results and discussion : A total of 153 Co evaluated including 72 Co of Ciclosporin and 81 Co of Tacrolimus. 51 AUC0-12h estimated by 
Bayesian method. The results showed a good C0 / AUC correlation: CSA r² = 0.78 and r² = 0.87 for the Tac. 53% of AUC0-12h 
corresponding to normal CSA's Co were outside the therapeutic range while only 20% in the case of TAC. 32% of dosage requests were 
in the context of dosing adjustment, 14% risk of rejection and 5 % in the case of CNIs switch. 

Conclusion: The Bayesian estimate of the AUC of ICNs should be considered a posteriori as a tool that can help solve clinical problems 
and improve the management of patients treated with these drugs. 

Keywords: Ciclosporin, Tacrolimus, kidney transplantation, STP, C0, AUC, Bayesian method. 
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Evaluation of six population pharmacokinetic models of adalimumab in patients with inflammatory bowel 
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Molina1,2 
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(ISABIAL), Alicante, Spain; 3General University Hospital of Alicante, Pharmacy Department, Clinical Pharmacokinetics Unit, Alicante, 
Spain. 

Introduction: Adalimumab is an anti-TNF-α recombinant drug used to treat inflammatory bowel disease (IBD). The dosing of adalimumab 
can be benefited by model-based therapeutic drug monitoring (TDM). However, there are several Population Pharmacokinetic models 
(PopPKmod) in the literature. A proper evaluation of these models in the target population should be performed before implanted in a 
clinical routine. 

Objective: To evaluate the model adequacy and the predictive performance of six PopPKmod of adalimumab in adult patients diagnosed 
with inflammatory bowel disease. 

Methods: A retrospective observational study was performed in the General University Hospital of Alicante. Adult patients with IBD treated 
with adalimumab, with at least two trough plasma concentrations (PCT) between 2014 and 2020 were included. 

Six different PopPKmod were evaluated and implemented in NONMEM® v7.4: FDA, 2008 (Mod-1), Ternant et al, 2015 (Mod-2), Sharma 
et al, 2015 (Mod-3), Berends et al, 2018 (Mod-4), Vande-Casteele et al, 2019 (Mod-5) and Sánchez-Hernandez et al, 2020 (Mod-6). 

The individual and population predictions of adalimumab concentrations were estimated from the six PopPKmod, by calculating the EBEs 
of the individual pharmacokinetic parameters. 

To validate the six PopPKmod, the model adequacy (distribution of the EBEs and the NPDE evaluation) and the predictive performance 
(bias and precision) were performed. 

Results: The dataset comprised 134 patients and 398 PCT. The mean values (95% CI) of weight, basal albumin and TC were: 66.7 kg 
(37 - 102), 3.80 g/dL (2.10- 4.90) and 6.72 mg/L (0 – 30.42), respectively. 8% of patients developed antibodies anti-adalimumab. The 
model adequacy and the predictive performance are significantly better in Mod-2 and Mod-4 

Conclusions: The evaluation of the predictive performance of the six popPKmod found in the literature showed that Mod-2 and Mod-4 
performed better in terms of model adequacy and predictive performance. 
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Introduction 

Chimeric Antigen Receptor T-cell (CAR-T) immunotherapy is a novel targeted therapy for cancer. Treatment–related cytokine storm may 
significantly alter the pharmacokinetics (PK) of beta-lactams that are mainstay of treatment in febrile neutropenic CAR-T patients. 
Therapeutic drug monitoring (TDM) may be helpful in guiding therapy. Our aim was to explore the PK changes of beta-lactams in relation 
to cytokine burden trend in CAR-T patients. 

Methods 

TDM-guided individual dose adjustment of piperacillin/tazobactam or meropenem steady-state concentrations (Css) administered by 24h-
continuous infusion (CI) were provided and drug clearances (CL) were calculated. Relationships between drug exposure and trend over 
time of interleukin (IL)-8/10, estimated glomerular filtration rate (eGFR), C-reactive protein (C-RP) and procalcitonin (PCT) were also 
assessed. 

Results 

Nine patients were included (5 piperacillin/tazobactam and 4 meropenem). Median(IQR) Css of piperacillin/tazobactam and meropenem 
were 69.9(51.0-83.2) and 4.85(3.9-5.7) mg/L, respectively. Median(IQR) CL were 10.73(9.01-14.71) L/h for piperacillin/tazobactam and 
34.99(29.45-44.65) L/h for meropenem. Median(IQR) eGFR in patients receiving piperacillin and meropenem were 89.8(79.5-96.6) 
mL/min/1.73m2 and 100.9(96.08-111.10) mL/min/1.73m2, respectively. 

Median reduction in interleukin levels after antibiotic treatment was 64.6% for IL8 and 58.3% for IL10 in the piperacillin/tazobactam group. 
A reduction of 63.9% for IL8 and of 73.3% for IL10 was observed in the meropenem group. Median C-RP and PCT reductions were 
87.4% and 65.1%, respectively, for the piperacillin/tazobactam, and 93.5% and 85.7%, respectively, in the meropenem group. 

Discussion 

CAR-T patients display higher CL both for piperacillin/tazobactam and meropenem compared to other populations, in which CL values 
are reported to range 5.6-17.2L/h for piperacillin/tazobactam and 9.4-13.6L/h for meropenem. This may be partly explained the cytokine 
storm that may play an important role in increasing the pharmacokinetic variability of beta-lactams administered in this population. The 
findings suggest that in CAR-T patients, beta-lactam dosing should rely on measured rather than estimated creatinine clearance and on 
real-time TDM-guided adjustments. 
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5-fluorouracil (5-FU) is a first-line chemotherapeutic drug, widely used for the treatment of solid tumors. It has been estimated that 5-FU 
administration can cause severe adverse drug reactions (ADRs) in 10-30% of treated patients. The dihydropyrimidine dehydrogenase 
(DPD) enzyme, encoded by the DPYD gene, is responsible for the conversion of fluorouracil to inactive form dihydrofluorouracil (5-FUH2). 
Several single nucleotide polymorphisms (SNPs) in DPYD sequence, causing a partial or complete DPD deficiency, led to active drug 
accumulation and consequent increased toxicity.The pharmacogenetic analysis of the DPYD gene sequence represents the method of 
choice for evaluating enzyme activity. However, genotyping does not consider all DPD deficiencies, such as unknown DPYD variants, or 
non-genetic factors. Other prognostic phenotype-based approaches have been developed to determine the activity of the DPD enzyme. 
Among these, the measurement of the endogenous dihydrouracil and uracil (UH2/U) ratio has proved reliable in some clinical studies, 
since uracil is physiologically metabolized to dihydrouracil by DPD. Moreover, European Medicines Agency (EMA) has recognized in 
recent guidelines the importance of measuring the UH2/U ratio as an additional predictive method for DPD activity evaluation. Main 
objective of our work was to evaluate DPD activity through plasma quantification of its natural substrate (U) and product (UH2) ratio. 
Patients plasma samples were analyzed by high performance liquid chromatography coupled with UV detector (HPLC-UV) after protein 
precipitation and subsequent liquid-liquid extraction. A perspective study was conducted on more than 700 patients, classifying them as 
extensive or poor metabolizers, depending on their UH2/U ratio. The results obtained from this study highlighted the prognostic 
importance of the UH2/U ratio. This evaluation, associated with the genetic DPYD test, added important information about DPD activity 
reduction, thus helping to significantly improve 5-FU safety therapy, thus avoiding patient serious or fatal adverse events due to drug 
accumulation. 
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Introduction: 

Vedolizumab is a monoclonal antibody used in the treatment of inflammatory diseases (IBD). The objective was to perform an external 
validation of a published population pharmacokinetic model (PopPK) of vedolizumab in adult patients with inflammatory bowel disease 
with the aim of using it for model-based Therapeutic Drug Monitoring- 

Material and methods: 

Retrospective observational study. All adult patients with IBD treated with vedolizumab with at least one trough plasma concentration 
(ConcTrough) were included. A population pharmacokinetic model (Rosario et al. 2015) was implemented in NONMEM (v7.3) 
(bicompartmental model with linear and nonlinear parallel clearance, where albumin and weight are covariates of clearance). 

Model evaluation was determined by accuracy (mean relative prediction error (MRPE)) and precision (square root of the mean squares 
of the relative prediction errors (RMSRPE)). Determination of plasma concentrations was performed by ELISA (TheraDiag (R)) and 
statistical analysis using the RStudio(R) computer package. 

Results: 

A total of 158 Cpvalle from 32 patients (50% female) were included. The mean Cpvalle was 14.95 mg/L (95%CI: 0.942-35.9 mg/L). The 
mean population weight was 72.2 kg (50.4 -101.2 kg), with mean albumin levels of 3.62 g/L (2.95 - 4.50). Fifty-six percent of the patients 
had a diagnosis of ulcerative colitis, while the rest had Crohn's disease. The accuracy (95%CI) was -16.9 (-19.0;-14.8). The precision 
(95%CI) was 21.5% (19.6;23.4). 

Conclusion: 

The PopPK model of vedolizumab for adult population with IBD evaluated presents an overestimation of ConcTrough, as demonstrated 
by a negative accuracy and a confidence interval that does not include zero. Before implement a PopPK to perform model-based TDM 
in clinical practice it must be validate in the population to study. 
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Introduction: Escitalopram is metabolized primarily by CYP2C19, but also to some extent by CYP2D6 and CYP3A4. Bupropion is a known 
CYP2D6 inhibitor, and it is speculated whether this antidepressant inhibits other CYP enzymes as well. The aim of the present study was 
to investigate the impact of bupropion comedication on escitalopram serum concentrations in patients with depression. 

Methods: Serum concentration measurements from CYP-genotyped patients treated with the antidepressants escitalopram (n=4025, 
7310 samples) and bupropion (n=188, 261 samples) were collected retrospectively from a therapeutic drug monitoring database during 
an 11-year period. The impact of bupropion comedication on dose-adjusted serum concentrations [i.e., nmol/L/mg/day] of escitalopram 
was evaluated by multivariable mixed model analysis. We also investigated to what extent genetic variation in CYP2D6 affects the dose-
adjusted serum concentrations of escitalopram. 

Results: In CYP2C19 and CYP2D6 normal metabolizers (NMs), the mean dose-adjusted serum concentration of escitalopram was 1.7-
fold higher in patients comedicated with bupropion (n=22, 33 samples) compared with controls (n=592, 1044 samples) (p<0.001). In 
comparison, in CYP2C19 NMs not comedicated with bupropion, the impact of being a CYP2D6 poor metabolizer (PM) on dose-adjusted 
escitalopram serum concentrations was less pronounced and not statistically significant (1.2-fold difference between CYP2D6 PMs (n=96, 
188 samples) and NMs (n=592, 1044 samples), p=0,230). 

Conclusions: This study indicates that bupropion inhibits the metabolism of escitalopram, and suggests that bupropion also inhibits other 
enzymes than CYP2D6, possibly CYP2C19. 
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Population pharmacokinetic modeling is a proven tool to inform decision making across all phases of the drug development process and 
subsequent determination of dosing protocols. This process can take a considerable amount of time, influenced by the complexity of the 
model, the experience of the modeler, and the set of tools selected [1]. Reinforcement Learning (RL) is a type of Machine Learning, with 
the goal of learning the sequence of decisions that maximize a total reward. 

We designed, developed, and implemented an RL tool to assist the pharmacometrician with a workflow when no prior information about 
the drug’s pharmacokinetics is known by testing a pool of compartmental models, parameter ranges and algorithms in an unbiased 
manner. The first version of this tool supports one and two compartment models with all their parameters. We used the Nonparametric 
Adaptive Grid (NPAG) algorithm [2] and a newer Nonparametric Optimal Design (NPOD) algorithm to drive the optimization. Both NPAG 
and NPOD are maximum likelihood population algorithms, but NPAG searches parameter space randomly, while NPOD searches with a 
gradient method and is generally faster than NPAG. 

To test the RL tool, we used a previously published simulated dataset for a one-compartment model of an intravenous infusion with 
unimodal distribution for volume and bimodal for elimination, plus one outlier [3]. We purposely initialized the RL process far from the 
previously published results. The RL implementation obtained a final log-likelihood of 134.61 and 131.67, when using NPAG or NPOD 
as the driver compared to 130.67 obtained manually, respectively. In both cases the different distributions of the parameters and the 
values for the outlier were detected accurately. 
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Introduction: Dihydropyrimidine dehydrogenase (DPD) is a major enzyme in the 5-FU metabolism pathway. DPD deficient pts have a 
strong reduced capacity to degrade 5-FU which may result in life-threatening toxicity. For 4 common DPYD variants, the Dutch 
Pharmacogenetics Working Group recommends a 50% reduced fluoropyrimidine starting dose in heterozygote pts. We studied the 
pharmacokinetics of 5-FU for these 4 variants, in order to define a safe starting dose for 5-FU in DPD deficient pts. We present the interim 
results for 2 common DPYD variants. 

Methods: All patients are screened for DPD deficiency by DPYD genotyping and separated into five groups: 4 DPYD variants and a DPYD 
wild type control group (target 8-12 pts per group). TDM is performed to follow-up the 5-FU plasma concentration during chemotherapy. 
Pts are monitored until a steady state AUC46hr of 20-30 mg.h/L is reached. 

Results: Until March 01.2021 we included 9 pts with DPYD variants (E412E(n=6) and D949V(n=3)) and 7 DPYD wt.control pts. The 
AUC0-48h of 5 out of 7 pts in the control group (100% dose) reached the target AUC (20-30 mg.h/L) within the first cycle whereas of 
none of the variant pts reached the target AUC on a 50% 5FU dose (range 8.74 to 14.26 mg.h/L). Three E412E variant pts needed an 
increase to 100% of the standard dose in order to reach the target AUC. Two DPYD D949V variant pts needed 75% and 100% respectively 
of the standard dose to reach the target AUC. 

Conclusion: The current recommendation to treat heterozygotes for the common E412E and D949V DPYD variants with a 50% reduced 
5-FU dose resulted in underdosing in all variant pts in our study. Based on these interim results, we urgently advice to treat DPYD variant 
carriers with a 5-FU infusion based chemotherapy protocol combined with 5-FU TDM for adequate dose-guiding. 
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Introduction: Personalisation of therapeutic drug regimens is crucial for patients under polypharmacy, especially for central nervous 
system (CNS) drug treatments, in order to increase the therapeutic efficacy and minimise the side effects. For this reason, frequent and 
patient-friendly sampling and analytical monitoring protocols are advisable especially for polypharmacy regimens involving antipsychotics 
and antiepileptics. 

Methods: With the aim of carrying out frequent and accurate blood sampling in a minimally invasive way and obtaining reliable quantitation 
of drug and metabolite levels, an alternative haematic microsampling strategy based on an innovative microfluidic technology was 
designed and developed. This miniaturised approach exploits a microfluidic chip with microchannels for the accurate collection of 10 µL 
each of whole blood directly from a fingerprick. The device generates four fixed-volume dried blood spots (DBS) independently from the 
haematocrit value. This novel technology can therefore overcome the well-known volumetric issues associated with classic DBS sampling, 
while maintaining all the advantages relating to storage and transport at room temperature, thus avoiding cryopreservation otherwise 
mandatory for classic fluid samples. In addition, a miniaturised pretreatment and a fast HPLC analysis were developed. 

Results: The optimised method was validated, showing satisfactory results (sensitivity >10 ng/mL; extraction yield >85%; precision RSD 
<8.0%) and then successfully applied for the monitoring of patients under polypharmacy, demonstrating to be a patient-friendly alternative 
to traditional whole blood withdrawal. The comparison with classical reference and routine methodologies have shown how the 
microsampling proposed herein represents a readily available tool for achieving TDM sound and reliable results. 

Conclusion: An accurate, frequent but feasible TDM is necessary in particular for those patients under complex polypharmacy regimens 
to decrease side effects and hospitalisations, by means of therapy personalisation and precision medicine approaches. 
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Introduction: The treatment of psychiatric conditions is complicated by the large interindividual variability in exposure and response to 
psychotropic agents, in part due to genetic factors. There is growing evidence that pharmacogenetic (PGx) testing could help guide drug 
therapy in this field. At present, a crucial limitation to PGx implementation in clinical practice is the lack of consensus between laboratories 
on a minimum testing panel of clinical validity and on genotype to phenotype translation. We report our experience on the application of 
PGx testing in real life settings. 

Methods: Genomic DNA was isolated using an automatic DNA extraction system. All genotypes were determined by Real-Time PCR. 
CYP2D6 genotyping was performed using the INFINITI® CYP450 2D6-BC Assay (AutoGenomics). In case of specific drug, we tested 
the genes encoding the main metabolizing enzymes. In case of unspecified drug, the analysis of CYP2C19, CYP2D6 and the analysis of 
CYP1A2, CYP3A4/5, CYP2D6 were performed for antidepressants and antipsychotics, respectively, in line with guidelines developed by 
the Clinical Pharmacogenetics Implementation Consortium (CPIC), the Dutch Pharmacogenetics Working Group (DPWG) and drug label 
information provided by the US Food and Drug Administration (FDA). 

Results: From 2017 to date, we collected a total of 233 requests for pharmacogenetic analysis of antipsychotic or antidepressant drugs. 
Every year, antidepressant tests represented about 50% of total requests and SSRIs were the most frequently prescribed (68%). Among 
antipsychotics, clozapine, haloperidol and aripiprazole were the most requested (80.6%). Many requests were generic for antidepressants 
(35.2%) and antipsychotics (42.6%), without indication of a specific drug, suggesting in some patients a marked resistance or intolerance 
to conventional treatments. 

Conclusions: Although far from widespread application, pharmacogenetics might represent an extremely useful tool to aim for an 

individualized therapy, especially in treatment‐refractory cases. 
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Severe intoxications associated with analytically confirmed use of NBOMe and 2C phenethylamines 
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Scaravaggi1, Dr. Pietro Papa2, Prof. Carlo Locatelli1 
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Policlinico San Matteo Foundation, Pavia (Italy) 

NBOMe are potent hallucinogens, active at sub-milligram dose, and are N-2-methoxybenzyl analogues of the respective 2C-X substituted 
phenethylamines. We report the prevalence and clinical features of analytically confirmed intoxications by NBOMe and 2C 
phenethylamines in a six-months-period among the cases referred to our Poison Centre (the reference Unit for suspected/confirmed NPS 
poisoning in Italy). Six cases of phenethylamines intoxication were evaluated (age ranging from 16 to 27 years-old; 4 males). Four patients 
declared assumption of LSD or another hallucinogenic substance, and two an unknown substance of abuse: two patients attended a 
rave-party. Urine quantitative analyses were carried out by LC-MS/MS, and all patients resulted positive for 25I-NBOMe and 2C-I at 
concentrations of 16 and 6 ng/ml, 2.8 and 2.5 ng/ml, 3.2 and 2.5 ng/ml, 43.4 and 11.1 ng/ml, 1.8 and 3.5 ng/ml, 4.25 and 1.9 ng/ml, 
respectively. Their urine samples tested positive also for THC (5 cases), amphetamines (2), MDMA (2) and ketamine (1). The most 
represented clinical manifestations were severe psychomotor agitation (83%), hallucinations, seizures, and rhabdomyolysis (50% each 
one), tachycardia, coma and hyperthermia (33% each one), confusion and mydriasis (17% each one); no lethal cases were registered. 
The treatment consisted in sedation with benzodiazepines (3 cases), intubation and respiratory support (3 cases). All our cases tested 
positive for 25I-NBOMe and 2C-I: this may be due to the metabolism of NBOMe to 2C analogues, or to the simultaneous abuse of 25I-
NBOMe and 2C-I. All our cases have been reported to the Italian Early Warning System. Clinicians should be aware of the toxicity due 
to these NPS: NBOMe assumption can be suspect and analytically confirmed in patients reporting a recent use of LSD or other 
hallucinogens. 

Acknowledgements. Study carried out with the support of Antidrug Policy Department, Italian Presidency of the Council of Ministers. 
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Haloperidol-decanoate (HD) is synthesized by esterification of the active drug to a long chain fatty acid (decanoic acid), and then dissolved 
in a vegetable oil. After intramuscular absorption, the hydrolysis to haloperidol occurs in lymphatic system, and the plasma concentration 
gradually rises (peak: 6 days; apparent half-life: 3 weeks). We report haloperidol serum analysis in two cases of erroneous intravenous 
(IV) administrations of HD (1 vial: 50 mg) instead of intramuscular route. 

Clinical cases. A 55-year-old men received 1 vial in a one-hour intravenous infusion. Serum haloperidol resulted undetectable 8 hours 
later. The patient was admitted into ICU to be monitored, remained asymptomatic and returned to the psychiatry ward the day after. The 
second case refers to 89-year-old women that received 1 vial IV. Serum level resulted 1.1 ng/ml one hour after administration and 
undetectable 24, 48 and 72 hours later. She was monitored for two days: no neurological impairment or rhythm disturbances were 
observed. 

Intravenous haloperidol administration is currently considered contraindicated because of its relationship with cardiotoxicity. However, 
the effects of the erroneous intravenous administration of decanoate form are unknown. A previous report described tachycardia in an 
agitated patient who received intravenous haloperidol decanoate (1). In our cases the accidental administration of intravenous haloperidol 
decanoate was not associated with adverse effects, neither pulmonary embolism due to oily vehicle. Serum level were undetectable 
(HPLC method, LOD 0.5 ng/mL) or very low (1.1 ng/ml while therapeutic range of 5.6-16.9 ng/ml and a recommended target concentration 
of 10 ng/ml) (2). It is possible to speculate that hydrolysis of the decanoate formulation occurs slowly also in the blood. 

References: 1. Heinz P. Versehentliche intravenose Applikation von Haloperidol-Decanoat. Psichiatr Prax, 1996;23(1):42;2. Ulrich S et 
al. The relationship between serum concentration and therapeutic effect of haloperidol in patients with acute schizophrenia. Clin 
Pharmacokinet 1998;34(3):227-263 
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Inadvertent intrathecal administration of vincristine produces severe neurotoxicity with ascending paralysis that can progress to 
respiratory failure and coma. This therapeutic error, usually lethal, occurs due to drugs confusion (vincristine instead of methotrexate). 
Immediate cerebrospinal fluid drainage may be useful to prolong survival (Pongudom et al. J Med Assoc Thai, 2011;94:S258-631). We 
report a lethal case of accidental intrathecal vincristine (1,3 mg) administration instead of methotrexate to a 56-year-old-male with history 
of leukemia, HCV, and HIV. Despite the patient was initially asymptomatic, an early (4 hours later) external-ventricular-drainage (EVD) 
was placed and continued for 5 days considering the potential severe toxicity. Pirydossine, folinic acid and cyanocobalamin were also 
administered. Clinical conditions worsened progressively, and the patient developed paralysis (T10 level) at day 8, respiratory failure and 
ARDS requiring respiratory support. The patient died on day 31. To monitor the invasive treatment (EVD), a quantitative method in liquor 
for the vincristine determination was developed (UPLC-MS/MS; Acquity-TQD, Waters) showing the following results in liquor: 4,9 mg/L 
(before EVD), 0,01 mg/L (11 hours after EVD start), undetectable (starting from day-2). Vincristine resulted all the time negative 
(LOD=0.004 mg/L) in serum and urine. In conclusion, intrathecal accidental administration of vincristine represents a clinical emergency 
with possibly dramatic outcome. Continuous EVD (for at least 48 hours) decrease the concentration of vincristine in liquor. Moreover, in 
our case this was not sufficient to reduce the neurotoxicity, that may appear delayed (1 week). Clinical condition in our case worsened 
probably also in relation to the severe pre-existing diseases. UPLC-MS/MS-method is suitable for the rapid detection of vincristine in the 
liquor and can be useful to guide the duration of continuous EVD. 
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Metformin is widely used in the treatment of diabetes mellitus. Due to the important renal excretion, it can accumulate with development 
of severe metabolic acidosis in patients with dehydration and/or renal failure. Metformin therapeutic drug monitoring can be crucial to 
prevent accumulation in patients with dehydration risk factors, and to confirm the cause of the acute metabolic acidosis in patients 
suffering overdoses related to the drug accumulation during chronic treatments. We evaluated the diagnostic value of the metformin 
plasma determination (MPD) in chronically treated patients referred to our Poison Centre (PPC) between 01/2020-11/2020. Thirty-seven 
patients were included [27 males, median age 72 (range: 61-80)]. PCC consultation was requested by emergency departments (19/37), 
ICUs (10/37), and Nephrology units (8/37). In 6 cases the MPD was performed (HPLC) in cases of renal failure without metabolic acidosis. 
All the remaining 31 patients presented severe lactic acidosis and renal failure at admission. Their dehydration predisposing factors were: 
gastroenteritis (12/31), infectious disease (10/31), malnutrition (7/31), COVID-19 (2/31). Patients were treated with dialysis or continuous-
hemofiltration (34/37) and with volume replacement in 3/37. MPD resulted into the therapeutic range (0-1.99 mg/L) in 13 cases, and 
above the therapeutic range [median concentrations 15 mg/L (range 7-22)] in 24 cases, which outcome was lethal in 7. In conclusion, 
metformin plasma determination is important to make the correct diagnosis and to avoid severe complications in patients with dehydration 
predisposing factor (e.g. gastroenteritis, infectious diseases). Metformin poisoning from accumulation is a severe complication that must 
be suspected in diabetic patients with lactic acidosis and renal failure: testing this drug is not readily available in health systems, and from 
the toxicological point of view, MDP should be included in TDM. 

  



 

90 

 

ID: 386 / C-02: 6 
Pharmacology/Therapeutic Drug Monitoring 
Topics: TDM in real word 

Therapeutic Drug Monitoring Of Quinidine In Patients With Kcnt1 Genetic Variants 

Dr. Sara Cairoli1, Dr. Alessandro Ferretti2, Dr. Nicola Pietrafusa2, Dr. Alessia Vitale1, Dr. Nicola Specchio2, Dr. Carlo Dionisi 
Vici1, Dr. Bianca Maria Goffredo1 
1Department of Pediatric Subspecialties, Division of Metabolism, Bambino Gesù Children's Hospital, IRCCS, Rome, Italy; 2Department 
of Neuroscience, Rare and Complex Epilepsy Unit, Bambino Gesù Children's Hospital, IRCCS, Rome, Italy 

Introduction: 

Quinidine is a repurposing drug for patients with Developmental and Epileptic Encephalopathies (DEE) due to KCNT1 genetic variants, 
with promising good effects. Cardiological toxic effects should be closely monitored. It is therefore essential to determine optimal plasma 
quinidine concentration for safety and efficacy purposes . 

Methods: 

We determined quinidine plasma levels in 3 pediatric patients, all of them carrying KCNT1 genetic variants, using a validated method 
Liquid Chromatography coupled to Mass Spectrometry (LC-MS/MS). Samples were collected at 12 hours after last administration. 

Results: 

Patient 1 4 years and 6 months (c.337G>A). Epilepsy onset was at 9 months, very soon drug resistant. The dose of quinidine was 
increased gradually and his seizure frequency decreased by approximately 90% upon reaching the quinidine dose of 25 mg/kg/day. 
Plasma quinidine levels were between 0.072 and 1.12 μg/mL. 

Patient 2 1 year old (c.1283G>A). Epilepsy onset at the age of 2 months. Quinidine was started at the age of 7 months. His seizure 
frequency decreased by approximately by 50% at a dose of 60 mg/kg/day. Plasma quinidine levels were between 0.14 and 0.26 μg/mL. 

Patient 3 1 year and 6 months old (c.862G>A). Epilepsy started at the age of 40 days, resistant to conventional ASMs and ketogenic diet. 
At the age of 11 months, he started quinidine and seizure frequency decreased by approximately 75% upon reaching the quinidine dose 
of 40 mg/kg/day. Plasma quinidine levels were 0.007 and 0.02 μg/mL. 

Conclusions: 

Quinidine should be considered as a promising drug for patients with DEE due to KCNT1 genetic variants. Quinidine blood levels were 
significantly lower if compared with the supposed therapeutic range (1-5 μg/mL), even if we observed an improvement of seizure burden. 
Plasma quinidine concentrations should be closely monitored and more cases should be analyzed in order to define an appropriate 
therapeutic range. 
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Background & Aims: The use of anti-Tumor Necrosis Factor (anti-TNF) biological agents for treatment of moderate to severe inflammatory 
bowel disease (IBD) has revolutionised the clinical practice. However, many patients with Crohn’s disease (CD) and ulcerative colitis 
(UC) are often unresponsive to anti-TNF therapy due to an increased drug elimination [1]. Several factors, including serum albumin, C-
reactive protein (CRP) and presence of anti-drug antibodies (ADA), increase clearance of biologics [2]. Therapeutic drug monitoring 
(TDM) of serum drug and ADA levels is helpful to optimize therapy with biologics in IBD patients [3]. Therefore, the aim of this study is to 
identify factors influencing drug levels combining TDM practice and laboratory parameters. Methods: 33 IBD-pediatric patients, in therapy 
with Infliximab (IFX) or Adalimumab (ADL), were divided in positive (ADA POS) and negative (ADA NEG) according to their ADA levels. 
Immunogenicity was defined as presence of ADA titer ≥ 10 AU/mL following at least two consecutive measurements. Both serum ADA 
and drug levels were immunoenzymatically measured using an ELISA kit (Immunodiagnostik AG). Results: In both ADA positive and 
negative patients there was a significant inverse correlation between drug and ADA levels (P<0.05 and P<0.01, respectively). Meanwhile, 
high serum CRP was significantly and inversely correlated with drug concentration only in ADA positive patients (P<0.05). Similarly, 
significant correlation (P<0.05) between drug and both ADA and CRP levels was confirmed exclusively in ADA positive patients without 
concomitant immunosuppressant (IMM). Conclusions: In our pediatric population, high ADA and CRP levels could be predictive of low 
drug amount and therefore, considered as potential risk factors for loss of response. In absence of contemporary IMM therapy or before 
switching to a second anti-TNF agent, early proactive rather than reactive TDM approach together with human leukocyte antigen (HLA) 
genotyping, could be useful to avoid therapeutic failures or adverse drug reactions. 
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Introduction: 

Assessment of erythrocyte methotrexate (eMTX)-polyglutamates (PGs) levels has been employed as a tool to monitor clinical response 
of rheumatoid arthritis (RA) patients in the first 3-12 months of treatment. Some MTX-PGs were associated with a lower DAS28 over 9 
months. Data from earlier timepoints, MTX-PG6 and per route of administration are unavailable. 

Methods: 

In this clinical prospective cohort study, we investigated the pharmacokinetics and -dynamics of eMTX-PG accumulation in RA patients 
starting MTX. Patients were administered oral (n=24) or subcutaneous (n=22) MTX, mostly according to the COBRA-light schedule (start 
10 mg, increased to 25 mg in 8 weeks). At 1, 2, and 3 months after start of therapy, blood was collected and individual MTX-PGs (MTX-
PG1 – MTX-PG6) were analysed in erythrocytes at a minimal detection limit of 1 nmol/L, using a validated UHPLC-MS/MS method with 
labelled internal standards. 

Results: 

46 consecutive patients were included in this study; 76% female, mean age: 57.8 years, BMI: 25.8, 20% smokers, mean baseline DAS28-
ESR: 3.5. Notwithstanding marked interpatient variability, patients starting subcutaneous MTX accumulated significantly higher 
(approximately 2-fold) long chain MTX-PGs (MTX-PG4-6) compared to the oral MTX group at 1 and 2 months, see figure. Similarly, MTX-
PG1-6 and MTX-PG3 accumulation was higher in subcutaneous MTX-users at month 1 (p=0.022 and p=0.011) compared to the oral 
group (median 68.6 nmol/L (IQR:40.5) vs 51.9 (55.6) and 17.4 (11.1) vs 11.2 (15.6). 

With nor without corrections for age, baseline DAS28, eGFR, MTX dose (1 month before sampling), smoking and BMI, no significant 
relation between MTX-PG concentrations and DAS28 was observed. 

Conclusion: 

This study shows the feasibility of measuring eMTX-PGs early in the treatment of RA patients starting MTX and demonstrated significantly 
higher accumulation of MTX-PGs following subcutaneous versus oral MTX administration. These data will be applied to ameliorate 
pharmacokinetic models developed with NONMEM. 
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Introduction: Methicillin-resistant CoNS bloodstream infections are an important cause of morbidity and mortality in paediatics. Treatment 
could be challenging especially for difficulties occurring during vancomycin therapy. It is necessary to monitor drug plasma levels to 
assess efficacy and toxicity. While large amount of data are available for vancomycin PK/PD in MRSA infections, data of effective 
AUC/MIC ratio in CoNS bacteremia are lacking. 

Methods: data on vancomycin plasma levels during CoNS bacteremia occurring in a 1 year period at Istituto Giannina Gaslini Pediatric 
Hospital were collected. Episodes were considered significant after at least 2 consecutive positive blood cultures, for all patients aged 
>28 days, while a single culture was considered sufficient for neonates. AUC/MIC ratio, based on average AUC, was calculated for each 
episode. Vancomycin was usually administered at the dose of 40mg/kg/day in continued infusion, after a loading dose of 10-15mg/kg. In 
patients aged <28 days dose was adjusted on pre-menstrual age and weight. Vancomycin was measured by commercial immunoassay 
with automatic analyzer (Roche C501; Roche, Milan, Italy). 

Results: A total of 46 episodes were collected from January to December 2020. Median AUC/MIC was 337 (IQR 178-462). AUC/MIC was 
>300 in 24 (52%) episodes, and > 400 in 18 (39%). Average AUC was > 600 in 3 episodes (6.5%) and > 400 in 18 episodes (39%). 
Median albumin was 3432 mg/dl (IQR 3332-3678). 

Conclusions: the standard dose of vancomycin resulted inadequate to guarantee the more effective AUC/MIC ratio in the majority of our 
patients, in the presence of normal serum albumin levels. This result could be at least partially influenced by the limited number of 
episodes and the inhomogeneity of the sample deserving further studies. 
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2-methyl-AP-237 is novel psychoactive substance (NPS) classified as non-fentanyl opioid: no toxicological effects in humans are yet 
available in the scientific literature. We describe a case of a 20 years-old man that presented to emergency department (ED) with 
worsening dyspnoea that appeared over 48-hours after sniffing this NPS. He was conscious (GCS 15) and hearth rate, blood pressure 
and body temperature were normal. Arterial blood gas showed hypoxemic normocapnic type I respiratory failure. Biochemistry was normal 
except for WBC count 20.006 cells/µL and PCR 64 mg/L. Chest X-ray and CT-scan showed respectively a mediastinal widening and 
bilateral parenchymal ground glass opacity with mostly bilateral near-hilum distribution. The patient was treated with humidified oxygen 
via high-flow nasal cannula and fully recovered 10-days after hospitalization. Blood sample and the consumed substance (collected with 
patient’s consent) were both analyzed. The product, a powder labelled as “Research Chemical Powder 2-methyl-AP-237”, was analysed 
by gas-chromatography mass-spectrometry (GC-MS) full scan mode and identified as methyl-AP-237 by comparison with electronic 
libraries (unavailability of certified standards). Blood was screened for conventional drugs of abuse (opiates, cocaine, amphetamines, 
cannabinoids, methadone, buprenorphine, oxycodone, and tramadol) by LC-MS-MS, Multiple Reaction Monitoring (MRM) mode, and for 
NPS by LC-MS-MS, MRM mode and GC-MS, full scan mode. Blood concentration resulted 25 ng/mL for methyl-AP-237 (LC-MS/MS, 
using the patient’s product as analytical standard). No other substances were detected in the product and blood. The availability of new 
synthetic opioids on the drug market is increasing, and the related clinical pictures can be different from the typical opioid toxidrome. This 
case underlines the importance of specialized laboratory analysis to identify NPS which can explain unusual clinical presentation. 
Electronic libraries circulate by the Early Warning Systems (such as the European, by EMCDDA) are essential for the identifications of 
NPS until the availability of certified standards. 
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Introduction: Genetic differences in cytochrome P450 (CYP)-mediated metabolism have been known for decades. The clinically most 
important polymorphic CYP enzyme is CYP2D6, which plays a key role in the metabolism of about one fourth of all drugs. Guidelines 
have been published to predict CYP2D6 metabolizer phenotype and individual dose requirements of CYP2D6-metabolized drugs. 

Methods: Metabolic phenotypes of the CYP2D6 substrates aripiprazole, risperidone and risperidone were compared between patients 
with different CYP2D6 genotypes, but similar CYP2D6 diplotype activity scores according to current consensus guidelines of the Clinical 
Pharmacogenetics Implementation Consortium (CPIC) and the Dutch Pharmacogenetics Working Group (DPWG). 

Results: Large differences in CYP2D6 metabolizer phenotypes were found between patients with similar diplotype activity scores 
assigned from different genotypes, e.g. the metabolic ratios of all CYP2D6 indicator drugs were >5-fold lower for CYP2D6*41/Null carriers 
than for CYP2D6*10/*10 carriers, which both have a diplotype score of 0.5. The most obvious misclassification of current guidelines is 
the assignment of an activity score of 0.5 for CYP2D6*41. Its activity score should rather be defined as 0.1 and the CYP2D6*41/Null 
genotype considered to be merged into the poor metabolizer subgroup. 

Conclusion: The CPIC/DPWG guidelines have limited precision in predicting CYP2D6 metabolizer phenotypes and individual dose 
requirements of CYP2D6 substrates. Use of the exact CYP2D6 genotype is probably more appropriate for estimating dosing to reach 
target concentrations than the activity score model. It is proposed that future research on personalized dosing of CYP2D6 substrates 
should focus on developing algorithms accounting for all variables determining clearance, and not only the partial intrinsic CYP2D6 
clearance. 
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Evaluation of a new immunoassay method for the evaluation of traditional and designer benzodiazepines in 
urine 

Prof. Luca Morini, Brian Rossi, Francesca Freni, Giancarlo Collo, Dr. Cristiana Stramesi, Claudia Vignali 

Department of Public Health, Experimental and Forensic Medicine, University of Pavia, Italy 

Introduction: The aim of the study was: a) to evaluate a new assay, not yet commercially available (ARK™ HS Benzodiazepine II), on a 
Siemens Advia 1800 system in comparison to the currently used one (Siemens EMIT II PLUS); to correlate the results obtained from the 
two immunoenzymatic methods with the ones achieved through a liquid chromatographic tandem mass spectrometric (LC-MS/MS) 
confirmation test. Methods: The ARK™ HS Benzodiazepine II assay was tested and validated using etizolam as reference substance 
(calibration curve set in the range 100-3000 ng/mL), while the EMIT II PLUS curves (100-1000 ng/mL) were performed by means of kits 
prepared with lormetazepam. A simple liquid/liquid extraction was applied to 100 µL urine samples before injection into LC-MS/MS 
system. The confirmation test was qualitatively validated for a total of 41 benzodiazepines. Quantitative LC-MS/MS determination (10 
calibration points within the range 10-7500 ng/mL), was performed for 22 molecules, dependently on the reference standards available 
in the lab. Results: All the validation tests performed on the new assay satisfied the acceptance criteria. The LC-MS/MS was fully 
validated, in accordance to the international guidelines. The three methods were applied to real urine samples, before and after hydrolysis, 
collected from healthy subjects, patients under treatment, and postmortem cases. Preliminary results confirmed a good qualitative 
correlation between the two immunoassays; the ARK™ HS Benzodiazepine II provided a higher sensitivity in detecting some 
benzodiazepines such as lorazepam and 7-aminoclonazapem, while a lower sensitivity for alprazolam was observed. In particular, the 
new method appeared to yield to better cross-reactivity for glucuronide and 7-amino metabolites. Conclusion: The new immunoassay 
proved to be reliable and highly sensitive in detecting benzodiazepines and metabolites in urine, independently on the molecule, thus 
suggesting a good cross-reactivity for the most widespread BZs. The preliminary results should now be confirmed on a larger population. 
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Impact of CYP2B6 and CYP2C9 on serum concentration of sertraline in patients carrying a CYP2C19 *1/*1 
genotype 

Line Skute Bråten1,2, Prof. Espen Molden1,3, Dr. Marianne Kristiansen Kringen1,2 
1Center for Psykofarmakologi, Diakonhjemmet Sykehus; 2Faculty of health sciences, Oslo Metropolitan University (OsloMet); 3School of 
Pharmacy, University of Oslo 

Introduction 

Sertraline is a selective serotonin reuptake inhibitor (SSRI) metabolized mainly in the liver by the polymorphic enzyme CYP2C19. Previous 
studies have indicated that other enzymes such as CYP2D6, CYP2C9, CYP3A4 and CYP2B6 also contribute to the metabolism of 
sertraline but the effect of these genes has not been extensively studied yet. Therefore, the aim of this study was to investigate the effect 
of CYP2B6 and CYP2C9 genotype on serum concentrations of sertraline in a large population of psychiatric patients carrying a CYP2C19 
*1/*1 genotype. 

Methods 

Patients who had performed both serum concentration measurements of sertraline and CYP2C19 genotyping were retrospectively 
retrieved from a therapeutic drug monitoring (TDM) database at Center for Psychopharmacology, Diakonhjemmet Hospital. Inclusion 
criteria were information about the prescribed sertraline dose and blood sampling for sertraline TDM 10-30 hours after the last dose 
intake. Patients genotyped as CYP2C19*1/*1 were further genotyped for the CYP2B6*6-allele (CYP2B6 c.516G>T (rs3745274) and 
CYP2B6 c.785A>G (rs2279343)) and CYPC2C9*2 and *3-alleles (rs1799853 and rs1057910, respectively). Dose-adjusted serum 
concentrations (C/D ratios) of sertraline were compared between the subgroups by linear mixed model analysis using CYP2B6 *1/*1 and 
CYP2C9*1/*1 as reference. 

Results 

Overall, a total of 323 patients, representing 518 TDM measurements, were included. Compared with the reference group, the C/D ratio 
of sertraline was 1.9-fold increased in the CYP2B6*6/*6 subgroup (p < 0.001) and 1.2-fold increased in the CYP2B6*1/*6 subgroup (p = 
0.011). A 1.72-fold increase in C/D ratio of sertraline was also detected for patients with CYP2C9*2/*3 or CYP2C9*3/*3 genotypes (p = 
0.013), compared with the reference group. 

Conclusion 

This study shows that CYP2B6 and CYP2C9 have a significant impact on sertraline concentration in patients previously genotyped as 
CYP2C19*1/*1. Thus, multiple CYP genotypes may affect the clinical response of sertraline. 
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Metabolism study of different classes of New Psychoactive Substances by in silico and in vivo approach. 
Dr. Sara Odoardi1, Dr. Serena Mestria1, Dr. Giulia Biosa1, Prof. Matteo Marti2, Prof. Sabina Strano Rossi1 
1Università Cattolica del Sacro Cuore, Rome, Italy; 2University of Ferrara, Italy 

Introduction 

The emerging market of New Psychoactive Substances (NPS) is a global-scale phenomenon and their identification in biological samples 
is challenging for both forensic and clinical toxicology laboratories. NPS can be extensively metabolized, especially in urine. Metabolism 
studies are hence necessary in order to setup analytical methods targeting the main metabolites, but their administration is not possible 
to human volunteers and urine specimens from abusers are seldom disposable. Software for supporting and improving drug metabolism 
studies by in silico metabolism prediction were developed. In silico prediction can be followed by in vitro or in vivo studies to detect the 
main predicted metabolites. 

Method 

In this study we describe the application of in silico metabolism prediction followed by in vitro or in vivo studies using a murine model on 
NPS from different classes: synthetic cannabinoids, synthetic cathinones, aminoindanes, other stimulants. The prediction was performed 
using metasite™ software. Experiments were performed in vitro, using liver slices from Wistar albino rats, or in vivo after administration 
of the NPS to ICR mice and collecting blood, urine and hair. 

Analyses were performed by Liquid Chromatography High Resolution Mass Spectrometry (LC-HRMS) by using a benchtop Orbitrap 
instrument. 

Results 

The metabolites predicted by the software with higher likelihood of formation were always detected in the mice urine or liver slices for all 
the substances investigated. This allowed to set-up analytical methods targeted to the metabolites, besides the parent compound, that 
were validated for their routine use to uncover the presence of various NPS in biological samples. 

Conclusions 

In silico prediction followed by in vitro or in vivo experiment is an extremely useful tool for the study of main metabolic fate of drugs that 
are continuously rising in number on the illicit market. It allows to develop analytical methods for their detection for clinical and forensic 
application 
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Neonatal PBPK model of buprenorphine: Identification of factors driving PK variability in newborns with 
neonatal opioid withdrawal syndrome 

Matthijs W. van Hoogdalem1,2, Dr. Trevor N. Johnson3, Dr. Brooks T. McPhail1,4, Dr. Suyog Kamatkar5,6, Dr. Scott L. 
Wexelblatt5,7,8, Dr. Laura P. Ward5,7, Prof. Uwe Christians9, Prof. Henry T. Akinbi5,7, Prof. Alexander A. Vinks1,7,8, Dr. Tomoyuki 
Mizuno1,7,8 
1Division of Clinical Pharmacology, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA; 2James L. Winkle College of 
Pharmacy, University of Cincinnati, Cincinnati, OH, USA; 3Certara UK Limited, Sheffield, UK; 4School of Medicine Greenville, University 
of South Carolina, Greenville, SC, USA; 5Perinatal Institute, Division of Neonatology, Cincinnati Children’s Hospital Medical Center, 
Cincinnati, OH, USA; 6Community Hospital East, Indianapolis, IN, USA; 7Department of Pediatrics, College of Medicine, University of 
Cincinnati, Cincinnati, OH, USA; 8Center for Addiction Research, College of Medicine, University of Cincinnati, Cincinnati, OH, USA; 
9iC42 Clinical Research and Development, University of Colorado, Aurora, CO, USA 

Introduction: Prenatally opioid-exposed infants are at risk for neonatal opioid withdrawal syndrome (NOWS). NOWS is a major public 
health issue resulting from the expanding opioid epidemic. Sublingual buprenorphine is an emerging treatment for NOWS, but optimal 
dosing strategies are an unmet clinical need. In this study, we developed a physiologically-based pharmacokinetic (PBPK) model to 
identify factors predictive of buprenorphine PK variability to accelerate precision dosing in this vulnerable patient population. 

Methods: Sequential adult and neonatal PBPK models were developed using Simcyp, with inclusion of ontogeny profiles of CYP3A4, 
CYP2C8, UGT1A1, UGT1A3, UGT2B7, and UGT2B17. Biliary clearance ontogeny was estimated through PBPK model-based 
simulations using buprenorphine blood concentration data obtained from neonates through sparse sampling. Following adult and neonatal 
model validation, sensitivity analysis was performed to investigate the effect of patient-specific factors on clearance (CL/F) in virtual 
neonates aged 1 day, 1 week, and 1 month postnatal age (PNA). 

Results: Following sublingual administration in 127 healthy adult volunteers, the geometric mean (95% confidence interval [CI]) of PBPK 
model-based predicted/observed ratios (P/O ratios) of CL/F, peak concentration (Cmax), and time to reach Cmax (Tmax) were 1.00 
(0.75–1.32), 1.04 (0.84–1.29), and 0.95 (0.72–1.26), respectively. Following sublingual administration in 19 neonates with NOWS, 
inclusion of a newly outlined biliary clearance developmental profile yielded a geometric mean (95% CI) P/O ratio of buprenorphine 
concentrations equaling 0.75 (0.64–0.87). The PBPK model was sensitive to changes in sublingual absorption, biliary clearance, and 
CYP3A4 abundance, especially in neonates aged 1 day PNA. Other enzyme abundances did not affect CL/F. 

Conclusions: The PBPK model demonstrated that variability in sublingual absorption, biliary clearance, and CYP3A4 abundance likely 
drive buprenorphine PK variability, especially in neonates early after birth when NOWS treatment is initiated. These findings may enhance 
refinement of buprenorphine dosing protocols for the treatment of NOWS. 

  



 

100 

 

ID: 422 / C-03: 1 
Pharmacology/Therapeutic Drug Monitoring 
Topics: Others 

Multiple and sequential quantitative evaluations of SARS-Cov-2 IgG after vaccination: A perspective study in 
healthcare professionals. 

Dr. Elisa Roda1, Dr. Lucia Bernasconi1,2, Dr. Cristina Grazioli1,2, Dr. Benedetta Brolli1,2, Dr. Adam Osuchowski1,2, Dr. Silvia 
Biserni1,2, Dr. Valentina Negrini1,2, Dr. Paola Baiardi3, Prof. Fabio Blandini4, Dr. Anna Losurdo5, Dr. Luisa Gervasio6, Dr. 
Francesco Saverio Robustelli Della Cuna6, Dr. Teresa Coccini1, Dr. Davide Lonati1, Dr. Azzurra Schicchi1, Dr. Valeria M 
Petrolini1, Prof. Carlo Locatelli1 
1Toxicology Unit, Pavia Poison Centre-National Toxicology Information Centre, Clinical and Experimental Laboratory, IRCCS Pavia 
Hospital, ICS Maugeri SpA-SB, Pavia, Italy; 2School of Specialization in Pharmacology and Clinical Toxicology, University of Pavia, 
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Mondino Foundation IRCCS, Pavia, Italy 

A perspective study evaluating SARS-Cov-2 IgG in healthcare professionals enrolled from two research hospitals in Pavia would provide 
the monitoring of effects and adverse reactions after vaccination (carried out with Pfizer Comirnaty). The qualitative and quantitative 
evaluation of the neutralizing S1-RBD IgG produced in response to vaccination was achieved using three different methods i.e. ELISA, 
immunoassay and biochip array technology. Specifically, the following diagnostic assays have been employed: Anti-SARS-CoV-2 
QuantiVac ELISA (IgG)® Euroimmun, Siemens-Healthineers ADVIA Centaur® SARS-CoV-2 IgG, and Randox SARS-CoV-2 IgG (RBD 
& NP) array, this latter able to identify both S1-RBD and NP antibodies. More than 1200 subjects were included in the study with a first 
sampling before vaccination (T0), followed by subsequent evaluations at different time-points: T1, T2, T3 and T4 (30, 90 180 and 360 
days, respectively). The early available data concern T0 and T1 blood specimens and were obtained using ELISA and immunoassay 
methods. Interestingly, these preliminary determinations allowed to identify about a 0.5 percent of non-responders, 20% of low-
responders, and 35% of high-responders, also performing a close tracking of adverse effect, which revealed very rare severe events 
(accounting for not more than 3% of the total ADR). Based on these preliminary results, evaluated in light of the current worldwide Covid-
19 pandemic, the neutralizing antibodies monitoring is crucial to identify the duration of the immune antibody response, answering the 
key question if a concrete relation exists between IgG amount and disease protection/prevention. The monitoring of these biomarkers of 
effect could be proposed as a fundamental evaluation to be adopted in the existing TDM units, with the main goal to make available 
worldwide the unique standardized and easy-to-apply measurement able to evaluate the efficacy of the SARS-Cov-2 vaccination. 
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A case of severe adverse effects after paliperidone long-acting injection 
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The long-acting-injectable paliperidone-palmitate (PP-LAI) is used to improve patient therapeutic adherence. PP-LAI microcrystals 
formulation leads to maintain the therapeutic plasma level for four-week. The registered dosage regimen (deltoid IM-injection) is 150 mg 
+ 100 mg (day-8) + 75 mg (day-38) + 75 mg monthly maintenance dose (range 25-150 mg). Only two cases of persistent side effects are 
reported (1,2). We report a case a 37-years-old-man with an history of severe mental retardation and schizophrenia that developed PP-
LAI-induced severe extrapyramidal symptoms after the 2nd injection (PP-LAI 150 mg at day-1 and 100 mg at day-8). The patient was 
admitted to ED at day-10 due to worsening dyspnoea, hyperthermia (38.5°C), severe extrapyramidal symptoms associated with agitation 
and mental confusion. Fever was successfully treated with antipyretics. Patient required pharmacological sedation and mechanical 
ventilation for a week. Biochemical examinations were normal. The clinical course was complicated by a pneumonia. Clinical 
manifestations slowly improved and biperiden (5 mg bid-IM) was started 15 days later with partial response. Paliperidone plasma level 
measured at day-10 were 89.10 mcg/L (range 20-60 mcg/L; LC/MS-MS method). Severe extrapyramidal symptoms can occur despite 
PP-LAI proper administrations and apperar related to paliperidone serum concentration. Few clinical experiences are available in medical 
literature, but long-lasting property of this specific formulation can cause long-lasting and severe side effects. An accurate evaluation of 
D2-receptors-disorder and individual factors (e.g. D2-receptors occupancy) could lead to identify patients more vulnerable to 
extrapyramidal symptoms. A close clinical monitoring supported by paliperidone plasma concentration during the first PP-LAI 
administrations could be useful to identify and prevent overdose and to adjust the dose regimen. References: 1) Jang S et al. Clin 
Psychopharmacol Neurosci, 2017;15(3):288-291; 2) Omi T et al. AJEM, 35:(2017) 1211.e1–1211.e2 
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Hospital, ICS Maugeri SpA-SB, Pavia, Italy; 2Laboratory of Analytical Toxicology, Clinical Chemistry Service, IRCCS Policlinico San 
Matteo Foundation, Pavia, Italy 

Synthetic cannabinoids are the biggest group of NPS monitored by the EMCDDA in Europe. Acute clinical manifestations represent a 
challenge for clinicians. 5F–MDMB-PICA (also known as 5F-MDMB-2201) has been notified to EMCCDA for the first time in September 
2016. We report a case of a 45-years-old man with history of substance abuse that was admitted to the emergency department presenting 
seizures, hypotension, tachycardia, respiratory acidosis (pH 7.24). The patient declared consumption of a substance named 5FCC or 
4FPP sold on the web. The common furs line plasma and urinary tests resulted negative for ethanol, amphetamines, barbiturates, 
cannabinoids, cocaine, opiates, benzodiazepines. The following hours were characterized by severe psychomotor agitation and 
choreiform movements: the patient was successfully treated with benzodiazepines and discharged asymptomatic 12 hours later. A plastic 
bag containing a light brown powder labelled as “5F-MDMB-2201” (made in Netherlands) was found at home. Urine, blood, and product 
samples were analysed by chromatographic methods (GC-MS; LC-MS/MS, MRM operation mode). 5F-MDMB-PICA was detected in 
blood (0.58 ng/ml) and in the powder. Toxicological analysis resulted positive also for MDPHP in urine. This case confirms the need and 
the effectiveness of the laboratory support to formulate the correct diagnosis. Acknowledgements: Activity supported by the National Early 
Warning System, Department of Antidrug Policies, Presidency of the Council of Ministers, Italy. 
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algorithm 

Dr. Bianca Maria Goffredo1, Sara Cairoli1, Raffaele Simeoli1, Marco Dionisi2, Oscar della Pasqua3 
1Bambino Gesù Children's Hospital IRCCS, Italy; 2Istituto per le Applicazioni del Calcolo, National Research Council, Rome, Italy; 3UCL 
- LONDON'S GLOBAL UNIVERSITY 

Introduction and objectives: The immunosuppressant effect of Mycophenolate mofetil and mycophenolate sodium is caused by 
mycophenolic acid (MPA), which is the active component released in plasma. Even though MPA prodrugs are recognised to be well 
tolerated, there is large inter- and intraindividual variability in the dose-exposure relationship. In fact, the incidence rate of acute rejection 
in paediatric renal transplant patients is relatively high ( 15 -35%). Using a model-based approach the present study aimed to assess the 
influence of covariate factors on the pharmacokinetic variability of MPA and develop an algorithm for optimisation of the dosing regimen 
in paediatric patients receiving solid organ transplantation. 

Methods: This was a retrospective, observational study in 103 paediatric solid organ transplant patients. Using sparse therapeutic 
monitoring (TDM) data, a nonlinear mixed effects modelling approach was implemented in conjunction with priors parameter distributions 
from a population pharmacokinetic model previously developed for MPA. Evaluation of covariate factors affecting disposition parameters 
was performed using stepwise forward inclusion/backward elimination procedures. Following the assessment of the predictive 
performance of the final model, simulations were performed to identify an algorithm for optimised dose adjustment. 

Results: Systemic exposure to mycophenolate/MPA can be described by a two-compartment model. Inclusion of body weight and organ 
function appear to be significant covariate factors on clearance, despite considerable inter-occasion variability in absorption. Dosing 
adjustment using longitudinal data and baseline covariates yields an increased proportion of patients reaching the desired target 
therapeutic range. 

Conclusion: In contrast to empirical dose adjustment, the use of a model-based dosing algorithm allows the integration of baseline 
covariate effects into estimation of individual post-hoc estimates of the parameter(s) of interest. Moreover, the use of longitudinal data 
from previous monitoring can further contribute to enhanced performance of the model, disentangling the contribution of intraindividual 
variability in clearance from other sources of variation. 
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Introduction and objectives: Sepsis in neonates and children is still associated with high mortality and morbidity. Nevertheless, first-line 
treatment includes high-dose empirical antibiotic therapy, ignoring the implications of interindividual differences in pharmacokinetics and 
bacterial susceptibility. There is an urgent need to ensure personalised interventions and improve antibiotic stewardship in paediatric 
intensive care units , enhancing the probability of clinical cure. The aim of the current investigation was to evaluate treatment performance, 
as assessed by PKPD indices (i.e., time above the minimum inhibitory concentration (T>MIC) and probability of target attainment (PTA)) 
for currently used doses and dosing regimens of amoxicillin, ampicillin, ceftazidime, ceftriaxone in patients with suspected sepsis. 

Methods: A total of 59 blood samples from 29 patients enrolled into an observational, prospective, single-centre study in patients with at 
“Bambino Gesù Paediatric Hospital IRCCS, Rome were used for the purpose of this analysis. Using nonlinear mixed effects modelling in 
conjunction with priors for pharmacokinetic parameter distributions obtained from previously published population pharmacokinetic 
models, a post-hoc analysis was performed to describe the individual concentration vs. time profiles and secondary parameters, including 
the area under the concentration vs. time curve (AUC). The probability of target attainment was then calculated to evaluate the suitability 
of the antibiotic doses and dosing regimens. 

Results: Our results show that the currently recommended doses of ampicillin, ceftazidime and ceftriaxone resulted in exposure levels 
that ensure efficacy targets of 50%fT>MIC for MICs up to 32 mg/L in most patients. By contrast, the standard dosing regimen of amoxicillin 
failed to achieved the desired PTA. 

Conclusions: This investigation shows how a model-based approach can be used to enhance data integration and support antimicrobial 
stewardship. In addition, simulations provide insight into dose(s) and dosing regimens that are required to improve clinical response and 
prevent antibiotic overuse in this vulnerable population. 
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The globalization, the evolution of e-commerce and the growing popularity of New Psychoactive Substances (NPS), facilitated the 
development of a wide illegal market in constant expansion. The dynamic nature of this phenomenon has led to an evolution in the 
prevention and monitoring of NPS trafficking within the European Union (EU). The European legislative system has been amended with 
the aim of creating a faster and more effective regulatory system to tackle NPS diffusion and ban their sale and circulation. At the end of 
2008, in compliance with the European Council Decision 2005/387/JHA, the Anti-Drug Policies Department of the Presidency of the 
Council of Ministers activated in the Italian National Early Warning System (NEWS) to promote a rapid exchange of information on NPS 
between Italy and the EU. 

In June 2016, the National Center for Addiction and Doping (CNDD) of the Istituto Superiore di Sanità (ISS) was designated to organize 
and manage NEWS, supported by the Poison Center of the Maugeri Scientific Clinical Institutes of Pavia to manage NPS clinical and 
toxicological aspects, the Research Unit of Forensic Toxicology of the Sapienza University of Rome to manage biotoxicological and 
analytical/technical aspects, and the Central Antidrug Service to ensure law enforcement and disclose seizures and risky situations in 
National territory. More than 200 Collaborative Centres across the country joined the system, such as law enforcement agencies and 
their laboratory networks, analytical toxicology laboratories, forensic toxicology laboratories, poison centres, health and care systems, 
universities and research institutes, medicines regulatory authorities. 

The activities, the challenges, the help to collaborative centres in term of pure standards of NPS, methodologies, quality control exercise 
and etc. will be described to explain how to detect and assess any potential threats, and identify and implement any response measures 
that might be required for NPS health and social threats. 
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Arsenic Content in Geoduck - Can I eat? 
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Bergen, Norway; 4Material Measurement Laboratory, National Institute of Standards and Technology, Gaithersburg, MD, USA 

Introduction. Arsenic is ubiquitous. The concentration of arsenic in marine life is two to three magnitude order greater than the terrestrial 
origin. In terms of health, arsenic exposure is classified as malignant by the International Agency for Research on Cancer (IARC), Agency 
for Toxic Substances and Disease Registry (ATSDR), WHO, and European Food Safety Authority (EFSA). 

Method. Geoduck (Panopea generosa) samples were obtained from the NIST and stored at -80oC until use. The separation and peak 
identification were carried out by cation and anion exchange chromatography coupled to inductively plasma mass spectrometry against 
standard reference materials (SRM) and internal standards. The extraction procedure was optimised for extractants, time, and 
temperature. Finally, the total and inorganic arsenic were quantified in geoduck samples. 

Results. A total of nine peaks were identified in the geoduck samples. The three major peaks were AB, As (328), and As(482). Other 
peaks were DMA, As (V), and four unknown peaks (U1, U2, U3, U4). Among the species, As(V) was the only inorganic arsenic identified 
in the geoduck samples. The optimised extraction condition for As (V) was 0.2 mol/L of nitric acid in 6% (v/v) hydrogen peroxide at 90oC 
using an oven for four hours. On the other hand, the optimised extraction for DMA, AB, As (328), and As (482) was using water at 70oC 
in a water bath for 24 hours. The total and inorganic arsenic in the geoduck samples were 3.66 mg/kg ± 0.16 mg/kg and 0.223 mg/kg ± 
0.034 mg/kg, respectively. 

Discussion. An extraction method was developed for inorganic arsenic speciation in geoduck samples. The reported total and inorganic 
arsenic are traceable to SRM 3103a Arsenic (As) Standard Solution and SRM 3036 Arsenic Acid (As(V)) Standard Solution, respectively. 
Whether or not the geoduck is safe to eat, it is regulated by country-specific legislation. 
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Voclosporin: A Novel Calcineurin Inhibitor Without Impact on Mycophenolic Acid in Patients with SLE 
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Background: 

An open-label phase 1 study was conducted to evaluate the effect of voclosporin on blood levels of mycophenolic acid (MPA, active 
moiety) and mycophenolic acid glucuronide (MPAG, pharmacologically inactive metabolite) following dosing with mycophenolate mofetil 
(MMF) in subjects with systemic lupus erythematosus (SLE) and to assess the safety and tolerability of the combination. For cyclosporine 
a clinically relevant drug-drug interaction with MPA has been shown. 

Methods: 

MMF was orally administered at a dose of 1 g BID for at least 28 days prior to the study and continued at the same dose throughout the 
study. Voclosporin was orally administered at a dose of 23.7 mg BID for seven consecutive days (Day 1 to Day 7), starting in the evening 
of Day 1 and ending with the morning dose on Day 7. Dense PK blood samplings were collected pre-dose in the morning and from 0.25 
to 12 hours post-morning doses. Analyses were derived by non-compartmental methods. 

Results: 

In 24 patients, MPA exposure (Cmax and AUC0-12) was similar in the presence and absence of voclosporin, with treatment ratios of 0.94 
and 1.09, respectively (Cmax: 16.5 μg/mL [Day 1] vs.15.8 μg/mL [Day 7], AUC0-12: 39.1 μg.h/mL [Day 1] vs. 40.8 μg.h/mL [Day 7]. 
MPAG exposure showed a small increase in the presence of voclosporin (12% for Cmax and 27% for AUC0-12). Combination therapy 
was well tolerated. 

Conclusions: 

There is no clinically meaningful interaction between voclosporin and MMF. As changes in exposure to MPA may affect efficacy and 
safety, these data confirm that voclosporin and MMF can be given concomitantly without the need for dose adjustment. 

  



 

109 

 

ID: 143  
Pharmacology/Therapeutic Drug Monitoring 
Topics: Anti-Infective Drugs 
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Introduction 

Teicoplanin is used for the treatment of methicillin-resistant staphylococcus aureus. However, the risk of nephrotoxicity associated with 
teicoplanin has not yet been ascertained. We undertook a meta-analysis to investigate the effects of clinical characteristics on 
nephrotoxicity associated with teicoplanin. 

Methods 

We systematically searched corresponding journals published between January 1975 and October 2020 using the Pubmed and Cochrane 
library databases. Clinical researches on the development of nephrotoxicity associated with teicoplanin were elected. We extracted patient 
background, clinical laboratory data and concomitant medications from included studies and synthesized outcomes to calculate the overall 
incidence of nephrotoxicity. Meta-regression analysis was performed to assess the impact of clinical characteristics on the outcome. 

Results 

Out of 411 articles, 33 articles including 3372 patients was reviewed (males accounted for 2100; 62% and mean or median age ranges 
31-83 years). Overall incidence of nephrotoxicity associated with teicoplanin was 6.0% (95% CI: 4.0–8.0) for random effects model. Meta-
regression analysis demonstrated that renal function (y = -0.13 x + 17.3, r = 0.61, p <0.01), older age (y = 0.27 x – 8.3, r = 0.52, p <0.01), 
and male percentage (y = 0.20 x – 5.9, r = 0.36, p = 0.02) significantly increased the risk of nephrotoxicity associated with teicoplanin. 
On the contrary, teicoplanin trough concentration, treatment duration, and concomitant medications did not show significant impact on 
nephrotoxicity. 

Conclusions 

This meta-analysis ascertained that decreased renal function, elderly, and male were significantly associated with the development of 
nephrotoxicity. These features could help to identify patients at high-risk of nephrotoxicity associated with teicoplanin. 
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Plasma concentration of perampanel does not correlate with efficacy in focal epilepsies 
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Introduction: This multicenter study was retrospectively conducted on Italian patients with established resistant/refractory status 
epilepticus (RRSE) treated with perampanel (PER) as add-on therapy. We report pharmacokinetics, effectiveness and tolerability 
evidence in real life of different clinical cases. Patients were treated with different combination of antiepileptic drugs (AEDs). 

Method: PER plasma concentrations (Cp) were measured by LC-MS/MS and correlations with concomitant AEDs were assessed. A total 
of 412 samples were collected from 189 patients. Outcomes included responder rate and tolerability throughout the follow-up when 
available. Ninetythree patients with complete follow-up were examined for safety and efficacy. 

Results: The mean administered daily dose (DD) of PER was 5.95 (±2.45) mg/die; the median Cp of PER was 307.4µg/L (range 13 - 
1977µg/L). Perampanel Cp showed a high degree of variability with respect to DD. We observed linearity between PER’s DD and Cp 
from 2 to 8mg/die; rather, from 10 to 12mg/die DD linearity is lost. Perampanel Cp is strongly affected by concomitant inducing cytochrome 
P450 (CYP3A4) administered drugs; instead, linearity was less affected by a CYP3A4 inhibitor, such as VPA. 

Seizures improved in 40 out of 78 (43%) of RRSE patients whilst PER showed a major efficacy in treating myoclonus (11 patients out of 
16, 68.8%). 

During the follow-up, PER was generally well tolerated, and only 5 out of 93 patients (5.4%) discontinued PER due to adverse events. 
Interestingly, the mean of PER’s Cp of 5 patients was 199µg/L (range 43-234), below the median concentration of the whole cohort of 
RRSE patients. 

Conclusions: PER, used as add-on therapy, showed a good efficacy-safety profile in real life clinical settings in patients with established 
RRSE. Interestingly, efficacy seems not to correlate with PER’s Cp. 

In light of our results, is PER really candidate for Therapeutic Drug Monitoring? 
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University Medical Center Utrecht, Utrecht, The Netherlands 

Introduction: 

Emicizumab is approved for people with hemophilia A (PwHA) with a body-weight-based dose regimen independent of laboratory 
monitoring. Guidelines, however, recommend measuring the emicizumab plasma concentration when suspecting neutralizing anti-drug 
antibodies. In addition, monitoring can be useful in shared decision-making, adherence checks, and for research purposes.The objective 
was to validate a liquid chromatography tandem mass-spectrometry (LC-MS/MS) method for the quantification of emicizumab in plasma 
of PwHA. 

Methods: 

Sample preparation for LC-MS/MS analysis was performed by protein precipitation with ammonium sulphate and by trypsin digestion. A 
signature peptide of emicizumab was used for quantification. A stable isotopically labeled internal standard with an amino acid-sequence 
matching the chosen signature peptide was added to correct for loss during sample preparation and eliminate matrix effect during 
analysis. The signature peptide of emicizumab was separated chromatographically from other tryptic peptides and measured with tandem 
mass-spectrometry. Cross validation with 48 remnant samples from PwHA was performed with a modified and calibrated (r2 Diagnostics) 
one stage-clotting assay (OSA). The LC-MS/MS method was validated in accordance with the European Medicines Agency (EMA) 
guideline on bioanalytical method validation. 

Results: 

The calibration curve of emicizumab was linear over a concentration range from 4-512 μg/mL with an R2 of 0.999. Within-run and 
between-run precision and accuracy were well within acceptance criteria (Table 1). Samples were stable for three freeze and thaw cycles. 
Lower limit of quantification had a signal-to-noise ratio of 88 (criterion >5). The numerical values for all other parameters were well within 
acceptance criteria as well. Cross validation demonstrated a strong correlation between the two methods, despite their fundamental 
difference. 

Conclusion: 

We present the first, rapid, and robust LC-MS/MS-method for quantification of emicizumab in plasma of PwHA. A full validation of the 
analytical method, with cross validation, was performed successfully in accordance with the EMA guideline. 
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Introduction: 

Emicizumab is an effective, new treatment for people with hemophilia A (PwHA) and comparable to other therapeutic monoclonal 
antibodies, its financial costs are substantial. The approved dosing regimens are body-weight-based independent of dose adjustments 
based on laboratory monitoring. This assumes a clear dose-concentration-response relationship with low variability due to other factors 
than body weight. To investigate this assumption, a systematic review on the pharmacokinetics (PK) and associated pharmacodynamics 
(PD) of emicizumab in humans was conducted. 

Methods: 

The database Embase, Pubmed and CENTRAL were searched up to November 15th 2020 to identify studies on PK data of emicizumab 
in humans. Study, subject, PK and PD outcome data were synthesized. Exposure-effect modelling was performed using non-linear least 
squares regression in an Emax model with trough plasma concentrations and annualized bleed rate (ABR) of treated bleeds, all model-
based by means of binomial regression. 

Results: 

The 15 included studies on PK of emicizumab in humans reported data on 140 volunteers and 467 PwHA including children (aged 0 to 
<12 years), adolescents/adults (>12 years), both with and without FVIII inhibitors. Emicizumab demonstrated a clear linear dose-
concentration profile already at low doses of 0.1 mg/kg/week. The inter-individual variability of trough plasma concentrations was 
moderate (32%) and similar across various subgroups, such as FVIII inhibitor status, age, dose interval. The EC50 was estimated at 1.47 
µg/ml in the Emax model. The effectiveness plateau of the concentration−response relationship was clearly established, and all ABR 
observations resided herein with meantrough concentrations of ~50 µg/ml. The control of treated bleeds did not further improve above 
emicizumab trough plasma concentrations of ~30 µg/ml, potentially enabling lower dosing in a considerable proportion of PwHA (Figure 
1). 

Conclusion: 

This systematic review supports body-weight-based dosing of emicizumab in PwHA. Individualized dosing by monitoring of the 
concentration may be more cost-effective. 
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Introduction 

Mitotane (DDD) is prescribed to inoperable adrenocortical renal carcinoma and Cushing’s syndrome. DDD and its principal metabolite, 
dichlorodiphenylethene (DDE), can accumulate in fat tissues and their plasma concentrations are associated with clinical improvement 
more than those of dichlorodiphenylacetate (DDA). The therapeutic range of plasma concentrations is 14–20 mg/L. Therefore, therapeutic 
drug monitoring (TDM) is required to exploit the maximum therapeutic benefit with acceptable toxicity. 

Methods 

Chromatographic conditions: stationary phase was represented by a Higgins Analytical C18 5 μm column (250mmx4.6 mm), maintained 
at 35 oC. Mobile phase was made by H2O/acetonitrile (10/90, v/v), and pumped at 1.0 ml/min. Peaks of interest were monitored at 
wavelength of 226 nm. Human plasma samples (200 μl) were added with aldrin (as Internal Standard) and 200 μl of acetonitrile for protein 
precipitation. Clear supernatants (50 μl) were injected within the HPLC apparatus. 

Results 

The average recovery of analytes was 95%, and the method was linear (r2=0.9988 and 0.9964 for DDD and DDE, respectively) within 
the range 1-40 mg/L. The values of limit of quantitation and detection were 0.2 mg/L and 0.3 mg/L for DDD and 0.066 mg/L and 0.099 
mg/L for DDE, respectively. It is worth noting that sample preparation and run time are short enough to allow the analysis of at least 3 
samples per hour (20 min total run). Indeed, the retention time (RT) of DDD and DDE are 7.06 min and 9.42 min, respectively, while the 
RT of the internal standard is 12.67 min. Finally, the method validation completely fulfilled FDA guidelines. 

Conclusions A reliable and rapid HPLC-UV method was developed for the measurement of mitotane and DDE concentrations in plasma 
samples using aldrin as internal standard for better accuracy and precision over the range of drug concentrations expected after the 
administration of mitotane at standard doses. 
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Analysis of Antibiotics in Plasma by UPLC-MS/MS for Clinical Research 

Stephen Balloch1, Dr. Lisa Calton1, Gareth Hammond1, Dr. Simone Donzelli2 
1Waters, Wilmslow, United Kingdom; 2Waters, Milano, Italy 

Introduction 

A clinical research method for a large panel of antibiotic drugs in plasma was developed; azithromycin (5-500 ng/mL); ciprofloxacin and 
clindamycin (0.1-10 µg/mL); amoxicillin, ampicillin, cefotaxime, chloramphenicol and linezolid (0.5-50 µg/mL); cefazolin, cefepime, 
ceftazidime, cefuroxime, flucloxacillin, meropenem and sulbactam (1-100 µg/mL); daptomycin and piperacillin (2-200 µg/mL). 

Methods 

Matrix matched calibrators and QCs were prepared using in-house stocks and pooled plasma. Samples (50 µL) were treated with internal 
standard in methanol. A water/methanol/ammonia gradient was used with a Waters ACQUITY UPLC BEH C18 2.1 x 1.7 µm, 100mm 
column on a Waters ACQUITY UPLC I-Class FTN and Xevo TQD mass spectrometer utilizing polarity switching in a 5-minute run. 

Results 

No system carryover was observed following analysis of plasma samples containing the highest concentration calibrators. 

Analytical sensitivity investigations indicated precise quantification (≤20% CV, ≤15% bias) at concentrations equal to or lower than the 
lowest concentration calibrator. 

Total precision and repeatability were assessed (3 pools, 5 replicates, 5 days; n=25) and determined to be ≤10% RSD. 

Linearity experiments determined the method provided first or second order polynomial fits over the ranges analyzed; additionally, each 
run met acceptance criteria (coefficient of correlation ≥ 0.995, determined concentrations of calibrators ±15% of nominal, ±20% in the 
case of the lowest calibrator). 

Post-column infusion experiments demonstrated analytes eluted in regions free of major ion suppression or enhancement. Evaluation of 
matrix effects at low and high concentrations indicated compensation by the internal standard. 

Addition of high concentrations of several endogenous and exogenous materials did not affect quantification. 

Conclusions 

This quantitative method for clinical research demonstrates very good precision with minimal matrix effects and allows for the multiplexing 
of a large panel of antibiotics in plasma in a short run time. 

For Research Use Only. Not for use in diagnostic procedures. 
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Diminished therapeutic effects of atypical antipsychotic drugs on relapsed schizophrenia patients as revealed 
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The Second Xiangya Hospital and Institute of Clinical Pharmacy, Central South University, China 

Introduction: Clinical findings suggest that atypical antipsychotic drug (AAPD) treatment response is reduced or delayed in the context of 
relapse following effective treatment of the first-episode of schizophrenia (SZ). 

Methods: Totally 627 SZ patients (Four hierarchies: 197 of first-episode, 211 of 2-3 episodes, 116 of 4-6 episodes and 103 of over 6 
episodes) and 588 gender and age matched demographic healthy controls were recruited from multi-centers in China and have their 
plasma collected at onset drug-free stage and 4 weeks after AAPD medication. The symptomatology of patients was assessed by three 
trained psychiatrists using Positive and Negative Symptom Scale (PANSS). A panel of stress-related biomarkers consisting of 15 
metabolites has been simultaneously quantified in these subjects’ plasma by an LC-MS/MS method. Multivariate data analysis of 
biomarkers was performed by SIMCA-P 14.0. 

Results: The metabolic profile changes in the scores plot indicated that there was a clear trajectory of first-episode SZ from onset to 
remission (Fig A). By contrast, the clusters of baseline and 4-week of treatment for relapsed SZ were almost overlapped and their 
metabolic signatures failed to show significant improvement (Fig B). After treatment, the reducing rates of PANSS in first-episode SZ are 
also more significant than relapsed SZ patients. The biological underpinnings of this phenomenon were revealed by the responsiveness 
of biomarkers to AAPD treatment: 1) the therapeutic effects on choline, uric acid, allopregnanolone, progesterone and cortisol 
disappeared since the 2nd episode, 2) the absence of increment in PE(16:0/22:6) and PE(18:0/22:6) and decrement in corticosterone 
was noted then from the 4th episode, and 3) only creatine remained responsive to AAPD after the 7th episode. 

Conclusions: The results suggest that the responsiveness of biomarkers to AAPD treatment should be tested and considered together 
with drug concentrations in blood, especially for SZ patients who become treatment-resistant after multiple relapses. 
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How the pandemic of COVID-19 has driven changes in toxicology results of drug-facilitated sexual assault 
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Introduction: Last year COVID-19 pandemic changed our social, economic and mostly health environment. As lock-downs and restrictions 
were installed, social life drastically diminished, and the patterns of use of drugs of abuse were also changed. Despite patients attended 
with sexual assault were expected lower in the months of lock-down, the involvement of drugs of abuse on these was unclear. The 
objectives of this study were to investigate the impact of COVID-19 pandemic on patients admitted with alleged sexual assault in our 
hospital and the contribution of drugs of abuse and changes in the pattern of drug use in cases of drug-facilitated sexual assault (DFSA). 

Methods: A retrospective study of patients admitted with sexual assault in years 2019 and 2020 was conducted. The toxicology procedure 
of our hospital involved a urine drug screen (amphetamines, benzodiazepines, cannabis, cocaine, methadone, opiates) by immunoassay 
(IA) and ethanol serum quantification. In those cases where DFSA was suspected, confirmation and screening of drugs of abuse by gas 
chromatography - mass spectrometry (GC-MS) was performed. 

Results: In 2020 there was an overall reduction of 42% of patients admitted with sexual assault compared to 2019, decreasing the most 
largely on April and November, corresponding to the first and second COVID-19 wave in Spain. Toxicological data by IA showed an 
increase of positive drugs in urine (35% vs. 39%) and fewer positive ethanol serum results (37% vs. 31%). Amphetamines and cocaine 
were detected mostly in poly-consumption and higher positive results of cannabis, cocaine and amphetamines were observed. GC-MS 
analysis showed an increase urine drug detection (37% vs. 49%), mostly cocaine and amphetamine derivates. 

Conclusions: This study confirmed the impact of COVID-19 on the number of patients attended with sexual assault in our hospital and 
showed a shift on the pattern of use of drugs in the alleged DFSA patients. 
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INTRODUCTION: Digoxin is widely used to treat heart failures, atrial fibrillation and atrial flutter. Induction of P-glycoprotein(P-gp) is 
expected to alter the elimination of digoxin. In this study, the effect of rifampin, a potent inducer of P-gp, on the pharmacokinetics of 
digoxin is evaluated using an electronic health record search engine SUPREME (Seoul National University Hospital Patients Research 
Environment). 

METHODS: SUPREME was used to identify patients who concomitantly took digoxin and rifampin between 2012 and 2017. 
Demographics, doses of rifampin and digoxin, serum trough concentrations(Ct) and dose/body weight-normalized Ct (Ct norm) of digoxin 
were collected. Patients who met the following criteria were included in the analysis: At least two digoxin concentrations were measured 
after reaching the steady-state. At least one concentration was measured at rifampin-free period of more than 14 days and at least one 
concentration was measured within 14 days after taking any dose of rifampin. The Ct and Ct norm of digoxin before and after rifampin 
co-administration were compared using Wilcoxon signed-rank test. 

RESULTS: A total of 81 patients who concomitantly took rifampin and digoxin were identified. 11 patients met the inclusion criteria and 
were included in the analysis. Median age and body weight were 47 years (19.4~78.1 years), 56.8 kg (36.6~86.0 kg), respectively. The 
most common underlying heart disease was heart failure. Digoxin dosage ranged from 0.125 to 0.25 mg/day. The Ct of digoxin at rifampin 
free period was 1.00 ± 0.59 ng/ml (mean ± standard deviation), and the corresponding value after taking rifampin was 0.53 ± 0.16 ng/ml. 
Ct and Ct norm of digoxin were decreased by a median of 43.0 % (p=0.0164 and p=0.0099, respectively). 

CONCLUSION: Rifampin reduced the systemic exposure of oral digoxin. Further study to develop an appropriate regimen for the dose 
adjustment of digoxin under rifampin co-administration should be considered. 

  



 

118 

 

ID: 160  
Pharmacology/Therapeutic Drug Monitoring 
Topics: Anti-Infective Drugs 

Health care costs of target attainment of beta-lactam antibiotics in critically ill patients: a retrospective analysis 
of the EXPAT study 

Tim MJ Ewoldt1, Alan Abdulla2, Dr. Nicole GM Hunfeld1,2, Dr. Anouk E Muller3,4, Prof. Diederik Gommers1, Dr. Suzanne 
Polinder5, Dr. Birgit CP Koch2, Dr. Henrik Endeman1 
1Department of Intensive Care, Erasmus University Medical Center, Rotterdam, The Netherlands; 2Department of Hospital Pharmacy, 
Erasmus University Medical Center, Rotterdam, The Netherlands; 3Department of Medical Microbiology and Infectious Diseases, 
Erasmus University Medical Center, Rotterdam, The Netherlands; 4Department of Medical Microbiology, Haaglanden Medical Center, 
The Hague, The Netherlands; 5Department of Public Health, Erasmus University Medical Center, Rotterdam, The Netherlands 

Background: Adequate beta-lactam antibiotic exposure is essential for treating severe infections on the intensive care unit (ICU). 
Reaching adequate exposure might reduce length of ICU stay and therefore reduce ICU costs. The primary aim of this study was to 
describe the difference in total ICU costs between patients with beta-lactam target attainment and target non-attainment. 

Materials/Methods: We used the data of a two-center prospective pharmacokinetic/pharmacodynamic study (EXPAT) to investigate 
whether beta-lactam antibiotics target attainment is a cost determinant on the intensive care unit. Included patients were divided into 
target attainment and target non-attainment, based upon serum antibiotic levels. All hospital costs were extracted from the hospital 
administration system and categorized. Differences in costs were assessed with a Mann-Whitney U-test. Cost determinants were 
assessed with a multivariate linear regression with logarithmic transformation on total ICU costs that included gender, age, SOFA-score 
(Sequential Organ Failure Assessment), and renal replacement therapy (RRT). 

Results: Seventy-nine patients were eligible for analysis. Target attainment at baseline showed an older population with more males, a 
higher SOFA-score and creatinine levels, and a lower albumin. Target attainment showed a trend towards higher total ICU costs (€44,600 
- €28,200, p=0.103). This trend disappeared when correcting for ICU length of stay (€ 2,680 - € 2,700). RRT was the most important cost 
driver in a multivariate linear regression (OR 1.84 (1.50 - 2.27), p <0.001). However, target attainment was no cost driver (OR 1.05 (0.90 
– 1.23), p 0.54). 

Conclusions: Beta-lactam antibiotic target attainment shows a trend towards higher total costs in ICU patients, but is not a cost driver at 
itself. Renal replacement therapy is the major cost determinant for total costs on the ICU. The differences between these costs is mainly 
explained by patients achieving beta-lactam target attainment to be more ill and are more prone to receive RRT. 
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Introduction: Monitoring tacrolimus concentrations and kidney function after transplantation is important to avoid tacrolimus under- and 
overexposure and its clinical consequences, including acute nephrotoxicity. Using dried blood spot (DBS) instead of a venipuncture for 
blood sampling has several advantages: it allows blood sampling at home and it makes it easier to draw blood samples at a specific or 
at multiple time points (e.g. for an AUC measurement). 

Methods: In this study, a DBS sampling method for tacrolimus and creatinine concentration measurement in blood was clinically validated, 
by comparing pre-dose whole-blood and serum concentrations (for tacrolimus and creatinine, respectively) obtained by a venipuncture 
to concentrations measured via DBS. The need for a DBS correction factor and hematocrit correction using near infrared spectroscopy 
was evaluated. Deming regression was used for validation and potential bias was evaluated with a Bland-Altman analysis. 

Results: A total of 50 solid organ transplant recipients was included in the analysis. We calculated the following conversion formula for 
tacrolimus: [Tacrolimus]DBS+1.49)/1.788, with a Deming intercept of 0.272 (95%-CI -0.53 to 1.08) and a slope of 0.960 (95%-CI 0.84 to 
1.07). Using this conversion formula, 92% of the tacrolimus measurements were within the 20% limits of agreement (LOA) and 76% of 
the tacrolimus measurements were within the 15% LOA. We calculated the following conversion formula for creatinine: 
[Creatinine]DBS+0.8069)/0.9077, with a Deming intercept of -0.5261 (95%-CI -12.73 to 11.68) and a slope of 1.004 (95% CI 0.92 to 1.08), 
respectively. Using this conversion formula, 94% of the creatinine measurements were within the 15% LOA. For both tacrolimus and 
creatinine, no additional correction for hematocrit was required. 

Conclusions: DBS sampling was clinically validated and can be used in clinical practice for simultaneous measurement of tacrolimus and 
creatinine with the use of a conversion formula. An additional correction for hematocrit was not required. 
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Introduction 

Titrating sedation toward wakefulness has been challenging in acute respiratory distress syndrome (ARDS) related to coronavirus disease 
2019 (COVID-19). Most patients treated for COVID-19 pneumonia in the intensive care unit (ICU) are sedated with the benzodiazepine 
midazolam, which undergoes extensive metabolism by CYP3A enzymes. Previously, in critically ill children it has been shown that 
midazolam metabolism decreases due to hyperinflammation. Since an exaggerated proinflammatory response seems to play an 
important role in COVID-19, an effect on midazolam pharmacokinetics may occur in adults. Therefore, the aim of our research was to 
determine the effect of inflammation, reflected by IL-6 and CRP, on the pharmacokinetics of midazolam in adult ICU patients infected with 
COVID-19. 

Methods 

Midazolam blood samples were collected once a week between March 31 and April 30 2020. Patients were excluded if they concomitantly 
received the CYP3A4 inhibitor erythromycin and continuous renal replacement therapy. Midazolam and metabolites were analyzed with 
an ultra-performance liquid chromatography–tandem mass spectrometry method. A population pharmacokinetic model was developed, 
using nonlinear mixed effects modelling (NONMEM). IL-6 and CRP, markers of inflammation, were analyzed as covariates. 

Results 

Midazolam clearance was reduced by IL-6. Importantly, IL-6 is a better predictor than CRP of reduced clearance of midazolam and 
explained more of the variability within our patients. A pharmacokinetic one-compartment model for midazolam and metabolites was 
developed. The midazolam clearance was reduced by 25% (7.3 L/h to 5.5 L/h) when IL-6 increases from 116 pg/mL to 300 pg/mL (see 
Figure 1). 

Conclusion 

IL-6 seems to be a strong indicator of reduced midazolam clearance in critically ill patients with COVID-19, outperforming CRP as 
inflammatory marker. This knowledge may help to identify COVID-19 patients at increased risk of over-sedation, but further research is 
warranted. 
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INTRODUCTION 

Busulfan is an alkylating agent used in allogeneic hematopoietic stem cell transplantation for various malignant and non-malignant 
disorders. Therapeutic drug monitoring of busulfan is common, as busulfan exposure has been linked to veno-occlusive disease, disease 
relapse, and failed engraftment. The authors developed an automated immunoassay, along with stable calibrators and controls, and 
quantified busulfan in sodium heparin plasma. 

METHODS 

The study evaluated a homogenous nanoparticle immunoassay, the MyCare Oncology Busulfan Assay Kit (Saladax Biomedical, Inc.), 
for precision, sensitivity, accuracy, and linearity on Beckman Coulter 480 analyzer; it compared the method with two mass spectrometry 
methods (LC-MS/MS and GC/MS), using remnant patient samples (n=231). 

RESULTS 

The method uses 10 µL of sample and time to first result is approximately 10 minutes with a throughput of 480 samples per hour. The 
coefficients of variation for repeatability were ≤ 4.7% and within-laboratory precision were ≤ 6.1%. The linear range was 187–2,000 ng/mL, 
samples up to 6,000 ng/mL can be measured with sample dilution. Measured mean values deviated by ± 4% from assigned values. 
Comparison between validated mass spectrometry methods resulted in a intercept of 16 ng/mL a slope of 0.95 and correlation coefficient 
R ≥ 0.99. 

Results can be entered directly into cloud-based clinical decision support tools, such as InsightRX, that use model-informed precision 
dosing (MIPD) to improve busulfan target attainment. Recent work has demonstrated that Bayesian-based precision dosing significantly 
improves the percentage of patients on target and reduces variability in the spread of target attainment (%CV) compared to weight-based 
dosing or conventional NCA calculations (Shukla et al, 2020). Additionally, MIPD supports sparse sampling, overall improving patient 
safety and requiring fewer samples. 

CONCLUSIONS 

The MyCare Busulfan Assay coupled with the InsightRX software can provide rapid turnaround of results in a hospital setting. 
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A simple and robust high performance liquid chromatography tandem mass spectrometry (HPLC-MS/MS) method was developed to 
determine bevacizumab levels in human plasma. The LC-MS/MS method saved costs, decreased the analysis time and reduced 
quantitative times compared with the traditional ligand-binding assays. The 5 μL plasma samples were digested with trypsin at 50°C for 
5 hours after bevacizumab capturing by antibody immobilized resin, impurities elution and adding enzyme digestive fluid with nSMOLTM 
antibody BA kit of Shimadzu. The tryptic peptides were chromatographically separated with a Shim-pack GISS C18 (2.1mm I.D.×50mm 

L., 1.9μm) column combined with mobile phases of 0.1% formic acid in water and acetonitrile. The universal polypeptide P14R（Sigma 

Aldrich）was used as internal standards to minimize the variability during sample processing and detection. Three peptides for 

bevacizumab were simultaneously quantified by LC-MS/MS in the multiple reaction-monitoring mode (MRM). Calibration curves were 
linear from 7.8125 to 500 μg/ml. The intra- and inter-assay precision (%CV) was within 7.6% and 8.3% (except 9.6% and 12.4% for 
LLOQ), respectively, and the accuracy (%Dev) was within ± 10.8%. The other validation parameters were evaluated, and all results met 
the acceptance criteria of International guiding principles. Finally, the method was successfully applied to a therapeutic drug monitoring 
of bevacizumab trough concentration study in non-small cell lung cancer patients. 
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Background: Fentanyl is widely used for sedation in preterm neonates requiring artificial ventilation. Neonates are especially vulnerable 
to side effects such as respiratory depression with oversedation which has a direct concentration-effect relation. The dosage regimen is 
usually derived from adults employing an extrapolation based on body weight which cannot accurately determine organ maturation in 
neonates. There is a necessity for model-based precision dosing of fentanyl that includes maturation. This study aimed to develop a 
pragmatic physiologically based pharmacokinetic (PBPK) model of fentanyl and to evaluate its prediction accuracy in neonates. 

Methods: PBPK modeling and simulation were performed using SimCYP Population-based ADME Simulator version 20. The fentanyl 
compound model was developed based on physicochemical and pharmacokinetic parameters reported in the literature. The model was 
validated using observed values from 25 clinical studies on adults and 4 on pediatrics. Serum samples of 14 neonates were collected as 
routine care. Serum fentanyl concentration was measured by liquid chromatography-mass spectrometry. 

Results: 100% of the predicted values of serum fentanyl concentration in adult and pediatric patients met the 2-fold acceptance criterion. 
Mean error (ME) and root-mean-square error (RMSE) for all predicted values were 0.28±0.15%, and 1.16%, respectively. In our neonatal 
patients, 95.5% of the predicted values were within the 2-fold acceptance criterion with ME and RMSE of 0.05±0.075%, and 0.34%, 
respectively. Median predicted fentanyl AUC value in patients with severe oxygen desaturation (sODS) (percutaneous oxygen saturation 
<80%) was higher than non- or moderate- ODS (nmODS) patients (ODS: 213 ng/mL·h, nmODS:25.2 ng/mL·h, P=0.043), while no 
significant difference was observed in fentanyl clearance depending on ODS (sODS: 1.33 L/h, nmODS: 1.39 L/h, P=0.35). 

Conclusion: This study shows that PBPK modeling can provide a precise prediction of serum fentanyl concentration in neonates. This 
model may be a useful tool for dose optimization and individualization strategies to avoid oversedation. 
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Introduction. External evaluation of published tacrolimus population pharmacokinetic models (n=17) highlighted that no available model 
accurately describes tacrolimus disposition in heart transplant (HTX) recipients, both with and without concomitant azole antifungal 
therapy. We aimed to develop and evaluate a population pharmacokinetic model for tacrolimus in HTX recipients, accommodating for the 
effect of azole antifungal. 

Methods. Data from HTX recipients in 2017 (1369 tacrolimus concentrations) and 2018 (1138 concentrations) administered the oral 
immediate-release formulation of tacrolimus (Prograf®) were obtained up to 391 days post-HTX. Due to data sparseness, the PRIOR 
approach was employed to support the estimation of pharmacokinetic parameters (Ka, Vc, Q, Vp) using values from a tacrolimus model 
published by Sikma et al1. The published model was implemented in NONMEM v7.4.3 and tested on data from HTX recipients in 2018 
using the PRIOR NWPRI subroutine. The azole antifungal effect on tacrolimus apparent CL was investigated. Internal and external 
evaluation of the updated model was assessed using prediction-corrected visual predictive check, pcVPC and was stratified based on 
azole antifungal use. External evaluation was performed using data from HTX recipients in 2017. 

Results. The pharmacokinetic parameter estimates of the updated model were close to the values of the published model except for Ka 
(0.579 vs. 0.295 h-1; published model vs. updated model) and CL (19.6 vs. 16.8 L/h). Concomitant azole antifungal reduced tacrolimus 
apparent CL by 79%. Internal and external evaluation showed that the updated model adequately described the data, with and without 
concomitant azole antifungal therapy. 

Conclusion. The updated model was able to describe tacrolimus pharmacokinetics in HTX recipients, with and without concomitant azole 
antifungal therapy. Prospective evaluation is required to access the clinical utility of the model. 

1Sikma et al (2020) Eur J Drug Metab Pharmacokinet 45, 123-134. 
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Introduction 

Mycophenolate Mofetil (MMF) represent a cornerstone in the treatment of heart transplant (HTx). Although the correlation of its active 
drug Mycophenolic Acid (MPA) area under the 12-hour concentration time curve (AUC0-12h) and treatment outcome, MPA Therapeutic 
Drug Monitoring (TDM) is not executed in clinical practice. Evaluation of MPA (AUC0-12h) is laborious and Limited Sampling Strategy 
(LSS) represent a consolidated tool. 

In this study we validate two previously determined LSSs, on a cohort of HTx recipients treated, as standard clinical practice, with MMF 
combined with Cyclosporine or Tacrolimus, and we evaluate MPA AUC0-12h values among non-rejected (NR) and rejected (R) patients. 

Methods 

These two LSSs were validated on 35 adult HTx recipients. Blood samples were collected at 0 (pre-dose), 0.5, 1, 1,25, 2, 4, 6, 8, and 12 
hours after MMF morning dose. MPA was measured by HPLC/UV assay. MPA AUC0–12h values were evaluated by linear trapezoidal 
rule. Agreement was tested by linear regression and Bland-Altman analysis. MPA AUC0-12h values were analysed, considering as 
statistically significant p values of a 2-sided T-Test < 0.05. 

Results 

The two algorithms (LSS3: AUC0-12h = 5.568 + 0.902×C1.25 + 2.022 × C2 + 4.594× C6; LSS4: 3.800 + 1.015 × C1.25 + 1.819 × C2 + 
1.566 × C4 + 3.479×C6) estimate well MPA AUC0-12h according to r (0.91; 0.94), R2 (0.84; 0.88), bias (-4.1 %; -3.2%) and precision 
(19.2%; 15.8%), respectively. Bland Altman Analysis confirmed these results (p = 0.04; 0.04, respectively). 

The mean value of AUC0-12h (mg×h/L) between NR and R patients was: 51.83; 95% CI: 38.83 to 64.81 vs. 35.43; 95% CI: 27.38 to 
43.48 (p = 0.03). LSS3 and LSS4 replicate these results (p = 0.03; 0.04), respectively. 

Conclusion 

LSSs were effective to estimate MPA AUC0-12h, and the statically significant difference among MPA AUC0-12h between NR and R 
patients, confirmed the clinical importance of MPA TDM. 
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Introduction 

Inflammation and genetic polymorphisms of cytochromes P450 (CYP) 2C19 and 3A4 are involved in the variability of voriconazole (VRC) 
trough concentrations (Cmin). However, few studies have simultaneously investigated the impact of these two factors on VRC exposure. 

We aimed to more precisely define the respective impact of the inflammatory state and genetic polymorphisms on VRC exposure by 
performing individual data meta-analysis. 

Methods 

A systematic literature review was conducted using Pubmed to identify studies focusing on VRC therapeutic drug monitoring with data of 
both inflammation (assessed by CRP level) and the pharmacogenomics of CYP. Individual patient data were collected and analyzed in a 
mixed-effect model. 

Results 

In total, 208 patients and 757 VRC Cmin values from six studies were included. Univariate and multivariate analyses showed that VRC 
Cmin was independently influenced by age, dose, CRP level, and both CYP2C19 and 3A4 genotype, considered individually or through 
a combined genetic score. An increase of the CRP level of 10, 50, or 100 mg/L was associated with an increased VRC Cmin of 6, 34, or 
80%, respectively. The inhibitory effect of inflammation appeared to be less important for patients with loss-of-function polymorphisms for 
CYP2C19. 

Conclusions 

This study demonstrates that VRC exposure is influenced by dose, age, inflammatory status, and the genotypes of both CYP2C19 and 
CYP3A4. Such findings suggest that approaches of a priori VRC dose adjustment should consider not only the genotype of CYP2C19 
but also that of CYP3A4, as well as the inflammatory status and age of the patient. 
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Introduction: The clinical utility of therapeutic drug monitoring (TDM) applied to mycophenolic acid (MPA) in kidney transplantation (KT) 
is currently controversial. A low correlation has been found between trough concentration (C0) and area-under-curve (AUC), indicating 
that C0 would have little utility to adjust doses in adult patients. The aim of this work is to study the correlation between C0 and AUC of 
MPA in pediatric patients with KT at the Hospital Luis Calvo Mackenna. 

Methods: Prospective study done in 54 KT patients with MPA immunosuppressive treatment. C0, C1, C2 y C4 MPA plasma levels were 
determined by HPLC-DAD and AUC was calculated using the abbreviated formula: 

ABC0-12h=8.217+3.163∗C0+0.994∗C1+1.334∗C2+4.183∗C4. 

Linear regressions and correlations between AUC and C0 were performed. Multiple comparisons group analysis was performed according 
to post-transplant time and the two MPA oral presentations (Mycophenolate mofetil [MMF] and Mycophenolate sodium [EC-MPS]). Study 
was approved by Universidad de Chile Ethical Committee. 

Results: The cohort had an average C0=2.66 ug/ml and AUC=41.92 ug*h/ml, achieving the MPA peak concentration at C2. The 
correlation between AUC and C0 was r=0.72. In the cohort an important number of sub-therapeutic measurements were found: 54.93% 
and 57.74% are outside the therapeutic range for AUC and C0, respectively. Interestingly, 71% of patients who presented subtherapeutic 
C0, coincidentally also had a subtherapeutic AUC. Patients with more than 3 months post-transplantation had a better correlation between 
AUC and C0 (r=0.85) than those with shorter post-transplant time (r=0.67). Finally, it was observed that MMF had an earlier peak in C1 
and the correlation between AUC and C0 was better for MMF (r=0.94) than EC-MPS (r=0.71). 

Conclusions: The use of C0 is recommended for adjusting MPA dose in KT pediatric patients, especially in those with more than 3 months 
post-transplantation. For patients with early KT or complex clinical scenarios, AUC monitoring is recommended. 

  



 

128 

 

ID: 180  
Pharmacology/Therapeutic Drug Monitoring 
Topics: Anti-Infective Drugs 

Validation and application of a UHPLC-MS/MS method for the quantification of NRTIs within peripheral blood 
mononuclear cells from HIV-infected patients 

Dr. Alice Ianniello, Dr. Amedeo De Nicolò, Dr. Jessica Cusato, Dr. Alessandra Manca, Dr. Jacopo Mula, Dr. Elisa De Vivo, Dr. 
Alice Palermiti, Dr. Miriam Antonucci, Dr. Valeria Avataneo, Prof. Antonio D'Avolio 

University of Turin, Department of Medical Sciences, Laboratory of Clinical Pharmacology and Pharmacogenetics. Amedeo di Savoia 
Hospital, Corso Svizzera 164 - 10149 - Turin (Italy) 

Nucleoside Retrotranscriptase Inhibitors (NRTIs) are antiretroviral prodrugs, needing intracellular phosphorylation to be active. Since their 
target is within lymphocytes and monocytes, their quantification in this site may be useful for TDM purpose; nevertheless only few and 
cumbersome methods are described in literature. 

In this regard, a practical UHPLC-MS/MS method was described in this work to quantify the active metabolites of Tenofovir (TFV/TFV-
DP) and Emtricitabine (FTC/FTC-TP) in Peripheral Blood Mononuclear Cells (PBMCs). These were isolated with Cell Preparation Tubes 
(CPT®), washed twice, counted and measured with an automatic counter and finally lysed with water:acetonitrile[30:70]. 

Samples were added with internal standard (IS) working solution (20ng/mL for TFV-DP and FTC-TP, 2H6-TFV-DP, for TFV, 13C5-TFV 
in H2O:CH3OH[50:50]), sonicated (5min at room temperature), centrifuged at 21000xg for 10min at 4°C and dried at 40°C for 1.5h. Dry 
extracts were dissolved with 120µL of PhaseA:PhaseB[85:15] and 20µL were injected in the LX-50/QSight220 UHPLC-MS/MS (Perkin 
Elmer) system. Chromatographic separation was performed on an Hypercarb column 2.1×150mm (Thermo Scientific) at 0.3mL/min and 
40°C. The gradient consisted in two mobile phases (MP): MP-A (5mM Exylamine+0.4% Dyetilamine+2mL acetic acid) and MP-B 
(acetonitrile:water[60:40]+5mM Exylamine+0.4% Dyetilamine+2mL acetic acid); MP-B percentage increased from 15% to 95% from 3min 
to 10min, afterwards it was kept at 95% for 1.5min and changed again to 15% for 3.4min (total runtime 15min). 

Method validation following FDA and EMA guidelines showed accuracy, precision, recovery and IS-normalized matrix effect data that 
fitted the guidelines requirements on a wide range of cell numbers, in order to mimic the variability expected in HIV-positive patients. The 
method was applied to 50 samples from HIV affected-patients, allowing a successful description of the intracellular disposition of NRTIs. 

In conclusion, this method represent one of the simplest and more rugged to evaluate the NRTIs exposure in clinical samples, useful for 
future studies on this field. 
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Introduction 

Ganciclovir pharmacokinetics is characterized by a high variability in drug exposure. Usually, monitoring of ganciclovir exposure is 
performed by measuring trough concentration. However, due to the specificity of pediatric pharmacokinetics, trough concentration 
measurements may not be a relevant surrogate of ganciclovir exposure. Area under the curve of concentration (AUC) may be a more 
appropriate biomarker. 

Methods 

We report the case of 3.6-year-old boy with Emberger syndrome with a cytomegalovirus reactivation occurring after allogenic 
hematopoietic stem cell transplantation. 

Results 

After a few days of treatment with intravenous ganciclovir, sub-therapeutic trough ganciclovir concentrations were measured (<0.5µg/mL) 
and viral load still increased. The patient had a rapid renal clearance (creatinine clearance (CrCl): 220.5 mL/min using Schwartz formula) 
so ganciclovir dosage was increased by two-fold to deal with this treatment failure. Trough concentrations remained sub-therapeutic. The 
patient had hematologic disorder therefore it was decided to estimate ganciclovir AUC to assess more accurately drug exposure before 
any further dosage modification. AUC0-12h was measured at 51 µg.h/mL, which was within the therapeutic range (40-60 µg.h/mL). 
Afterward, viral load decreased quickly at this dosage and became undetectable. 

Conclusion 

This case report highlights that monitoring ganciclovir exposure based on AUC should be performed instead of only trough concentration 
measurement, in order to tailor drug dosage and to improve treatment efficacy and safety in pediatric patients. 
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Remdesivir is the first small molecule against SARS-CoV-2 approved for use in hospitalized COVID-19 patients. Actually, remdesivir is 
not recommended in adults with eGFR less than 30 mL/min. The evaluation of safety and efficacy of Remdesivir treatment for patients 
with COVID-19 and kidney impairment and/or on hemodialysis is an important clinical need given that these patients are at higher risk of 
mortality. 

We described the plasma concentrations of Remdesivir and GS-441524 in a COVID-19 patient with chronic kidney disease (CKD) during 
cycles of Continuous VenoVenuous HemoDialysis (CVVHD). 

In a 59 years old female patient anuric and undergoing CVVHD, remdesivir was started with intravenous infusion (IV) of 200 mg (Day 1). 
From day 3 to day 27, the patient received CVVHD cycles with a duration time ranging between 24 and 48 hours based on both eGFR 
and hemodynamic stability. 

To evaluate the impact of CVVHD on drug plasma concentration and to drive the clinical management of drug administration, remdesivir 
and GS-441524 TDM were performed pre- and post-CVVHD sessions (Cpre-CVVHD and Cpost-CVVHD, respectively) using a validated 
UHPLC-MS/MS method. After TDM evaluation, IV 100 mg remdesivir was administered. 

As expected, Remdesivir was undetectable in all plasma samples evaluated. The kinetic of GS-441524 plasma concentration was 
analysed and shown in Figure 1. After the first two doses (day 3), Cpre-CVVHD GS-441524 was 420 ng/mL, about 6-fold higher than the 
mean C24 hours post-dose (C24) GS-441524 reported in healthy donors. After 24 hours of CVVHD the Cpost-CVVHD of GS-441524 
was 194 ng/mL with a 54% decrease. During the following CVVHD cycles, a 50-75% decrease of the Gs-441524 was reported with similar 
values to C24 from healthy donors. TDM-driven Remdesivir treatment was helpful for management of antiviral therapy in a COVID-19 
patient undergoing long CVVHD sessions. 
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INTRODUCTION 

The development and clinical use of monoclonal antibodies (mAbs) for treatment of chronic inflammatory and malignant diseases is 
rapidly expanding. Therapeutic drug monitoring (TDM) has been shown to play a role in optimization of treatment with this group of drugs. 
In multiple sclerosis (MS) patients, the off-label use of rituximab has emerged as a low-cost alternative to other drugs licenced for this 
indication. However, other mAbs, including ocrelizumab, could be therapeutic options. At present, TDM of rituximab, or other mAbs used 
against MS, is not established. 

To examine whether TDM could be of value in this setting, we aim at developing an analytical method covering relevant mAbs for MS. 
Considering its high specificity and possibility of multiplexing, liquid chromatography tandem mass spectrometry (LC-MS/MS) would be 
the preferred analytical method. Commercially available LC-MS/MS kits for mAb analysis already exist. However, these kits do not cover 
all the relevant analytes in the treatment of MS, and the price per analysis is high. 

Thus, our goal is to establish a high throughput LC-MS/MS-method for the analysis of mAbs that is cost effective, reliable and flexible. 
The method can be used to evaluate TDM in MS treatment, in conjunction with ongoing clinical studies at our institution. 

METHODS 

Immunoglobulins from patient blood serum are partially purified through precipitation, followed by trypsination and spiking with isotope 
labeled peptides as internal standard. The tryptic sample is analyzed by LC-MS/MS. Selected peptides, unique to the mAb of interest are 
quantified by using a calibration standard of spiked mAb in blank serum. 

RESULTS 

In the analysis of spiked samples using this method, the results are promising. 

CONCLUSIONS 

The results so far indicate that it is possible to establish a high throughput LC-MS/MS-method for the analysis mAbs used in the treatment 
of MS. 
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Introduction: Therapies used in psychiatric patients are hampered by side-effects and lack of efficacy, leaving therapeutic outcomes non-
satisfactory. Pre-emptive pharmacogenetic testing may guide the psychiatrists regarding the initiation and monitoring of drug therapy. 
There are currently more than 500 clinical annotations reported in PharmGKB for drugs used in psychiatry. Next-generation sequencing 
(NGS), which enables identification of large panel of variations, could provide comprehensive data regarding the full set of relevant gene-
drug combinations but its utility in clinical settings has to be evaluated. 

Methods: We developed a custom capture-based NGS panel (PGx40), targeting 40 pharmacogenes with a coverage of all protein-coding 
exons in 8 genes, of promoters and individual exons in 7 genes and 538 single nucleotide variations (SNV) in 32 genes. Its clinical 
validation demonstrated a depth-of-coverage ≥ 200x for 99.21% of the target sequences, 100 % sensitivity (adequate detection of 308 
clinically relevant variants) and specificity, and excellent repeatability and reproducibility for SNV, CYP2D6 Copy number variation (CNV) 
and UGT1A1 TA-insertion (UGT1A1*28). This panel was used in 2 patients with treatment-resistant depression. 

Results: 138 and 139 SNV, excluding off-target and low-confidence variants were detected in patients #1 and #2, respectively. Patient 
#2 had a CYP2D6*2 duplication. Among them, 32 and 31 variations (+duplication) were rated by PharmGKB regarding psychiatric drugs 
in 176 SNV/drug pairs (53 of level 1) and 99 SNV/drug pairs (23 of level 1) for patient #1 and #2, respectively. Both patients predicted as 
intermediate metabolizers for CYP2C19 (*1/*2 genotype). Patient #1 predicted CYP2D6 intermediate metabolizer (*4/*41 genotype) and 
patient #2 CYP2D6 ultra-rapid metabolizer (*2x2/*41 genotype) . The clinical guidelines available could partially explain therapeutic 
failures and were associated with drug eviction advises. 

Conclusion: The study exemplifies the potential usefulness of NGS pre-emptive analysis for drug management in psychiatry. 
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Development and validation of an up-to-date highly sensitive UHPLC-MS/MS method for the simultaneous 
quantification of current anti-HIV nucleoside analogues in human plasma. 
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University of Turin, Amedeo di Savoia Hospital, Italy 

Therapeutic options to treat HIV infection have widened in the past years, but nucleoside reverse transcriptase inhibitors (NRTIs) are still 
considered the standard backbone of the combination regimens. Therapeutic drug monitoring (TDM) can be useful for therapy 
optimization, due to concentration-effect relationship, with risk of inefficacy, toxicity or adherence concerns. 

In this scenario, robust methods are needed for TDM activity: therefore, in this study a validated ultra-high spectrometry liquid 
chromatography coupled with tandem mass spectrometry (UHPLC-MS/MS) method with automated sample preparation is described for 
the simultaneous quantification in human plasma of the currently used NRTIs: tenofovir, lamivudine, emtricitabine, zidovudine, abacavir 
and tenofovir alafenamide (TAF). Method validation was conducted following FDA and EMA guidelines. Sample preparation consisted in 
the addition of an internal standard (IS) working solution, containing stable-isotope-linked drugs, protein precipitation with acidified 
acetonitrile and drying. Dry extracts were reconstituted with water and, then, these underwent reversed phase chromatographic 
separation with a binary gradient of water and acetonitrile, both added with 0.05% formic acid, on a LX-50® (Perkin Elmer, Milan) UHPLC 
system equipped with an Acquity® T3 2.1x150 mm, 1.7 µm column (Waters, Milan): compounds were detected through electrospray 
ionization and multiple reaction monitoring with a QSight 220® (Perkin Elmer, Milan) tandem mass spectrometer. Accuracy, precision, 
recovery and IS-normalized matrix effect fulfilled the requirements of the guidelines. 

In addition, this new method was applied on samples from a clinical study involving 16 people living with HIV switching their treatment 
from elvitegravir/cobicistat/emtricitabine/TAF to bictegravir/emtricitabine/TAF, at the pharmacological steady state. All samples were 
successfully quantified for each drug, and comparable concentrations were evidenced before and after the switch. 

In conclusion, this is the first study describing a highly sensitive and multiplexed method to quantify all these NRTIs with stable-isotope-
linked-IS. Further studies are needed to confirm these drug concentrations in larger cohorts. 
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Development and validation of a LC-MS/MS method for the simultaneous quantification of uracil (U), 
dihydrouracil (H2U), 5-fluoruracil (5-FU) and dihydro-5-floururacil (H2FU) in plasma samples 

Sabrina Kristin Mehmedi, Dr. Maria Shipkova, Dr. Christof Schöberl 

Synlab MVZ Leinfelden-Echterdingen, Germany 

Pre-treatment testing to identify dihydropyrimidine dehydrogenase (DPD)-deficient patients at increased risk of severe toxicity under 
treatment with fluoropyrimidines (5-FU, capecitabine, tegafur) as well as therapeutic drug monitoring (TDM) of 5-FU infusion therapy were 
recommended by numerous international and national institutions recently. To follow this recommendation a LC-MS/MS method for the 
simultaneous quantification of uracil (U), 5-fluoruracil (5-FU) and their respective 5,6-dihydro metabolites in plasma samples was 
established in our laboratory. 

Sample preparation is based on protein precipitation using methanol, followed by liquid-liquid extraction with ethyl acetate. For 
chromatographic separation by gradient elution a ReproSil-Pur Basic-C8 column (100mm x 4mm, 5µm) and two eluents (A: 0.1% formic 
acid; B: acetonitrile) were applied. The column was maintained at 40°C and the injection volume was 20µL. Positively ionized analytes 
and isotopically-labeled internal standards were detected by multiple reaction monitoring on a SCIEX QTrap 4500 mass spectrometer. 
The compounds were eluted with retention times between 2 and 2.5 minutes and the chromatographical run was completed within 5.3 
minutes. Linearity (r2>0.99) was verified within two separate concentration ranges for 5FU (10 – 1000 and 50 – 20.000 ng/mL) and H2FU 
(20 – 1000 and 50 – 20.000 ng/mL). The linear ranges for U and H2U were 9 – 204 ng/mL and 10 – 400 ng/mL, respectively. Over the 
working range the imprecision for all analytes was <12 % intra-assay (n=10) and <14% inter-assay (n=20), the analytical bias based on 
spiked samples was <13 % (n=20). The method was not affected by interferences from endogenous compounds, potentially co-
administered drugs, matrix effects or carryover. Dilution integrity experiments (2x-4x) showed a relative bias of ≤10%. Evaluation of 
analyte stability was in line with the literature. In conclusion the method presented can be applied for guidance of the therapy with 
fluoropyrimidines (DPD phenotyping and 5-FU TDM) in routine practice. 
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Background: Tac dosage in renal transplant according to the manufacture’s labelling considering patient body weight results in higher 
percentage of patients out of postulated targets. A population pharmacokinetic model (PPK) of Tac may help to refine and optimize Tac 
adjustment. In this regard, our group previously developed and validated PPK model including pharmacogenetics (cluster 
CYP3A4/CYP3A5), age and hematocrit. 

Methods: we conducted a prospective two-arm, randomized, 30% superiority margin clinical trial to determine Tac starting dose and sub-
sequent dose adjustments in renal transplant recipients. Patients were randomized as control group with Tac adjustment according to 
the manufacturer’s labelling or PPK group adjusted based on target C0 (6-10 ng/ml) using a Bayesian prediction model (NONMEM). CYP 
cluster phenotype were classified: Poor (PM) (CYP3A4*22 carriers with CYP3A5*3/*3), Intermediate (IM) (CYP3A4*1/*1 with 
CYP3A5*3/*3 or CYP3A4*22 carriers with CYP3A5*1 carriers) and High metabolizers (HM) (CYP3A4*1/*1 and CYP3A5*1 carriers). 

Results: Patients were recruited (45 control and 45 PPK) groups. 51.2% of the PPK group patients and 20% in the control group reached 
target C0 at the first steady-state (p<0.0001) According to the genotype cluster status, only 0/4 PM, 8/29 IM, and 1/11 HM reached the 
target compared with 3/4 PM, 16/33 IM and 3/6 HM in the PPK group. PPK patients reached faster Tac C0 target (7.5 days) compared 
to control group (25 days) (p<0.0001). PPK group showed fewer dose modifications out of Tac C0 Tac (1.02 PPK vs 2.60 control, 
p<0.0001) within 90 days after renal transplant. Tac C0 infra and over-exposure and dose modifications according to groups and cluster 
phenotypes are shown in Figure 1. 

Conclusions: The integration of CYP3A4 and CYP3A5 SNPs, age, and hematocrit in a PPK model allows individualization of the Tac 
doses in the immediate follow-up (90 days) after renal transplant showing remarkable results compared with conventional Tac dose 
adjustment. 
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Daptomycin is a lipopeptide antibiotic frequently prescribed off-label at high doses, up to 10mg/kg/d. Therapeutic drug monitoring (TDM) 
is based on an AUC/CMI ratio >666 or Cmax/CMI >60 for Staphylococcus aureus for success and a trough concentration (Cmin) 
<24.3µg/mL against toxicity. In this study, we sought, through our TDM data, to evaluate the inter-individual variability of daptomycine 
concentrations, to determine the percentage of target attainment for efficacy, and to confirm or not the concentration-toxicity relationship. 

We conducted a retrospective study using TDM data obtained between 2015 and 2019 in Rennes University Hospital. Inter-individual 
variability was estimated by the coefficient of variation (CV) of concentrations, both Cmax and Cmin, by 1 mg/kg dose range from <6 to 
>11mg/kg/day. Percentage of target attainment was evaluated by calculating the number of patients with Cmax/CMI ratio>60. The target 
Cmin was sought by performing an ROC curve. 

1548 daptomycin plasma concentrations were measured. Of these results, 82 Cmax and 161 Cmin could be exploited for analysis, in 140 
patients. Cmax ranged from 18 to 172µg/mL and Cmin from 1 to 66µg/mL. The CV measured for Cmax was about 30% for each range 
of dose and from 40 to 72% for Cmin depending on the dose. Considering only patients with Cmax and MIC of the bacteria, 35/37 reached 
the target and 2 had Enterococcus infection of MIC=2 mg/L. Of the 99 analyzable patients, 7 had an adverse event related to daptomycin. 
No threshold for Cmin could be determined by the ROC curve. 

We therefore observed significant inter-individual pharmacokinetic variability. We could not make the link between Cmin and toxicity but 
in terms of efficacy, depending on the MIC of the bacteria, the risk of not reaching the target may be high, particularly in deep infections. 
These results support the usefulness of TDM for daptomycin. 
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Introduction. Patients’ non-adherence to clinical follow-up has significant impacts on outcomes and constitutes a barrier in health care. 
Transition to adulthood include identity exploration, oneself focus, and a sense of instability. These features could trigger potential risky 
behaviors including non-adherence. Moreover, at this stage, the interlocutor is the patient himself and not his caretakers anymore. 

Aims. To assess the impact of transdisciplinary interventions in the deliverance of care of young and adolescent’s liver recipients. 

Methods. To encompass adolescent and young adult’s needs an adherence consultation office was created, made up of an adult 
hepatologist & transplantologist physician, a gastroenterologist transplantologist paediatrician, a clinical pharmacologist pharmacist, a 
social worker, a psychologist, a psychiatrist, and a nurse. According to patient non-adherence risk characterization, visits schedule was 
redefined. Rejection, presentism and hospital readmissions rates as well as economic impact were compared before (2017/2018) and 
after transdisciplinary approach (2019/2020). 

Results. 41 young and adolescent with liver engraftment aged 21 (15-28) yrs are being assisted (21 men) with this new transdiciplinary 
model. The mean time since transplantation was 5000 (256-8395) days. Care deliverance through this strategy approach, allowed us to 
reduce 45% of the rejection episodes, 22% of hospital readmissions, 12% of the absenteeism to routine clinic visits and laboratory 
monitoring. In terms of finances this care scheme represents USD 16.000 of savings a year for our programme. 

Discussion. We still have an opportunity with adolescents and young adults in helping them to comprehend their treatment; however, 
through this integral care approach we have optimized pharmacological indications, contributed to prevent hospital readmissions, acute 
rejection episodes due to immunosuppressant drugs misuse and enhanced scheduled appointments with the additional positive impact 
of reducing healthcare costs. 
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Beta-lactams are predominantly excreted by kidney. In addition to glomerular filtration, tubular mechanisms of excretion, involving drug 
transporters like organic anion transporter (OAT), could contribute to their pharmacokinetic variability. In vitro studies suggest that 
cloxacillin (CLX) is a substrate of OAT. Lansoprazole (LSP), a proton pump inhibitor, inhibits OAT mediated transport in vitro. 
Consequently, transporter mediated drug-drug interactions (DDI) between LSP and CLX could reduce the excretion of cloxacillin. The 
objective of this study is to assess the in vivo DDI between CLX and LSP. 

Material 

Patients treated with continuous infusion of CLX in infectious diseases department with (cases) and without (control) concomitant LSP 
administration were included in this monocenter case-control retrospective study. Plasma CLX concentrations were determined using a 
validated HPLC-UV method . The following parameters were gathered: age, microbiology and infection site, creatinine clearance, CLX 
steady state plasma concentrations (Css), CLX and LSP dosage, weight, albuminemia. 

Results 

184 Css were collected from 86 patients, 21 of whom received concomitant LSP ( mainly 15mg/d). Main infections were osteoarticular 
(38%) and endocarditis (29%). The main bacterial etiology was Staphylococcus aureus (88%). Median Css were 35±18mg/L in case 
versus 34±22mg/L in control subjects (p>0.05). Mean creatinin clearance was 74±37 vs 67±33mL/min in each group (p=0,3), and CLX 
dosing was 9±4 vs 9±3g/24h (p=0,8). Only weight was statistically different between cases (81±14kg) and control subjects (71±15kg). 
Mean calculated renal clearance of CLX was 200 vs 205 mL/min (p=0.8). Mean estimated tubular excretion was 194±136 vs 198±136 
mL/min (p=0.9) in each group. 

Discussion 

CLX pharmacokinetics showed huge variability in conventional care unit patients. Tubular excretion remains a major pathway of CLX 
excretion with predominant tubular secretion and is consistent with an OAT substrate character. However unlike to in vitro hypothesis, 
LSP did not significantly reduce CLX tubular excretion, suggesting involvement of potential other transporters 
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Introduction 

Estimated and measured creatinine clearance (CLCR) may often significantly differ in critically ill patients (CIP). We aimed to evaluate if 
measured and estimated CLCR may predict correctly the need for different dosing regimens of continuous infusion (CI) meropenem for 
achieving optimal exposure against Gram-negatives in CIP. 

Methods 

This prospective observational study was conducted within 01/2021-03/2021 in CI meropenem treated CIP who underwent TDM-based 
Css dose-adjustment. After 24-h urine collection, measured CLCR (mCLCR) was calculated as 24-h urine volume*urine 
creatinine/plasmatic creatinine*1440. Estimated glomerular filtration rate (eGFR) was calculated according to CKD-EPI formula. Total 
meropenem clearance (CLm) was calculated as CLm=IR/Css, where IR is the meropenem CI rate. A linear regression was performed 
between the individual CLm and both mCLCR and eGFR. Meropenem IRs as a function of mCLCR and eGFR were then calculated to 
compare the daily-dose of meropenem needed to achieve optimal exposure, defined as a Css/MIC 4-folds the EUCAST clinical breakpoint 
against the Enterobacterales and P. aeruginosa (2 mg/L). 

Results 

Overall, 6 patients with mean(SD) age and weight respectively of 73.2(14.6) years and 69.2(8.2) kg were included. Mean(SD) CLm, 
mCRCL and eGFR were 9.15(5.51) L/h; 57.95(53.5) mL/min, and 72.6(38.9) mL/min/1.73m2, respectively. Linear regression between 
CLm and mCLCR and between CLm and eGFR yielded an R2 of 0.736 and 0.623, respectively. Considering a CLCR value of 60 
mL/min/1.73m2, CI meropenem dosage was needed to ensure optimal exposure was lower considering eGFR compared to mCLCR 
(0.85 vs. 1.3 g/day). Conversely, considering a CLCR value > 130 mL/min/1.73m2 (augmented renal clearance), an almost identical CI 
meropenem dosage was needed using both eGFR and mCLCR (2.9 g/day). 

Conclusion 

These preliminary data suggest that eGFR may be unreliable in predicting the correct dosing regimen of CI meropenem in renal CIP. 
mCLCR should be preferred to better calculate the correct dosage in renal CIP. 
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Introduction 

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was declared a global pandemic on March 2020 and is currently 
triggering enormous, unrelenting and ever-increasing demands on health systems in many countries. Various drug compounds are being 
used worldwide. One of them is chloroquine. The mechanism how chloroquine works in SARS-CoV-2 is still not fully clarified. Chloroquine 
can also cause a lot of side effects, such as blindness, ECG disturbances and a therapeutic window still needs to be defined. 

Methods 

By developing a quick and easy assay to quantify chloroquine and its active metabolite, a starting point is created to investigate 
pharmacokinetics and pharmacodynamics, including toxicology of chloroquine to set a therapeutic window. 

Results 

We describe an ultrafast, sensitive and robust method using liquid chromatography tandem mass spectrometry for the determination of 
the total and free concentration of chloroquine and its active metabolite, desethylchloroquine, in human plasma. A gradient elution was 
applied on a Waters Acquity BEH C18 1.7 µm, 2.1 x 100 mm column to achieve chromatographic separation. An 50 µL aliquot was 
cleaned up by protein precipitation. With a very fast sample preparation and short analysis run time of 4.2 min this method is very suitable 
for clinical settings, especially during a pandemic. All validation results were within the requirements according to the Food and Drug 
Administration guidelines and the European Medicine Agency guidelines. 

Conclusions 

The method is now being used in research and in clinical diagnostics. In addition to SARS-CoV-2 it can also be used in individualizing 
drug dosing and set therapeutic window in other diseases. 
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Introduction 

Total hip- and knee arthroplasty generally result in successful outcomes. A small percentage of patients however suffer from periprosthetic 
joint infections (PJI) postoperatively, often with severe consequences. The standard treatment of chronic PJIs consists of a staged 
arthroplasty exchange during which antibiotic therapy plays a crucial role. For successful antibiotic treatment, adequate concentrations 
at the infection site are a prerequisite. Regarding the treatment of PJIs, knowledge is lacking with respect to the relationship between 
administered dosages and plasma- and infection site concentrations of the antibiotics. To gain insight into the antibiotic exposure at the 
infection site, validated analytical methods for analysis of the antibiotics in matrices at the site of the PJI are essential. 

Methods 

We describe a validated ultra-performance convergence chromatography-tandem mass spectrometry (UPC2-MS/MS) method for 
quantification of the beta-lactam antibiotics cefuroxime and flucloxacillin in synovial fluid. 

Results 

This method was successfully validated for antibiotic quantification in synovial fluids according to the EMA guidelines and consists of a 
simple sample preparation. For both antibiotics, the accuracy and precision were within requirements. The limits of quantification were 
adequate to cover potential cefuroxime and flucloxacillin concentrations in synovial fluid as described in literature. 

Conclusions 

The validated method will be applied during a PK/PD study to determine the exposure of the study antibiotics in synovial fluid at the site 
of PJIs. 
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Background: Prolonged use of linezolid for treatment of drug-resistant tuberculosis can lead to severe adverse events such as peripheral 
neuropathy (PNP). In this study, we perform time-to-event (TTE) analysis investigating the relationship between linezolid exposure as 
well as patient characteristics and the occurrence of PNP in order to support optimized individual dosing. 

Methods: Therapeutic drug monitoring data from 75 drug-resistant tuberculosis patients receiving between 150 mg and 1200 mg linezolid 
daily for up to 611 days as part of a combination therapy was analyzed. Various patient characteristics such as age, bodyweight, and sex 
were evaluated as risk factors to develop PNP. The relationship between linezolid exposure and PNP was assessed by parametric TTE 
analysis with different time-varying pharmacokinetic exposure indices (AUC0-24h,ss, Cav, Cmax, and Cmin) as input. Exposure indices 
were determined using a population pharmacokinetic model describing linezolid pharmacokinetics. Model development was performed 
in NONMEM 7.4.3. 

Results: A Gompertz distribution was selected as baseline hazard for PNP. No patient characteristics were identified as statistically 
significant risk factors. A statistically significant linear exposure-response relationship was found between linezolid trough concentration 
(Cmin) and PNP. The probability of developing PNP (cumulative risk) within one year of treatment was 21.4% at a Cmin of 0.51 mg/L 
(corresponding to a dose of 300 mg once daily (QD) in the typical patient at steady-state) and increased to 26.1%, 39.6%, 43.0% and 
83.5% at a Cmin of 1.12 mg/L, 2.51 mg/L, 2.80 mg/L and 5.96 mg/L (corresponding to doses of 600 mg QD, 1200 mg QD, 300 mg twice 
daily (BID) and 600 mg BID in the typical patient at steady-state). 

Conclusion: The probability of developing PNP increased linearly with increasing linezolid trough concentrations. Early estimation of an 
individual patient’s linezolid exposure can be used in the clinic to support individualized linezolid dosing in drug-resistant tuberculosis 
patients. 
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Introduction 

Identification of non-adherence to antihypertensive drugs is crucial to improve resistant hypertension (RH). For this therapeutic drug 
monitoring is the most reliable method. 

Objective 

The primary objective of this analysis is to determine whether drug levels measured with a dried blood spot (DBS) method combined with 
personalized feedback leads to a decrease in prevalence of RH after 3 months due to an increase in adherence. 

Methods 

This is a multi-center single-blinded randomized controlled trial (RHYME-RCT, NL6736). Patients went to an eligibility visit, where DBS 
sampling and a 24-hour ambulatory blood pressure measurement (ABPM) was performed simultaneously. Patients with a daytime systolic 
blood pressure (SBP) >135 and/or diastolic blood pressure (DBP) >85 mmHg were randomized to standard treatment (control) or 
intervention. The intervention was performed by the treating physician and included information on drug levels and a personalized 
feedback conversation based on a feedback tool. The follow-up period was one year and included visits at 3, 6 and 12 months after the 
eligibility visit. At each visit an ABPM and DBS were performed. 

Results 

A total of 53 patients (mean age of 59 ± 11 years, 78.7% male) with at least three months of follow-up were included. The prevalence of 
RH decreased from 100% in both arms to 75.0% in the intervention arm (p=0.014, n=24) and 58.6% in the control arm (p=0.001, n=29). 
No improvements were seen in adherence rates over time. Furthermore, no significant differences were found after three months between 
the two groups in the degree of RH (p=0.214 ), SBP (p=0.551) or adherence (p=0.746). 

Conclusion 

Measuring blood pressure and drug levels led to a decrease in the prevalence of RH. However, this improvement could not be linked to 
the actual intervention or improvement of adherence. 
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Introduction 

Identification of non-adherence to antihypertensive drugs is crucial to improve hypertension treatment. We previously developed a reliable 
and convenient method to measure drug levels in blood by means of a dried blood spot (DBS) to identify non-adherence to 
antihypertensive drugs objectively. 

Objective 

The primary objective of this analysis is to determine to which extent the DBS method can help physicians with the identification of non-
adherence to antihypertensive drugs. 

Methods 

Data are retrieved from a multi-center single-blinded randomized controlled trial (RHYME-RCT, NL6736) performed in 11 hospitals in the 
Netherlands. Patients went to an eligibility visit, where DBS sampling and a 24-hour ambulatory blood pressure measurement (ABPM) 
was performed simultaneously. Before the eligibility visit the treating physician was asked to estimate the adherence to antihypertensive 
drugs. This estimation was compared with drug levels retrieved from DBS, where the absence of drug in blood was used as a measure 
of non-adherence. 

Results 

A total of 123 patients (mean age of 59.3 ± 11.5 years, 70.7% male) went to the eligibility visit. After this visit 37 patients were assumed 
to be adherent with an average blood pressure of 124.9/75.5 mmHg. The actual adherence rate measured with DBS in this population 
was 81%. The eligible patients had an average blood pressure of 148.5/84.5 mmHg and an adherence rate of 66.3%. When comparing 
the estimated adherence from physicians with the actual adherence measured with DBS, 35.5% of the estimations were wrong. In 62.5% 
of these wrong estimations non-adherence was not recognized and in the other 37.5% the estimations would have led to false accusations 
of non-adherence. 

Conclusion 

Physicians both over- and underestimate the adherence to antihypertensive drugs. Therefore, DBS is a useful tool to help physicians 
identify non-adherence and thereby improve hypertension treatment. 
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Introduction: Tacrolimus (Tac) trough concentrations are most commonly used in therapeutic drug monitoring (TDM) of kidney transplant 
recipients. Dosing-improvement is warranted and by combining limited sampling strategies (LSS) with Bayesian estimators, obtained 
from pharmacokinetic population models, AUC-targeted TDM is applicable for Tac in the clinic. The aim of the present study was to 
upgrade a previously developed Pmetrics Tac model to improve LSS-derived AUC estimations. 

Methods: Rich data within a dose-interval was added to the model and trough-only observations were omitted. The data was randomly 
split into development (75%) and validation (25%) subsets. Standard Pmetrics lag-times were replaced by Heaviside functions and the 
primary parameters were fitted against estimated plasma concentrations from hematocrit-corrected whole-blood values. The performance 
of the model and different 3-point LSS were tested in the validation dataset; standard 0-, 1-, 3-hour, unlimited MMopt determined time-
points and time-points limited to the first 4 hours after dosing. 

Results: In total 1,521 Tac concentrations from 136 transplanted patients, median 11 (range 7-14) samples per patient, were included. 
The final updated model fitted the rich development data well; mean individual predictive error (PE) -0.016 µg/L, mean root mean squared 
error (RMSE) 0.63 µg/L and a relative RMSE of 5.4%. The corresponding errors for the validation dataset (without cycling) were; 0.037 
µg/L, 0.69 µg/L and 5.7%. The LSS, however, showed suboptimal agreement statistics in the updated model. For the standard 3-point 
sampling the concordance correlation coefficient was 0.83 (95% CI: 0.74-0.92) and 45% of the AUC’s showed a difference larger than 
15%. 

Conclusions: The model showed excellent validation statistics on the rich validation data, but was not able to estimate the individual Tac 
curve profile or AUC values applying a 3-point LSS. The results underline the importance of proper model validation before implementation 
in clinical TDM. 
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Introduction: 

Flow cytometry was introduced in pharmacology to look for new immunosuppression biomarkers. In particular, measurement of IL2 in 
cytotoxic T cells is a well-established predictor of graft rejection (Millan 2014). Since IL2 expression is under the control of nuclear NFAT, 
the latter is also promising as a biomarker of immunosuppression. 

Methods: 

After isolation of PBMC nuclei by treatment with PIPES-TRITON buffer, NFAT1 was indirectly stained with specific antibodies revealed 
by an Alexa 488 coupled antibody’s fraction, and the intra-nuclear content of NFAT measured by flow-cytometry. 

Intracellular IL2 was measured in whole blood after stimulation with PMA /ionomycin followed by classic intracellular staining. 

Specificity, sensitivity, precision and stability of the flow-cytometry method were assessed following recommendations of the AAPS and 
ICCS. 

Five kidney transplant recipients presenting biopsy-proven rejection and five matched kidney graft recipients of comparable age and no 
graft rejection were recruited for this exploratory study and the levels of expression of the two biomarkers were compared between the 
two groups. 

Results: 

The specificity of nuclear NFAT measurement was demonstrated through 7 AAD staining which showed a higher proportion of fixing 
entities (99.5%) in nuclei compared with the near population of debris (19.2%). While whole cells population had a greater side scatter 
and forward scatter than nuclei. 

The Detection limits were 1472.97 (MFI), 1.35%, and 1% for nuclear NFAT, IL2 CD8 and CD4 T cells, respectively. Intra-assay precision 
and stability of fixed samples showed acceptable CV. 

Nuclear NFAT expression (mean=128228 (MFI) vs. 8521 (MFI) in patients with and without rejection, respectively) and intracellular IL2 
in cytotoxic T cells (16 % vs. 6.9%, respectively) were significantly higher (p= 0.039 and 0.017, respectively) in patients with than without 
acute graft rejection. 

Conclusion 

These preliminary results suggest that nuclear NFAT measurement by flow cytometry may be used as a biomarker of tacrolimus in vivo 
immunosuppressive activity. 
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BACKGROUND: There is controversy over which renal function estimation formula should be used to adapt antibiotic drug dosage. Some 
authors proposed Cockcroft-Gault (CG) formula as the prefer option because it was initially used in clinical studies. On the other hand, 
Modification of Diet in Renal Disease (MDRD) and Chronic Kidney Disease Epidemiology collaboration (CKD-EPI) are supposed to better 
described glomerular filtration rate (GFR). Because amoxicillin and cloxacillin are mainly eliminated through renal pathway, estimated 
glomerular filtration rate (eGFR) or creatinine clearance (eClcreat) are used as proxies for their clearance. However, to date, none of 
these formulas can be recommended over the others. The aim of this study is to compare the different formulas to predict amoxicillin and 
cloxacillin clearance. 

METHODS: Consecutive adult patients receiving continuous intravenous infusion of amoxicillin or cloxacillin during 21 months were 
included. ICU patients, extreme body mass index (<18.5kg/m²; >35kg/m²) and concentrations outside the method range (5-250µg/mL) 
were excluded. Sex, age, height, antibiotic concentrations and serum creatinine were gathered. Antibiotic clearance drug was determined 
using ClATB(L/h)=Dose/area under the curve. Non-linear regression was performed to assess the correlation between ClATB and eGFR 
(MDRD and CKD-EPI) or eClcreat (CG). 

RESULTS: 137 patients contributed for 268 plasma samples. In the amoxicillin group (n=161), the median of body weight, age and ClATB 
were 75kg, 72 years and 171.5L/h, respectively. In the cloxacillin group (n=107), the median of body weight, age and ClATB were 73kg, 
68 years and 208.4L/h, respectively. We found a correlation between ClATB and all the formulas, CG being the best one with a R² equal 
to 0.35 for amoxicillin and 0.29 for cloxacillin (compared to 0.26 and 0.21 for MDRD and 0.12 and 0.24 for CKD-EPI). 

CONCLUSION: In our population, CG formula should be preferentially used as a proxy for amoxicillin and cloxacillin drug clearance. 
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Introduction: In drug of abuse testing adulteration of urine samples is very common. There are a wide variety of procedures to ensure 
sample integrity. However, it is still difficult to decide whether a sample has been stored frozen before submission. 

Methods: The performance of two photometric assays (Siemens Atellica γGT Assay and Atellica LDH Assay) was validated for the use 
with urine in order to determine the stability of γGT and LDH in this matrix under various storage conditions (room temperature, 4-8⁰C, -
18⁰C, -80⁰C) and to compare fresh and frozen urine samples (n=100) originating from a reference population (n=50) and from patients 
(n=50) on opioid substitution. 

Results: The range of the urinary enzyme activity was determined in healthy subjects (95% reference interval: γGT 24.4 – 100.4 U / g 
Krea, LDH 2.5 – 45.8 U / g Krea). For both, γGT and LDH, frozen storage for 7 days at -18⁰C resulted in a loss of enzymatic activity to 
less than 50% of the initial level. Cut-off values were determined for the discrimination of fresh and frozen samples. When applied to 100 
sample pairs (fresh/frozen), 86.5% (173/200) of the measurements were conclusive. The combination of low γGT (cut-off ≤ 33.2 U γGT 
/g Krea) and low LDH activity (cut-off ≤ 8.4 U LDH / g Krea) was able to discriminate and predict the pretreatment (fresh/frozen) with a 
sensitivity of 96.3% and a specificity of 96.7%. 

Conclusion: We describe a simple protocol to detect previously frozen urine by measurements of urinary γGT and LDH. The procedure 
uses widely available photometric assays and can be easily integrated into a standard workflow for urine testing. A sensitivity of 96.3% 
to detect previously frozen urine samples and a specificity of 96.7% to identify fresh urine make this procedure especially useful when 
deceit is suspected. 
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The endocannabinoid system regulates different functions in central nervous system such as psychomotor activation, complex cognitive 
functions (judgment, learning and memory) sleep-wake rhythm and mood. 

The clinical symptoms of neurodegenerative disease treated with medical cannabis present positive follow-up evaluated in numerous 
clinical studies on neuromotricity and psychological asset of patients. In particular, behavioural and psychological symptoms of dementia 
(BPSDs) include a heterogeneous set of psychological reactions, psychiatric symptoms and behavioural disorders, common to all types 
of dementia, especially Alzheimer's disease and Parkinson's disease, with a frequency of 30-90%. 

The appearance of BPSDs is also associated with a significant increase in the costs of patient management both from an economic, 
emotional and psychological point of view. 

Considering this, in our study we developed and validated an Ultra-High Performance Liquid Chromatography coupled with tandem Mass 
Spectrometry (UHPLC-MS/MS) method for the quantification of principal cannabinoids and their metabolites, including 7-OH-CBD, in 
human plasma and urine. The fast sample preparation consisted in in the addition of an internal standards solution, containing stable-
isotope-linked drugs, and a protein precipitation with acidified acetonitrile. 

The chromatographic separation was obtained by using a reverse phase column with gradient elution on a Acquity® UPLC HClass Plus 
(Waters, Milan). Compounds were detected with a tandem mass spectrometer XEVO TQ-S (Waters, Milan). 

Our preliminary results were in accordance with the recommendations of UNI EN ISO/IEC 17025:2018 international standard, other than 
the FDA and EMA guidelines. The validation data showed a good linearity, optimal accuracy as well as satisfactory results in terms of 
intra-day and inter-day precision and matrix effect. 

The developed method will be used as a useful tool for pharmacokinetics studies and to evaluate the efficacy and safety of medical 
cannabis oil in a cohort of patients with BPSD, enrolled in the clinical study NeuroWeed.20, currently in the approval phase. 
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Background: Although aripiprazole is one of the most frequently prescribed antipsychotics in children and adolescents, there is a paucity 
of pharmacokinetic data in this population. The aim of this study is to describe the population pharmacokinetics of aripiprazole and its 
active metabolite dehydroaripiprazole, in order to move towards precision dosing of aripiprazole in children and adolescents with autism 
spectrum disorder (ASD) and behavioural problems. 

Methods: We conducted a prospective observational multicentre trial (NL5879) in children diagnosed with ASD using aripiprazole. During 
the 6 month follow up, pharmacokinetic sampling of aripiprazole and dehydroarapiprazole was performed by venepuncture and dried 
blood spots. Several indices for side-effects and therapeutic effectiveness were systematically collected including BMI, cholesterol, 
glucose, prolactin, Abnormal Involuntary Movement Scale (AIMS) and Aberrant Behavior Checklist (ABC). Genotypes of CYP2D6, 
CYP3A4, CYP3A5 and ABCB1 were determined, and adherence was assessed. Population pharmacokinetics were modelled using 
NONMEM 7.4. 

Results: We collected 98 samples from 24 children (median age 9,6 years (range 6,3-18,1), 62,5% male, median bodyweight 37,4 kg 
(range 15,6-86,5)). The pharmacokinetics of aripiprazole and dehydroaripiprazole were best described using a two-compartment model, 
with application of allometric scaling. The mean volume of distribution (V) of aripiprazole was 137 L/70 kg and the apparent clearance 
(CL/F) was 4.34 L/h/70 kg (interindividual variability, IIV 37.4%). 

Conclusions: This study describes a population pharmacokinetics model for aripiprazole and its active metabolite dehydroaripiprazole in 
children and adolescents. In future analyses, the pharmacokinetic parameters determined in this model will be correlated with therapeutic 
benefit and side effects, which will provide key information for developing a method of precision dosing of aripiprazole in this population. 
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Introduction: Posaconazole is administered for treatment and prophylaxis of fungal infections. Despite posaconazole prophylaxis, the 
incidence of IFDs is 21.3% in patients undergoing AML chemotherapy 1.The minimum trough concentration required for prophylaxis 
against IFDs is 700 ng/ml. One reason for breakthrough infection could be that minimum trough concentration for prophylaxis is not 
achieved. TDM is therefore important. 

Methodology: A prospective observational study was done to determine intraday variation by recruiting 28 AML patients who were 
administered syrup posaconazole 3-4 times a day. After reaching steady state (day 10), separate blood samples were collected within 
the day just before posaconazole administration. Plasma concentration was estimated using HPLC. The intra-day variation of 
posaconazole trough was estimated. Lowest trough in the day was predicted by subtracting 1SD from the observed posaconazole trough 
concentration. 

Results: The difference between maximum trough and minimum trough within a day for posaconazole was estimated and its mean (range) 
was 101.2 (0 – 423.6) ng/ml. The observed intra-day variation as determined by coefficient of variation ranged from 0-22%. There was a 
good positive correlation (R = 0.92) between trough concentration and intra-day standard deviation. Predicted SD = 0.1194 * Observed 
morning trough – 2.2413. The bias ranged from 26.4% to 0% when observed morning trough was identified as lowest trough. The bias in 
reporting the lowest trough of the day ranged 270.3 – 0 ng/ml and 106.8 – (-118.0) ng/ml, when morning trough and predicted trough was 
considered as lowest trough respectively. 

Statistical analysis: Coefficient of Variation, Mean, Standard Deviation 

Conclusion: High intra-day variation in posaconazole trough concentration was observed. A lower trough concentration determination 
strategy for posaconazole was evaluated. This will be useful as a sampling recommendation for PCZ TDM for reporting posaconazole 
concentrations when administered as more than once daily. 

Reference: 1. Korula A et al. Mycoses. 2017;60:686–91 
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Tacrolimus is an immunosuppressant used in solid organ transplantation to prevent rejection. Its low therapeutic index and highly variable 
inter- and intra-individual pharmacokinetics warrants therapeutic drug monitoring to optimise dosing and maintain blood concentrations 
within a narrow therapeutic range. However, only unbound tacrolimus is pharmacologically active and therefore, basing dosage 
individualisation on whole blood concentrations may lead to misguided dosage adjustments, particularly if the ratio of plasma: whole 
blood concentrations [P:B] is inconsistent. 

Aims: 

Investigate the relationship between whole-blood and plasma concentrations of tacrolimus, and factors influencing variability, in de novo 
renal transplant recipients. 

Methods: Pre-dose blood samples (n= 141) were collected from 17 de novo renal transplant recipients, over the first 60 days post-
transplant. Blood and plasma tacrolimus concentrations were measured using LC-MS/MS. Recipient demographics, haematocrit, plasma 
albumin and total protein concentrations were collected from electronic medical records. The effect of recipient factors on the tacrolimus 
P:B was investigated using simple linear regression. 

Results: 

A total of 141 recipient samples were obtained. Mean (±SD) tacrolimus blood and plasma concentrations were 8228 ng/L (± 2690 ng/L) 
and 862 ng/L (± 405 ng/L), respectively, and P:B were 0.108 (± 0.047). There was a relationship between blood and plasma 
concentrations (r2=0.29, p<0.0001); however, substantial variability was observed. Haematocrit was inversely correlated with P:B 
(r2=0.049, p=0.0084), but only accounted for 5% of the variability. There were no associations between sex, albumin and total protein 
concentrations and tacrolimus P:B. 

Discussion: 

Higher P:B ratios with lower haematocrits are consistent with lower sequestration of tacrolimus into erythrocytes. However, our data 
indicates that this only explains a very small proportion of the variability in P:B during the early post-transplant period. Further work is 
required to ascertain the factors influencing tacrolimus plasma and blood distribution to ensure appropriate interpretation of whole blood 
concentrations for optimal tacrolimus dosing. 
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Introduction 

Tobacco use remains the primary cause of preventable mortality worldwide. Unwillingly, over 40% of children can have increased health 
risks probably due to regular exposure to other people's tobacco smoke. This is called second-hand smoking. This can cause respiratory 
disease. In addition, tobacco smoke exposure before birth and during early life is associated with a range of adverse pregnancy outcomes 
including stillbirth. Less is known about the risks of third-hand smoking (THS) in neonates. THS is residual nicotine and other chemicals 
left on indoor surfaces by tobacco smoke. People are exposed to these chemicals by touching contaminated surfaces or breathing in the 
off-gassing from these surfaces. At this point if this risk is directly associated with the concentration of cotinine, the major metabolite of 
nicotine. To start proper research, a sensitive assay to quantify cotinine in urine in low concentration is warranted. 

Methods 

To develop and validate a sensitive liquid chromatography-mass spectrometry (LC-MS/MS) method, according to EMA validation 
guidelines, for cotinine and Trans-3-OH-cotinine. 

Results 

We developed and validated an UPLC-MS/MS method on a Waters Xevo TQ-sµ, with a Waters Acquity UPLC system, using a Waters 
BEH Phenyl column (2.1 x 50 mm x 1.7µm) with a flowrate of 0.3 ml/min and an injection volume of 3 µl. Internal standard is cotinine-d3. 
The eluent is A (2mM ammoniumacetate and 0,1% formic acid in MilliQ) and eluens B (2mM ammoniumacetate + 0,1% formic acid in 
methanol. Total run time is 4,0 minutes, using a gradient manner in time. For pre-analysis Solid Phase Extraction is used. Validation was 
performed according to EMA guidelines, linearity between 0.2-1000 mg/L for both components (R2>0.99). 

Conclusions The method can be used in thirdhand smoking, and the first collected diapers (with urine) are now starting to being brought 
to the laboratory to quantify cotinine and trans-3-OH-cotinine. 
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Background: Fentanyl is an intravenously administered sedative during tracheal intubation in neonates with respiratory distress. Overuse 
of fentanyl leads to oversedation, as it is known to be dose-related in adults. However, the relationship between serum fentanyl 
concentration and oxygen desaturation with oversedation in neonates remains unclear. We analyzed serum fentanyl concentrations in 
neonates receiving artificial ventilation. 

Methods: Our study included neonate patients given fentanyl for sedation during tracheal intubation. Serum samples of neonates were 
collected as routine care. The patients were considered eligible if we could obtain the sample within the fentanyl therapeutic period. 
Serum fentanyl concentration was measured by liquid chromatography-tandem mass spectrometry. Oxygen desaturation (ODS) was 
defined as percutaneous oxygen saturation less than 90% (%SpO2 <90%). 

Results: Fourteen neonate patients were subject to analysis. Eight neonates developed ODS in the therapeutic period. There was no 
significant difference in median serum fentanyl concentration between patients with and without ODS (1.65 (0.6–3.5) ng/mL vs. 1.4 (0.8–
1.7) ng/mL, P=0.80), which was partly explained by the randomness of sampling time points during this duration. Concentration per dose 
(C/D) ratio was significantly higher in patients with ODS than those without ODS (58.4 (42.2–88.0) ng/mL per µg/g/day vs. 41.2 (28.3–
61.8) ng/mL per µg/g/day, P=0.043). There was no correlation between the C/D ratio and postmenstrual age (R=-0.41, P=0.145). 

Conclusion: Neonates with higher fentanyl C/D ratio are more likely to develop ODS. A clinical indicator that can help in estimating the 
C/D ratio is useful for preventing oversedation. 
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Background: During sodium nitroprusside treatment at the pediatric intensive care units, cyanide toxicity can occur. Patients should be 
monitored for thiocyanate toxicity, which clinically resembles cyanide toxicity, by means of measurement of thiocyanate plasma 
concentrations. In general these thiocyanate concentrations are measured using an UV-VIS method, for which at least 1.5mL plasma is 
needed, a large volume for small children at the ICU. The aim of our study was to develop an uncomplicated method to measure 
thiocyanate in plasma, using only a minimal volume of plasma. 

Method: A new selective and sensitive high-performance liquid chromatography (HPLC; Shimadzu LC-20 system with DAD detector) 
method for thiocyanate was developed using only 100µL plasma. Chromatographic separation was achieved on an Agilent Zorbax ion 
exchange SAX column (150 x 4.6mm x 5µm) at 40°C using a gradient between 175mM KCl in MilliQ and methanol, as the mobile phase 
at a flow rate of 1.5mL/min, monitored at 210nm. The standard addition method is used, total runtime is 10 minutes. The method is 
validated according to international guidelines. 

Results: The developed method was linear over a wider concentration range than the original UV-VIS method; from 3.5-140 mg/L. The 
accuracy and precision of the method were well within acceptable limits of <15% around the limit of quantification and <5% at higher 
concentrations (see table). 

Conclusion: During this study, we developed and validated a thiocyanate HPLC method using only 100µL of plasma. The method is 
uncomplicated, and can analyze concentrations over a broad range in an accurate, precise and reproducible manner. This method is 
suitable for use in clinical practice to measure thiocyanate concentrations in children using only a small volume of plasma. 

  



 

156 

 

ID: 244  
Pharmacology/Therapeutic Drug Monitoring 
Topics: Alternative Sampling Strategies 

Development of an LC-MS/MS method for antiepileptic drugs in dried plasma spots 

Julia Mahunu Ngudie1, Dr. Michael Tekle1, Sara Sadek1, Dr. Camilla Linder1,2, Dr. Victoria Barclay1,2 
1Department of Clinical Pharmacology, Karolinska University Hospital, Stockholm, Sweden; 2Division of Clinical Pharmacology, 
Department of Laboratory Medicine, Karolinska Institutet, Stockholm, Sweden. 

Introduction: Therapeutic drug monitoring of the antiepileptic drugs (AEDs) carbamazepine, lamotrigine, levetiracetam and valproic acid 
is important in the treatment of epilepsy e.g., at dose adjustments. The aim of this project was to develop an LC-MS/MS method for these 
four AEDs in dried plasma spots (DPS). 

Method: The DPS were prepared by applying 10 µL of venous plasma, calibrators, or quality controls onto Ahlstrom 222 chromatography 
paper discs. The spots were dried for at least 12 h before extraction (30 min at 450 rpm) with methanol containing the internal standards. 
Aliquots of the methanol extracts were thereafter evaporated and reconstituted in a mixture of mobile phase A and B. A volume of 2 µL 
was injected onto the LC-MS/MS system, consisting of an Acquity Ultra Performance LC-system coupled to a Xevo TQ-S micro mass 
spectrometer (both from Waters). 

Results: The DPS method was validated according to the guideline on bioanalytical method validation given by the European Medicines 
Agency (EMEA). In addition to this, the process efficiency, determined according to Matuszewski et al. [1], was ≥ 92 % (and CV % < 6) 
for all analytes. 

As part of the validation, the method was used for the quantification of venous DPS samples. According to validation criterions for cross 
validation given by EMEA, the obtained DPS concentrations were comparable with concentrations obtained in wet venous plasma 
samples. 

Conclusions: An LC-MS/MS method for AEDs in DPS was developed and validated. Preliminary results indicate that venous DPS could 
be an alternative matrix to wet plasma for carbamazepine, lamotrigine, levetiracetam and valproic acid. 

This project was partly founded by the strategic innovation programmes Swelife and Medtech4Health, both part of a shared investment 
in strategic innovation areas by Vinnova, the Swedish Energy Agency and Formas. 

[1] Matuszewski, B.K., et al., Analytical Chemistry, 2003, 75(13), p.3019. 
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Background 

Allograft rejection and clinical outcomes remain a challenge in solid organ transplantation. Although dosages of immunosuppressive 
drugs (ISDs) are adjusted to achieve target concentrations to prevent rejection/adverse events, the combined pharmacokinetic monitoring 
of ISDs and immunological biomarkers may provide patient risk stratification and allows personalized therapy. 

Previous results from our group and others have shown that urinary pellet expression of miR155-5p and urinary CXCL-10 production 
could play a key role in the prognosis and diagnosis of acute rejection (AR) in kidney transplantation patients. The aim of this study was 
to investigate if the above mentioned biomarkers may predict the probability of rejection in adult kidney transplant recipients. 

Methods 

ISs drugs and biomarker concentrations determined from blood and urine samples of 58 patients at the 1st week, 1st, 2nd, 3rd and 6th 
months after transplantation were analyzed. A logistic regression model was developed to identify miR155-5p urinary expression, CXCL-
10 urinary concentration and tacrolimus and mycophenolic acid (MPA) exposures as predictors of probability of AR in adult kidney 
transplant patients during the early post-transplant period. NONMEM with the Laplacian first-order conditional estimation method was 
used. 

Results 

A total of 183 observations/time points were simultaneously analyzed. Only urinary miR155-5p expression was prognostic of clinical 
outcome. Although CXCL-10 urinary showed a trend, its effect on AR was not significant. Neither tacrolimus nor MPA cumulative exposure 
were identified as predictors of AR, probably due to similar achieved exposures between rejector and non-rejector patients after the 
therapeutic drug monitoring. 

Conclusion 

Monitoring miR155-5p urinary pellet expression together with immunosuppressive drug exposure could be very useful during routine 
clinical practice to identify patients with a potential high risk of rejection at the early stages of the post-transplant period. This early risk 
assessment would allow for the optimization of treatment and improved prevention of AR. 
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Ultra-high-resolution TDM via real-time, seconds-resolved in vivo drug measurements. 

Prof. Kevin W Plaxco 

University of California, Santa Barbara, United States of America 

Electrochemical, aptamer-based (EAB) sensors are a biomimetic, electrochemical sensing platform that supports the high frequency, 
real-time measurement of specific molecules (irrespective of their chemical reactivity) in situ in the blood and tissues of living subjects. 
To date, we have demonstrated the ability of this technology to monitor a range of drugs, metabolites and protein biomarkers with seconds 
or sub-second resolution in situ in the veins (plasma), brains (ventricles and tissues), and subcutaneous space (ISF) of live rats over 
multi-hour measurement runs that achieve clinically relevant accuracy and precision. We have likewise used the real-time concentration 
information provided by EAB sensors to achieve closed-loop, feedback-controlled drug delivery in which plasma drug levels are accurately 
held to predefined fixed or time-varying profiles. Simply put, the EAB platform offers the potential for orders of magnitude improved 
precision in therapeutic drug monitoring. 

  



 

159 

 

ID: 250  
Clinical Toxicology 
Topics: Clinical Toxicology/Drugs of Abuse 

No effect of frequently abused drugs on the urinary steroid profile used to monitor sample identity in opioid 
substitution programs 

Prof. Eberhard Wieland, Dr. Christof Schoeberl, Dr. Maria Shipkova 

Synlab MVZ Leinfelden-Echterdingen, Germany 

Urine drug testing is frequently used to supervise opioid substitution treatment. To prevent exchange of samples patients have to urinate 
under supervision which invades their privacy. To alleviate this disadvantage the use of an endogenous urinary steroid profile (USP) with 
a small within-subject variability can be applied (1). The approach is established in sports medicine to unravel doping with anabolic 
steroids. This study aimed to evaluate whether frequently used illicit drugs impact the UPS thus preventing its application to trace back 
urinary samples to an individual. 

Testosterone (T), epitestosterone (EpiT), androsterone (A), etiocholanolone (Etio), 5α-androstan-3α,17β-diol (5αAdiol), and 5β-
androstan-3α,17β-diol (5βAdio) were determined by GC-MS (Bruker,2). Five steroid ratios (A/Etio, 5αAdiol/5βAdiol, T/EpiT, A/T, A/EpiT) 
were used for individualization of samples. Urine was collected as part of adherence control from patients (n=42) with inconspicuous 
steroid profiles (6-10 urine samples/patient collected over 2-3 years) and sporadic misuse of drugs. Drug screening was performed by 
the Toxtyper (Bruker,3). The first urine sample for each patient was obtained under supervision and used as intra-individual reference. 

Over the observation period 18 patients sporadically misused pregabalin, 17 ibuprofen, 16 cocaine, 14 cannabis, 12 opiates, 12 
benzodiazepines, 4 amphetamines, and some occasional gabapentin. In 11 cases additional psychopharmacons were detected (doxepin, 
quetiapine, promethazine, imipramine). The presence of these drugs/metabolites was not found to change the USP thus not 
compromising the intended test application. 

The USP can help to trace an urinary sample to an individual during adherence control in opioid substitution programs. Most frequently 
misused drugs seem to be without effect. In contrast, UPS will be impacted by misuse of anabolic steroids or intake of oral contraceptives. 
However, ibuprofen previously reported to affect the USP was without effect in the current observation. 

1. Catlin et al. Clin.Chem.1997,43:1280 

2. WADA Technical Document –TD2014EAAS,2013 

3. Ott et al. Clin.Mass.Spectr.2017,4-5 :11 
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Introduction: 

Cardiovascular dysfunction (HCD) is a lethal complication of severe hypothermia (<28°C), seen in surgical procedures and accidental 
hypothermia. Due to reduced drug-metabolism and toxic effects, pharmacological interventions are not recommended below 30°C. In 
vivo studies propose afterload reduction to avoid HCD. Further development of treatment guidelines demand information about 
temperature-dependent pharmacological effects of relevant vasodilators. 

Methods: 

Effect of sildenafil and vardenafil on cellular efflux and enzymatic breakdown of cAMP and cGMP was evaluated at 37°C, 34°C, 32°C. 
28°C, 24°C and 20°C. The ability of both drugs to reach cytosol was assessed at the same temperatures. IC50- and Ki-values were 
calculated from dose-response curves at all temperatures. 

Results: 

Compared to normothermia, hypothermic temperatures did not reduce the ability of drugs to reach cytosol. Sildenafil IC50- and Ki-values 
increased for enzymatic breakdown of both cAMP (IC50: 122 ± 18.9 µM at 37°C vs 269 ± 14.7µM at 20°C, p<0.05) and cGMP (IC50: 
0.009 ± 0.000 µM at 37°C vs. 0.024 ± 0.004 µM at 32°C, p<0.05), while no significant changes were detected for vardenafil. Neither of 
the drugs showed hypothermia-induced changes in IC50- and Ki-values for inhibition of cellular cAMP and cGMP efflux. 

Conclusion: 

This study confirms that serum concentrations obtained during normothermic conditions provides therapeutic effect also during 
hypothermia. As in normothermia, both drugs showed higher selectivity for inhibition of cGMP-elimination than cAMP-elimination, 
indicating that risk for cardiotoxic effects is not increased by hypothermia, if serum concentrations are kept stable. Accordingly, sildenafil 
and particularly vardenafil-treatment combined with therapeutic drug monitoring, emerge as a promising treatment strategy to alleviate 
HCD. 
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INTRODUCTION 

Patients with a CYP2D6 poor or intermediate metabolizer (PM or IM) phenotype have a compromised transformation of tamoxifen to its 
active metabolite, endoxifen. This may lead to endoxifen levels below the generally accepted threshold for efficacy (i.e. 16 nM). Prior to 
elimination, endoxifen undergoes glucuronidation to inactive endoxifen-glucuronide by UDP-glucuronosyltransferases (UGTs). We 
hypothesized that inhibition of the relevant UGTs would result in boosted endoxifen levels. This was investigated with pan-UGT inhibitor 
probenecid. 

METHODS 

In this crossover study, 11 patients with a CYP2D6 PM or IM phenotype were included at steady-state. Patients entered the study on 
tamoxifen monotherapy (20 or 40 mg once daily) and crossed over after 7 days to combination therapy with probenecid (1000 mg bi-
daily) for 14 days. Pharmacokinetics were determined after each phase. 

RESULTS 

Treatment with tamoxifen and probenecid resulted in a 26% increase of endoxifen mean AUC0-24h compared to tamoxifen monotherapy 
(95% CI 8 - 46%; p=0.006; Figure 1), while the Cmax increased with 25% (95% CI 7 - 44%; p=0.008). The endoxifen / tamoxifen ratio 
increased with 110% after the addition of probenecid (95% CI 82 - 143%; p<0.001). 

CONCLUSIONS 

Probenecid causes a clinically relevant increase of endoxifen exposure in breast cancer patients using tamoxifen. This brings a solution 
for patients with endoxifen levels below the threshold despite tamoxifen dose escalation. 
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Fosfomycin (FOS), administered intravenously, has been recently re-evaluated to treat systemic infections caused by multidrug-resistant 
bacteria. FOS acts against many aerobic Gram–/+ bacteria by interfering with the synthesis of peptidoglycan. 

Currently, pharmacokinetic and pharmacodynamic characteristics of FOS are still not clear and both concentration- and time-dependent 
activities have been suggested, with potential clinical benefits deriving from prolonged or continuous infusion (CI). Nevertheless, little is 
known about its stability in elastomeric pumps, from the medium-term stability before administration (at 4°C) to the one during 
administration (external body temperature). 

In this scenario, we studied the stability of InfectoFos® (Nordic Pharma) preparation for intravenous use in elastomeric pumps at 4°C. 
We developed a ultra-high liquid chromatography (UHPLC) coupled with tandem mass spectrometry method on a LX50® UHPLC system 
equipped with a QSight 220® (Perkin Elmer, Milan) tandem mass spectrometer. 

We analyzed 3 batch of FOS powder: these were prepared at the concentration of 16 g in 250 mL in water for injectable preparations, 
collected in elastomers and finally stored at 4°C. 

The preparation stability was analyzed on 5 consecutive days. Briefly, on the day of the analysis, each aliquot was analyzed in triple 
replicate and compared with two calibration curves: one prepared from a pure analytical standard (purity 99%) and the other one from 
the freshly reconstituted powder of FOS. Calibration curves were analyzed in duplicate for each run, showing good linearity. 

Our results showed that the elastomeric preparation is stable at least 5 days at a storage temperature of 4°C. In order to assess if CI 
administration can be applied in the outpatient context, further stability studies of FOS in elastomers are required: they should be 
performed at different therapeutic concentrations and at external body temperature, other than being followed by pharmacokinetic analysis 
in patients. 
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Therapeutic Drug Monitoring (TDM) with monoclonal antibodies (mAbs) could be a convenient tool to evaluate the pharmacokinetic 
variability of mAbs in cancer patients, and possibly to tailor dosing or scheduling accordingly. Beyond canonical ELISA-assay, different 
liquid chromatography tandem mass spectrometry (LC-MS/MS) methods have been published for quantification of mAbs in plasma but 
thus far, none allowed the simultaneous quantification of several drugs, including immune checkpoint inhibitors, in a row. We have 
developed and validated an original multiplex LC-MS/MS method using a ready-to-use kit (mAbXmise®) to simultaneously assay up to 7 
mAbs (i.e., bevacizumab, cetuximab, ipilimumab, nivolumab, pembrolizumab, rituximab and trastuzumab) in plasma. The performances 
of this multiplex LC-MS/MS method were then compared with published reference methods (ELISA or standard LC-MS/MS) for all mAbs, 
except ipilimumab. The mAbXmise® kit was used for mAb extraction with full-length stable-isotope-labeled antibodies as internal 
standards. The multiplex method was fully validated following current EMA guidelines. The method was linear from 2 to 100 µg/mL for all 
mAbs. Inter- and intra-assay precision was <14.6 % and accuracy 90.1-111.1%. No matrix effect was observed. Each cross validation 
between reference methods and ours included 20-30 plasma samples from cancer patients treated with mAbs. The mean absolute bias 
of measured concentrations between multiplex and reference methods was 10.6% (range 3.0-19.9%). Overall, this multiplex LC-MS/MS 
method allows the rapid determination of 7 mAbs in less than 15 minutes per run. It meets all the criteria in terms of accuracy, precision 
and specificity, plus time-effectiveness and simplicity to be implemented as part of routine TDM in clinical oncology. This method could 
be further used for investigating PK/PD relationships with mAbs. Finally, it is the first to offer a simultaneous quantification of three immune 
checkpoint inhibitors (i.e., anti-PD1 nivolumab, pembrolizumab and anti-CTLA4 ipilimumab), likely to be associated in patients with 
cancer. 
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Medical cannabis is increasingly being used in the treatment and support of several diseases and syndromes. The Cannabis 
phytocomplex consists of over 500 substances among which the two main cannabinoids at the basis of the therapeutic activity: delta-9 
tetrahydrocannabinol (THC) and cannabidiol (CBD). The combination of THC and CBD with the other components of the phytocomplex 
is at the basis of the efficacy of medicinal extracts and the low incidence of side effects compared to synthetic drugs with a similar 
therapeutic indication. Olly extracts are the recommended methods of administering medical cannabis, resulting in a high recovery of 
active ingredients and a higher stability of the preparation over time. The quantitative determination of THC and CBD in galenic oily 
preparations is prescribed by italian law for each produced batch using mass spectrometric based analytical techniques. Growing 
evidence on the correlations between THC-CBD blood concentrations and the administered doses, supporting the need of therapeutic 
drug monitoring of cannabis, highlighting the importance of a reliable titration of preparations. We describe the organization of the titration 
activity centralized at three regional reference laboratories of Northern Italy. Pre-analytical, analytical and post analytical phases have 
been defined in order to guarantee high quality standards. Analytical methods (based on liquid chromatography-tandem mass 
spectrometry) have been validated following international guidelines. A cross-validation between reference laboratories allowed us to 
define the procedures that guarantees the interchangeability between the reference laboratories. The standardization of the LC-MS/MS 
methods adopted allowed us to obtain interchangeable results and the consequent possibility to alternate the titration activity between 
the clinical laboratories. The risk management protocol adopted can be useful for others who need to undertake this activity. 
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Pharmacokinetic data on antineoplastic drugs in children undergoing continuous renal replacement therapy (CRRT) are scant. We present 
the case of a toddler with steroid-resistant Acute T Lymphoblastic Leukemia (T-ALL), severe hyperleukocytosis and cerebral hemorrhage, 
requiring early initiation of induction chemotherapy (vincristine 1.5 mg/mq and daunorubicin 30 mg/mq). As prophylaxis against Tumor 
Lysis Syndrome (TLS), CRRT coupled with a cytokine adsorbent filter (CytoSorb®) and daily 0.2 mg/kg rasburicase infusions were started 
24 h before chemotherapy administration. We posited that vincristine and daunorubicin levels should not be affected by extracorporeal 
elimination procedures, having a high molecular weight and very large volume of distribution. By measuring drug levels with an LC-
MS/MS validated method at 2h and 24h post-infusion, both during CRRT and at later therapeutic administrations performed after CRRT 
withdrawal, we were able to confirm that hemofiltration imparts only a negligible effect on the AUC of both drugs. Vincristine levels were 
5,13 +- 0,11 and 1,79 +- 0,04 ng/mL at 2h and 24h post-infusion during CRRT, and 4,63 +- 0,12 and 1,81 +- 0,06 ng/mL after CRRT 
withdrawal; daunorubicin levels were 70,4 +- 5,09 and 15,6 +- 0,39 ng/mL at 2h and 24h post-infusion during CRRT, and 61,8 +- 0,87 
and 15,9 +- 0,1 ng/mL after CRRT withdrawal. Leukocyte counts dropped from 400000 to 60000/ L 24h after chemotherapy 
administration and further decreased to less than 10000/ L in the subsequent 48h. Meanwhile, our patient showed no clinical or 
laboratory signs of TLS, with uric acid consistently below 3 mg/dL, potassium below 5 mEq/L, phosphorus below 6 mg/dL and creatinine 
below 0.6 mg/dL. CRRT was safely discontinued after approximately 72h, with no TLS rebound. Therapeutic drug monitoring helped us 
to provide evidence that induction chemotherapy can be safely and effectively started even in the context of extreme extracorporeal 
elimination procedures. 
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Interest in cannabis-based therapies has recently increased, due to the availability of cannabidiol (CBD) for the treatment of epilepsy 
without psychoactive effects. Therapeutic drug monitoring can prevent drug interactions and minimize drug toxicity. The aim of this work 
is to evaluate volumetric absorptive microsampling (VAMS) from capillary blood as an alternative strategy for therapeutic drug monitoring 
(TDM) in patients treated with the newly available GW-purified form of cannabidiol (Epidiolex®). A fast ultra-high-performance liquid 
chromatography-tandem mass spectrometry (UHPLC-MS/MS) coupled to an online sample preparation system analysis was carried out 
on a Thermo Scientific Ultimate 3000 LC system coupled to a TSQ Quantiva triple quadrupole for the quantification of cannabidiol (CBD) 
and, in addition, delta-9-tetrahydrocannabinol (delta-9-THC). After validation using European Medicine Agency (EMA) guidelines the 
method was applied to samples obtained by finger prick of five pediatric patients treated with Epidiolex® for Dravet syndrome and the 
results were compared to those obtained from venous blood and plasma. The method is linear in the range of 1–800 ug/L for both CBD 
and THC with intra- and inter-day precisions ranging from 5% to 14% and accuracies from -13% to +14% starting from 30 uL of sample. 
Stability in VAMS is ensured for up to 4 weeks at 25 °C thus allowing simple delivery. There was no difference (p = 0.69) between 
concentrations of CBD measured from VAMS sampled from capillary or venous blood (range: 52.19–330.14 or 72.15–383.45 ug/L) and 
those obtained from plasma (range: 64.3–374.09 ug/L). This proof-of-concept study suggests that VAMS allows monitoring of CBD 
plasma levels and can offer valuable support 

for personalized therapy in refractory epilepsy. 
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Cannabidiol (CBD) is a promising therapeutic agent with analgesic, myorelaxant and anti-epileptic actions. The recent approval of a 
purified form of CBD (Epidyolex ®) in two forms of childhood refractory epilepsy (Dravet syndrome and Lennox-Gastaut syndrome) by 
European Medicines Agency is a milestone in the medical use of phytocannabinoids for the treatment of epileptic disorders. Given the 
interindividual response and the relationship between the dose administered and CBD blood levels TDM is a valuable clinical support in 
patients' treatment. Very little is known, at present, on the disposition of CBD metabolites in patients treated with CBD. 

We report for the first time the evaluation of CBD and its principal metabolites: cannabidiol-7-oic acid (7-COOH-CBD), 7- 
hydroxycannabidiol (7-OH-CBD), 6-alpha-hydroxycannabidiol (6-α–OH–CBD) and 6-beta-hydroxycannabidiol (6-β–OH–CBD) in serum 
of 10 patients (age 3-26) treated with two different CBD preparations (5 with Epidyolex ® and 5 with galenic oily preparations). Samples 
were collected at steady state and analyzed using a validated UHPLC-MS/MS method. 

The method resulted to be fast, accurate and reproducible and linear in the range of 1-1000 ng/mL for CBD and 0.4 - 313 ng/mL for 
metabolites. 

Serum levels of CBD (88.2-396.3 vs. 6.7-36.6 ng/mL) as well as of 7-OH CBD (27.1-313.6 and 14-77.5 ng/mL) and 7-COOH-CBD (380.3-
10112.2 and 300.5-2851.8 ng/mL) were significantly higher (p<0.05) in patients treated with Epidyolex® compared to those of patients 
treated with galenic preparations. 6-α–OH–CBD and 6-β–OH–CBD were detected in the first group and were undetectable in the second 
group. 7-COOH-CBD was confirmed as the most abundant metabolite in serum (5-10 fold higher than CBD) followed by 7-OH CBD. A 
significant correlation between dose administered and CBD concentration (p<0.05) and a higher bioavailability was confirmed in patients 
treated with Epidyolex®. 
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Comparison of Mw\Pharm 3.30 and Mw\Pharm ++, a Windows version of pharmacokinetic software for PK/PD 
monitoring of vancomycin. Part 1: a-posteriori modelling 

Kristyna Schön1, Dr. Blanka Koristkova1,2, Dr. Ivana Kacirova1,2, Dr. Hana Brozmanova1,2, Prof. Milan Grundmann1 
1Dept. Clin. Pharmacol, Faculty of Medicine, University of Ostrava, Czech Republic; 2Dept. Clin. Pharmacol., Dep. of Lab. Medicine, 
University Hospital Ostrava, Czech Republic 

Introduction: For a long time, the Mw\Pharm software suite (MEDI\WARE, Prague, Czech Republic/ Groningen, Netherlands) has been 
used for PK/PD modeling in therapeutic drug monitoring (TDM). The aim of this study was to find the best model in the newer Windows 
Mw\Pharm++ 1.3.5.558 version (WIN). 

Methods: 25 patients were repeatedly examined for vancomycin (mean age 63±14 years, body weight 88±21kg, median dose 1g/12 h). 
Trough concentrations predicted a-posteriori by WIN models “vancomycin_adult_k_C2“, “#vancomycin_adult_C2“, 
“vancomycin_adult_C2“ were compared with the measured value and “vancomycin adult“ DOS 3.30 model (DOS). Statistics: Percentage 
prediction error (%PE) calculated as (predicted–measured)/measured values, or WIN-DOS/WIN - data presented as mean ± SD, RMSE, 
Blandt-Altman plot - data presented as bias ± SD (95% limits of agreement), Pearson’s coefficient of rank correlation (R), Student’s t-test. 
Statistical analysis was performed using GraphPad Prism version 5.00 for Windows. 

Results: The mean %PE in vancomycin predicted values varied from -4.5%±33.6 to -8.2%±39.3. The %PE between WIN and DOS models 
varied from -0.2%±24.5% to 4.4±21.4%. Model “vancomycin_adult_C2“ was closest both to measured vancomycin trough concentration 
and DOS model: %PE -4.5±33.6% vs +4.2±20.3%, RMSE 33.7 vs 20.6, Blandt-Altman bias +2.19±6.17 (-9.9–14.3) vs -0.29± 3.25 (-6.7–
6.1), resp. “#vancomycin_adult_C2“ model produced largest %PE (-8.2%), RMSE (40.0) as well as Blandt-Altman bias +2.82±6.76 (-
10.4–16.1). The Pearson’s R of predicted and measured vancomycin concentration, and of values predicted by WIN and DOS models, 
varied from 0.5135 to 0.5854, P<0.0001 and from 0.7869 to 0.8462, P<0.0001, resp. 

Conclusions: Three Windows vancomycin models and one DOS model in the Mw\Pharm software were compared. The best outcomes, 
i.e. lowest %PE, RMSE and highest Pearson’s R, were reached with “vancomycin_adult_C2“ model. 

Acklowledgement: Supported by grant University of Ostrava SGS08/LF2019-2020 
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Introduction: For a long time, the Mw\Pharm software suite (MEDI\WARE, Prague, Czech Republic/ Groningen, Netherlands) has been 
used for PK/PD modelling in therapeutic drug monitoring (TDM). The aim of this study was to find the best model in the newer Windows 
Mw\Pharm++ 1.3.5.558 version (WIN). 

Methods: During 2016, 25 patients were repeatedly examined for vancomycin (mean age 63±14 years, body weight 88±21kg, median 
dose 1g/12 h). Trough concentrations predicted a-priori by WIN models “vancomycin_adult_k_C2“ (WIN1), ”#vancomycin_adult_C2“ 

(WIN2), ”vancomycin_adult_C2“ (WIN3), and the ”vancomycin adult“ DOS 3.30 model (DOS) were compared with the measured value. 
Statistics: The percentage prediction error (%PE) calculated as (predicted–measured)/measured values - data presented as mean ± SD, 
RMSE, Pearson’s coefficient of rank correlation (R), Blandt-Altman plot - data presented as bias ± SD (95% limits of agreement). Student’s 
t-test. Statistical analysis was performed using GraphPad Prism version 5.00 for Windows. 

Results: The %PE between WIN and DOS models varied from +44.4±65.2% to +76.5±84.3 %, P<0.001. WIN2 model produced lowest 
%PE among WIN models as well as the lowest RMSE (79) and Blandt-Altman bias -4.01±7.59 (-18.9–10.9), but the Pearson’s correlation 
(0.6843, P=0.0002) among predicted and measured vancomycin values was less tight. DOS model produced the second lowest %PE 
+45.9±66.6%, RMSE (81) and Blandt-Altman bias -4.83±6.97 (-18.5–8.3) and highest Pearson’s R (0.7847, P<0.0001). WIN3 model, i.e. 
”vancomycin_adult_C2“, should be recommended for long term use as it produced the second best prediction: %PE – 76.5±84.3%, RMSE 
113, Pearson’s R 0.5773, P=0.0025, Blandt-Altman bias -6.78±11.2 (-28.7–15.1). 

Conclusion: Three Windows vancomycin models and one DOS model in the Mw\Pharm software were evaluated. The best outcomes, 
i.e. lowest %PE and highest Pearson’s R were reached with ”#vancomycin_adult_C2“ model. Considering a-posteriori outcomes, we 
recommend “vancomycin_adult_C2“ model for routine TDM, as it produced best a-posteriori and second best a-priori prediction. 

Acklowledgement: Supported by grant University of Ostrava SGS08/LF2019-2020 

  



 

170 

 

ID: 269 
Pharmacology/Therapeutic Drug Monitoring 
Topics: TDM in real word 

The influence of a Roux-en-Y Gastric Bypass on the pharmacokinetics of citalopram in obese patients: a pilot 
study. 
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Background 

Bariatric surgery is an effective method for treating obesity. However, due to the drastic alteration of the gastrointestinal tract, the 
pharmacokinetics (PK) of drugs can change. Despite the high incidence of antidepressant use in patients undergoing a Roux-en-Y Gastric 
Bypass (RYGB), limited research has been done on the PK of these agents in this patient group. 

Objective 

The aim of this pilot study was to determine whether the exposure to citalopram is reduced after RYGB and whether the PK parameters 
of citalopram change as a result of this RYGB. 

Design 

A prospective, observational, before / after pilot study was performed in obese patients using citalopram and undergoing a RYGB. 

Methods 

One month preoperatively and 1, 3, 6 and 12 months postoperatively a series of blood samples were taken for the determination of 
citalopram plasma levels. One-compartment PK analysis was performed. Change in the area under the curve (AUC0-8h) one month after 
surgery was the primary endpoint. Change in the PK parameters AUC0-8h, Cmax, tmax and t1/2 postoperatively were determined as 
secondary endpoints. 

Results 

A total of 6 patients were included in this study. The AUC0-8h of citalopram did not change significantly after RYGB, however appeared 
to decrease over time; -11.8% after 1 month, -32,0% after 3 months, -21.1% after 6 months and -33.9% after 12 months. Except for the 
Cmax at month 3 (-30.1%, p = 0.031), there were no significant changes in PK parameters. 

Conclusion 

This pilot study did not find a significant decrease of the total exposure (AUC0-8h) of citalopram after RYGB. However, there seemed to 
be a trend towards a decline. Further research in a larger patient population is necessary to confirm these results and to further study the 
clinical significance of these findings. 
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Association between anti-Xa activity and thrombotic events in COVID-19 patients at the intensive care unit 
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Bosch, Dr. Lisanne Krens 

Maasstad Hospital, Netherlands, The 

Introduction 

SARS-CoV-2 is associated with an increased risk of thrombotic complications. Effective anticoagulation therapy is crucial to prevent these 
complications, in particular for patients at the intensive care unit (ICU). It is unclear whether anti-Xa activity is a reliable parameter to 
achieve a hemostatic balance in COVID-19 patients at the ICU. 

The aim of this research is to study the association between anti-Xa activity and the occurrence of thrombotic or hemorrhagic events in 
patients with COVID-19 admitted to the ICU and treated with a therapeutic dose of dalteparin. 

We conducted a retrospective observational cohort study. 

Methods 

Patients were included if they met the following inclusion criteria: admission to the ICU of the Maasstad or the Ikazia Hospital, a positive 
serology or a high clinical suspicion for SARS-CoV-2, treatment with a therapeutic dose of dalteparin and a correctly collected blood 
sample to measure anti-Xa activity. 

Data were extracted from patient’s medical files. The primary study outcome was the occurrence of a thrombotic event. The secondary 
study outcome was the occurrence of a hemorrhagic event. For each event, the closest anti-Xa activity to the event was included in the 
analysis. In case of no event, the last measured anti-Xa activity was included. Logistic regression modelling was used to assess the 
association between anti-Xa activity and the study outcomes. 

Results 

Based on 29 patients, no association was found between anti-Xa activity and the occurrence of thrombotic events (OR: 0.018; 95% CI 
0.00-4.83; p=0.16). Based on 32 patients, no association was found between anti-Xa activity and developing a hemorrhagic event (OR: 
7.52; 95% CI 0.26-214.74; p=0.24). 

Conclusion 

No association was found between anti-Xa activity and the occurrence of thrombotic or hemorrhagic events. The large amount of 
incorrectly collected samples to measure anti-Xa activity might have contributed to the lack of statistical power. 
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Reactive metabolite of gefitinib activates inflammasomes leading to gefitinib-induced immune related adverse 
events. 

Ryuji Kato, Yoshio Ijiri, Tetsuya Hayashi 

Osaka Medical Pharmaceutical University, Japan 

The epidermal growth factor receptor tyrosine kinase inhibitors (EGFR TKIs) have been used for non-small cell lung cancer, which are 
less toxic than traditional cytotoxic therapies. However, EGFR TKIs cause many severe idiosyncratic drug reactions. Some of them are 
reported to produce reactive metabolite and reactive metabolites can cause cellular damage with the release of danger-associated 
molecular patterns (DAMPs), which is thought to be involved in immune activation. Inflammasomes can be activated by DAMPs, and this 
may be a common mechanism by which DAMPs initiate an immune response. We tested the ability of afatinib, dacomitinib, erlotinib, 
gefitinib, and osimertinib to induce the release of DAMPs that activate inflammasomes. In this study, we use human hepatocarcinoma 
functional liver cell-4 (FLC-4) cells for bioactivation of drugs, and the detection of inflammasome activation was performed with the human 
macrophage cell line, THP-1 cells. The supernatant from the incubation of gefitinib with FLC-4 cells for 7 days led to increased caspase-
1 activity and production of IL-1ß by THP-1 cells. In the supernatant of FLC-4 cells with gefitinib, the heat shock protein (HSP) 40 and 90 
were significantly increased. In addition, activated THP-1 cells secreted high mobility group box 1 (HMGB1) protein. Gefitinib is known to 
be oxidized to a reactive iminoquinone metabolite and the results of this study support the hypothesis that the reactive iminoquinone 
metabolite can cause the release of DAMPs from hepatocytes, which in turn, can activate inflammasomes. Inflammasome activation may 
be an important step in the activation of the immune system by gefitinib, which in some patients, can cause immune related adverse 
events. 
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Comparative effects of cholestasis on tacrolimus Thermo Fisher QMS and Abbott CMIA immunoassays in liver 
transplant recipients 
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Introduction: This study aimed at simultaneously evaluating analytical performances of tacrolimus (TAC) QMS and CMIA immunoassays, 
using liquid chromatography-tandem mass spectrometry (LC-MS/MS) as reference method in liver transplant recipients, with special 
focus on the potential effects of the cholestasis. 

Material & methods: In total, 835 blood samples were collected from 234 patients who had undergone liver transplantation at the Croix 
Rousse Hospital (Lyon, France). The QMS (Thermo Fisher) and CMIA (Abbott) tacrolimus immunoassays were performed in accordance 
with the manufacturer's guidelines on an Indiko plus analyzer and an ARCHITECT i2000, respectively. A validated LC–MS/MS method 
for the quantitation of TAC (Xevo-TQ MS, Waters) was used as reference method. Plasma concentrations of conjugated bilirubin were 
measured in all samples and stratified as normal (<3 µmol/L), ]3-30], ]30-150], and >150 µmol/L. Results were analyzed using Passing-
Bablok regression and Bland-Altman plots. 

Results: Passing-Bablok fit and difference plot analysis showed that TAC QMS immunoassay has a significant bias compared to LC-
MS/MS (slope 1.32, intercept 0.50), and this bias was higher in cholestatic patients. The slope rise from 1.22 in patients without cholestasis 
(conjugated bilirubin <3 µmol/L ; n=137) to 1.75 in patients with severe cholestasis (conjugated bilirubin >150 µmol/L ; n=71). In 
comparison, the results of the CMIA immunoassay showed acceptable analytical performance (slope 1.09, intercept 0.04). 

Conclusion: In agreement with previous findings (1), the TAC QMS immunoassay showed a positive bias as compared with LC-MS/MS. 
This bias is more pronounced in patients with cholestasis, suggesting cross-reactivity with tacrolimus metabolites. 

(1) Leung EKY, Xi Y, Gloria C, Yeo KJ. Clinical evaluation of the QMS® Tacrolimus immunoassay. Clin Chim Acta. 2014 Apr 20;431:270-
5. 
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Influence of the genetic polymorphism of CYP3A5 on the effect of Tacrolimus in patients who have had a kidney 
transplant in Oran 

Dr. Fatma Boudia1, Dr. Habiba Fetati1, Dr. Mekaouche Nadjet Fatima zohra1, Dr. Memou Asmaa1, Dr. Kada Djoudad2, Dr. Brahim 
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Introduction 

Tacrolimus is an immunosuppressive drug widely used in organ transplantation. Various factors can lead to variability in the 
pharmacokinetics of Tacrolimus including the genetic polymorphism of CYP3A5. The aim of this study was to determine the impact of the 
polymorphism of CYP3A5 c.6986A> G on the pharmacokinetics of Tacrolimus in renal transplant patients in Oran. 

Materials and methods: kidney transplant patients from western Algeria were included in the study. Tacrolimus assay was performed by 
enzyme-linked immunosorbent assay (EMIT). Genotyping concerning the 6986A> G mutation of the gene encoding CYP3A5 was carried 
out by the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique. 

Results: This is a sample of 64 patients of which 89.1% of patients were AG or CYP3A5 *1/*3 heterozygous. Analysis of the allelic 
distribution showed a predominance of the CYP3A5*3 allele or G allele with a frequency of 55% versus 45% for the wild-type CYP3A5*1 
or allele A. An association between C0 / D and polymorphism CYP3A5 was found at 1 week and 3 months post-transplant. 

Discussion: Our results suggest that there is a significant distribution of the Concentration / Dose Ratio at 7 Days and 90 Days post 
transplantation for this polymorphism. In the patient cohort we studied, patients carrying the CYP3A5*1 allele had better clearances 
(MDRD) than those homozygous CYP3A5*3 /*3 ; at 3 months the difference was significant (p = 0.02) 

Conclusion: This study confirmed that prior knowledge of the genetic profile could help to better rationalize the dosage of Tacrolimus and 
therefore avoid side effects which are often dose dependent. 

Keywords : Tacrolimus ; polymorphism CYP3A5 ; pharmacokinetics ; Kidney transplant ; Oran 
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Introduction :Tacrolimusis an immunosuppressive drug widely used in organ transplantation. Various factors can lead to the variability of 
the pharmacokinetics of tacrolimus, amongthemgeneticfactorscan have a significant influence. 

The aimof thisstudy was to determine the impact of the ABCB1 3435C> T polymorphism (rs 1045642 on the pharmacokinetics of 
Tacrolimus in kidney transplant patients in Oran. 

Materials and methods :Renal transplant patients from western Algeria were included in the study. The tacrolimusassaywasperformed by 
enzyme-linkedimmunosorbentassay (EMIT). Genotyping was performed by polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) technique and data were analyzed by χ2. 

Results : Among the 63 patients included in the study ; the distribution of the ABCB1 3435C> T genotype showed a predominance of the 
CC genotype ; as well as a predominance of the C allele 58% vs 42% for the T allele. The C0 / D of the patients genotyped CT were 
significantly higher than those genotyped CC / TT with a significant difference at 3 months (p = 0.002 ). 

Discussion : By combining the 2 observations made in this CT group (high C0 / D and low clearance), we could hypothesize thatthis 
group does not express P-gp, hence the increase in the bioavailability of tacrolimus and by therefore a possiblydeleterious effect on renal 
function. 

Conclusion : These results showed that the ABCB1 3435C> T polymorphism can influence the pharmacokinetics of tacrolimus;however, 
theyneed to be confirmed on a muchlargersample of patients. 

Keywords :Tacrolimus ; polymorphismABCB1 3435C> T ; pharmacokinetics ; Kidney transplant ; Oran 
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Introduction :Tacrolimusis an immunosuppressive drug widely used in organ transplantation. The pharmacokineticvariability of Tacrolimus 
is taken care of by therapeutic pharmacological monitoring (STP). The Tacrolimus dose adjustment strategy based on AUC (0-12) hris 
the mostwidely used. 

The aim of this studywas to calculate dosages based on the residual concentration and compare them to those calculated based on AUC 
(0-12) hr. 

Materials and methods :This is a retrospective study involving 44 renal transplant patients followed up during the first year after transplant 
at the level of the pharmacovigilance service of the EHUOran. Tacrolimusassaywasperformed by enzyme-linked immunosorbent assay. 
Dosages calculated using the residual C0 concentration were compared to those obtained via AUC (0-12) hr. 

Statistical analysis was performed with XLSTAT-Microsoft Excel, version 2013. A p – value less than 0.05 was considered statistically 
significant. 

Results and discussion :The results showed a significant difference between the dosages calculated according to the two methods 

(p <0.05). To assess the impact of this difference we chose the bland-Altman method in order to assess its magnitude. 

Overall the differences observed were within the 95% confidence interval during the first semester of patient follow-up. In the period of 6-
12 months, this percentage decreased to 89%, this can be explained by the low number of samples (n = 29). 

Conclusion :These results suggest that a practical application on a larger sample of patients would be necessary to give more value to 
the statistical calculation and to assess its clinical impact according to the post-renal transplant delay. 

Keywords : Tacrolimus ; AUC (0-12) hr ; residual concentration ; Dose Optimization ; Kidney transplant. 
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King Saud University - College of Pharmacy, Saudi Arabia 

Background 

Adherence is critical for clinical outcomes especially in chronic diseases as Diabetes. In Saudi population, non-adherence have been 
reported to be up to 50%. DBS simplicity have gained wide interest as an adherence assessment tool. Our objective is to develop and 
validate a Metformin analytical assay using DBS via Ultra–High- Performance Liquid Chromatography-Tandem Mass-Spectrometry to 
assess medication adherence in patients with type-2 diabetes. 

Methods 

Metformin was extracted from DBS using the protein precipitation process followed by UHPLC-MS/MS analysis. Afatinib was used as 
internal standard. Separation was achieved using UPLC-HSS T3 Acquity column and a mobile phase consisting of 10 mM ammonium 
formate with 0.2% formic acid (solvent A) and acetonitrile with 0.2% formic acid (solvent B). Positive-ion multiple-reaction monitoring 
mode was used for detection.The assay was fully validated according to USP26 and ICH guidelines. The developed method was applied 
on 30-μl DBSs from 6 diabetic patients. Serum therapeutic range (0.129-90 mg/L) of metformin was used to determine adherence. 

Results 

The method was highly selective and showed adequate linearity over the range 8-48 ng/ml and good stability at room temperature, 4°C, 
and -30°C during 1-month storage. The accuracy and precision values met the acceptance criteria per regulatory guidelines. All measured 
DBS drug concentrations were within therapeutic MET concentration (Av 6.55±4.64).There was no correlation between the concentration 
of MET and the daily dose, this may be due to individual variability. 

Conclusions 

The UHPLC-MS/MS method has successfully fulfilled validation requirements and can be applied for adherence assessment of Metformin 
in diabetic patients. 
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Introduction 

Obese patients have altered pharmacokinetics. Individualized dosing based on therapeutic drug monitoring (TDM) may be a preferable 
approach to improve clinical outcomes by improving efficacy. Here, we assess the role of clinical pharmacist consultation in drug 
monitoring in severely obese patients. 

Methods 

Among all admissions in the Maasstad Hospital between 04-02-2020 and19-03-2020 (excluding obstetric patients), medication usage of 
patients with a body mass index (BMI) ≥ 35 kg/m2  was daily evaluated. The drugs of interest for monitoring, are antibiotics, antimycotics, 
low-molecular-weight heparins (LMWHs), immunosuppressants, anti-epileptics, antidepressants, and antiarrhythmics. Indication for TDM 
was assessed based on clinical response and relevancy, previous drug levels, and treatment duration. If the criteria for monitoring were 
met, the pharmacist consulted the clinicians to perform TDM. 

Results 

A total of 241 patients were included. The mean BMI was 40,47 kg/m2 (range: 35 - 63,84 kg/m2) and mean body weight was 114,96 kg 
(range: 80 -  200 kg). The screening resulted in 51 eligible cases for monitoring. In 35% (n=18) proactive TDM was indicated. The assayed 
drugs were mainly LMWHs and antiarrhythmics. In 39% (n=7) of the indicated cases, TDM assays were ordered by clinicians. The majority 
of the assayed drug level was therapeutic. In one finding of a subtherapeutic level of carbamazepine, dosage adjustment based on clinical 
effect was advised. TDM was not recommended in 29% (n = 15) due to a lack of clinical relevance, 18% (n=9) due to short-term usage, 
and 12% (n=6) due to recent drug level availability. 

Conclusion 

These findings suggest that clinical pharmacist consultation in proactive TDM may be helpful in dosing optimization in the severely obese 
population. 
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Consideration of height-based tobramycin dosing regimens for adult cystic fibrosis patients 

Mehdi El Hassani1,2, Chantale Simard3,4, Sylvie Pilote4, Isabelle Cloutier3,5, Amélie Marsot1,2 
1Faculté de Pharmacie, Université de Montréal, Canada; 2Laboratoire de suivi thérapeutique pharmacologique et pharmacocinétique; 
3Faculté de Pharmacie, Université Laval, Canada; 4Centre de Recherche, Institut universitaire de cardiologie et de pneumologie de 
Québec; 5Unité de Soins intensifs, Institut universitaire de cardiologie et de pneumologie de Québec 

Introduction: Tobramycin is the most prescribed aminoglycoside indicated for the treatment of acute pulmonary exacerbations in cystic 
fibrosis. Some tobramycin population pharmacokinetic (popPK) models have been published using height as a descriptor for renal 
clearance. However, their predictive performance when extrapolated to other clinical centers is unclear. Therefore, the aim for this study 
was to externally evaluate the predictability of tobramycin popPK models with an independent dataset and confirm previously 
recommended height-based dosing regimens. 

Methods: A literature search was conducted through the PubMed database to identify relevant popPK models. Tobramycin plasma 
concentration data from April 2014 to November 2019 were retrospectively collected from the Institut Universitaire de Cardiologie et de 
Pneumologie de Québec, Canada. External evaluations were performed using NONMEM®️ v7.5 and RStudio®️ v1.3.1073. Monte Carlo 
simulations were performed to evaluate the probability of target attainment of Cmax/MIC ratios for several dosing regimens. 

Results: The validation dataset included 27 patients and 143 concentration samples. Three published models were evaluated. The models 
by Crass et al. and Alghanem et al. performed satisfactorily in terms of prediction-based diagnostics with MDPE and MDAPE values of -
3.4% and 29.3% & 19.0 and 29.5%, respectively. In simulation-based evaluations, both pcVPC and NPDE showed no evidence of model 
misspecification. Our simulations suggest that patients treated with a once-daily dose of 3.4 mg/cm should produce peak and trough 
levels consistent with current guidelines. 

Conclusion: Our results show that the models by Crass et al. and Alghanem et al. may be appropriate for simulation-based applications 
to aid precision dosing, and that height-based dosing regimens should be considered in cystic fibrosis patients. 
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the analysis of 5 triazole antimycotics in plasma. 

Frederick Verbeke, Alain G. Verstraete, Tim Reyns, Nick Verougstraete 

Dept of Laboratory Medicine, Ghent University Hospital, Ghent University Hospital, Corneel Heymanslaan 10 Ghent, Belgium 

INTRODUCTION 

High resolution mass spectrometry (HRMS) might be an one-fits-all device in toxicology/TDM [1]. Triazole antimycotics voriconazole, 
posaconazole, isavuconazole, itraconazole (+metabolite OH-itraconazole), and/or fluconazole are often quantitated via MS2 using a triple 
quadrupole. As HRMS is becoming the golden standard [1], we compared the performance of a quadrupole-orbitrap (Q-orbitrap) operated 
in MS1 to a triple quadrupole (TQD) operated in MS2 for the simultaneous quantitation of the aforementioned antimycotics. 

METHODS 

Samples were precipitated with ice-cold acetonitrile (containing an isotope-labelled internal standard/analyte). After centrifugation (5 min, 
16000g), the supernatant was split in 2 and analysed simultaneously on TQD (Waters AcquityTM TQD LC/MS/MS; column: CORTECSTM 
UPLC C18 30x2.1 mm; 1.6 µm) and Q-orbitrap (Thermo ScientificTM Q-ExactiveTM HRMS with DionexTM UltimateTM 3000 RSLC; 
column: AccucoreTM Phenyl Hexyl 100x2.1 mm; 2.6 µm). 

Selectivity, carry-over, lower limit of quantification (LLOQ), calibration curve/model, accuracy, precision, dilution integrity, matrix effect, 
and stability were evaluated for both devices in accordance to the EMA Guideline on bioanalytical method validation [2]. Via Bland-Altman 
and Passing-Bablok plots, the agreement between both was analysed for voriconazole (n=35), posaconazole (n=36), isavuconazole 
(n=37), fluconazole (n=36), and itraconazole/OH-itraconazole (n=15). 

RESULTS 

The Q-orbitrap and TQD passed all validation criteria [2]; a maximum between-run CV of 5.3% (TQD) and 5.8% (Q-orbitrap) was found 
(LLOQ level; i.e. range 0.171-0.622 mg/L). Quantitation at the LLOQ is accurate with a maximum bias of 11.1% (TQD) and 14.6% (Q-
orbitrap). Negligible differences were observed for the agreement between both, ranging between -7.2% (voriconazole) and +5.0% 
(itraconazole). Systematic/proportional differences were almost non-existent, e.g. the most ‘extreme’ difference was observed for 
voriconazole with a 95% confidence interval on the intercept of [-0.9408;-0.08473] and [1.0449;1.1309] on the slope. 

CONCLUSION 

The Q-orbitrap (MS1) and TQD (MS2) are interchangeable for triazole antimycotic analysis. 

References 

[1]Maurer, HH. Anal. Bioanal. Chem. 2021,413:2303-9. 

[2]European Medicines Agency. EMEA/CHMP/EWP/192217/2009 Rev. 1 Corr. 2**. 
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AIMS: 

Biological role of CYP3A7 in humans are drawing attention. This retrospective study aimed to assess the effects of CYP3A7 
polymorphisms on plasma tacrolimus levels in Chinese children with nephrotic syndrome. 

METHODS: 

Genetic variants including CYP3A5*3 (rs776746), CYP3A7*1C (rs45446698), CYP3A7*2 (rs225740) and rs10211 were detected in 160 
children with nephrotic syndrome. The relationship between dose-adjusted trough concentration of tacrolimus and CYP3A5/7 genotype 
were investigated. 

RESULTS: 

No CYP3A7*1C variation was found in the study population. Some effect of CYP3A7*2 on dose-adjusted trough concentration of 
tacrolimus was found, while the strong linkage disequilibrium between CYP3A7*2, rs10211 and CYP3A5*3 was existed. 

CONCLUSION: 

Further evidence is required to confirm the effect of CYP3A7 on tacrolimus, and the racial differences in CYP3A7 mutations and its linkage 
disequilibrium are worthy of advanced investigation. 
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Introduction 

In the last years, the number of reported new psychoactive substances (NPS), and in particular of synthetic cannabinoids, has been 
rapidly increasing. One of the main reasons behind the spread of such products lies in their wide availability on illegal web-based markets. 
These compounds are known to exhibit strong psychoactive effects similar to those of natural cannabinoids, however detailed information 
on their metabolism is still lacking. 

Method 

For this reason, the in vitro metabolism of the synthetic cannabinoid 5F-PB 22 has been studied in the proposed research work. The 
target compound was incubated with an optimised metabolising microsomal system. Then, sample collection was carried out by means 
of volumetric absorptive microsampling (VAMS). This approach offers several advantages, such as accurate volumetric sampling, 
reduced sampling volumes and streamlined workflows. After sample pretreatment, two original instrumental methodologies (GC-MS and 
LC-MS/MS) have been developed and validated for the identification and quantitation of 5F-PB 22 and its main metabolites. 

Results 

Method validation has showed satisfactory results with good sensitivity and precision (RSD < 6.5%). Moreover, it was possible to monitor 
the variations of 5F-PB 22 and its main metabolites at increasing incubation times, verifying the decreasing concentration of the parent 
compound over time versus the increase of the derived metabolites. 

Conclusion 

The analytical strategy developed within this research work proved to be a suitable analytical tool for the study of the in vitro metabolism 
of the NPS 5F-PB 22. The analytical platform showed good validation data and allowed an accurate quantitation. Moreover, the innovative 
dried microsampling approach represents a valid alternative, also bringing several advantages, over classic fluid sample analysis, 
representing a promising strategy for future studies on NPS metabolism. 
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Introduction: The utility of using blood Phosphatidylethanol (PEth) concentrations to monitor ethanol consumption is gaining increased 
interest as a specific and sensitive clinical marker, with a reported detection window of up to four weeks. A value of under 20 ng/mL is 
often accepted internationally as evidence of little-to-no consumption. However, this value arises from literature that describes varied 
analytical methods using various blood preparations. A lack of harmonisation of specimen-type while adopting the cut-off of 20 ng/mL 
means that jurisdictional differences may lead to contradictory interpretation of results. Therefore, parallel comparison of PEth in different 
sample matrices will help decide whether different cut-off values should apply to different specimen types. 

Methods: Blood samples used for method comparison were collected from clinical study participants who either continued consuming 
ethanol and logged their daily ethanol intake or who were non-drinkers. PEth was quantitated in whole blood and red cells using liquid 
chromatography tandem mass spectrometry (Waters XEVO TQS triple quadrupole LC-MS/MS). Methods were validated using 
International method validation guidelines. 

Results: Initial data suggests that red cell PEth measurements were more sensitive than whole blood measurements when detecting 
ethanol consumption using the 20 ng/mL cut-off, with a true positive rate of 0.76 and 0.59 for red cells and whole blood respectively. 
Comparative results at the cut-off of 20 ng/mL had a correlation of 75%. Negative predictive values of 44% and 32% were observed for 
red cell and whole blood respectively, and positive predictive values were 100% for both sample types when quantitating true negative 
results. Furthermore, PEth was detectable at 28 days of abstinence in 33% of red cell samples and 11% of whole blood samples. 

Conclusions: These early data suggest that the application of laboratory cut-offs may require consideration of specimen type, as well as 
taking into account analytical sensitivity. 
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Evaluation of Concordance of Fentanyl Urine SEFRIA Immunoassay with LC-MS/MS Method 
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Background: Synthetic opioids have been reported by the CDC as the main driver of drug overdose deaths in the United States. Urine 
drug screening by immunoassays play an important role in emergency medicine settings to quickly identify drug class and guide 
physicians to appropriate therapy for patients even though limitations on analytical specificity is well known. Fentanyl is one of the top 
opioids identified as the cause of overdose deaths, and traditional opioid screening assays cannot detect this synthetic opioid. We sought 
to evaluate the concordance of an FDA-cleared immunoassay assay, Fentanyl Urine SEFRIA, with our validated fentanyl LC-MS/MS 
assay. 

Method: 200 fentanyl positive and 200 fentanyl negative samples determined by validated LC-MS/MS were randomly selected and frozen 
at -20°C until enough samples were collected. All samples were analyzed using Fentanyl Urine SEFRIA kit provided by Abbott Diagnostics 
on Abbott ARCHITECT c16000. Positive samples were defined as urine samples having fentanyl >2 ng/mL or with norfentanyl >8 ng/mL. 

Results: 3 samples categorized as false negative only had detectable norfentanyl. The SEFRIA immunoassay has 0.005% cross-reactivity 
at 20,000 ng/ml norfentanyl per package insert, which would explain the discrepant results. Excluding these three samples from analysis 
the specificity and sensitivity are 93% and 92%, respectively. 

Conclusion: The Fentanyl Urine SEFRIA immunoassay had a specificity and sensitivity of 93% and 92%, respectively, using a 
confirmatory method at 2 ng/mL cut-off. False positive results observed in this study may be due to presence of fentanyl analogs not 
detected by our targeted mass spectrometry method or fentanyl concentrations below 2ng/mL. However, review of chromatograms of the 
false positive samples did not show any quantifiable fentanyl or norfentanyl. For future studies, investigation of false negative results 
could include analysis of samples that contain potential inhibitors of beta-galactosidase or inhibition of formation of active beta-
galactosidase. 
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The Clinical Pharmacogenetic Implementation Consortium (CPIC) guideline for personalized atomoxetine therapy is based on the 
CYP2D6 genotype information and the peak plasma concentrations of atomoxetine. Therefore, a highly rapid, sensitive, and reproducible 
method is critical for the clinical implementation of the guideline. In this study, an LC-MS/MS approach was developed and validated for 
the determination of atomoxetine levels in human plasma using atomoxetine-d3 as the internal standard. Sample was prepared by simple 
protein precipitation method with MeOH. The analyte was separated using a Kinetex C18 column (2.1 mm × 50 mm, 2.6 μm, Phenomenex) 
with a flow rate of 0.25 mL/min, using a gradient elution. MeOH and water solution containing 5 mM ammonium acetate and 0.1 mM 
formic acid (pH 6.26) was used as the mobile phase and successfully solved the problem of inconsistent retention time between the 
plasma samples and the solution samples of atomoxetine. Detection was performed under positive-electrospray-ion multiple reaction-
monitoring mode using the 256.4 → 43.8 and 259.3 → 47.0 transitions for atomoxetine and atomoxetine-d3, respectively. Linearity was 
achieved using an extremely wide range, from 0.500 to 2,000 ng/mL in plasma. The intra- and inter-batch precision and accuracy, dilution 
accuracy, recovery, and stability of the method were all within the acceptable limits and no matrix effect was observed. With a complex 
needle wash solution containing ACN:MeOH: isopropanol:H2O (4:4:1:1, v/v/v/v), carryover contamination was eliminated successfully. 
This method was successfully implemented on pediatric patients with attention-deficit/hyperactivity disorder (ADHD) and provided 
valuable information to enable clinicians decide dose selection and titration. 
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Abstract： 

Objective: To establish voriconazole PBPK model by PK-Sim Software, and to predict the pharmacokinetics of voriconazole in rats and 
human, and to analyze the effect of CYP2C19 gene polymorphism on the blood concentration of voriconazole, so as to improve the safety 
and effectiveness of voriconazole in clinical use. 

Methods: Through literature research we collected physical and chemical properties of voriconazole and the blood concentration time 
curve of rats so as to build the PBPK model of rats. After that the human PBPK model was established by extrapolation. We validated 
the model based on the clinical data. Finally, according to the different rate of metabolism of voriconazole mediated by CYP2C19 
metabolizing enzyme, the pharmacokinetics of voriconazole of different genotypes was predicted, and the effect of CYP2C19 gene 
polymorphism on the pharmacokinetics of voriconazole was investigated. 

Results: The rat voriconazole PBPK model was successfully built by PK-Sim software based on collected data, and then extrapolated to 
human body. Based on the PBPK model, it was found that AUC of CYP2C19 poor metabolizers was twice as high as that of rapid 
metabolizers. 

Conclusion: the PBPK model of voriconazole was established and verified in this study. This model can be used to predict the exposure 
of voriconazole in different CYP2C19 genotypes and to further study the drug interaction. 

Keywords: voriconazole; PK-Sim Software; PBPK model; CYP2C19 

Funding: This work was supported by the National Natural Science Foundation of China (No. 81903 724) and a grant from Natural Science 
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Introduction 

To evaluate the mycophenolic acid (MPA, the active form of mycophenolate mofetil (MMF)) PK parameters in relation to clinical response 
to identify target exposure ranges in pediatric patients with systemic lupus erythematosus (SLE). 

Methods 

This was a retrospective study using PK data collected in 67 pediatric patients aged 4 to 18 years with SLE. Target MPA exposures for 
effective inhibition of SLE activity (as measured by SLE Disease Activity Index (SLEDAI), active SLE was defined as a SLEDAI score of 
≥6, and a controlled disease was defined as a SLEDAI score of ≤4) were assessed by receiver operating characteristic (ROC) curve and 
logistic regression. Exposure-response models were developed to quantitatively describe the relationship between SLEDAI score and 
AUC0-12 or Ctrough, respectively. 

Results 

The MPA AUC0-12 in patients with active SLE was significantly lower than that in patients with inactive SLE. ROC analysis revealed that 
an AUC0-12 threshold of 39 μg•h/ml or a Ctrough of 1.01μg/ml was associated with the lowest risk of active SLE. Logistic regression 
analysis revealed that an AUC0-12 of less than 34 µg•h/ml or a Ctrough of less than 1.2 μg/ml probably is associated with active SLE. 
The results of the exposure-response modeling also indicated that an AUC0-12 less than 32 μg•h/ml or a Ctrough less than 1.1 μg/ml 
was associated with suboptimal clinical outcome. An AUC0-12 above 50 μg•h/ml or a Ctrough above 1.7 ug/ml was associated with 
disease control. 

Conclusions 

Both AUC0-12 and Ctrough of MPA are predictive of the likelihood of active SLE in pediatric patients receiving MMF. An individualized 
dosing regimen of MMF, with a target AUC0-12 or Ctrough, should be considered for SLE patients. 
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Introduction 

Ceftazidime-avibactam (CTZ-AVM) is a novel cephalosporin / β-lactamase inhibitor with a broad spectrum of activity against multidrug 
resistant Pseudomonas aeruginosa and Enterobacteriaceae. Ceftazidime-induced neurotoxicity is a well described adverse event, 
particularly in patients with renal insufficiency; however there have been no plasma ceftazidime concentrations measured in reported 
cases. In addition, when dose adjustment for impaired renal function is based on the CTZ-AVM product information, studies has been 
shown inferior cure rates compared to standard therapy in intra-abdominal infections1; maintaining efficacious dosing while avoiding 
toxicity in these patients is challenging. We describe a case of a critically ill patient undergoing two modalities of renal replacement therapy 
(RRT) who developed ceftazidime-induced neurotoxicity confirmed with ceftazidime therapeutic drug monitoring (TDM). 

Case Presentation 

A 59-year-old man with end-stage renal failure underwent simultaneous heart and renal transplantion, which was complicated by a 
carbapenem-resistant Pseudomonas aeruginosa bacteraemia on day 20. CTZ-AVM was commenced whilst he was undergoing 
continuous RRT with doses based on a previous case report2. However despite dose adjustment for his changing RRT modalities, he 
developed sudden, significant hypoactive delirium. A ceftazidime trough plasma concentration of 209 mg/L was measured, assisting with 
the diagnosis of ceftazidime-induced neurotoxicity. His symptoms resolved rapidly with cessation of CTZ-AVM and reduction in plasma 
ceftazidime concentrations with no other intervention. The bacteraemia resolved, and clinical cure was achieved. 

Discussion 

This case illustrates the challenges of optimising dosing of CTZ-ATM in critically unwell patients undergoing renal replacement therapy. 
This is also the first case of ceftazidime-induced neurotoxicity with TDM performed, and suggests a likely association of ceftazidime 
trough concentrations and the development of neurotoxicity. 

In conclusion, ceftazidime TDM is essential when dosing CTZ-ATM in critically unwell patients who require changing modalities of RRT 
to optimise efficacy while avoiding toxicity. Further studies are required to establish the ceftazidime toxicity threshold. 
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Abstract: 

Introduction Co-administration of voriconazole and tacrolimus to treat solid organ recipients results in a major drug-drug interaction (DDI) 
characterized by increased exposure of tacrolimus. The magnitude of this interaction is highly variable and cannot currently be predicted. 
Tacrolimus is known to be substrate of CYP3A4/5 and P-gp, meanwhile, voriconazole is known to inhibit the metabolism of tacrolimus. 
We aimed to explore the contribution of CYP3A5 and P-gp to the DDI between them. 

Methods Firstly, the inhibitory effect of voriconazole on the metabolism of tacrolimus by CYP3A5 was investigated in vitro. Thereafter, 
the transcellular transport through P-gp of these two drugs and the effect of them on P-gp were evaluated. Finally, the pharmacokinetics 
of tacrolimus without or with concomitant use of voriconazole in rats were investigated. 

Results We verified that voriconazole and tacrolimus were the inhibitor and substrate of CYP3A5, respectively. What’s more, tacrolimus 
was both inhibitor and substrate of P-gp, while voriconazole was a kind of passive absorption drugs and had no inhibitory effect on P-gp. 
Whether co-administered with tacrolimus orally or intravenously, voriconazole decreased the clearance and raised the blood 
concentration of tacrolimus in rats, but the effect of 20 mg/kg voriconazole on the area under curve (AUC) and plasma concentration of 
tacrolimus was more significant than that seen at 60 mg/kg. 

Conclusions The DDI between voriconazole and tacrolimus in rats was mostly related to CYP3A5 and had a weak correlation with P-gp. 
And the parameters of this study can be used in combination with other input values to estimate DDI between the two drugs using 
mechanistic and/or physiologically based pharmacokinetic modelling. 

Keywords: tacrolimus; voriconazole; DDI; CYP3A5; P-gp 
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Linezolid-induced thrombocytopenia (LIT) is the main factor limiting the clinical application of Linezolid (LZD). The incidence and risk 
factors of LIT in neonatal patients were possibly different from other populations based on pathophysiological characteristics. Our study 
was to establish a regression model for prediction of LIT in neonatal sepsis patients. We retrospectively included 518 neonatal sepsis 
patients, grouped into LIT and non-LIT patients. Logistic regression analysis was used to analyze the factors related to LIT and establish 
the regression model. Patients who received LZD therapy and determined the trough concentrations were prospectively collected to 
evaluate the effects of LZD pharmacokinetics on LIT. Of the 518 patients, LIT was occurred in 103 patients (19.9%). The Kaplan–Meier 
plot revealed that the overall median time from the initiation of LZD therapy to development of thrombocytopenia was much shorter in 
premature infants, when compared with term infants [10(6, 12) vs. 13(9.75, 16.5), P=0.004]. According to the regression analysis results, 
we established a seven-variable prediction regression model and calculated the predicted probability. ROC curve showed that the 
predicted probability of combined body weight, gestational weeks, course of LZD and platelet level had better sensitivity (84.4%) and 
specificity (74.2%) as well as the maximal AUC (AUC = 0.873). 39 cases received LZD treatment, 9 cases (23.1%) had LIT. The accuracy 
rates of positive predictive and negative prediction of LIT by this logistic regression model were 88.9% and 76.7%. The initial trough 
concentration in LIT patients was higher than that of non-LIT patients [11.49 (6.86, 15.13) vs 5.51 (2.80, 11.61) mg/L; p = 0.028]. The 
incidence of LIT was high in neonatal sepsis patients, especially in premature infants. Thrombocytopenia occurs earlier in premature than 
term infants. The regression model of seven variables had high predictive value for predicting LIT. LIT was correlated with higher trough 
concentration. 
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Introduction: High-dose methotrexate (HD-MTX) is defined as dose higher than 500 mg/m2. HD-MTX is currently recommended as a key 
component of the first-line chemotherapy for acute lymphoblastic leukemia and osteosarcoma. There is marked inter-individual variability 
in pharmacokinetics, efficacy and toxicities of HDMTX. HD-MTX is known for its complicated administration, complex drug interactions 
and severe systemic toxicity. Therefore, it is of crucial importance to research and establish an evidence-based practice guideline for 
HDMTX medication. This study aims to develop a practice guideline for HDMTX medication, and to promote individualized medication. 

Methods: This guideline was launched by the Division of Therapeutic Drug Monitoring, Chinese Pharmacological Society. The practice 
guideline was developed based on the WHO handbook for guideline development and the methodology of Evidence-based Medicine 
(EBM). The guideline was initially registered in the International Practice Guidelines Registry Platform (IPGRP-2017CN021). Systematic 
reviews were conducted to review and synthesis available evidence. A multicenter cross-sectional study was conducted by questionnaires 
to evaluate the perception and willingness on individualized medication. The GRADE approach was used to rate quality of evidence and 
to grade strength of recommendations (strong or weak). 

Results: There was a multidisciplinary group of 31 experts in this guideline, including clinicians, pharmacists, methodologists, 
pharmacologists and pharmacoeconomics specialists. A total of 124 patients were involved to integrate patient values and preferences. 
Finally, the guideline presents 28 recommendations, regarding evaluation before medication (renal and liver function, drug interactions, 
genetic polymorphism, etc), routine dosing regimen (hydration and alkalization, dosage regimen), therapeutic drug monitoring (necessity, 
method, time, target concentration, optimization), leucovorin rescue (time and protocol), monitoring and disposal of adverse events. 

Conclusions: We developed an evidence-based practice guideline for the entire process of HDMTX medication, which provides 
comprehensive and practical recommendations for health care providers. Implementation and assessment of guideline-concordant rates 
and impacts are important future steps. 
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Introduction 

Piperacillin-tazobactam is an extended-spectrum β-lactam/β-lactamase inhibitor antibiotic frequently prescribed in intensive care units. 
Many population pharmacokinetic models have been published to explain the variability often observed in this population. However, some 
models are built using total piperacillin concentration, while others are built considering the fraction unbound of piperacillin. It is unclear 
whether these models can correctly predict the concentrations for another set of patients with various levels of unbound fraction. 

Objectives 

Evaluate the impact of fraction unbound on the predictive performance of an externally validated piperacillin-tazobactam population 
pharmacokinetic model. 

Methods 

A retrospective study was conducted at the Timone hospital, Marseille, France. Patients admitted in the intensive care unit receiving 
piperacillin-tazobactam by continuous infusion between May 2019 and January 2021 were recruited. A model was selected from the 
literature for evaluation. The model was evaluated by considering a typical fraction unbound of 70%. A variation in fraction unbound, from 
50 to 100%, among the dataset was realized to evaluate the impact of a fluctuation in fraction unbound on the predictive performance of 
the model. Prediction error was calculated to determine model bias and inaccuracy. The external evaluation was performed using 
NONMEM version 7.5. 

Results 

A validation dataset of 30 patients with 35 concentration samples was used for model evaluation. The model selected was published by 
Klastrup et al., as their population and administration method in the study closely resembled ours. With a fraction unbound of 70%, bias 
and inaccuracy values were -4.3 and 23%, respectively. Variation in fraction unbound caused the bias to range from -29 to 34%. 

Conclusion 

Depending on a patient’s fraction unbound levels, a model could over- or under-predict the concentration of piperacillin-tazobactam. 
Further analyses on the impact of fraction unbound fluctuations with a larger sample size would be required to better explain this 
phenomenon. 
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INTRODUCTION: Busulfan (Bu) is an alkylating agent routinely used in conditioning regimens. Patients can have higher systemic 
exposure (AUC) with an increased risk of toxicity or lower AUC with higher probability of graft-rejection and/or disease relapse. 
Intravenous Bu improves the bioavailability and therefore reduces interdose and interpatient variability in pharmacokinetics. Also after 
intravenous administration, an optimal Bu therapeutic window (AUC target between 16.000 and 24.000 μMxmin) has been identified and 
recently, the use of PK-guided Bu dosing leads to improved overall (OS) and progression-free survival (PFS) compared with fixed dose. 

METHODS: 41 adult patients, median age 61 years (23-73) with myeloid or lymphoid malignancies, were subjected to an allo-SCT at 
Humanitas Cancer Center, between January 2019 and October 2020. All patients were not eligible for a myeloablative conditioning 
regimen because of either age, comorbidities, hematological disease. They received a reduced toxicity conditioning (RTC) regimen (Bu, 
Fludarabine and Thiotepa). Bu PK-analysis was done after the first BU dose and the result was used to calculate BU dose adjustments 
(cumulative target AUC16,000 µMolxmin) 

RESULTS :Pk parameters were as follows:median AUC=3434 µM x min (2445-5677); median half-time (t1/2)=3 hours (1.8-5.0); median 
clearance (Cl)=1.86 ml/min/kg (1.33-3.0), median volume of distribution (Vd)=0.54 L/kg (0.33-0.82). The average total IV BU dose given 
per patient was 279 mg/m2 (range: 198-402) versus a theoretical dose of 260 mg/m2. Overall, Bu dose was modified based on PK results 
in 31 out of 41 patients (76%): the dose was reduced in 8 and increased in 23 patients. 

CONCLUSIONS: The type and the intensity of conditioning regimens critically affect patient outcomes. The therapeutic dose guidance of 
Bu in order to standardize the systemic exposure/intensity is feasible and effective, leading to a truly myeloablative regimen, with an 
acceptable toxicity profile and very low incidence of relapse in adult patients with hematological diseases. 
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Potential drug-drug interactions between Busulfan and iron chelation in children subjected to HSCT 
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INTRODUCTION: In our Center, the therapeutic drug monitoring (TDM) of busulfan (BU) is performed for every patient and then dose is 
adjusted in order to achieve a target AUC (3696-5544ngxh/mL). We recognized an unexpected increase in BU AUC in those pediatric 
patients who were previously treated for iron overload with deferasirox or deferoxamina until the transplantation. 

METHODS: Between 2018 and 2020 six pediatric patients (1-5 years old) affected by a non-malignant disease (5 thalassemia major, 1 
sickle cell disease), received a combination of BU, Thiotepa and Fludarabine as conditioning treatment and Anti-Thymocyte Globulin, 
Cyclosporine, Methotrexate, Micophenolate mophetil or high-dose Cyclophosphamide as Graft versus Host Disease prophylaxis. Iron 
chelation was performed using deferasirox or deforaxamina, until the transplantation. Ferritin median level performed before the HSCT 
was 1220 ng/ml (range765-1429 ng/ml). 

RESULTS: In all tested patients, BU exposure after the first dose, based on body weight, was higher than the target AUC (range: 6872-
10758 ngxh/mL). After BU dose reduction, AUC was measured another time after the fifth/ninth dose and it lowered to 4340-6229 
ngxh/mL. Unfortunately for 2 patients the dose reduction was not sufficient to ensure an adequate exposure: one of them reduced the 
dose only by 18%, whereas for the other one, even if a reduction of 40%, the adequate level was not achieved likely due to the high first 
AUC (8200 ngxh/mL). In the four patients with adequate exposure after dose reduction, Bu dose was reduced by 21% to 50%. 

CONCLUSIONS: Pharmacokinetic studies dealing with drug-drug interaction between BU and iron chelation therapy are scarce. The co-
administration of Iron chelation therapy may result in an over-systemic exposure of BU. It may suggest to start the conditioning regimen 
with a BU dose lower than the target one, nevertheless TDM remains the strategy of choice in order to individualize the best dose for 
each patient. 
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A novel LC-MS / MS based method for the determination in blood samples of opioids and their main 
metabolites. 
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Opioids are a class of drugs with a reduced therapeutic index, used to treat different forms of pain. Pain causes cannot be always clearly 
identified and many patients struggle with it for years; it is of utmost importance to minimize the risk of unwanted or harmful effects related 
to the use of pain relievers. Opioids can be delivered through different routes of administration, chosen according to the patient condition 
and intensity of pain. The use of these drugs in clinical practice is managed based on the reduction or absence of pain observed and the 
possible occurrence of adverse drug reactions. This highlights the need for drug monitoring to establish the most appropriate treatment 
in terms of clinical efficacy and dose optimization, thus minimizing potential adverse reactions and drug interactions. We have developed 
a selective and sensitive LC-MS/MS assay to simultaneously monitor a large panel of opioids and related metabolites in blood plasma, 
including Morphine, Morphine 3- and 6-glucuronide, Buprenorphine, Norbuprenorphine, Fentanyl, Meperidine, Oxycodone, 
Oxymorphone, Hydrocodone, Hydromorphone and Dihydromorphine. Molecules and internal standards were extracted from blood 
plasma using a single step protein precipitation step in methanol. The method was validated following EMA bioanalytical guidelines. The 
concentration range was 2-100 ng/mL, the recovery of the extraction was in the 60-140 % acceptance range, while the lower limit of 
quantification (LLOQ) for all molecules was between 2 -10 ng/mL. Currently, a limited number of methods are available for the 
simultaneous quantization of several opioids; among them, few show good separation of the analytes and even fewer allow identifying 
single metabolites. The methodology developed may be easily implemented in clinical settings, such as Palliative Care and Pain 
Medication Units, where polytherapeutic treatments are often used, and fast and versatile analytical approaches are very useful to help 
the clinician in personalizing the therapy. 
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Introduction: Calcineurin inhibitor (ICN) drugs consisting of ciclosporin (CsA) and tacrolimus (TAC) are widely used in kidney 
transplantation. 

The objective of this work was to establish the balance sheet of the CNIs PTS; side effects and drug interactions collected from the 
pharmacovigilance service of the EHUOran during the period from 2012 to 2018. 

Materials and methods : 

Our sample is made up of 259 patients. The ICN assay is performed by enzyme-linked immunosorbent assay on an automatic drug 
analyzer. 

Results and discussion : 

87 patients were treated with ciclosporin and 172 with tacrolimus. At 1 month post-transplant, the PTS assessment showed a better AUC 
/ C0 correlation for tacrolimus (r = 0.95). At 1 year, this percentage was 0.63 versus 0.60 for CSA. The peak absorption of ciclosporin for 
the sample studied was C1. The achievement of the target levels is low during the 1st month following the kidney transplant, ie 17.9% for 
tacrolimus. We noticed that for similar doses the concentrations of tacrolimus were higher in patients with a hematocrit ≥40% than those 
with a hematocrit ≤40% (P = 0.027). 441 prescriptions were analyzed; 644 AMIs were detected, including 5 contraindicated, 40 not 
recommended, 230 requiring precautions for use. 21% of patients developed adverse effects mainly nephrotoxicity and hyperurecemia 
for cyclosporine and diabetes and nephrotoxicity for tacrolimus. 

Conclusion: 

We have shown that the PTS of ICN can be based on the measurement of residual concentrations especially for tacrolimus. However, 
despite a well-conducted PTS a large proportion of patients had not yet reached the target values, particularly during the initial period 
following the kidney transplant. Other parameters such as hematocrit; drug interactions or the genetic profile of patients should be 
evaluated to optimize immunosuppression. 

Keyswords: Cyclosporine, Tacrolimus, C0, TDM, Kidney transplantation 
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Introduction: A simple, sensitive, specific, accurate LC-MS/MS assay for determination of rivaroxaban in human plasma was developed 
and validated. 

Methods: After protein precipitation by acetonitrile, the chromatographic separation was performed with a gradient mobile phase and a 
Thermo Hypersil Gold C18 analytical column (column size: 2.1×100 mm, 1.9 µm). API 4000+ triple-quadrapole MS/MS detection coupled 
with UHPLC LC-30AD was operated in a positive mode by multiple reaction monitoring. Ion transitions at m/z436.1→m/z 145.1 for 
rivaroxaban and m/z440.2→m/z145.0 for d4-rivaroxaban (internal standard) were used for the UPLC-MS/MS analysis. 

Results: The calibration was linear over the tested concentration range of 1-500 ng·mL-1 for rivaroxaban in plasma. The lower limits of 
quantification of current method was 1 ng·mL-1 for rivaroxaban. Intra-and inter-day precision and matrix effect were less than 8 % and 
12 %, respectively. The absolute recoveries were 90.09 %-95.23 %. The trough and C2h plasma concentration of rivaroxaban in atrial 
fibrillation patients was ranging from 1.73-367 ng·mL-1 and 1.05-708 ng·mL-1, respectively. 

Conclusion: Precision, accuracy, recovery, matrix effect and stability for rivaroxaban were excellent within a wide calibration range. This 
method could also be applied to therapeutic drug monitoring and individualized medication. 
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Population pharmacokinetic model of Envarsus (R) (tacrolimus) during the immediate post-renal transplantation 
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Introduction: Envarsus (Veloxis Pharmaceuticals, Inc, Edison, NJ) is a recently approved new once daily dose formulation of tacrolimus 
based on Meltdose Release System®. The develop of pharmacokinetics models allow to perform model-based Therapeutic Drug 
Monitoring (TDM). However, the few pop-Kmod of Envarsus(R) published are performed in stable transplantation patients. 

Aim: To develop a population pharmacokinetic model for a new formulation of a once-daily dose of tacrolimus (Envarsus(R)) during the 
immediate post-surgery period in renal transplant patients. 

Method: Adult renal transplant patients from deceased donors were included. Full pharmacokinetics profile of tacrolimus during the 
induction phase and trough concentration until day 30 was obtained. The immunosuppressive protocol consists of: thymoglobulin, 
sirolimus, prednisone and tacrolimus (initial dose 0.15 mg/kg/24h) after recovery of renal function. Blood samples were collected on day 
3 after initiation of tacrolimus and concentration was determined in blood by enzyme-linked immunosorbent assay (TAC-DRI Thermo(R); 
INDIKO PLUS(R) platform (assay range: 1.2-30 ng/mL). The blood concentrations profiles were analyzed together with a nonlinear mixed 
effects model (Monolix(R)). Sex, weight, haematocrite and total proteins were evaluated as covariates in the pharmacokinetic parameters. 
Model validation was performed by visual analysis of goodness of fit plots and prediction-corrected Visual Predictive Check (pcVPC). 

Results: 27 patients and full pharmacokinetic profiles with 380 observations in total were included in the study. The pharmacokinetics of 
once-daily tacrolimus were well described by a two-compartment model combined with an Erlang distribution to describe the absorption 
phase. No significant effect of any of the covariates studied was found. 

Conclusion: The population pharmacokinetics model developed adequately described the pharmacokinetics of Envarsus(R) after 
immediate renal transplantation and could be used to perform model-based therapeutic drug monitoring during the immunosuppressive 
induction phase. 
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There is a large interindividual variability in CYP3A phenotype (CYP3A4 and CYP3A5) and high body mass index (BMI) is associated 
with low CYP3A4 expression in both the liver and the small intestine. The aim of this study was to characterize and compare CYP3A 
phenotype, measured as cholesterol-adjusted plasma levels of 4β-hydroxycholesterol (4βOHC), over time in obese patients initiating a 
low and very low calorie diet. 

Plasma samples from 40 obese patients initiating a 9-week low and very low calorie diet were included in the study. 4βOHC was measured 
by ultra-performance liquid chromatography-tandem mass spectrometry in samples collected at baseline and at five follow-up time points 
(3 weeks, 9 weeks, and 4, 12 and 24 months after diet intitiation). Cholesterol levels and BMI were retrieved from the study database. 
Wilcoxon signed rank tests were used to compare paired 4βOHC to cholesterol ratios (4βOHC/C) between the different time points. 

The median BMI at baseline was 40.3 kg/m2 (range 34.9-58.1 kg/m2). Baseline 4βOHC/C ranged >5-fold (1.8-9.5), with a median value 
of 4.9, and was significantly lower compared to the medians at the five follow-up time points (median 5.6, 6.7, 7.2, 7.3 and 6.5 after 3 
weeks, 9 weeks, and 4, 12 and 24 months, respectively, P<0.01). Median 4βOHC/C after 3 weeks was also significantly lower compared 
to the medians at the follow-up time points (P<0.02), except for after 24 months (P>0.4). There were no significant changes in 4βOHC/C 
between the four last time points (P>0.3). The observed changes in 4βOHC/C were inversely related to changes in BMI. 

CYP3A activity increased in obese patients after initiation of a low and very low calorie diet, and the changes were inversely related to 
the corresponding changes in BMI. Clinically, this may be of importance for obese patients initiating BMI-changing interventions during 
treatment with CYP3A-metabolised drugs. 
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Defining the in vivo pharmacokinetic/pharmacodynamic (PK/PD) index of Ceftaroline against enterococci. 
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Background: Although recently published experimental data of ceftaroline (CPT) have demonstrated that it has in vitro activity against E. 
faecalis, its in vivo efficacy has not yet been determined against enterococci. The goals of our studies were (i) to characterize the dose-
response relationship of CPT against susceptible and resistant E. faecalis and E. faecium strains, and (ii) to determine the PK/PD index 
and magnitude predictive of efficacy. Methods: The MICs of CPT for the various strains were determined by the standard CLSI 
microdilution method. For in vivo studies, the optimized neutropenic mouse thigh infection model was used. Two hours post-infection with 
E. faecalis or E. faecium, groups of 2 mice were allocated to receive CPT doses from 0 to 2500 mg/kg/day divided every 2 hours. Hill’s 
model was fitted to estimate PD parameters E max and ED 50. Additionally, the secondary parameters bacteriostatic dose (BD), 1-log 
10 kill dose (1LKD), and 2-log 10 kill dose (2LKD) were calculated. PK/PD analysis: we used a 1-compartment pharmacokinetic model of 
CPT in infected ICR mice estimated by nonparametric techniques: K el (elimination rate constant) 2.367 h -1, V (volume of distribution) 
0.034 L, and Ka (absorption rate constant) 55.16 h -1. CPT exposure was calculated in terms of the time that the free drug concentration 
exceeded the MIC (fT > MIC ) for each of the doses and strains using Monte Carlo simulation in the Pmetrics package for R. Results: 
The fT>MIC necessary for bacteriostasis and killing varied according to the strain (Table 1). Conclusions: This is the first in vivo report of 
the PK/PD index and magnitude predictive of efficacy of CPT against enterococci. The fT>MIC % magnitudes against enterococci were 
similar to those obtained with β-lactams against other Gram-positive pathogens. Keywords: Ceftaroline; PK/PD index; enterococcus. 
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Introduction. 

The alkylating agent busulfan is used for preconditioning before hematopoietic stem cell transplantation. A retrospective multicenter study 
demonstrated that even in context of IV drug adminstration the prognosis was related to busulfan exposure (Bartelink et al 2016). 

According to the EMA guideline on bioanalytical method validation, potential matrix effects caused by drug formulation excipients should 
be investigated. Several methods for busulfan have been published but the potential influence of dimethylacetamide and polyethylene 
glycol 400 (PEG 400) on analytical performance has to our knowledge not been examined. 

Methods. 

A fast method based on two-channel liquid chromatography coupled to tandem mass spectrometry was developed for quantification of 
busulfan. The drug vehicle PEG 400 was quantified simultaneously in patient samples. Busulfan-d8 was applied as internal standard. 
Quantification was performed using the mass transition 264.1>151.1 for busulfan and 272.1>159.1 for the internal standard. 

Results. 

For 20 µl plasma sample the lower limit of quantification was 25 ng/mL. Assay performance was not affected by matrix effects from drug 
formulation excipients. The coefficient of variation was ≤ 4% and the mean accuracy 101–108% across the calibration range 25 to 5 000 
ng/mL. Effective chromatographic run-time was 1 minute and 10 seconds when using two alternating LC-channels. The assay has been 
implemented in routine practice with accreditation according to the ISO 15189 standard, and performs well in external quality control 
assessments. 

Conclusion. 

This assay has been applied in clinical routine for 113 pediatric and adult patients receiving IV busulfan. The reliability and speed of the 
present assay allowed results with dose adjustment recommendations to be reported well in advance of the next dose. When required, 
attainment of target concentrations could be confirmed following subsequent sampling and analysis of the subsequent dose. The 
robustness of the method allowed availability of such service seven days per week. 
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Background: E. faecium has become a leading cause of hospital-acquired multi-drug resistant (MDR) infections and it is classified as one 
of the high-priority pathogens for research and development of new antibiotics and optimal combination regimens. The goal of our study 
was to determine the in vivo pharmacodynamic efficacy of CPT plus AMP combination against the MDR strain E. faecium ATCC 51559. 
Methods: The MICs for CPT and AMP were determined by broth microdilution following CLSI methods. For in vivo studies, the optimized 
neutropenic mouse thigh infection model was used. Two hours post-infection with E. faecium, groups of 2 mice were allocated to receive 
single therapy of CPT in doses from 0 to 2500 mg/kg/day divided every 2 hours, and AMP doses from 0 to 2400 mg/kg/day divided every 
3 hours or combined therapy of CPT plus AMP at a fixed dose of 2400 mg/kg/day. Hill’s model was fitted to estimate PD parameters E 
max and ED 50. In vivo synergism was defined as an increase of the E max ≥2 log 10 CFU/g due to combined therapy. Results: The 
strain was AMP and CPT resistant (128 and 16 mg/L, respectively). As expected, CPT and AMP in monotherapy were completely 
ineffective (bacterial burden without a difference to control mice), but CPT plus AMP combination was highly bactericidal against E. 
faecium, reaching a ~5 log 10 CFU/g bacterial reduction after 24 hours of treatment. Conclusions: This is the first report of the in vivo 
effect of the combination of CPT plus AMP against MDR E. faecium, which showed strong synergy (increased maximum efficacy), 
establishing itself as a promising treatment against multi-resistant enterococcus strains. Keywords: Ceftaroline, combination therapy; E. 
faecium multi-resistant; animal models. 
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Introduction: 

Doping in sports has become a worryingly widespread phenomenon in recent years, both among professional athletes and amateurs. 
One of the main classes of doping substances are anabolic androgenic steroids (AAS), whose main researched effects lie in the increase 
of muscle mass. For this reason, the analytical assessment of AAS in biological fluids is a key approach in anti-doping practices. The 
analysis is traditionally carried out on urine samples collected in test tubes. However, the use of fluid samples presents potential inherent 
analytical and logistical issues. 

Method: 

Within this research study, an alternative dried urine microsampling (DUS) strategy was proposed for the analysis of 13 steroid hormones, 
namely nandrolone, 1-androstenedione, dehydroepiandrosterone, testosterone, epitestosterone, dihydrotestosterone, 
methandrostenolone, norethandrolone, mesterolone, clostebol, stanozolol, fluoxymesterone and danazol. The development of a of dried 
sampling allows to enhance analyte stability without requiring any special transport and storage condition. On the other hand, due to the 
minute volume of the collected samples and the sensitivity requirements, the performance of an original chromatographic method coupled 
to mass spectrometry (LC-MS/MS) was accurately optimised. 

Results: 

The miniaturised bioanalytical methodology has been developed and fully validated obtaining satisfactory results in terms of extraction (> 
71%) and precision (RSD <7.6%). DUS microsampling and pretreatment workflow proved to be feasible and straight-forward when 
compared to routine urine analysis, with satisfactory analyte stability at room temperature over a time frame of 12 months. 

Conclusion: 

The proposed dried microsampling approach showed to be a valid alternative to traditional urine anti-doping analysis, allowing facilitated 
sample storage and transportation at room temperature, increased analyte stability and high-throughput workflows, thus representing a 
potential improvement with good applicability in both professional and amateur sport drug testing scenarios. 

This research was financially supported by the World Anti-Doping Agency (WADA) with competitive Scientific Research Project funds 
(Ref. 19A08LM). 
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Introduction: alirocumab is a proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9i) approved in Colombia for patients with 
heterozygous familial hypercholesterolemia (HeFH) or established atherosclerotic cardiovascular disease (ASCVD) that do not attain LDL 
cholesterol (LDLc) goals despite maximal statin dose (in monotherapy or combined with ezetimibe) or that do not tolerate or have 
contraindications for statin therapy. Alirocumab is also a high-cost drug, with a yearly price in Colombia of €3,600 per patient, 74% of the 
estimated 2021 nominal per capita GDP. Therefore, due to the increasing prevalence of ASCVD, its rational use is essential for healthcare 
system sustainability. Here, we aimed to assess the appropriateness of alirocumab use under real-life conditions. 

Methods: the medical record of adults receiving alirocumab in March 2021 among 5500 outpatients attended at a university hospital in 
Medellin (Colombia), were reviewed. The indication, previous and concomitant drug therapy and LDLc levels were analyzed to determine 
prescription appropriateness. 

Results: 19 patients had an alirocumab prescription, 11 were female and the median age was 72 years (range 54-85). PCSK9i was 
deemed appropriate in 14 of 19 patients (74%). Among the appropriate prescriptions the most common indication was established ASCVD 
with LDLc >55 mg/dL (1.4 mmol/L) despite maximal dose of statin (rosuvastatin in 10 patients, atorvastatin in 2) and ezetimibe. Statin 
intolerance (severe myalgias) was reported in 2 patients. No case of HeFH was found. Among the 5 inappropriate prescriptions, 3 patients 
had not received ezetimibe prior to alirocumab, 1 had no indication (embolic stroke due to atrial fibrillation without ASCVD) and 1 was 
considered intolerant to statins because of myalgias after receiving atorvastatin and gemfibrozil (major interaction). 

Conclusions: in real-life conditions, the inappropriate prescription of alirocumab was common (26%), highlighting the importance of 
rational prescribing and adherence to practice guidelines to avoid unnecessary burdens on the healthcare system. 
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The development of steroid-free immunosuppressive schemes is essential, particularly in pediatric recipients, considering their 
association with growth impairment. Tacrolimus has become the cornerstone in immunosuppression and combined with induction agents 
such as basiliximab, is currently displacing the steroids, allowing its complete avoidance in the induction and maintenance 
immunosuppression. The aim of this study was to retrospectively analyze the feasibility of a steroid-free tacrolimus-basiliximab 
immunosuppression scheme in pediatric liver transplant patients. 

Patients transplanted de novo between 2011 and 2019 with biliary atresia, were included. Steroids administration during the first 6 months 
post-transplant, risk factors related to its requirement and steroid’s impact on height growth were evaluated. Moreover, biopsy-proven 
acute rejection (BPAR)-free survival was studied. 

Demographic, clinical, and pharmacological parameters, including tacrolimus variability were studied. Tacrolimus variability was 
calculated using the percentage of tacrolimus levels (FKC0) in therapeutic range (CTR), the percent coefficient of variation (CV%) and 
tortuosity. Steroid and BPAR-free survival rates were calculated using the Kaplan–Meier method, and risk factors associated with steroid 
requirement were identified by multivariate Cox regression models. 

In total, 77 patients were analyzed and 42 (54.5%) of them required steroids, mainly due to BPAR (47.6%). At 6 months post-transplant, 
steroid-free survival was 44.8% (95%CI, 34.9-57.5) and BPAR-free survival was 59.7% (95%CI, 49.7-71.8). Significant predictors 
associated with steroid requirement included tacrolimus tortuosity (HR 2.5, 95%CI 1.9-3.4; p˂0.01) and mean FKC0 (HR 0.7, 95%CI 0.5-
1.0; p=0.05). Tortuosity was the tacrolimus variability surrogate with the best specificity and sensibility when compared to percent 
coefficient of variability and CTR. 

Altogether, the use of basiliximab in combination with tacrolimus in a pediatric liver transplant cohort avoided steroid requirements in 
about 45% of the patients during the first 6 months post-transplant. Further efforts should be focused to reduce tacrolimus variability and 
optimize the immunosuppressive treatment according to individual requirements. 
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Background: Spironolactone is a nonselective mineralocorticoid receptor antagonist, that can also bind to androgen and progesterone 
receptors. FDA label indications are heart failure with reduced ejection fraction, resistant hypertension, primary hyperaldosteronism, 
edema secondary to cirrhosis, edema secondary to a nephrotic syndrome (not adequately controlled using other alternatives) and, 
hypokalemia. This drug has side effects derived from its anti-mineralocorticoid and antiandrogenic properties. Here we present the 
analysis of the use of spironolactone in a cohort of elderly patients with polypharmacy. 

Methods: Between November 2017 and April 2021, 2112 patients were evaluated by the OPTIMMAS program, an outpatient 
polypharmacy program in Medellín (Colombia). The clinical chart was evaluated to determine the need to stop, maintain or start 
spironolactone therapy. 

Results: Of the 2112 patients evaluated, 6 needed start spironolactone. 230 patients already had spironolactone prescription among 
which 37 (16%) needed to stop the prescription, in 19 cases due to lack of both, FDA indication and international guidelines indications, 
in 14 cases due to major pharmacological interactions with another drug that raise potassium levels associated with a lack of frequent 
serum potassium level measurement. In 3 cases the suspension was due to adverse events, and in 1 case due to a medical condition 
that contraindicated the use of the drug. In conclusion, for this population, the inadequate use of spironolactone is common, mainly due 
to no adherence to guidelines and FDA indications. A program of therapeutic optimization could improve the risk-benefit profile in a 
population. 
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Use of Vitamin D supplementation in a cohort of elderly patients in a teaching hospital in Medellín, Colombia. 
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Background. Vitamin D supplementation is widely recommended for the prevention of falls and fractures, particularly in the elderly but 
recent clinical trials and meta-analyses have questioned the benefits of untargeted supplementation and raised the possibility of adverse 
cardiovascular effects and increase on healthcare expenditures. Methods. The medical records of patients >65 years old receiving aspirin 
among 3025 outpatients who attended a therapeutical monitoring program in a teaching hospital between November 2107 and April 2021 
were reviewed to address the real-world practice of vitamin D use. Gender, age, medical history, and reason for medical prescription 
were assessed by a medical pharmacologist/toxicologist. All prescriptions of vitamin D without evidence of 25-hydroxy vitamin D (25-
OHVD) blood test <20 ng/dL and without risk factors (i.e, malabsorption) were defined as inappropriate use. Results: We found 151 
patients, mostly women, receiving vitamin D supplementation. Extreme polypharmacy was found in 57% of these patients, and the results 
of 25-OHVD levels were available only in 42 cases (49%). Only 16 of these patients (38%) had insufficient 25-OHVD levels (<20ng/dL) 
indicating an inappropriate use in 62% of the EPP. The main diagnosis for supporting exogenous vitamin D was osteoporosis in half of 
the patients, followed by renal insufficiency. Therapeutic duplication for concurrent treatment with calcitriol and vitamin D was identified 
as a major cause of stopped medication. Conclusions: Reducing inappropriate polypharmacy influences the quality of life in elderly 
patients, health care providers should consider the rational use of vitamin D supplements. At the same time, being aware of the ill effects 
of combination therapy with vitamin D and calcitriol, because might result in a greater risk of exogenous hypervitaminosis D with 
hypercalcemia, hypercalciuria and, hyperphosphatemia. 

Keywords: Vitamin D; toxicity; elderly; therapeutic duplication; polypharmacy. 
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Background. Aspirin use is effective for the secondary prevention of atherosclerotic cardiovascular events. However, its use in primary 
prevention is controversial, and the minimal benefit may be outweighed by increased bleeding events reported in patients >65 years old 
with no overt cardiovascular disease. In elderly poly-pathological patients (EPP) the excessive polypharmacy (>10 drugs) could be worse, 
but descriptions of inappropriate use of aspirin in those patients are scant. Here, we aimed to assess the inappropriateness of aspirin use 
under real-life conditions in EPP. Methods. The medical records of patients >65 years old receiving aspirin among 3025 outpatients 
attended at a teaching hospital between November 2107 and April 2021 were reviewed to address the real-world practice of aspirin use 
in Medellín, Colombia. Gender, age, aspirin daily dose, medical history (cardiovascular comorbidities, surgical procedures, cardiovascular 
risk-factor, diabetes, kidney disease and, arrhythmias), and reason for the medical prescription (primary/secondary prevention) were 
assessed by a medical pharmacologist/toxicologist. All prescriptions of aspirin for primary prevention were defined as inappropriate use. 
Results: In the cohort studied, 947 subjects (31,3%) had an aspirin prescription. Excessive polypharmacy was observed in 528 patients, 
mostly (121 EPP) involving aspirin for primary prevention in whom the drug was withdrawn. Table 1 summarizes the main findings. 
Conclusions: Despite the minimal benefit, one of each ten elderly patients had inappropriate aspirin prescription in EPP in Medellín, 
Colombia, highlighting the importance of improving medical education to assess rational prescribing and adherence to practice guidelines 
and reduce unnecessary burdens on the healthcare system. 
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Background. Proton pump inhibitors (PPIs) are among the most widely prescribed drugs in the world. Inappropriately, the PPIs could be 
used ‘off-label’ for extended periods (i.e., >8 weeks). The FDA has issued safety warnings regarding the potential effects of long-term 
use of PPIs as the risk of fractures, hypomagnesemia, C. difficile–associated diarrhea, vitamin B12 deficiency, acute interstitial nephritis, 
dementia, and drug-drug interactions. Potentially inappropriate prescribing (PIP) of PPIs has been described as high prevalent (55%) in 
the ICU but the real-world evidence in non-critical elderly patients is scant. We aimed to describe PIP of the most prescribed PPI 
(esomeprazole) in a cohort of 3025 elderly poly-pathological patients (EPP). 

Methods. A retrospective observational study was performed in a single center of 3025 patients older than 65 years attending a 
Therapeutic Optimization Program in a teaching hospital between November 2017 and April 2021. The Beers, STOPP criteria, and 
medical decisions based on evidence and guidelines were used to detect PIP. 

Results. 960 patients (31%) were esomeprazole prescribed in the period, 432 patients of them (45%) requiring therapeutic optimization 
due to excessive polypharmacy (>10 drugs) including 676 women (70,41%) and 284 men, with a mean age of 80,2 years. In 166 of 960 
patients (17%), PIP was detected implicating esomeprazole's gradual stopping. Figure 1 summarizes the causes of PIP, the main (39%) 
was STOPP criteria defined as prescription longer than 8 weeks without demonstrated severe gastroesophageal reflux disease or peptic 
ulcer, followed by the unnecessary use because no medical diagnosis was done supporting the prescription. 

Conclusion. PIP was detected in 1 of each 5,8 EPP. The inappropriate long-term use of esomeprazole was common in our cohort 
suggesting the need to improve the medical education looking to reduce the risks of adverse events for PPIs in Medellín, Colombia. 
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Introduction 

Volumetric absorptive microsampling combined with liquid chromatography tandem mass spectrometry allows immunosuppressant 
monitoring. We recently validated tacrolimus trough concentration measurement with Hemapen, a device that collects four 2.74 microL 
samples from a drop of blood. The current study investigated the feasibility of fingerprick self-sampling by adult renal transplant recipients 
outside a clinic environment. 

Methods 

Initially, nurses were trained to collect fingerprick samples from 50 patients in the clinic. Of these, 20 patients were trained to collect a 
fingerprick sample two, four, eight and 12 weeks after the incident clinic visit at home and send these to our laboratory by prepaid standard 
mail. 

Results 

Clinic samples were collected from October to December 2020. While 46 Hemapens (92%) had blood collected on all four sample pads, 
four devices had only three pads filled. Twenty patients (9 female and 11 male) of median age 59 years (range 28 to 69) participated in 
home sampling between October 2020 and March 2021. Fourteen patients returned all four Hemapens, while three patients returned 
three devices, two patients returned one device and one patient did not return any device. Of the 67 Hemapens received, 22 (32.8%) had 
blood collected on all four sample pads, 14 (20.9%) had blood on three pads, 9 (13.4%) had blood on two pads and four devices (6.0%) 
had blood on a single pad only. Eighteen devices (26.9%) were returned without blood on any sample pads. Devices were sent from a 
distance up to 475 km with a 7 day median from collection to laboratory receipt. 

Conclusion 

While clinic sampling by nursing staff was successful, compliance with home sampling was suboptimal and sampling technique frequently 
inadequate. Active patient follow up, increased training in sample collection and improved logistics may enhance feasibility of patient self-
sampling with this device. 
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Background. Coronavirus disease 2019 (Covid-19) has become a challenge for health systems around world. The healthcare workers 
(HCW) are at highest risk of exposure to Covid-19. Currently, almost all HCW has been vaccinated in Colombia with Pfizer-BioNTech 
COVID-19 Vaccine, but development of infection has been reported in workers after received one doses of vaccine. CDC recommends 
the use of a single dose of this vaccine for HCW that suffered the infection lasting 9 months. Demonstration of successful protective 
immunity after single dose in real-life if scant. 

Methods. Our aim was to describe the performance of the VIDAS SARS-COV-2 IgG Serological Assay in a real word scenario with HCW, 
defining a potential cut-off useful for surveillance of immune response to Pfizer-BioNTech COVID-19 Vaccine in a single center in 
Medellín, Colombia. Only were included HCW with a well-known vaccine status after 14-days or more, who were separated in three 
possibilities: no vaccine, single dose or two doses administered. Additionally, each HWC were reported as not infected (people without 
history of symptoms of COVID-19 and confirmed negative result in qRT-PCR in the last year) or prior infected (workers with a history of 
positive result any time before two weeks of the sample independently of the symptoms exhibited on that moment). 

Results. A total of 50 HCW were tested by qRT-PCR and serological assay of IgG against SARS-CoV-2 (RBD proteinS), the results are 
summarized in Figure 1. Only protective immunity was determined after 2 doses independently of the prior infection status (P=0.001) but 
1 dose seem to be insufficient in all HCW even with a prior history of infection without any statistical difference compared with no 
vaccinated workers (P=0.483). 

Conclusion. Immune survaillance should be necessary to assess the protective immunity of HCW receiving the Pfizer vaccine 
independently of the prior status of infection. 
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Introduction: Hair testing is an alternative matrix to screen for illicit drug use and misuse as it can monitor long-term drug exposure and 
has the advantage of being an easy and unequivocal sample to obtain. Aim of the study was to evaluate the analytical performances of 
7 immunoassays using hair specimens according to the ISO 15189 Standard in order to introduce hair drug screening in clinical practice. 
Methods: QuantILab DRI Cocaine Metabolite, Opiate, Cannabinoid, Methadone, Amphetamines, Ecstasy and Immunalysis 
Buprenorphine assays were tested on the Ilab Taurus analyser. The precision verification study consisted of calculation of inter-assay 
laboratory imprecision (Swl) using positive quality control hair materials followed by assessment of uniformity with manufacturer’s inter-
assay claims and acceptability of test results. A total of 25 EQAS and 29 hair specimens were tested for diagnostic sensitivity (SElab) 
and specificity (SPlab). Furthermore, all results were confirmed by UPLC-MS/MS method accredited to ISO 15189 standard. Results: Swl 
obtained for most assays were lower than those declared by the manufacturer, unless for Cannabinoid, Amphetamines, Buprenorphine 
and Esctasy, thus Upper Verification Limit (UVLwl) were calculated. Swl for Cannabinoid, Amphetamines and Buprenorphine assays 
were lower than UVLwl, instead Esctasy assay Swl (8.40%) was greater than UVLwl (8.39%), but still lower than state-of-the-art 
imprecision (<15%). 100% score was obtained in all assays for SElab and SPlab, except SPlab for Cannabinoid (95.2%) and 
Amphetamines (92.9%). For these two assays the 95% confidence intervals (CI) was calculated for manufacturer diagnostic specificity 
(SPprod). SPlab for both assays were included in the 95% CI of SPprod. Conclusion: For all immunoassays the verifications were found 
to be successful and exhibit good diagnostic efficiency for routine hair drug screening. Since the method was introduced in our laboratory 
(September, 2020), four different operators have been employed, and more than 470 samples have been analysed. 
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Introduction. Therapeutic drug monitoring for infusional 5-fluorouracil (5FU) in cancer patients is now recommended by the IATDMCT1. 
However, the target area under the concentration-time curve (AUC) range uses plasma 5FU concentration and requires venous blood 
sampling at a time that is often inconvenient for patients. Dried blot spot (DBS) sampling provides the opportunity for the patient to sample 
at the appropriate time at home. DBS sampling would require the AUC for blood 5FU concentration to correlate with the plasma 5FU 
AUC. 

Aims. To determine the relationship between 5FU concentration in plasma and whole blood in cancer patients. 

Method. A venous blood sample was collected from twenty cancer patients receiving 5FU. Three types of samples were prepared: 1) a 
Mitra® DBS prepared from the venous whole blood sample, 2) an aliquot of whole blood from the venous blood sample and 3) plasma 
separated from the venous blood sample. Validated LC-MS/MS methods were used to measure the analyte concentration in all matrices. 
Passing-Bablok analysis was used to compare the methods. 

Results. Good agreement was observed between the plasma and whole blood 5FU concentrations, Y=1.065*x-293 and plasma and 
Mitra® whole blood, Y= 1.055*x-188. 5FU concentrations in all matrices were in the range of 0.157 – 38.8 mg/L. 

Discussion. The good agreement observed between 5FU plasma and whole blood concentrations including the whole blood using Mitra® 
devices, removes the need to establish a new target AUC range for whole blood. Having demonstrated good agreement between DBS 
whole blood and plasma 5FU concentration, the next step is investigating the relationship between fingerprick DBS blood and venous 
blood samples. If fingerprick sampling performed by patients is viable, this will eliminate the need for venepuncture sampling, reduce the 
blood volume required, eliminate complex blood sample handling and facilitate 5FU drug monitoring. 
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Introduction: The treatment of neuropsychiatric disorders is challenging mainly due to large interindividual variability in drug exposure and 
clinical response. The AGNP guidelines provides the basis for CNS therapy individualization and optimization in clinical practice, 
highlighting the role of measurement and interpretation of drug concentrations, eventually combined with knowledge of the genetic 
patient’s background. Here, we aimed to test the applications of these guidelines in the routine clinical management of psychiatric patients. 

Methods: This study is based on a retrospective analysis of routine diagnostic requests for antidepressants and antipsychotics TDM of 
our Unit from 2014 to 2020. Plasma drug concentrations were determined by a commercial UHPLC method (Chromsystems®). 

Results: A total of 5828 requests were collected, with a progressive increased number over time. A marked reduction was, however, 
noticed in March (-43% respect to the previous year) and October 2020 (-11.4%) probably due to COVID-19 pandemic waves. From 2018 
to first trimester 2021, we received 3203 TDM requests for 1116 patients. In particular, of the 446 patients in 2018, 31% received 
concentration drug monitoring in the subsequent years. In 2019 and 2020/2021 there was an increase in the new patients’ number for 
the TDM of clozapine and aripiprazole. 

A wide distribution of trough concentrations was observed for most drugs indicating high interpatient variability. The probability to find 
trough levels below the minimum effective drug concentrations was higher than that to find concentrations that exceeded the upper 
threshold of the therapeutic ranges. 

Conclusions: The number of out of range concentrations reveals how the optimization of the CNS therapy is still difficult. Our data suggest 
that physicians are becoming more confident with laboratory pharmacologic tools to optimize treatments and believe that application of 
TDM testing may significantly contribute to the rational selection of the best drug and best dose in individual cases. 
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【Aim】Although early transition from intravenous to oral antimicrobial therapy can reduce hospitalization duration, the minimum inhibitory 

concentration (MIC) breakpoints have not been established for many oral antimicrobials and therapeutic evidence is limited for 
Escherichia coli and Klebsiella pneumoniae bacteremia. Thus, we evaluated the efficacy of standard dose of common oral antimicrobials 
against these pathogens based on pharmacokinetic/pharmacodynamic indices using Monte Carlo simulations. 

【Methods】The probabilities of target attainment (PTA) were determined for β-lactams (cephalexin, cefaclor, cefditoren, and 

amoxicillin/clavulanic acid [AMPC/CVA], faropenem) and levofloxacin. The percentage of time that unbound drug concentrations 
remained above the MIC was used as the target index for β-lactams, and the ratio of area under unbound drug concentration curve to 
MIC was used as the target index for levofloxacin. The bacteriostatic and bactericidal pharmacokinetic/pharmacodynamic index cut-offs 
used were: cephalexin, cefaclor, cefditoren: ≥40/≥60; AMPC/CVA and faropenem: ≥32.5/≥50; and levofloxacin: ≥35/≥90. PTA >90% was 
used to indicate treatment efficacy. E. coli and K. pneumoniae isolates tested in this study (n = 166 and 115, respectively) were isolated 
from in-patients and used to measure the MICs. 

【Results】Levofloxacin achieved the bactericidal index cut-offs with PTA >90% against clinical E. coli isolates (MIC, ≤0.5 μg/mL; clinical 

isolate ratio, 49%) (Table). Moreover, both levofloxacin and AMPC/CVA achieved the bactericidal index cut-offs against K. pneumoniae 
isolates (MIC, ≤0.5 μg/mL and ≤2 μg/mL, respectively; clinical isolate ratio, 85% and 83%, respectively). Additionally, both cephalexin 
and cefditoren achieved the bacteriostatic index cut-offs against K. pneumoniae isolates (MIC, ≤4 μg/mL and ≤0.12 μg/mL, respectively; 
clinical isolate ratio, 73% and 47%, respectively). Interestingly, cefaclor and faropenem did not achieve the bacteriostatic and bactericidal 
pharmacokinetic/pharmacodynamic index cut-offs against none of the isolates. 

【Conclusions】Since oral antimicrobials that achieved PTA >90% were limited, our results suggest confirming the individual 

pharmacokinetic/pharmacodynamic values before transitioning to oral antimicrobial use. 
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Introduction: Urine drug screens are the most common method for analysis because of ease of sampling, even if these assays exhibit 
some limitations. False-positive results (FP) can lead to serious medical or social consequences if results are not confirmed by a reference 
method, while reporting a false negative results (FN) is a severe oversight from clinical point of view. Aim of the study was to evaluate 
the sensitivity (SE) and specificity (SP) performance of twenty toxicology immunoassays in urine samples using two different analytical 
principles: Cloned Enzyme Donor Immunoassay (CEDIA®) and homogeneous enzyme immunoassay (DRI®) applied on Ilab Taurus 
analyser. Methods: DRI®Amphetamine, Ecstasy, Methadone, Cannabinoid, Cocaine, Opiate, Barbiturate, Oxycodon, Benzodiazepine, 
Ketamine and CEDIA®Amphetamine, Methadone, EDDP, Cannabinoid, Cocaine, LSD, Benzodiazepine, Opiate, 6-MAM and 
Buprenorphine were tested. Diagnostic SE and SP evaluation was conducted using at least 50 positive and 50 negative samples for each 
analyte on a total of 286 urine samples and 61 EQA materials. All results were confirmed by HPLC-MS/MS method using Chromsystems® 
MassTox® Drugs of Abuse Testing kit. In the study period controls material provided by the manufacturer were tested on each analytical 
run (n=150) being acceptable within CV< ±15%. Results: SP and SE were 100% for most assays except SP for DRI®Amphetamine 
(88.5%), DRI®Ecstasy (99.1%), DRI®Ketamina (77.9%), CEDIA®Opiate (98.9%), CEDIA® Benzodiazepine (96%), and SE for 
DRI®Cannabinoid (96.7%), DRI®Benzodiazepine (90.4%). Discussion: 13 FP for DRI®Amphetamine were due to the presence of 
MDMA>700 ug/L (cross-reactivity declared from manufacturer, 800 ug/L); 1 FP for CEDIA® Opiate was due to the presence of Metadone 
and EDDP>1500 ug/L; 2 FN for DRI® Cannabinoid were around the cutoff and 8 FN for DRI® Benzodiazepine due to the presence of 
Lorazepam at 175-799 ug/L (cross-reactivity declared from manufacturer, 1000 ug/L). 
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Introduction: Measuring levetiracetam serum concentration is a relevant tool in patient management with epilepsy. Therefore, therapeutic 
drug monitoring is recommended. Laboratory have annual workload about 5000 samples, often required from Emergency Department. 
Aim of the study was the validation of ARK Diagnostics Levetiracetam immunoassay on Ilab Taurus analyser and comparison with a 
laboratory routine UPLC-MS/MS method accredited ISO 15189 standard, in order to replace it in our practice. 

Methods: Validation protocol was defined according to FDA and EMA guidelines. Linearity was evaluated by serial dilutions analyzed in 
duplicate of a highest calibrator and a patient sample with a concentration above the upper limit of quantification. Lower limit of 
quantification (LLOQ) was obtained by serial dilutions of EQA samples. Three quality control materials and three blood samples from 
patients under levetiracetam treatment were employed for between-day precision evaluation (SWL). All samples were analysed once on 
20 different days. Trueness were obtained using three EQA samples tested in triplicate for three days. Finally, 130 serum samples were 
analysed using both method. To define the relationship and the agreement between the two methods, Passing–Bablok non parametric 
linear regression and Bland–Altman plots were performed, respectively. Results: Calibration curves were linear throughout the selected 
ranges (0.5 to 100 mg/L). LLOQ was 0.5 mg/L. SWL obtained for all tested materials were <10%. Trueness showed a bias% of +6.4% 
(at 4.0 mg/L), -2.2% (at 23.7 mg/L) and +4.8% (at 78.5 mg/L). Passing–Bablok regression lines equations was [ARK 
immunoassay]=0.98×[UPLC-MS/MS]+0.20 [mg/L], with a Pearson coefficient of r=0.995, and with the Bland–Altman plot showing no 
significant %bias of -0.3. Discussion: ARK Levetiracetam Assay applied on ILab Taurus platform exhibit good diagnostic efficiency and 
was chosen to replace those used in our laboratory for monitoring levetiracetam levels in serum. 
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Introduction 

The Teicoplanin is an antibiotic used in the prophylaxis and treatment of serious infections caused by Gram-positive bacteria. It is a 
semisynthetic glycopeptide antibiotic with a spectrum of activity similar to Vancomycin. The Teicoplanin consists of five major components 
(A2-1, A2-2, A2-3, A2–4, and A2-5), one hydrolysis component (A3-1), and four minor components (RS-1 to RS-4). The properties of 
distribution phase of the six principal isoforms are fundamentals for Teicoplanin usage in viruses infections as Ebola, Influenza virus and 
coronavirus such as MERS-CoV and SARS-CoV. These evidences have allowed employment of Teicoplanin for the treatment of COVID-
19 disease. Therefore, we aimed to validate in clinical application a "Kit System" by CoquaLab srl based on HPLC-MS/MS assay. This 
analytical method is performed for the simultaneous and sensitive detection of Teicoplanin and its six isoforms for therapeutic drug 
monitoring (TDM). The technique enables the metabolism phase monitoring of six teicoplanin isoforms during treatment of different 
pathologies. 

Methods 

The clinical validation of "kit System" by CoquaLab s.r.l. are developed in accordance with UNI EN ISO/IEC 17025:2018 and Eurachem 
Guidelines. The clinical aspects are tested byanalysing diagnostic proficiency test specimens (external quality assessment - EQA) and 
samples from patients treated with Teicoplanin. 

Results 

The Total Teicoplanin and most abundant teicoplanin isoforms are identified and quantified with high performance parameters of 
repeatability, reproducibility, robustness, precision, and accuracy. The quantification method is based on internal standard approach for 
signal and matrix effect suppression. Two MRM transitions 

are used for quantification and identification substances. The analytical method clearly distinguishes between normal and pathological 
distributions of six different teicoplanin isoforms at 97.5% of confidence level in plasma. 

Conclusions 

The HPLC-MS/MS Kit evaluated can be useful for therapeutic drug monitoring of Teicoplanin. The analytical protocol is rapid and suitable 
to be used in routine analysis of clinical chemistry laboratory. 
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Levetiracetam Therapeutic Drug Monitoring: comparison between automated immunoassay (EIA) and HPLC 
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Objective: Levetiracetam, a new anticonvulsant, has good tolerability characteristics, but frequent monitoring is useful in patients with 
clinical situations that may interfere with the normal pharmacokinetic pattern and therefore with the optimal therapeutic dosage. 
Levetiracetam monitoring is normally performed with HPLC. Ark Diagnostics has developed an enzyme immunoassay (EIA) executable 
with automated systems. 

Method: 71 serum samples were collected from patients treated with Levetiracetam, each sample has been analyzed with HPLC 
Shimadzu (Kit ClinRep from RECIPE) and Ark Levetiracetam on Atellica Analyzer CH 930 from Siemens Healthineers. Results were 
compared and the impact of both methods on workflow and internal laboratory organization was assessed. 

Results: Imprecision and within-run bias of the new method, evaluated in duplicate for 5 days, were 3.4% and 3.5% at 7.5 μg/mL, 3.75% 
and 3.9% at 30 μg/mL, and 4.7% and 4.9% at 75 μg/mL, respectively. 

The mean HPLC concentration was 21,8 μg/mL (95% CI: 19,09 to 24,5) and Atellica concentration was 23,3262 μg/mL (95% Cl: 20,4227 
to 26,2297). 

Pearson’s linear correlation coefficient obtained in the analysis was r2=0.98, according to the equation: Atellica = 0,1663 + 1,0625 HPLC 
(P<0,0001) 

Passing-Bablok regression analysis showed a non-significant intercept of -0.089 (95% CI -0.75- 0.51) and slope of 1.07 (95% CI 1.03-
1.11) suggesting extremely small proportional systematic error. 

Bland- Altman analysis showed a minimum bias of -1.307 μg/mL (95% CI -1.793-0.822) with 95% HPLC-Ark differences ranging from -
5.326 to 2.711. Data showed that the two methods values should be considered interchangeable. 

Conclusion: ARK Levetiracetam with Atellica Analyzer CH 930 is acceptable and correlates well with HPLC. The use of an automated IA 
lowers TAT and allows easier and faster sample handling, quicker response to the clinician, more representative of the current patient 
situation; laboratory organization is simpler because EIA method does not require dedicated and highly specialized technical staff. 
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Background: Plasma coproporphyrin-I (CP-I) concentration is used as a sensitive and selective endogenous probe for phenotyping 
organic anion transporting polypeptides 1B (OATP1B) activity in many studies. CP-I is produced in the process of heme synthesis, but 
the relationship between plasma CP-I concentrations and heme synthesis activity is unknown. In this study, we evaluated the relationship 
between plasma CP-I concentration and hemoglobin level as a biomarker of heme synthesis activity. 

Methods: We analyzed the data of 500 randomly selected subjects who received health check in Kyoto Prefectural University of Medicine, 
and selected 391 participants who met the following inclusion criteria: body mass index (BMI) lower than 30 kg/m2, estimated glomerular 
filtration rate (eGFR) higher than 60 mL/min/1.73 m2, total bilirubin lower than 1.5 mg/dL, and alanine aminotransaminase (ALT) lower 
than 100 IU/L. Participants were stratified into six polymorphism groups from genome-wide association study data: OATP1B1*1b/*1b, 
OATP1B1*1a/*1b, OATP1B1*1a/*1a, OATP1B1*1b/*15, OATP1B1*1a/*15 and OATP1B1*15/*15. Plasma CP-I concentrations were 
measured by validated UHPLC-MS/MS method. 

Results: One hundred and twenty-six participants had OATP1B1*15 allele, 11 of whom were homozygous (OATP1B1*15/*15). Multiple 
regression analysis identified hemoglobin level as an independent variable associated with plasma CP-I concentration (p < 0.0001). A 
significant positive correlation was observed between hemoglobin level and plasma CP-I concentration in participants without 
OATP1B1*15 allele (n = 265; rs = 0.35, p < 0.0001) and with OATP1B1*15 allele (n = 126; rs = 0.27, p = 0.0022). However, Kruskal-
Wallis test showed no large difference in Kruskal-Wallis statistics between the distribution of plasma CP-I concentrations and that of ratio 
of plasma CP-I to hemoglobin among six OATP1B1 polymorphism groups. 

Conclusions: These findings suggest that hemoglobin level seems to reflect biosynthesis of CP-I. However, correction by hemoglobin 
level is not required when using basal plasma CP-I concentration for phenotyping OATP1B activity. 
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INTRODUCTION: The role of TDM of aciclovir (A) and valganciclovir/ ganciclovir (V/G) in critically ill patients is still a matter of debate. 
More data on dose-concentration relationship might therefore be useful, especially in pediatrics where clinical practice is not adequately 
supported by robust PK studies. We have developed and validated a new LC-MS/MS micromethod to simultaneously quantify A and G 
from plasma and dried plasma spot (DPS). 

METHODS: The method is based on a rapid organic extraction from DPS and separation on a reversed-phase C-18 UHPLC column after 
addition of deuterated internal standards. Accurate analytes quantification using SRM detection is then obtained using a Thermofisher 
Quantiva triple quadruole MS coupled to a Ultimate 3000 UHPLC. It has been validated following international (EMA) guidelines for 
bioanalytical method validation and has been tested on samples from pediatric patients treated with A, V or G for cytomegalovirus infection 
following solid organ or bone marrow transplantation. Concentrations obtained on plasma and DPS were compared using Passing Bablok 
and Bland Altman statistical tests. 

RESULTS: The assay is linear over wide concentration ranges (0.033-40 mg/L) in both plasma and DPS for A and G, suitable for the 
expected therapeutic ranges for both Cmin and Cmax, accurate and reproducible in the absence of matrix effects. Results obtained from 
plasma and DPS were interchangeable. The application of the LC-MS/MS method allowed us to obtain a very specific, sensitive, and 
rapid quantification of the antiviral drugs starting from very low volumes (50 L) of plasma samples and DPS. The stability of analytes for 
at least 30 days allows cost effective shipment and storage at room temperature. 

CONCLUSIONS: Our method is suitable for PK studies and TDM allowing to study TDM-guided dosing of the antivirals in critically ill 
pediatric patients. 
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Micafungin is an echinocandins with broad-spectrum efficacy against Candida spp. The efficacy of echinocandins correlates with the 
dose and with the dose in 24 hours, so the appropriate Pharmacokinetic-Pharmacodynamic (PK-PD) index is ratio of the area under the 
plasma micafungin concentration-time curve over 24 h (AUC) to the Minimun Inhibitory Concentration (MIC). The target of therapeutic 
efficacy is AUC/MIC 3000-5000. No data are available regarding the pharmacokinetic of micafungin in critically ill patients treated with 
Continuous Renal Replacement Therapies (CRRT) with the addition of Cytosorb cartridge. 

We present the case of a fourteen years old boy with an immunomediated encephalopathy who developed candida sepsis. Antifungal 
treatment with fluconazole and micafungin was immediately started but the patient rapidly progressed to septic shock and acute kidney 
injury (AKI) requiring CRRT and Cytosorb. 

In order to evaluate the impact of CRRT + Cytosorb on micafungin treatment and allow appropriate dose adjustment, we performed 
pharmacokinetic analysis for this particular patient. 

Plasma samples were collected at different times in order to analyze drug levels and to evaluate AUC in 24 hours. We consider the clinical 
conditions of the patient, so plasma samples were collected before/after CRRT membrane and before/after Cytosorb cartridge. 

We determined micafungin levels using a validated method by Liquid Chromatography coupled with Mass Spectrometry (LC-MS/MS). 

At the starting dose of 100 mg of micafungin we obtained a AUC/MIC ratio 2255 and AUC0-24 135.33 µg/ml/h. The micafungin dose was 
gradually increased from 100 to 200 mg (100-125-150-200), for each dose increase we performed a pharmacokinetic analysis. With dose 
of 200 mg we obtained a AUC/MIC ratio 3140 and AUC0-24 188.45 µg/ml/h so therapeutic target has been reached. 

Evaluation of pharmacokinetic of micafungin is necessary to optimize therapy especially in critically ill patients and fill the data gap about 
these clinical conditions. 
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Background 

Voclosporin is a potent immunosuppressive agent currently registered for lupus nephritis. Based on its potential antiviral acitivity it is now 
also investigated as immunosuppressant agent in an investigator initiated study in SARS-CoV2 positive renal transplant recipients. The 
dried blood spot (DBS) technology has enabled development of remote voclosporin therapeutic drug monitoring, especially important for 
SARS-CoV2 positive patients. Its linear pharmacokinetics in lupus nephritis have not been examined in renal transplant recipients Here, 
we report on the development and analytical validation of a liquid chromatography tandem-mass spectrometry (LC-MS/MS) assay for 
quantification of voclosporin in DBS. 

Methods 

Method development was based on previously validated assays for quantification of tacrolimus, everolimus, sirolimus, cyclosporine in 
DBS and voclosporin in whole blood using LC-MS/MS. Voclosporin-D4 was used as internal standard. Hemaxis volumetric blood spot 
devices were used to collect the samples. The analytical validation was performed on a Thermo Quantiva LC-MS/MS system, according 
to the European Medicines Agency guidelines on bioanalytical method validation, including selectivity, carry-over, linearity, accuracy, 
precision, recovery, matrix effect, stability and cross-validation versus EDTA venous whole blood samples. 

Results 

The assay was validated successfully with a calibration line consisting of calibrators of 15, 30, 60, 150, 300 and 600 ug/L. QC levels were 
25. 125 and 450 ug/L. Lower limit of quantification was established at 10 ug/L. Analytical cross-validation with patient DBS samples 
versus EDTA whole blood indicated good method agreement. Clinical validation comparing whole blood versus fingerprick is currently 
being conducted. 

Conclusions 

A robust and reliable LC-MS/MS assay using DBS sampling for voclosporin was developed. The method enables remote pharmacokinetic 
monitoring in clinical trials or therapeutic drug monitoring of voclosporin in kidney transplant recipients. 
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Introduction: Liposomal amphotericin B (LAmB) is considered a valid alternative for antifungal prophylaxis in pediatric patients undergoing 
antineoplastic chemotherapy (CT) or hematopoietic cell transplant (HCT), particularly when vinca alkaloid are used, making impossible 
the use of an azole-based prophylaxis. Several schedules have been proposed for weekly prophylaxis in order to obtain the best protection 
with the least side effects. 

Methods: at Giannina Gaslini Pediatric Hospital, LAmB was administered 2,5 mg/kg/day with a twice/week schedule. In 2020 we decided 
to adopt an augmented single dose/week (5mg/kg/day) based on both economic reasons (reduction of drug waste) and on patient comfort 
(only one weekly visit for outpatients instead of two). From the dose change, we have started monitoring LAmB plasma levels in patients 
undergoing antifungal prophylaxis for at least one month, collecting samples before the 5th administration and the following ones. In 
addition to demographics, other parameters such as liver and renal function were collected. Samples were analyzed by LC-MS/MS with 
a validated method. 

Results: From January 2020 to March 2021, 208 samples were collected in 24 patients (males 15/24; 62.5%), median age 5.3 years 
(IQR: 3.93-9.60; range: 1.81-20.0). Median LAmB plasma concentration was 0.9 mg/L (IQR: 07-1.4; range: min 0.1 max 11.8). A positive 
correlation was found between LAmB concentration and triglycerides (p: 0.006; Pearson R: 0.237); and a negative one with albumin (p: 
0.045; Pearson R: -0.15). No patient developed invasive fungal diseases (IFD). 

Conclusions: Single dose/week seems to be safe and effective in preventing IFD in our patients. Considering the wide distribution of 
plasma levels found, further studies are needed in order to better understand if dosing or posology could be reduced or delayed, as well 
as for triglycerides or albumin correlations. 
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Background: Children are considered the most vulnerable subgroups of the population to environmental contaminants due to the 
difference in their immature detoxification mechanisms, physiology, body growth, lifestyle, and physical activity. We present the case of 
chronic elemental mercury poisoning with the appearance of the characteristic signs. 

Material and Method: A 13-month-old female, 10 kg, was admitted to our center for onset of refusal to walk, loss of smile and poor motor 
initiative, systemic hypertension, maculo-papular palm plantar skin rash, edema, itching and desquamation. Virological and immunological 
investigations resulted negative. EEG showed diffuse slow abnormalities. Fluid cerebrospinal was normal. Secondary causes of 
hypertension were excluded. Because of the EEG and neurological features that suggested a secondary encephalopathy with skin signs 
and hypertension, mercury poisoning was suspected for acrodynia signs. From further investigation the mother reported accidental 
rupture of sphygmomanometer at home one month before the onset of symptoms. The presence of mercury in the blood and urine 
confirmed the exposure. The cause of exposure was promptly removed with removal from home. No chelation therapy was performed, 
urinary mercury levels were monitored with clinical improvement and resolution of symptoms. 

Discussion and Conclusion: Mercury poisoning can present with a non-specific clinical picture. Diagnosis is based on the link between 
history, exposure and onset of symptoms. In case of suspected exposure to mercury it is necessary to perform the measurement in 
plasma and urine, remove the patient from the source of exposure and if necessary, start chelation therapy. In our case it is interesting 
to observe that the clinical picture and the EEG abnormalities were suggestive of systemic involvement and not of mainly neurological 
disease. Therefore, after infectious, autoimmune and paraneoplastic causes underlying encephalopathy and hypertension were excluded, 
an exposure to mercury was early considered. 
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Introduction - Levetiracetam is a second generation antiepileptic drug, widely used both in mono-therapy and in combination therapy with 
other drugs, in the treatment of myoclonic seizures, generalized tonicoclonic seizures and in partial onset seizures with or without 
generalization, both in adults than in adolescents, and in the treatment of juvenile myoclonic epilepsy. Elimination occurs mainly via the 
kidney. The high efficacy and safety and the wide therapeutic range allow to limit the therapeutic monitoring only to the initial phase for 
the definition of the optimal dosage. Possible dosage adjustments may be required in the event that adverse events occur or the 
simultaneous intake of other drugs is required. The reference method for pharmacological monitoring is HPLC-UV. This paper presents 
the results of the comparison of an immuno-enzymatic method and the gold standard HPLC-UV method. 

Materials and methods - We compared the values obtained from the assays carried out with the reference method on 181 samples with 
the values obtained from the assays carried out with the Siemens method. The results were analyzed using Passing-Bablock statistical 
regression methods and Bland-Altman plot analysis. Precision profile and linearity tests were performed. 

Results - From the analysis conducted on the data obtained with the two methods we obtained a regression line with an intercept of 0.82 
and a slope of 0.96 with r = 0.974. From the comparison carried out with the Bland-Altman analysis we obtained a BIAS = -0.2622 and a 
95% confidence interval with an upper limit of 4.9054 and a lower limit of -5.4299. 

Conclusions - The immuno-enzymatic method shows values well correlated with the gold standard method when the concentration fall 
within the therapeutic range, in particular for low concentrations. While, the greatest differences are instead recorded for high values. The 
precision profiles results are slightly different than those declared by the company. 
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Background: The limited data available on predicting tacrolimus dose requirement in the immediate post-transplant period based on pre-
transplant pharmacokinetics (PK) data. We explored the correlation of descending phase of the PK with post-transplant dose requirement. 

Methods: Patients of either sex, aged ≥18 years, planning to undergo renal transplantation were screened for inclusion into the study 
.They were administered a single oral dose of 0.09-0.1mg/kg between days 4-7 before the scheduled day of transplantation. The 
tacrolimus was given empty stomach with 150ml of water to alleviate the effect of food on the absorption. Light breakfast was allowed 
after 1hour and the composition was kept uniform. The blood samples would be collected 0.5,2,5,8 and 12hours after giving the drug. 
After transplantation, the C0 on the day 2,5,8,12,15 and 30 was obtained. 

Results: A total of 44 patients have been enrolled in this study so far out of 50. 5/44 recipients were women, in contrast 33/44 donors 
were women. The mean age was 34.4±9.4 years and average BMI was 20.1±3.4. The absorption profiles of the participants were of two 
distinct types. The rapid peak was observed in most of the patients (2/3rd) who had concentration more at 0.5 hours compared to the 2 
hour concentration. About 1/3rd patients had relatively slower peak with C2 being the Cmax. The pre transplant C8 and C12 were found 
to be better predictors of the post-transplant C0 at post-transplant day 2,5,8,12,15 and 30 days than the C2. The Spearman correlation 
coefficient for the same were 0.62 (P = 0.54), 0.69 (P=0.04), 0.73 (P=0.03), 0.80 (P=0.01) , 0.82 (P=0.003) and 0.9 (P=0.04) for C12. 

Conclusions: The pre transplant C8 or C12 after single dose tacrolimus may be able to offer a viable alternative predicting post-transplant 
dose and the scope of individualised dosing in resource poor settings. 
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Background: Mycophenolate Mofetil is increasingly being used for the treatment of lupus 

nephritis (LN) though the regulatory status is off-label prescription.The available literature 

suggests that the exposure of MPA should be between 30-60 ug*hr/ml for achieving therapeutic response. However, this has not been 
extensively studied in patients of specifically of Indian ethnicity, though it has been proposed that the dose requirement may be less in 
Asian population. Method: A total of 100 potential participants who were on MMF were screened and 58 were enrolled into the study. 
Written informed consent was obtained from the participants. 2 ml of blood samples were obtained pre-dose and after 1, 2, 4 and 6 hours 
of dosing. The concentration of MPA and MPAG were obtained from the respective standard curves by using forecast method. The AUC 
0-12 was calculated using the following formula: AUC (0-12)=10.75+(0.98xC1)+(2.38 x C2)+(4.86xC6). Results: Patients were divided 
into two groups remission group (n=38, M/F=5/33, mean age 35.4±9.2 years) and titration group (n=20, M/F=1/19, mean age 31.4±11.2 
years). The remission group AUC 0-12 was 28.24±13.55(5.1-57.05)ug*hr/ml with a mean dose of 

1032±320 mg/day and titration group AUC 0-12 was 30.36±12.92(13.2-83.6)ug*hr/ml for MPA with a mean dose of 2142±188 mg/day 
whereas MPAG, AUC 0-12 was 166.78±133.28ug*hr/ml for remission group and 236.18.1±223.61ug*hr/ml for titration group. 19/38 
patients in the remission group had AUC less than 30 ugh/ml and had continued remission for &gt;6 months and none complained of 
significant gastrointestinal adverse event, ever during the treatment period. Conclusion: Our data does suggest that there is high inter-
individual variation the concentration of MPA achieved in patients with LN. About 50% of patients maintaining remission were below the 
lower limit of the recommended therapeutic range of 30ug*hr/ml. This makes the case stronger for redefining the therapeutic range of 
MPA in our setting. 
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Background: The study was undertaken with the aim of determining a correlation between the exposure of MPA (measured by a limited 
AUC) as well as safety of MPA (measured by the incidence of adverse events such as diarrhea due to the drug) in renal transplant 
recipients. In the current study, we have enrolled 30 patients with complaints of diarrhea as an adverse event due to the use of 
mycophenolate mofetil. 

Method: The study is being conducted as a prospective observational study. Participants underwent sampling at time points 0, 1, 2, 4, 
and 6 hours after administration of a dose of MMF. The exposure to MMF was calculated by determining the plasma concentration of 
MMF at these time points (C0, C1, C2, C4, and C6 respectively) and subsequent calculation of the area under the plasma concentration-
time curve (AUC). 

Results: Out of 30 patients 23 (76.6%) were male and 7 (23.3%) were female patients. The mean age was 36.9±10years. The mean BMI 
was 20±4. From the causes of end-stage renal disease 33.3% cases were of hypertensive CKD, 50% cases were of unknown CKD and 
16.6% cases were of chronic glomerular nephropathy. From the brand of the Mycophenolate used 36.6% used Renodapt, 33.3% Cellcept, 
16.6% Mycept and the remaining 13.3% used Myfortic. The mean AUC in the case of MPAG was 240±109ug*hr/ml and in the case of 
MPA the mean AUC was 61.8±38 ug*hr/ml. 

Conclusion: Our data do suggest that there is a high inter-individual variation in the concentration of MPAG and MPA achieved in patients 
with GI tolerability. This makes the case 

stronger for monitoring the therapeutic range of MPAG and MPA in our setting. 
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Strano Rossi1 
1Università Cattolica del Sacro Cuore, Rome, Italy; 2Fondazione Policlinico Universitario Agostino Gemelli IRCCS 

Introduction 

Gadobutrol, a Gadolinium complex, is used in magnetic resonance imaging as a contrast agent. Its determination in urine is useful to 
evaluate the complete elimination in patients’ body fluid, especially in case of kidney impaired subjects. Gadolinium complexes in 
biological specimens are often analyzed by inductively coupled plasma (ICP). High resolution mass spectrometry coupled with High 
performance liquid chromatography (LC-HRMS) can offer the advantage of a rapid identification and quantification of the specific 
gadolium-based contrast agent. High Resolution Mass Spectrometry (HRMS) offers the advantages of a high selectivity for the target 
compounds, due to very efficient mass resolution. 

Method: 

A LC-HRMS method for the determination of gadobutrol in urine was developed. Sample preparation was constituted of a simple dilution 
of urine sample prior to the LC-HRMS analysis, performed at a resolution of 100000 (full width at half maximum FWHM) and acquiring 
ions in the range 500-700 m/z. The method was validated, taking into consideration selectivity, linearity range, intraday an interday 
precision and accuracy, limit of detection (LOD) and quantification (LOQ). 

Results: Gadobutrol is easily identifiable by a highly characteristic mass spectrum isotopic pattern. The proposed method was proved to 
be very rapid for its determination, by a dilute and shoot approach, followed by a 6-minute chromatographic run, and effective. 
Furthermore, it allows a reliable quantitative determination. Validation results were fully satisfactory: LOD and LOQ were respectively 0.2 
and 5 µg/mL. CV% and E% were always lower than 14%, (<20% at LOQ). The HRMS method allows a high selectivity, and no 
interferences were detected in authentic samples. The method was used for gadobutrol determination in twenty urine samples. 

Conclusions: The developed method showed its capability as a reliable, rapid and accurate assay for gadobutrol identification and 
quantification, due to the high identification power obtained with Orbitrap high resolution mass detector. 
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Impact of fasting status and circadian variation on the pharmacokinetics of mycophenolate mofetil and the 
glucuronide metabolite in renal transplant recipients 
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Introduction: Mycophenolate mofetil (MMF) is an immunosuppressive prodrug used for the prevention of allograft rejection. After oral 
administration, the prodrug is rapidly hydrolyzed to the active mycophenolate acid (MPA) which is further converted to inactive glucuronide 
metabolite (MPAG) via UGT enzymes. The aim of the study was twofold; to investigate the impact of fasting vs non-fasting status as well 
as circadian variation on the pharmacokinetics of MPA and MPAG in renal transplant recipients. 

Methods: Renal transplant recipients with stable graft function treated with tacrolimus, prednisolone in addition to MMF 750 mg BID were 
included in this single center, prospective study. Two successive 12-hour MPA pharmacokinetic investigations (morning/evening) were 
performed both in a fasting (±2 hours fasting rule) and non-fasting state. 

Results: A total of 30 (22 men, 8 women, mean age 55 ±16 years) renal transplant recipients performed one 24-hour investigation and 
14 of these repeated the investigation within one month (n=1188 MPA/MPAG concentrations). Following the morning dose there was a 
slower MPA absorption rate under non-fasting conditions compared with a fasting state, but AUC0-12 was similar. Following the evening 
dose and in a fasting state mean MPA AUC was 15% lower (p<0.05) and the absorption rate slower compared with the morning dose 
(p<0.05). Under non-fasting conditions, mean AUC was 13% lower following the evening dose (p<0.01), but the absorption rate was 
faster compared with after the morning dose (p<0.05). MPAG showed a circadian variation only under non-fasting conditions with lower 
AUC after the evening dose (p<0.01). 

Conclusions: Both MPA and MPAG showed circadian variation with somewhat lower systemic exposures following the evening dose with 
limited clinical relevance in renal transplant recipients. Fasting vs. non-fasting conditions affect the absorption rate differently, but has 
similar impact on the systemic exposure of MPA. 
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Introduction: Response to intravenous immunoglobulin (IVIg) treatment in patients with Guillain-Barré syndrome (GBS) is highly variable, 
and total serum IgG clearance is related to clinical outcome. Earlier, we described a two-compartment pharmacokinetic (PK) model with 
linear elimination for IVIg in GBS. In this study, we aimed to evaluate the robustness of this model using an independent cohort of GBS 
patients, and defined the relation between the PK of IVIg and clinical outcome. 

Methods: Non-linear mixed-effects modelling (NONMEM 7.4) was utilized to evaluate the structure and parameter estimates from the 
initial model using an independent cohort of 177 GBS patients, with a total of 689 sequential serum IgG concentrations. Model accuracy 
was assessed by evaluation of diagnostic plots and (prediction-corrected and stratified) visual predictive checks. Total IgG exposure 
(AUC0-t) was derived from the model parameters and was related to clinical outcome measures. 

Results: The visual predictive checks indicated that the estimated parameters in the two-compartmental PK model with first order 
elimination adequately predicted the observed IgG concentrations in the validation cohort and confirmed methylprednisolone and GBS 
disability score as covariates on clearance. Currently, we are performing the analysis to link the total IgG exposure, as obtained from the 
model, to the pharmacodynamics (PD) of GBS. This relationship will be assessed in the combined datasets of the model building and 
validation cohort, with a total of 354 GBS patients and 1278 sequential serum IgG measurements, and will be presented during the 
congress. 

Conclusion: In this study we successfully evaluated robustness of a NONMEM model for the PK of IVIg in the treatment of GBS. This 
model-based approach increases our understanding of factors contributing to the observed variability in IVIg-treated patients, and may 
provide a tool to explore alternative treatment regimens to optimize treatment. 
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SimplicityLab CR TM: An integrated liquid-handling, LC-MS/MS platform for therapeutic drug monitoring 

Collin Hill 

PerkinElmer, United States of America 

Detection of immunosuppressant drugs in human blood is a major task in clinical analysis, providing information on drug levels to ensure 
proper dosage. When coupled with robust sample preparation techniques, LC-MS/MS lends itself particularly well for these 
measurements, due to its specificity and sensitivity for the analytes of interest. Here we describe a novel integration of software and 
hardware to seamlessly create a workflow for monitoring of four immunosuppressants in whole blood: Cyclosporine A, Tacrolimus, 
Sirolimus and Everolimus. Using spiked whole blood samples, the PerkinElmer Janus® G3 workstation automatically extracts the analytes 
of interest and the PerkinElmer QSight® 220 LC-MS/MS allows for low-level quantitation from a complex biological matrix. The software 
platform SimplicityLabCR TM supports automatic feeding of batch lists from the liquid handler to the LC-MS/MS system and provides a 
convenient workflow for automatic method retrieval, all while maintaining sample traceability. Samples are first accessioned in the 
SimplicityLabCR TM, where a catalog of associated methodologies is stored. Using a cloud-based interface, the preparation methods 
are pushed to the Janus® G3 workstation, which begins the sample extraction process. Upon completion, the sample list from the cloud 
can then be accessed directly on the LC-MS/MS system, negating the need for users to create batch lists. Finally, reports are automatically 
generated and fed back to the cloud, allowing for ease of access. This provides a convenient solution for laboratories, as several sources 
of error are eliminated by minimizing human intervention, such as errors in sample-preparation and transcription of meta-data into the 
software. Analytical characteristics such as linearity, precision, accuracy and carry-over are characterized, demonstrating the excellent 
performance of the PerkinElmer Janus® G3 coupled to the QSight® 220 LC-MS/MS. 
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Background: Immune checkpoint inhibitors blocking programmed cell death 1 (PD-1) are used in the treatment of various cancer types. 
Severe grade adverse events (AEs; ≥3 out of a 1-5 scale) occur in around 7-20% of patients receiving anti-PD-1 monotherapy. However, 
dosing schemes have changed and based on population pharmacokinetic (PPK) analyses, flat-dosing schemes were approved. Both 
PPK analyses and indirect comparisons between clinical trials showed no impact on the occurrence of grade ≥3 AEs. However, with this 
analysis, we aimed to compare the occurrence of grade ≥3 AEs between different mg/kg dosing in 1 uniform real-life cohort. 

Methods: In total, 554 patients receiving anti-PD-1 monotherapy between July 2015 and January 2020, and who were included in the 
MULTOMAB-trial (www.trialregister.nl/trial/6828) were eligible for this study. The occurrence of grade ≥3 AEs from start of anti-PD-1 
therapy until end of follow-up were collected using electronic patient forms. A mg/kg dose was calculated by using body weight and 
administered drug dose. For both nivolumab and pembrolizumab, patients were divided in having an ‘above’ or ‘below and including’ 
median mg/kg dose. A Log-rank test was performed to assess differences in the occurrence of grade ≥3 AEs. 

Results: Median nivolumab and pembrolizumab doses were 3.0 (range: 1.55–3.87) and 2.37 (range: 1.71–4.49) mg/kg, respectively. For 
nivolumab 11.2% of the patients below (26 of 233), and 7.4% above median (12 of 163), experienced grade ≥3 AEs (p=0.23). For 
pembrolizumab, 13.9% below (11 of 79), and 19.0% above median (15 of 79) experienced grade ≥3 AEs (p=0.08). 

Conclusion: No significant difference in received mg/kg doses of nivolumab or pembrolizumab and grade ≥3 AEs was seen in our real-
life cohort. This is in line with earlier PPK analyses and indirect comparisons between various clinical trials, and therefore, supports the 
current and safe use of flat dosing schemes. 
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Introduction 

The emerging market of New Psychoactive Substances (NPS) is a global-scale phenomenon and their identification in biological samples 
is challenging for both forensic and clinical toxicology laboratories. NPS can be extensively metabolized, especially in urine. Metabolism 
studies are hence necessary in order to setup analytical methods targeting the main metabolites, but their administration is not possible 
to human volunteers and urine specimens from abusers are seldom disposable. Software for supporting and improving drug metabolism 
studies by in silico metabolism prediction were developed. In silico prediction can be followed by in vitro or in vivo studies to detect the 
main predicted metabolites. 

Method 

In this study we describe the application of in silico metabolism prediction followed by in vitro or in vivo studies using a murine model on 
NPS from different classes: synthetic cannabinoids, synthetic cathinones, aminoindanes, other stimulants. The prediction was performed 
using metasite™ software. Experiments were performed in vitro, using liver slices from Wistar albino rats, or in vivo after administration 
of the NPS to ICR mice and collecting blood, urine and hair. 

Analyses were performed by Liquid Chromatography High Resolution Mass Spectrometry (LC-HRMS) by using a benchtop Orbitrap 
instrument. 

Results 

The metabolites predicted by the software with higher likelihood of formation were always detected in the mice urine or liver slices for all 
the substances investigated. This allowed to set-up analytical methods targeted to the metabolites, besides the parent compound, that 
were validated for their routine use to uncover the presence of various NPS in biological samples. 

Conclusions 

In silico prediction followed by in vitro or in vivo experiment is an extremely useful tool for the study of main metabolic fate of drugs that 
are continuously rising in number on the illicit market. It allows to develop analytical methods for their detection for clinical and forensic 
application. 
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Simultaneous, multi-compartment measurements using electrochemical aptamer-based (E-AB) biosensors: a 
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Our goal is to dramatically improve the ease and precision with which therapeutic drug monitoring (TDM) is performed by rendering in-
vivo drug measurements as convenient, as minimally invasive, and as well resolved as the continuous glucose monitor has rendered the 
measurement of blood sugar. To do so requires (1) a sensor that can monitor arbitrary molecules in the body in real time, and (2) better 
understanding of how drug levels in subcutaneous (SubQ) interstitial fluid (ISF), a minimally invasive site for measurements, relate to the 
plasma drug levels that are the basis for clinical decision making and, ideally, how both relate to drug levels at the drug’s site of action. 
Previously we have described electrochemical aptamer based (EAB) sensors, a molecular monitoring approach that achieves the 
necessary real-time, seconds-resolved in vivo measurement capabilities. To explore the latter requirement, here we apply EAB sensors 
to the problem of measuring the antibiotic vancomycin in the SubQ space, intravenously, and in the brains of live rats in pairs of 
simultaneous measurements that achieve time resolution of ~11 s. Simultaneously deploying SubQ/intravenous sensors we are beginning 
to map out the relationships between drug pharmacokinetics in these compartments to understand how the former predicts the latter. 
And by simultaneously deploying intracranial/intravenous sensors we are studying the relationships between plasma/CSF levels of drug, 
providing an opportunity to relax the assumptions almost universally employed in prior compartmental models of drug transport and 
allowing us to quantitatively address (rather than simply assume), for example, whether the targeted drug is metabolized in brain tissue 
or actively transported into or out of the ventricles. 
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Introduction: The therapeutic drug monitoring (TDM) of newer antiepileptic drugs allow to gain best efficacy in the treatment of many 
neurological and neuropsychiatric disorders. To this end, the application of quality control (QC) assures reliability of analytical results 
from unknown specimens by measuring the consistency of results from QC samples (QCS) against their target value. 

In order to simplify QC procedures, commercially available QCS for automated immunochemical assays have usually same target value 
across different production batches, that is achieved by laying 10% tolerance on lot-to-lot variability. Albeit apparently small, this potential 
uncertainty do affects the effectiveness of QC for it is generally unknown by the end-user. 

Methods: In our laboratory (Policlinico Umberto I, Rome – Sapienza University of Rome), the use of Sheweart Control Chart (SCC) 
showed a persistent positive bias within ±1sd for a turbidimetric Lamotrigine assay (QMS® Immunoassay, Thermo Fisher Scientific, 
Monza, Italy), that caused ineffective but costly corrective actions. To address the issue, a preliminary method comparison study against 
spectrophotometric test with semi-log calibration (ARK™ Diagnostics for Siemens Healthcare, Milano, Italy) was carried out on both real 
specimens (N=58) and QCS (N=42, i.e). 

Results: Passing-Bablok regression showed neither proportional nor systematic bias between the methods for both QCS and real 
samples. The same positive bias was eventually shown also in the spectrophotometric assay. Consequently, the QC procedure was 
changed by modifying the SCC whereby incorporating the uncertainty about the nominal value of the QCS that was assumed to be ±10%. 
Whereby this new device it was possible to avoid false-alarms due to bias between nominal and actual value of the QCS that laid within 
±1sd on the SCC. 

Conclusions: commercially available QCS with lot-to-lot constant nominal value should report also the uncertainty due to batch production 
tolerance for allowing consistent and effective SCC application. 
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Background: Eltrombopag (EPAG) is an orally thrombopoietin receptor agonist (TPO-RA), approved for pediatric patients with primary 
immune thrombocytopenia (ITP), older than 1 year and refractory to first line therapy. The use of EPAG has led to an improvement of 
platelet counts and a reduction in bleeding severity. Nevertheless, a significant portion of pediatric patients shows no response to EPAG 
treatment. In order to explore potential variability of EPAG exposure, we performed a pharmacokinetic evaluation of EPAG in pediatric 
patients with chronic ITP, refractory to first line treatment. 

Methods: Subjects aged from 1 to 17 years, affected by chronic ITP and refractory to first line treatment were enrolled for pharmacokinetic 
assessment. Analysis of drug plasma concentration was performed by mass spectrometry coupled with UHPLC platform. Non-
compartmental analysis was carried out using WinNonLin software. 

Results: Sixteen patients were evaluable for PK analysis (12 females). The mean dose of EPAG given once daily was 64 mg, ranging 
from 25 mg to 100 mg. Overall, EPAG peak occurs between 2 and 4 hours with a population dose normalized (to 75mg dose) of Cmax 
and AUC 0-tau of 67.17 ug/mL and 873.46 ug*h/mL, respectively. Furthermore, females show higher EPAG exposure values than males. 
Despite dose normalization of EPAG concentrations, pharmacokinetic profile in pediatric patients does not show a clear dose linearity. 
Age subgroup analysis further highlights the remarkable variability among all patients (Fig.1). 

Conclusion: In summary, our preliminary investigation shows huge exposure variability among ITP children treated with EPAG. Overall, 
exposure parameters detected in our real-life setting appear to be greater than those described previously in healthy subjects, adults, 
and pediatric patients. These data highlight the need to further explore variability of EPAG exposure and its 
pharmacokinetic/pharmacodynamic profile in pediatric patients. 
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A randomized cross-over study comparing twice-daily immediate-release and once-daily modified-release 
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Background: A high intra-patient variability (IPV) in tacrolimus exposure is a risk factor for poor long-term outcomes after kidney 
transplantation. Previous studies have provided conflicting results with respect to the effects on IPV of switching from an immediate-
release, twice-daily tacrolimus formulation to a modified-release, once-daily tacrolimus formulation. The main objective of this trial was to 
investigate whether Tac IPV decreases after switching patients from Prograf® to either Advagraf® or Envarsus®. 

Methods: In this randomized, prospective, open-label, cross-over trial, adult kidney transplant recipients on a stable immunosuppressive 
regimen including Prograf® were randomized for conversion to either Advagraf® or Envarsus®, and for the order in which Prograf® and 
the once-daily formulation were taken. Follow up was 12 months. Patients were followed 6 months for each tacrolimus formulation, with 
monthly tacrolimus pre-dose concentration (C0) assessments to calculate the primary outcome, the IPV. 

Results: Ninety-two patients were included for the analysis of the primary outcome. For the calculation of the IPV, mean tacrolimus C0 
levels of 5.7, 6.0, and 5.8 ng/mL were available for Prograf®, Advagraf®, and Envarsus®, respectively. No statistically significant 
differences between the IPV of Prograf® (16.6%) and the IPV of the combined once-daily formulations (18.3%) were observed; difference 
+1.7%, 95%-confidence interval (CI) -1.1% to 4.5%, p 0.24). The IPV of Envarsus® (20.1%) was higher compared to the IPV of Advagraf® 
(16.5%), but this difference was not statistically significant as well (difference +3.6%, 95%-CI -0.1% to 7.3%, p 0.06). Safety outcomes 
were similar between groups. 

Conclusions: The IPV did not decrease after switching from immediate--release tacrolimus to either Advagraf® or Envarsus®. The results 
of this study provide no arguments to switch kidney transplant recipients from the standard, twice-daily (immediate-release) tacrolimus 
formulation to a once-daily (modified-release) tacrolimus formulation when the aim is to lower the IPV. 
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Fixed dosing of tocilizumab in ICU admitted COVID-19 patients is a superior choice compared to bodyweight 
based dosing; an observational population pharmacokinetic and pharmacodynamic study 

Dr. Dirk Jan A.R. Moes1,2, Dr. David J. Westerloo3, Dr. Sandra M. Arend4, Dr. Jesse J. Swen1,2, Dr. Annick de Vries5, Prof. Henk-
Jan Guchelaar1,2, Dr. Simone Joosten4, Dr. Mark G.J. de Boer4, Prof. Teun van Gelder1,2, Judith van Paassen3 
1Leiden University Medical Center, Department of Clinical Pharmacy and Toxicology, The Netherlands; 2Leiden Network for 
Personalised Therapeutics, The Netherlands; 3Leiden University Medical Center, Department of Intensive Care, The Netherlands; 
4Leiden University Medical Center, Department of Infectious Diseases, The Netherlands; 5Biologics Lab, Sanquin Diagnostic Services, 
The Netherlands 

Introduction 

In the randomized controlled trial REMAP-CAP, it was shown that next to dexamethasone, the IL-6 receptor antagonist tocilizumab 
improves outcome, including survival in ICU admitted COVID-19 patients. The currently applied dosage of 8 mg/kg is based on use of 
this drug for other indications, however is has not formally been investigated for COVID-19. In this study pharmacokinetics and dynamics 
of tocilizumab were investigated in ICU admitted COVID-19 patients. 

Methods 

This was an open-label, single-center observational pharmacokinetic and -dynamic evaluation study. Enrolled patients, with polymerase 
chain reaction confirmed Covid-19 were admitted to the ICU. All patients were 18 years of age or older and received tocilizumab within 
24 hours after admission to the ICU and received 6 mg dexamethasone daily as concomitant therapy. A nonlinear mixed effects model 
was developed to characterize the pharmacokinetics parameters of tocilizumab in ICU admitted COVID-19 patients. Covariate analysis 
was performed to identify potential covariates for dose individualization. 

Results 

29 patients were enrolled. A total of 139 tocilizumab plasma samples were obtained covering the pharmacokinetic curve of day 0 up to 
day 20 after tocilizumab initiation. A population pharmacokinetic model with parallel linear and non-linear clearance was developed and 
validated. Average CL was estimated to be 0.725 L/Day, average Vd was 4.34 L. Vmax was 4.19 ug/day and Km was 0.22 ug/ml. 
Interindividual variability was identified for CL (18.9%) and Vd (21%). Average AUC0-inf 1st DOSE was 938 [±190] ug/mL*days. 
Tocilizumab half-life was estimated to be 4·15 [±0·24] days. All patients had tocilizumab exposure above 1 ug/ml for at least 15 days. 

Conclusion 

This study provides evidence to support a fixed dose of 600 mg tocilizumab in COVID-19 patients. Furthermore our findings suggest that 
alternative cost saving regimens with even lower doses are likely to be as effective as the current 8 mg/kg recommendation. 
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Background/Introduction: The breadth and number of compounds that must be analyzed for clinical purposes is both huge and ever 
increasing. Maintaining the capacity to detect even a significant fraction of them can be both technologically and economically prohibitive. 
Many analytical systems can only detect a limited number of compounds in a given run and laboratories can only afford to maintain limited 
stocks of authentic reference materials. Here we present an integrated method and library that can screen for over 1500 compounds of 
clinical interest in a single chromatographic run. Developed on a carefully standardized instrumentation platform, the method will, when 
run on a matching platform, produce comprehensive and reliable results for a wide range of analytes in clinical toxicology. 

Results: A method capable of screening 1500 compounds in a single chromatographic run was implemented on a high-resolution 
accurate-mass LC/MS system incorporating Orbitrap technology. Run on a separate, identical system, the method was used to analyze 
100 representative analytes of clinical and toxicological interest, in urine. A partial method verification was performed. LODs ranged from 
0.5 to 100 ng/mL. LOIs ranged from 5 to 1000 ng/mL. 

Conclusion/Discussion: Carefully duplicating instrumentation and operating conditions across multiple laboratories allows a common 
method, spectral library, and compound database to be applied to analysis of compounds of clinical / toxicological interest. This common 
bundle facilitates screening of over 1500 compounds in a single run and reduces the need for laboratories to purchase seldom-used 
reference materials until a compound’s absolute confirmation is required. This research method can also provide quantitative analysis of 
any compounds for which quantitation curves have been established. 
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Introduction 

Most of the labs determine the sum of Flupentixol. In tablets the racemate is used and in depot injection there is only the cis form which 
is the psychoactive one. 

Some labs use only the therapeutically range from 1-10 ng/ml not knowing which form of Flupentixol was used. For the cis form the 
therapeutic range is 0.5-5 ng/ml. 

For the depot, a therapeutic range from 1-10 ng/ml is wrong, in fact it is 50 % too high. In the tablet the ratio of cis and trans is not 1:1. 
The concentration of the active drug is much lower compared to the inactive form. 

When the sum and the amount is higher than 10 ng/ml, the concentration of the active form is still in the therapeutic range. That misleads 
into underdosage. 

Both aspects, the range that is too high for the depot and too low for the tablet misleads to change the dosage into the wrong direction. 

Method 

For the determination of Flupentixol an HPLC method followed by High-Resolution-Orbitrap-MS detection is used. The separation of the 
cis and the trans form is performed on an Accucore Biphenyl HPLC column. 

For the sample preparation a SOLA CX polymeric cartridge is used, resulting in a quantitation limit in serum of 0.25 ng/ml using the 
accurate m/z of Flupentixol. 

Another important aspect is the stability of the charged form of Flupentixol. It is necessary to acidify the sample before the sample 
preparation and injection. Only the protonated stabile form of the molecule will result in a linear calibration curve. 

Results 

Due to the special problem given by the racemate form of Flupentixol, separation of the cis form from the trans form is mandatory. Wrong 
results by determine the sum, can result into the wrong dosage for the person. 
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Background 

Reliable quantitation of Meropenem (MEP) and Piperacillin (PIP) is recommended to ensure Minimum Inhibitory Coverage for detected 
pathogens in septic patients driving proper ICU patient clinical conducts. Due to its high specificity and selectivity, LC-MS/MS is 
considered the gold standard for therapeutic drug monitoring (TDM). We have developed and validated a liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) method to quantify Meropenem and Piperacillin in serum. 

Methods 

The quantitation transitions selected for Positive Electrospray Ionization used in a triple quadrupole UHPLC-MS/MS were m/z 
384.1>141.1 for MEP and 390.1 >146.1 for MEP-d6 (IS) and 535.2>143.1 for PIP and 540.3 >148.1 for PIP-d5 (IS). To each 100 µL of 
sample, 10 µL (20µg/mL) of internal standard mix followed by 500 µL Acetonitrile were added. Samples were centrifuged at 13500 rpm 
for 8 min. To the extract supernatant SRW water was added in a 1:1 proportion and a 10 µL was injected to a Hypersil Accucore C18 
column (100 mm x 2.1 mm ID, 2.6 microns), eluted with a linear gradient of Acetonitrile with 0.1% Formic Acid and aqueous 2 mmol/L 
ammonium acetate and 0,1% Formic Acid at a flow rate of 0.4 mL/min. Validation studies were performed based on international 
standards. 

Results 

Method has shown to be linear from 1.0 up to 250 µg/mL (r2 higher than 0.99). The method had a detection limit of 0.27 µg/mL for MEP 
and 0.024 µg/mL for PIP and a LLOQ established at 1.0 µg/mL for MEP and PIP. Inter-day precision ranged from 8.5 – 9.6% for 
Meropenem and 7.5 – 8.4% for Piperacillin at low, medium, and high concentrations. The recovery ranged 87.8 – 114.2% for MEP and 
93.7 – 118.2% for PIP. 

Conclusion 

The method was successfully developed and validated, with run times of 5 minutes per sample and will be applied with a PK/PD modeling 
for septic patients. 
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Introduction: The case of a patient with Gastrointestinal Stromal Tumor (GIST) in which Therapeutic Drug Monitoring (TDM) demonstrated 
a drug-drug interaction (DDI) between imatinib (IMA) and carbamazepine is reported. IMA is metabolised by CYP3A4 to form an equally 
active metabolite, N-desmethyl-imatinib (NOR). Carbamazepine acts as CYP3A4 inducer. The proposed desirable threshold for IMA 
efficacy is Ctrough>1100ng/mL. 

Methods: The patient was a 63-year-old male treated with IMA 400mg daily from 2013 to 2019. Subsequently, because of disease 
progression, the daily dose was switched to 800mg. Blood samples were collected approximately every 4 months from 2018 to 2021. 
IMA and NOR Ctrough were determined with a LC-MS/MS method validated according to FDA and EMA guidelines. Based on literature 
data, an antiepileptic drug change in favour of a non-enzyme-inducing drug (lacosamide) was proposed to the patient. 

Results: At the daily dose of 400mg, mean plasma IMA Ctrough was 332.2±54.4 (range 285.2-406.0) ng/mL, much lower than the 
proposed threshold for IMA efficacy (1100 ng/mL). Similarly, when IMA dose was increased to 800 mg daily, the patient’s IMA Ctrough 
remained lower than the threshold for most of samplings (mean Ctrough=1046.3±276.5 (range 842.7-1448.9) ng/mL). The mean 
NOR/IMA Ctrough ratio was 52.0%±6.2%, much higher than expected (20-25%), suggesting an induction of IMA metabolism. 
Pharmacogenetics analyses did not reveal any variant polymorphism on CYP3A4 gene. The sample collected two weeks before the 
completion of the antiepileptic switching process (performed over 4 months), displayed an IMA Ctrough=4297.8 ng/mL, with a NOR/IMA 
Ctrough ratio of 31.9%. 

Conclusions: IMA and NOR plasma concentrations and NOR/IMA Ctrough ratio were consistent with a DDI between IMA and 
carbamazepine. TDM identified a DDI in a patient who resulted underexposed to his oncologic treatment. The antiepileptic change 
produced an increase of IMA concentration above the proposed threshold and a partial normalization of NOR/IMA Ctrough ratio. 
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Nádia Emi Aikawa1, Clóvis Artur Almeida Silva1, Eloisa Bonfá1, Sandra Gofinet Pasoto1 
1Rheumatology Division, Hospital das Clínicas HCFMUSP, Faculdade de Medicina, Universidade de São Paulo, São Paulo, SP, Brazil; 
2Central Laboratory Division, Hospital das Clínicas HCFMUSP, Faculdade de Medicina, Universidade de São Paulo, São Paulo, SP, 
Brazil; 3Laboratório de Investigação Médica (LIM 03), Hospital das Clínicas HCFMUSP, Faculdade de Medicina, Universidade de São 
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Hydroxychloquine (HCQ) is recommended to treat primary Sjörgren’s Syndrome (pSS), a rare rheumatic disease. Only few studies in the 
literature report chemotherapeutic drug interactions with HCQ. Here we report a possible drug interaction between doxorubicin and HCQ 
in a patient diagnosed with pSS. 

Case report 

A 61-year-old woman, 70kg, had history of Kaposi sarcoma and chemotherapy with doxorubicin. She was diagnosed with pSS in 2017 
and treated with HCQ 4.1 mg/kg/day since 2019. On March 1st, 2021, the patient was included in a study protocol assessing the 
therapeutic monitoring in whole blood and saliva for drugs used in autoimmune rheumatic diseases. On March 5th, 2021 blood and saliva 
samples were collected for HCQ measurement by LC-MS/MS, as part of the study protocol. The results shown an extremely elevated 
HCQ concentrations: 7984.3 ng/mL (blood) and 1150.27 ng/mL (saliva). She was asymptomatic. The measurement was repeated in 
blood and was extended to metabolites analysis, which shown similar result for HCQ and evidenced reduced HCQ to metabolite 
conversion. After investigation, drug interaction with doxorubicin was suspected, as the patients underwent chemotherapy with 
doxorubicin (56,1 mg) on February 26th, 2021, seven days before blood collection for HCQ measurement. A second samples collection 
for blood and saliva was performed on April 29th, 28 days after another chemotherapy round with doxorubicin (58.4 mg). 
Hydroxychloroquine and metabolites were measured and shown adequate blood level (1935.1 ng/mL) and restored metabolism profile, 
however saliva level remained high (1395.5 ng/mL) with undetectable metabolites levels. Hydroxychloroquine was suspended, as the 
patient would undergo new chemotherapy rounds, and as a strategy to investigate more deeply this probable drug interaction. 

Conclusion 

This case report showed a possible asymptomatic hydroxychloroquine and doxorubicin interaction in a rare autoimmune rheumatic 
disease, reinforcing the relevance of therapeutic monitoring in whole blood and saliva of this medication. 
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Background 

Liquid chromatography coupled with mass spectrometry (LC-MS/MS) is a gold standard for drug measurement in therapeutic drug 
monitoring (TDM), but it is not available for some sites or clinical centres. Dried Plasma Spot (DPS) is an emerging strategy which can 
allow access to HPLC-MS/MS analysis even for remote sites. Thus, we developed and validated a DPS-based LC–MS/MS method to 
measure thalidomide plasma level in cutaneous and systemic lupus erythematosus (CLE/SLE) patients. 

Methods 

DPS cards were prepared with 100 µL of plasma at room temperature, then 20 µL of internal standard (thalidomide-d4), and 913 µL of 
mobile phase were added. The mixture was vortexed and centrifuged, and 60µL of the supernatant were injected to an on-line extraction 
column SolExTM RSLC HPD (2.1.x 20.mm) eluted with 0.5% of formic acid (1.mL/min). The analytes were transferred to an Accucore 
PFP column (50.×.2.1.mm) eluted with mobile phase (0.1% formic acid and 0.1% formic acid in methanol/acetonitrile, 70/30) at 0.4 
mL/min. Consistent signals with m/z 259.1>84.1 (thalidomide) and 263.1>84.1 (thalidomide-d4) were obtained using LC-MS/MS system. 
Method validation included linearity, precision, accuracy, matrix effect, recovery, and process efficiency for dried and wet plasma. 

Results 

Thalidomide and thalidomide-d4 eluted at 5.7.min. The method was linear from 100.to.2000.ng/mL in DPS (r.= 0.992) and wet plasma 
(r.= 0.998). Precision assays yield a coefficient of variation of 3.8.to.9.9% for DPS and 1.1.to.7.6% for wet plasma. The accuracy was 
102.4.to.115.7% for DPS and 104.2.to.115.3% for wet plasma. Considering low and high levels for dried and wet plasma, Matrix effect 
ranged between 100.5% and 108.0%; Recovery ranged between 88.5% and 104.5%, and Process Efficiency ranged between 91.2% and 
109.2%. 

Conclusions 

The LC-MS/MS method for measurement of thalidomide in DPS was successfully validated and can be applied for TDM of CLE/SLE 
patients even from remote sites without access to LC-MS/MS analysis. 
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Investigation of human hepatic metabolism of methylparaben using an in vitro model 
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Introduction: Parabens are widely used as antimicrobial preservatives in cosmetics, food and medicines. Exposure may occur through 
dermal, ingestion and inhalation routes. Due to their endocrine-disrupting effects, the use of paraben has become a public health concern. 
If many studies have reported the presence of parabens in biological matrices such as urine, they cannot be easily interpretated without 
accurate knowledge of their toxicokinetics properties especially regarding their hepatic metabolism. The objective was to determine 
enzymatic parameters of different metabolic pathways of methylparabens (MP), to better understand and describe human exposure to 
parabens. 

Methods: Hepatic metabolism human S9 microsoms (HMSP9) were used to assess hepatic metabolism pathways (glucuronidation, 
sulfonation, hydrolysis and oxydation). HMSP9 were mixed with specific co-factors to independently assess each pathway. A HPLC-UV 
assay method was developed to measure the disappearance rate of MP. Non-linear regression model using Michaelis-Menten function 
(XLSTAT, Addinsoft) was performed to determine kinetics parameters of each pathways, namely maximum rate at saturating substrate 
concentration (Vmax) and Michaelis-Menten constant (Km); then intrinsic clearance was calculated as CLint=Vmax/Km. 

Results: Hydrolysis Vmax (0.905 mg/min) is twice higher than glucuronidation (0.452 mg/min) and sulfonation (0.404 mg/min) while 
hydrolysis Km (12.8 mL/min) is three times lower than sulfonation (33.723 mL/min) and four times than glucuronidation (41.421mL/min), 
suggesting that conjugated metabolites represent minor pathways with 25% of MP hepatic metabolite rate. Oxidation is not involved in 
MP hepatic metabolism. However due to the lack of specificity of the hydrolysis metabolite, it remains important to monitor the specific 
conjugated metabolites for biomonitoring studies. 

Conclusion: From these data, we were able to calculate rate of each hepatic metabolism pathways of MP. 75% of metabolites are non-
specific and unsuitable for biomonitoring. It then appears necessary to monitor specific conjugated metabolites forms as well as the 
parent form for accurate determination of human paraben’s exposition. 
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Introduction: Covariate analysis is a fundamental step of pharmacokinetic/pharmacodynamic model building. Here a genetic algorithm 
(GA), a machine learning method inspired by natural selection theory, was developed to perform covariate search, as alternative to 
standard stepwise methods. 

Methods: GA was implemented in Perl. Adding random covariate-parameter relationships to a given base model, an initial “population” 
of models is created, coded in NONMEM, executed via PsN (Perl-speaks-NONMEM) and compared through a fitness function based on 
Akaike Information Criterion. Models with higher fitness are more likely selected and combined to create new generations of models. In 
the evolution process, GA converges to the best covariate model. Possible covariates, covariate-dependent parameters and type of 
relationships to be tested are listed in a user-defined configuration file. Data generated from a population pharmacokinetic one-
compartment model with absorption with weight-dependent volume and clearance (CL1) and race-dependent absorption rate were 
considered. GA was asked to test only the “true” covariates, weight and race, (scenario 1) or also other confounding variables, age, height 
and BMI, (scenario 2) on all parameters using all the possible relationships. GA performances were compared to forward, backward and 
forward/backward stepwise (PsN-function “scm”). 

Results: Scenario 1: GA detected the right covariate models, with final OFV slightly better than stepwise, which did not identify weight-
CL1 dependence. Scenario 2: GA and backward stepwise detected all the true covariates but added other 6 and 4 covariate-parameter 
dependences, respectively. Forward and forward/backward versions of stepwise, selected only one true covariate and one spurious. 
Again, OFV of the GA final model was better than stepwise proposed models. 

Conclusions: A genetic algorithm for covariate analysis was developed and tested on two scenarios of different complexity. GA showed 
good results in terms of correct model selection and fitness optimization. Parallelization of model execution is under evaluation to 
overcome computational time limitations. 
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Introduction: The integration of pharmacokinetic (PK) modeling and simulation (M&S) with optimal design techniques can help design 
future clinical trials, comparing different strategies with different experimental settings and patient populations. This allows to maximize 
the information exploitable from the data while minimizing the invasiveness of the study on patients, critical aspect in pediatric studies. In 
addition, a Bayesian approach, in which knowledge obtained in previous analyses is incorporated as prior information, can further 
enhance the optimal design. The aim of this work was to combine these two techniques to optimize the sampling strategy of a pediatric 
study, optimizing the number of samples and sampling times, thus reducing the burden on patients while ensuring a good precision in 
the estimation of model parameters and exposure. 

Method: A population PK (pop-PK) model was first developed on adult data, then adapted to a pediatric population and finally used for 
the optimization. The tool PopED was used to implement many scenarios and select the optimal number of samples and sampling times. 
The optimal scenario was then validated using a simulation-estimation approach based on NONMEM, to assess the precision of 
parameter estimates and exposure. Prior distributions were also included to improve the estimation. 

Results: 3 samples at [0.85,8.55,11.05] hours after the last dose were considered an acceptable sampling strategy, especially when prior 
information was included to guide the estimation process. No loss of efficiency was observed when moving the samples around an hour 
from the optimal solution, suggesting that a time window of one hour would be acceptable for collecting the samples, allowing more 
flexibility in clinical practice. 

Conclusions: This work shows that optimal design and M&S can be combined to optimize clinical trials, and it underlines the importance 
of using the available knowledge to inform the analyses and to design informative pediatric clinical trials. 
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Vincristine is widely used in the treatment of malignancies in children. Several population pharmacokinetic (PK) models have been 
published. However, all models describe a high interindividual variability (IIV). Using a physiologically based (PB) PK model, Lee et al. 
recently proposed that binding to β-tubulin could play a key role in differences in vincristine distribution. The aim of the current study was 
to develop a PK model incorporating saturable binding to β-tubulin, to assess whether this could explain the observed variability in 
vincristine PK. 

Children, aged 0-18 years, receiving vincristine were eligible for inclusion. Plasma concentrations of vincristine were determined in blood 
samples drawn after administration of vincristine, using LC-MS. Data from several adults, available from a previous study, were included. 
PK analyses were performed using non-linear mixed effects modelling (NONMEM, V7.3). Ethical approval was obtained. 

147 children and 9 adults (age range 0.6-33.9 years) with 1056 samples were included. A three compartment model including weight 
based allometric scaling was developed to describe vincristine PK. Saturable binding to β-tubulin was modeled using a maximal binding 
capacity (Bmax) function. Clearance (CL), intercompartmental clearance (Q2), volume of distribution of the central (V1) and peripheral 
compartment (V2) were estimated as 30 L/h (95%CI 27.8-33.9), 49.9 L/h (95%CI 41.2-62.7), 24.7 L (95%CI 16.9-29.9) and 207 L (95%CI 
173.5-247.4) respectively. kon, koff and Bmax were estimated as 4.94 L/µg*h, 0.195 /h and 1.63 µg respectively. IIV was 48.8%, 79.4%, 
109.5%, 30.1%, 89.7% and 32.1% for CL, Q2, V1, V2, kon and koff respectively. Body weight was included as covariate on Bmax, using 
a power function with an estimated exponent of 0.276. 

Saturable binding to β-tubulin was successfully implemented in this PK model, but high IIV was observed. Bmax seems only marginally 
dependent on body weight indicating that relative tubulin expression is markedly higher in children. 
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Background: Rosuvastatin is a lipid-lowering agent with pharmacokinetics mainly dependent on activity of the hepatic uptake transporter 
OATP1B1. The aim was to investigate and disentangle the effect of Roux-en-Y gastric bypass (RYGB) and weight loss on OATP1B1 
activity, using rosuvastatin as a probe drug. 

Methods: This non-randomized, single-center open-label trial included patients with severe obesity preparing for RYGB or diet-induced 
weight loss. Both groups underwent a 3-week low-energy diet (<1200 kcal/day), followed by a 6-week very-low-energy diet (<800 
kcal/day) alone or RYGB. Patients were followed for 2 years, with four 24-hour rosuvastatin pharmacokinetic investigations (week 0, 3, 9 
and year 2) using a single oral dose of rosuvastatin. The primary outcome was change in oral clearance of rosuvastatin. 

Results: Eighty patients (27 males) were included, with mean (±SD) weight of 132±24 kg and 124±23 kg in the RYGB- (n=40) and diet-
group (n=40), respectively, with no difference between groups in baseline rosuvastatin pharmacokinetics. Weight loss was similar at week 
3 (RYGB: 5±2%, diet: 5±2%), and week 9 (RYGB: 13±3%, diet: 11±4%), but differed at year 2 (RYGB: 29±9%, diet: 3±6%). Following a 
3-week low-energy diet, rosuvastatin oral clearance was reduced ([95% confidence interval]) in both groups (RYGB: 16 [0, 31]%, diet: 23 
[8, 38]%), with no additional change following RYGB or very-low-energy diet (week 9). Compared to baseline, rosuvastatin oral clearance 
at year 2 was increased by 21 [1, 41]% in the RYGB-group, but did not change significantly (-4 [-22, 13]%) in the diet-group. 

Conclusions: Following a 3-week low-energy diet, rosuvastatin oral clearance was reduced, with no additional change following very-low-
energy diet or RYGB. This change diminished with regained weight long-term. RYGB per se does not influence OATP1B1 activity, but 
additional weight loss led to a net increase in oral clearance long-term. 

 


