[image: image1]Editorial: Therapeutic drug monitoring (TDM): a useful tool for pediatric pharmacology applied to routine clinical practice, Volume II

		EDITORIAL
published: 25 July 2023
doi: 10.3389/fphar.2023.1250784


[image: image2]
Editorial: Therapeutic drug monitoring (TDM): a useful tool for pediatric pharmacology applied to routine clinical practice, Volume II
Raffaele Simeoli*
Division of Metabolic Diseases and Drug Biology, Bambino Gesù Children’s Hospital, IRCCS, Rome, Italy
Edited and reviewed by:
Jeffrey Scott Barrett, Critical Path Institute, United States
* Correspondence: Raffaele Simeoli, raffaele.simeoli@opbg.net
Received: 30 June 2023
Accepted: 17 July 2023
Published: 25 July 2023
Citation: Simeoli R (2023) Editorial: Therapeutic drug monitoring (TDM): a useful tool for pediatric pharmacology applied to routine clinical practice, Volume II. Front. Pharmacol. 14:1250784. doi: 10.3389/fphar.2023.1250784

Keywords: therapeutic drug monitoring, pediatrics, pharmacokinetic/pharmacodynamics, popPK, microsampling
Editorial on the Research Topic 
Therapeutic drug monitoring (TDM): a useful tool for pediatric pharmacology applied to routine clinical practice, Volume II


1 BACKGROUND
The annual meeting of International Association of TDM and Clinical Toxicology (IATDMCT), held in Prague on September 2022, has offered several and significant discussion points. Among them, the debate TCI (target concentration intervention) vs. TDM (therapeutic drug monitoring) has aroused the interest of many attenders due to the great actuality that characterizes this theme. The concept of TCI was explained by Holford et al. (2022) in a review published on the British Journal of Clinical Pharmacology. According to the authors, TCI has a single target concentration that allows to calculate the most indicated dose for each patient. Conversely, TDM provides a range of concentrations defined as “therapeutic range”. The authors provide detailed arguments on the main differences between TCI and TDM, declaring that in a personalized medicine context, TCI should be preferred over TDM as standard strategy for dose individualization. Finally, they conclude that both scientific principles and clinical evidence seem to suggest TCI as the ideal treatment approach.
On the other side, a commentary made by Lemaitre F. and Hesselink D. A. (2023) provides a point by point rebuttal to Holford’s article and affirms that TDM is not dead but is alive and kicking. In particular, the authors declare that in current clinical practice the difference between TCI and TDM is mostly based on a traditional and simplified view of TDM. In fact, TDM is actually more than a “simple” drug concentration measurement in body fluids. Therefore, Lemaitre F. and Hesselink D. A conclude that TCI concept could be mostly defined as TDM in a “new bag”. In this scenario, TDM and TCI should not be considered as enemies but only faces of the same medal.
Nowadays, the introduction of new microsampling devices and the spread of pharmacometric methods, including population (popPK) and physiologically based (PBPK) pharmacokinetics models, has aroused an increasing interest towards TDM. As consequence, TDM is not only applied to drugs for whom is considered mandatory but represents a useful tool for exploring the PK behavior of different medications even in special populations (i.e., neonatal and pediatric population). In fact, bioanalytical procedures are not always applicable due to the limited sampling volumes collected in neonates and children, thereby limiting the application of TDM in clinical practice. Additionally, ethical aspects represent an important issue in conducing PK studies on such special population. However, despite the advantages offered by microsampling procedures and modelling approaches, knowledge of TDM among clinicians is still theoretical and its application during clinical practice in not close to a routinary use.
2 SCOPE
This article Research Topic is directly connected to the first edition (Volume I) published 1 year ago. As for Volume I, in which we have collected manuscripts focused on antimicrobials, immunosuppressants, neonatal TDM and bioanalytical methods applied to TDM, in this second Volume we aimed to receive contributes that describe the utility of applying TDM practice in pediatric patients and in different disease settings. Similar to the previous edition, also for the second volume of this Research Topic we have collected both reviews and original articles showing the application of TDM-associated PK/PD models and microsampling techniques to dose optimization strategies in pediatric subjects including neonates and critically ill children.
3 OVERVIEW OF CONTRIBUTIONS
3.1 Immunosuppressant therapy
TDM is widely used for guiding immunosuppressive therapy and is routinely applied to calcineurin- and mTOR inhibitors. A recent Research Topic focusing on TDM practice in organ transplantation procedures has nicely collected nine original articles highlighting the importance of performing TDM for immunosuppressive drugs and its utility in providing individualized recommendations (Staatz et al., 2021). So far, several consensus guidelines have provided optimal TDM instructions for these agents (Shipkova et al., 2016; Bergan et al., 2021).
In our previous article Research Topic, we have received a study describing a popPK model for tacrolimus given as intravenous continuous infusion in pediatric and young adult patients subjected to hematopoietic stem cell transplantation (HSCT) (Brooks et al., 2021). Here, a review by Shen et al. shows that, although TDM of sirolimus at trough levels (before the next dose) is the actual standard of care, Cmin are modestly correlated with the area under the curve (AUC). As consequence, despite the use of TDM for sirolimus, is not surprisingly that patients treated with this drug are characterized by high extent variability in PK parameters, efficacy results and adverse events appearance. The authors, therefore, conclude that a model-informed precision dosing (MIPD) could be useful and should be improved, whilst there are not enough data to support DBS as point–of–care sampling for silorimus precision dosing. However, future studies should include pharmacogenomic and pharmacometabolomic approaches to predict sirolimus PK and to evaluate point-of-care determination of drug levels in blood, saliva, or sweat Shen et al.
3.2 Antimicrobial therapy
Usually, neonatal pharmacology extends similar considerations to preterm and full-term newborns. However, preterms are characterized by physiological and pharmacological properties that make them different from full-terms and, therefore, require specific evaluations (Allegaert et al., 2007). Antibiotics represent a drug class widely used among preterms. In fact, during their hospitalization in neonatal intensive care units (NICUs), central catheters and ventilators are often vehicles of infections. However, despite the wide use of antibiotics among neonatal population, preterms are rarely involved in clinical trials, determining a gap of knowledge on the PK behavior of most drugs used among these patients. Therefore, microsampling procedures and TDM-associated popPK studies could be useful to overcome this limit and to fill the lack of knowledge.
Meropenem is one of the most used carbapenem among newborns, especially for treatment of late-onset sepsis (LOS) and complicated intra-abdominal infections (Cohen-Wolkowiez et al., 2012;Hussain et al., 2021). A study conducted by Zyryanov et al. aimed to realize a TDM-based popPK study on the use of meropenem in preterm infants and to evaluate the pharmacodynamics (PD) indices as well as covariates affecting the PK parameters. In this study, meropenem concentrations were determined by high-performance liquid chromatography (HPLC) in 132 samples from n = 66 preterm newborns. Gestational age (GA), postnatal age (PNA), post-conceptual age (PCA), body weight (BW) and creatinine clearance were evaluated as covariates influencing PK parameters. The univariate regression analysis showed that creatinine clearance, BW and PCA were the main covariates influencing half-life (T1/2) whereas meropenem distribution volume (Vd) was mainly affected by BW and PCA. Therefore, the authors conclude that a model-based approach together with TDM data could be useful in personalizing meropenem dosing strategies. In fact, this popPK model can be used as Bayesian prior information to estimate PK parameters in preterms and to predict the desired PK/PD target attainment once TDM results are available Zyryanov et al.
Among glycopeptides antibiotics, vancomycin is used in newborns to treat severe infections including late-onset sepsis caused by Gram-positive bacteria, such as methicillin-resistant Staphylococcus aureus and coagulase negative staphylococci (CoNS) (Zeng et al., 2016). In terms of PD targets, a study performed by Samb et al. has proposed bacterial DNA loads (BDL) as surrogate marker to evaluate vancomycin efficacy in preterms and very low birth weight (VLBW) newborns with late-onset sepsis. In fact, whilst LOS diagnosis is currently based on positive blood cultures, these analyses can require days and earlier indices of treatment efficacy are missing. Therefore, the authors have proposed to investigate whether efficacy of vancomycin treatment could be evaluated using bacterial DNA loads determined by real-time quantitative polymerase chain reaction (RT-qPCR). To this aim, they have performed a population PK/PD modeling by using non-linear mixed-effects modeling (NONMEM) software. Twenty-eight patients affected by LOS and treated with vancomycin were included, whilst a one-compartment model with post-menstrual age (PMA) and weight as main covariates was adopted to depict the PK profile vs. time of vancomycin. Results showed a linear correlation between vancomycin concentration and first-order BDL elimination. In n = 12 patients for whom no decrease in BDL over time was observed, a clinical non-response was reported. Therefore, the authors conclude that RT-qPCR analyses of BDLs were sufficiently described by the developed popPK model. Moreover, evaluation of clinical response to vancomycin by using BDL in LOS can be verified within 8 h after treatment beginning Samb et al.
DBS is widely used in neonatal screening programs and blood home sampling (Delahaye et al., 2021). Recent evidence has highlighted an increasing attention on DBS for quantitative applications, including TDM (Morgan, 2021). However, drug concentrations measured on DBS could be over- or underestimated in samples if the hematocrit (Hct) value significantly differs from the blood used for preparing calibrators (Morgan, 2021). Moreover, although microsampling devices could facilitate TDM application to neonates and children, these tools should be opportunely validated by comparing drugs’ concentrations in capillary vs. venous EDTA whole blood samples.
Xu et al. have conducted a pilot study in order to develop and cross-validate dried blood spots (DBS) and capillary microsamples (CMS) as microsampling strategies for TDM of vancomycin, meropenem and linezolid in critically ill children. Deming regression and Bland–Altman tests were used to cross-validate methods. These results showed for both DBS and CMS an accuracy and precision value within the acceptable ranges. A positive and significant correlation was found between CMS and DBS antibiotic concentrations (r > 0.98). Moreover, DBS rather than CMS were slightly influenced by hematocrit values. However, EPC (estimated plasma concentrations) were calculated from the DBS by using single hematocrit ranges. The EPC showed comparable results for vancomycin (slope: 1.06) and meropenem (slope: 1.04), with an average of 98% and 99% of the measured CMS values, respectively. Therefore, the authors conclude that DBS and CMS could represent a valid microsampling alternative to be used during routine practice. Additionally, both devices could be adopted within a TDM-based approach to optimize antimicrobial therapy in critically ill children, overcoming the limitations on the number and volumes of blood samples withdrawable in pediatric patients Xu et al.
3.3 TDM of antiepileptic drugs (AEDs)
Despite the absence of randomized studies showing a positive effect of TDM on clinical outcome in epileptic patients, data available from nonrandomized studies and real-life clinical practice seem to suggest that monitoring plasma concentrations of antiepileptic drugs (AEDs) can be useful in guiding patient management. Moreover, variability in PK behavior including non-linear metabolism or drug-drug interactions (DDIs) strengthen the application of TDM to this class of drugs (Johannessen Landmark et al., 2020;Fluckiger et al., 2022). The International League Against Epilepsy (ILAE) has provided guidelines for TDM (Patsalos et al., 2008). In particular, ILAE guidelines describe also those clinical settings in which AEDs monitoring could be useful and beneficial (Patsalos et al., 2008). Lacosamide (LCM) is a new generation anti-seizure medication (AM) endowed with linear PK, predictable plasma concentrations and limited DDIs (Schultz and Mahmoud, 2020). Compared to older generation AMs such as phenytoin and carbamazepine for whom TDM is strongly advised, necessity of monitoring plasma concentration for lacosamide is still debated (Schultz and Mahmoud, 2020). However, some reports have shown variable PK profiles for LCM in different patient populations suggesting the necessity of TDM (Schultz and Mahmoud, 2020). The utility of TDM for LCM in pediatric patients with drug resistant epilepsy has been investigated in a retrospective observational study conducted by Kohn et al. In this study, demographic and clinical data were extracted from medical records of children with refractory epilepsy under treatment with LCM at Shamir Medical Center (Tel Aviv, Israel) between February 2019 and September 2021. Database included only patients for whom LCM trough levels were available. Totally, n = 42 children (range age: 1–18 years) were included in the study. The average of LCM serum concentration was 6.74 ± 3.27 mg/L (mean ± SD). Correlations between LCM serum levels and clinical response (p = 0.58), and between LCM dosage and change in seizure rate (p = 0.30) did not show significant associations. Therefore, the authors conclude that based on the results of this observational study, TDM of lacosamide is not needed in all children treated with this drug. Finally, they propose that measuring serum concentrations may be useful in patients with refractory epilepsy in order to evaluate therapy adhesion or in patients with adequate control of seizures to establish their therapeutic basal level Kohn et al.
4 CONCLUSION
In the debate between TCI vs. TDM, a famous sentence could summarize as follow: “In medio stat virtus” (virtue lies in the middle). However, in contrast to the explanation provided for this sentence by the philosopher Aristotele in his manuscript “Etica Nicomachea”, TCI and TDM are not opposites to be equally avoided but two faces of the same medal. In fact, nowadays TDM is more than a “simple” drug concentration measurement in body fluids, and the “TCI concept” does not seem to introduce evident changes. Therefore, concepts of TCI and TDM could integrate each other and according to the definition provided by Lemaitre F. and Hesselink D. (2023), “TCI mostly is TDM in a new bag”.
In this Research Topic, we aimed to support TDM for tailoring pharmacological treatments in pediatric patients including neonates and critically ill children. Manuscripts published within this article Research Topic highlight how TDM-guided popPK and microsampling devices could be a valid tool for TDM application. In fact, despite last decades have shown a TDM implementation toward different drug’s classes, its introduction into clinical practice is still far from a routine scenario. Similarly, a growing interest has emerged toward the use of model-informed precision dosing and TDM-guided popPK studies. These approaches, combined to innovative microsampling techniques, could represent a valid strategy to overcome the ethical concerns that often limit TDM practice in pediatric patients and the involvement of these subjects in PK studies. In conclusions, we believe that articles presented within this Research Topic focus on two important topics that could significantly implement TDM application in the routine clinical practice.
AUTHOR CONTRIBUTIONS
RS: manuscript writing and revision.
ACKNOWLEDGMENTS
The author would like to thank all the reviewers who have revised the articles published within this Editorial Research Topic.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Allegaert, K., Peeters, M. Y., Verbesselt, R., Tibboel, D., Naulaers, G., De Hoon, J. N., et al. (2007). Inter-individual variability in propofol pharmacokinetics in preterm and term neonates. Br. J. Anaesth. 99, 864–870. doi:10.1093/bja/aem294
 Bergan, S., Brunet, M., Hesselink, D. A., Johnson-Davis, K. L., Kunicki, P. K., Lemaitre, F., et al. (2021). Personalized therapy for mycophenolate: Consensus report by the international association of therapeutic drug monitoring and clinical Toxicology. Ther. Drug Monit. 43, 150–200. doi:10.1097/FTD.0000000000000871
 Brooks, J. T., Keizer, R. J., Long-Boyle, J. R., Kharbanda, S., Dvorak, C. C., and Friend, B. D. (2021). Population pharmacokinetic model development of tacrolimus in pediatric and young adult patients undergoing hematopoietic cell transplantation. Front. Pharmacol. 12, 750672. doi:10.3389/fphar.2021.750672
 Cohen-Wolkowiez, M., Poindexter, B., Bidegain, M., Weitkamp, J. H., Schelonka, R. L., Randolph, D. A., et al. (2012). Safety and effectiveness of meropenem in infants with suspected or complicated intra-abdominal infections. Clin. Infect. Dis. 55, 1495–1502. doi:10.1093/cid/cis758
 Delahaye, L., Veenhof, H., Koch, B. C. P., Alffenaar, J. C., Linden, R., and Stove, C. (2021). Alternative sampling devices to collect dried blood microsamples: State-of-the-Art. Ther. Drug Monit. 43, 310–321. doi:10.1097/FTD.0000000000000864
 Fluckiger, P., Aicua-Rapun, I., Andre, P., Rossetti, A. O., Decosterd, L. A., Buclin, T., et al. (2022). Therapeutic drug monitoring of newer generation antiseizure medications at the point of treatment failure. Seizure 94, 66–69. doi:10.1016/j.seizure.2021.11.022
 Holford, N., Ma, G., and Metz, D. (2022). TDM is dead. Long live TCI. Br. J. Clin. Pharmacol. 88, 1406–1413. doi:10.1111/bcp.14434
 Hussain, K., Salat, M. S., Mohammad, N., Mughal, A., Idrees, S., Iqbal, J., et al. (2021). Meropenem-induced pancytopenia in a preterm neonate: A case report. J. Med. Case Rep. 15, 25. doi:10.1186/s13256-020-02632-1
 Johannessen Landmark, C., Johannessen, S. I., and Patsalos, P. N. (2020). Therapeutic drug monitoring of antiepileptic drugs: Current status and future prospects. Expert Opin. Drug Metab. Toxicol. 16, 227–238. doi:10.1080/17425255.2020.1724956
 Lemaitre, F., and Hesselink, D. A. (2023). TDM is alive and kicking. Ther. Drug Monit. 45, 3–5. doi:10.1097/FTD.0000000000001034
 Morgan, P. E. (2021). Microsampling devices for routine therapeutic drug monitoring-are we there yet?Ther. Drug Monit. 43, 322–334. doi:10.1097/FTD.0000000000000884
 Patsalos, P. N., Berry, D. J., Bourgeois, B. F., Cloyd, J. C., Glauser, T. A., Johannessen, S. I., et al. (2008). Antiepileptic drugs-best practice guidelines for therapeutic drug monitoring: A position paper by the subcommission on therapeutic drug monitoring, ILAE commission on therapeutic strategies. Epilepsia 49, 1239–1276. doi:10.1111/j.1528-1167.2008.01561.x
 Schultz, L., and Mahmoud, S. H. (2020). Is therapeutic drug monitoring of lacosamide needed in patients with seizures and epilepsy?Eur. J. Drug Metab. Pharmacokinet. 45, 315–349. doi:10.1007/s13318-019-00601-8
 Shipkova, M., Hesselink, D. A., Holt, D. W., Billaud, E. M., Van Gelder, T., Kunicki, P. K., et al. (2016). Therapeutic drug monitoring of everolimus: A consensus report. Ther. Drug Monit. 38, 143–169. doi:10.1097/FTD.0000000000000260
 Staatz, C. E., Isbel, N. M., Bergmann, T. K., Jespersen, B., and Buus, N. H. (2021). Editorial: Therapeutic drug monitoring in solid organ transplantation. Front. Pharmacol. 12, 815117. doi:10.3389/fphar.2021.815117
 Zeng, D., Debabov, D., Hartsell, T. L., Cano, R. J., Adams, S., Schuyler, J. A., et al. (2016). Approved glycopeptide antibacterial drugs: Mechanism of action and resistance. Cold Spring Harb. Perspect. Med. 6, a026989. doi:10.1101/cshperspect.a026989
Conflict of interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Simeoli. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Therapeutic drug monitoring (TDM): a useful tool for pediatric pharmacology applied to routine clinical practice, Volume II		1 Background

		2 Scope

		3 Overview of contributions		3.1 Immunosuppressant therapy

		3.2 Antimicrobial therapy

		3.3 TDM of antiepileptic drugs (AEDs)





		4 Conclusion

		Author contributions

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Pharmacology

Editorial: Therapeutic drug
monitoring (TDM): a useful tool
for pediatric pharmacology
applied to routine clinical
practice, Volume I





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





