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ABSTRACT

Population Pharmacokinetic Modeling and Simulation for Optimizing
the Loading and Maintenance Doses of Teicoplanin in Korean Pediatric
Patients

Background

Teicoplanin is commonly used to treat Gram-positive infections, including methicillin-resistant
Staphylococcus aureus (MRSA), particularly in pediatric patients. Recent therapeutic drug
monitoring (TDM) guidelines recommend a trough concentration (Cmin) 0f 15-30 ug/mL; however,
many pediatric patients remain subtherapeutic, highlighting the need for optimized dosing. Previous
studies have focused on short-term exposure (e.g. Day 3 or 5) and assessed only the probability of
exceeding specific trough thresholds, without evaluating sustained target attainment. Therefore, this
study aimed to evaluate current teicoplanin dosing in Korean pediatric patients and develop a
population pharmacokinetic (popPK) model to optimize both loading and maintenance regimens
through simulation, targeting both early and sustained therapeutic exposure

Methods

This retrospective study included pediatric patients (0-18 years) treated with teicoplanin at
Severance Hospital between November 1, 2005, and January 1, 2025. Clinical, demographic, and
laboratory data were extracted from electronic medical records for population pharmacokinetic
(popPK) analysis. Structural models were evaluated using the SAEM algorithm in Monolix, and
covariate selection followed a stepwise approach based on statistical significance and physiological
relevance. Using the final model, dosing simulations were conducted in Simulx with 100 virtual
patients and 1,000 replicates per regimen. Two strategies were evaluated: (1) early target attainment
(within 48-72 hours) and (2) sustained maintenance over 21 days. The first strategy optimized
loading doses (every 12 hours for three to five doses) followed by once-daily maintenance. The
second strategy optimized maintenance dose first, then selected appropriate loading regimens.
Probability of target attainment (PTA) was evaluated at 47—71 hours after the initial dosing to assess
early therapeutic exposure in the early target attainment strategy. In contrast, in the sustained
maintenance strategy, the optimal maintenance dose was first determined based on the trough
concentration on Day 21, followed by the selection of a corresponding loading dose. The combined
regimens were then evaluated for their ability to maintain target concentrations on Days 4, 7, 14,
and 21.

Vi



Results

A total of 108 teicoplanin serum concentrations from 34 pediatric patients were analyzed. Only
32.4% of initial and 36.1% of total TDM samples were within the target range, with subtherapeutic
levels common in children under three years. A one-compartment popPK model identified body
weight as the only significant covariate (Vd: 11.98 L; CL: 0.22 L/h), with OFV reduced from 805.9
to 746. In the early target attainment strategy, optimal loading doses were 12 mg/kg q12h x4 for
<4 kg and 10, 8, and 6 mg/kg q12h x5 for 4-10, 10-50, and >50 kg, respectively. Combined with
appropriate once-daily maintenance doses (12, 10, 8, and 6 mg/kg for <4, 4-10, 10-50, and >50 kg,
respectively), PTA remained >50% across all groups and time points. In the sustained target
attainment strategy, optimal once-daily doses were 14, 10, 8, and 6 mg/kg for <4, 4-10, 10-50, and
>50 kg, respectively. Supporting loading regimens (14, 12, and 10 mg/kg q12h X3 for <4, 4-10, and
>10 kg) also achieved PTA >50% through Day 21, supporting their feasibility for both early and
sustained target attainment.

Discussion

This study highlights the need to enhance current pediatric teicoplanin dosing regimens, which
frequently result in subtherapeutic concentrations, particularly in younger or lower-weight children.
By applying a popPK model and two simulation strategies, we identified weight-based dosing
combinations that improved the PTA while balancing the risks of subtherapeutic and
supratherapeutic exposures. Notably, the proposed regimens-maintained PTA within the 15-30
pg/mL range at >50% across all weight groups and over 21 days. However, assumptions regarding
sampling times, infusion durations, sparse and inaccurate timed TDM data may have introduced bias
in trough concentrations and limited the detection of covariates such as renal function.

Conclusion

This study proposes alternative teicoplanin loading and maintenance regimens tailored to
pediatric body weight, demonstrating consistent target attainment with PTA exceeding 50% over 21
days. These model-informed dosing strategies may improve treatment efficacy and safety in
pediatric populations. Future studies should incorporate pharmacodynamic markers (e.g.,
AUCo-24/MIC), precisely timed and increased number of TDM data, and clinical outcome. Such
evidence will be necessary for advancing precision dosing approaches and optimizing teicoplanin
therapy in real-world pediatric settings.

Key words : Teicoplanin, Pediatric, Population pharmacokinetic, Therapeutic drug monitoring,
Methicillin-resistant Staphylococcus aureus, Loading dose, Maintenance dose, Dosing optimization
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1. Introduction

1.1 Background

Teicoplanin, a glycopeptide antibiotic, is widely used to treat Gram-positive infections,
particularly those caused by methicillin-resistant Staphylococcus aureus (MRSA) (Yamada et al.,
2021). It exerts its antimicrobial effect by binding to the D-alanyl-D-alanine terminus of
peptidoglycan precursors, thereby inhibiting the transglycosylation step in bacterial cell wall
synthesis (Sosio et al., 2003; Wood, 1996). Clinically, teicoplanin is indicated for use in both adults
and children from birth for the treatment of a broad range of Gram-positive infections, including
complicated skin and soft tissue infections, bone and joint infections, hospital and community
acquired pneumonia, urinary tract infections, infective endocarditis, peritonitis associated with
continuous ambulatory peritoneal dialysis (CAPD), and bacteremia related to these conditions
(European Medicines Agency [EMA], 2022).

Pharmacokinetically, teicoplanin differs from other glycopeptides, such as vancomycin, in
several key aspects. It exhibits high protein binding (~90%, primarily to albumin) and is mainly
eliminated via glomerular filtration (Yamada et al., 2021; Wilson, 2000). One of its most distinctive
characteristics is a prolonged elimination half-life of 88 to 182 hours, allowing for once-daily dosing,
in contrast to vancomycin’s shorter half-life of 4 to 6 hours (U.S. Food and Drug Administration
[FDA], 2022; Wilson, 2000). Comparative studies have shown similar clinical efficacy between
teicoplanin and vancomycin, with teicoplanin demonstrating a more favorable safety profile,
particularly with respect to nephrotoxicity and infusion-related reactions (Cavalcanti et al., 2010;
Wood, 1996). Therefore, these characteristics have made teicoplanin a preferred treatment option
for MRSA infections in pediatric patients, especially in Europe and Asia (Hanai et al., 2024).

MRSA can cause a wide spectrum of organ-specific infections, with skin and subcutaneous
tissue infections being the most common, followed by more invasive infections such as
osteomyelitis, meningitis, pneumonia, lung abscess, and empyema (Siddiqui & Koirala, 2023). It
remains a leading cause of hospital-acquired infections, contributing to significant increase in
morbidity, mortality, and extended hospital stays, healthcare costs. Delayed initiation of appropriate
antimicrobial therapy has been associated with nearly a two-fold increase in mortality among
patients with MRSA infections, emphasizing the need for early and effective treatment in the
management of MRSA infections (Kaasch et al., 2013).

The antimicrobial efficacy of teicoplanin is  best described by its
pharmacokinetic/pharmacodynamic (PK/PD) index—specifically, the ratio of the area under the
concentration-time curve to the minimum inhibitory concentration (AUC/MIC) (Craig, 2003).
However, due to the practical challenges of AUC monitoring, which requires multiple serum
concentrations, trough concentration (Cmin) is commonly used as a surrogate marker. Studies have



demonstrated a strong linear correlation between AUC and Crmin, Supporting the use of therapeutic
drug monitoring (TDM) of Crin to guide dosing (Byrne et al., 2017; Wang et al., 2018).

Recent TDM guidelines recommend a target Cmin 0f 15-30 pg/mL for non-complicated MRSA
infections and 20-40 pg/mL for severe or deep-seated infections such as endocarditis or
osteomyelitis (Hanai et al., 2024). TDM is generally advised between Day 3 to Day 5 of treatment
to ensure early attainment of therapeutic concentrations. According to the EMA (2022), the
recommended pediatric dosing regimen for teicoplanin includes a loading dose of 10 mg/kg every
12 hours for three doses for children aged 2 months to 12 years, followed by a maintenance dose of
6-10 mg/kg once daily. For adolescents over 12 years, adult dosing guidelines apply.

Despite these recommendations, several studies have reported subtherapeutic teicoplanin levels
in pediatric patients receiving guideline-based dosing. Zhao et al. (2015) found that 48% of pediatric
patients aged 0.5 to 16.9 years had trough concentrations below the target range. Similarly, Sun et
al. (2020) reported a subtherapeutic rate of 52.7%, while Yamada et al. (2016) found that 46.2% of
patients aged 2—16 years were also below 15 pg/mL. These findings highlight the need for optimized
dosing strategies in pediatric populations to ensure therapeutic efficacy. However, there remains
limited information and data on the optimal loading and maintenance regimens required to
consistently achieve the recommended target range of 15 — 30 pg/mL in the pediatric population
(Kato et al., 2016; Nakamura et al., 2015; Ueda et al., 2013; Zhang et al., 2023).

Pediatric pharmacokinetics is highly variable due to age-related changes in body composition
and organ maturation. For example, total body water (TBW) and extracellular fluid (ECF), which
influence the volume of distribution (\Vd) of hydrophilic drugs such as teicoplanin, decrease with
age—from 85% TBW and 50% ECF in preterm neonates to approximately 60% TBW and 20% ECF
in adolescents, respectively (Shi & Derendorf, 2010). Consequently, younger children may require
higher per-kilogram loading doses to achieve therapeutic concentrations due to their larger Vd
(Matalova et al., 2016). Also, renal clearance undergoes rapid maturation during the first two years
of life, further influencing drug elimination (Holford, 2013). These developmental factors
necessitate age-appropriate dosing strategies for teicoplanin in pediatric patients (Matalova et al.,
2016).

Population pharmacokinetic (popPK) modeling offers a powerful approach for optimizing
dosing, particularly in pediatric populations where sparse sampling and developmental changes
significantly affect both pharmacokinetics and pharmacodynamics (De Cock et al., 2010). By
incorporating covariates such as age, weight, and renal function, popPK models enable
individualized dosing recommendations and improve the probability of achieving therapeutic targets.
In addition, they support the analysis of sparse data due to ethical and practical limitations on the
number and volume of blood sampling in pediatric populations (De Cock et al., 2010).



While previous studies have provided valuable insights into the pharmacokinetics of
teicoplanin in pediatric patients, there remains a need for dosing strategies that better reflect real-
world clinical scenarios. Many prior simulation-based studies have assessed trough concentrations
at Day 3 or Day 5 (Yamada et al., 2022; Zhang et al., 2023), which aligns with the recommended
timing for TDM in clinical guidelines (Hanai et al., 2022). However, these studies did not assess
whether therapeutic concentrations are sustained throughout longer treatment durations, which is an
essential consideration for managing prolonged infections such as infective endocarditis. In addition,
evaluating whether therapeutic concentrations are achieved after the loading dose is also important,
as early attainment of target concentrations may influence clinical outcomes. Although some studies
optimized dosing using AUC/MIC-based targets (Zhao et al., 2015; Zhang et al., 2023), other study
evaluated the probability of exceeding trough thresholds (e.g., >10, >15, >20, or >30 pg/mL) (Kim
et al., 2024). However, these approaches did not directly evaluate whether drug concentrations
consistently remain within the recommended therapeutic target of 15-30 pug/mL. As highlighted by
Byrne et al. (2017), TDM is most effective when a defined target range is applied, to ensure adequate
exposure for efficacy while avoiding toxicity. Therefore, evaluating the probability of achieving and
maintaining concentration within this specific range may provide a more clinically relevant
framework for optimizing teicoplanin dosing in pediatric patients.



1.2 Objectives

In this regard, the objectives of this study was to 1) retrospectively evaluate current teicoplanin
dosing practices in Korean pediatric patients at Severance Hospital in Seoul, 2) develop a popPK
model tailored to this population, 3) perform simulation-based dose optimization using two distinct
strategies: one focusing on early target attainment and the other on sustained target attainment, and
4) assess the probability of target attainment (PTA) for various simulated teicoplanin dosing
strategies.

The goal was to identify dosing regimens that maximize PTA within the target trough
concentration range of 15-30 pg/mL for both loading and maintenance doses, while minimizing the
proportion of subtherapeutic (<15 pg/mL) and supratherapeutic (>30 pg/mL) concentrations.



2. Materials and Methods
2.1 Study Design and Patient Population

This study was conducted retrospectively utilizing medical records of patients who were treated
at Severance Hospital in Seoul, Republic of Korea, in accordance with the principles of the
Declaration of Helsinki and Good Clinical Practice. The study protocol was approved by the
Institutional Review Board of Severance Hospital (IRB No. 4-2024-0857).

Clinical and laboratory data of patients aged 0 to 18 years who received teicoplanin treatment
and had at least two serum teicoplanin concentrations for TDM at Severance Hospital between
November 1, 2005, and January 1, 2025, were extracted from electronic medical records through
the Data Center. Patients were excluded if they met any of the following criteria: 1) incomplete
records of teicoplanin administration, such as missing dose information and infusion start times, 2)
missing key demographic or laboratory data relevant to pharmacokinetic analysis. If any of the
laboratory measurements were not available within +48 hours of teicoplanin administration, the
closest available measurement relative to the dosing time was used.



2.2 Data Collection

Relevant clinical data were retrospectively collected from electronic medical records for use in
popPK modeling. The collected data included patient demographics, laboratory measurements,
teicoplanin dosing information, and TDM data. All variables were recorded using standardized
definitions and appropriate units.

Extensive data processing was performed to compile a dataset suitable for popPK modeling.
Data were extracted from six difference sources within the electronic medical records in Excel
format: 1) a list of patients who were prescribed for teicoplanin, 2) teicoplanin administration
records, 3) measured teicoplanin concentrations, 4) a filtered list of patient IDs for study inclusion,
5) laboratory variables, and 6) demographic variables.

For the patient list, individuals prescribed ‘Teicoplanin’ between 2005-11-01 to 2025-01-01°
were identified and filtered by age ‘<18 years’ at the time of prescription, resulting in a total of 4,289
pediatric patients.

For the teicoplanin administration data, the patient list was used to identify those who had
received teicoplanin administration, narrowing down to 4,253 patients. The dosing history, including
the start of infusion date and time and administered dose was considered essential for the dataset.
Although the end of infusion time was recorded for some patients, it was missing for most of the
patients. Among patients with available infusion duration data, the duration was consistently
approximately 30 minutes. Therefore, a fixed infusion duration of 30 minutes was assumed for all
patients.

For concentration data, patients who underwent TDM were identified from the administration
dataset. Teicoplanin concentrations were identified as ‘Teicoplanin [Serum]’ and extracted into an
Excel file, resulting in an initial dataset of 123 patients. To ensure sufficient data for popPK modeling,
only patients with at least two recorded teicoplanin serum concentrations were retained, resulting in
a final cohort of 34 patients. The sampling date was considered essential for inclusion. A filtered list
of patient IDs meeting these criteria was compiled for study inclusion and subsequently used to
facilitate data merging and the extraction of relevant variables.

Laboratory variables included blood urea nitrogen (BUN), serum creatinine (SCr), aspartate
aminotransferase (AST), albumin (ALB), direct bilirubin (DBIL), alanine aminotransferase (ALT),
total protein (TP), total bilirubin (TBIL), white blood cell count (WBC), cystatin C (CysC), and
estimated glomerular filtration rate (eGFR) derived from cystatin C. Demographic variables
included sex, weight, height, body surface area, gestational age. These were extracted based on the
filtered list of patient IDs. The recording of the sampling date and time for these laboratory and
demographic variables was considered essential for inclusion in the dataset. Instead of using time-
matched values for each dose, the single closest measurement to the first teicoplanin dosing time
was selected for each variable.



2.3 Monolix Dataset Preparation

After data processing, the concentration, administration, laboratory, and demographic datasets
were merged to prepare the Monolix-compatible dataset. In the EMR, serum concentration sampling
time was uniformly recorded as 12:00, and the exact time of sampling was not available. Therefore,
for samples drawn on the same day as teicoplanin administration, the concentration was assumed to
represent a trough value obtained 30 minutes prior to the next dose. For serum concentrations
measured on days without a recorded teicoplanin dose, the sampling time was retained as recorded
in the EMR, which was uniformly recorded as 12:00. The time of the first teicoplanin administration
was defined as time zero, and all subsequent time points were calculated in hours relative to this
initial dose.

To account for developmental changes in drug clearance across different pediatric age groups,
postnatal age (PNA), postmenstrual age (PMA), and corrected age (CA) were calculated when
preparing the Monolix dataset (Holford et al., 2013). These variables were particularly important
given that the dataset included infants and young children, in whom drug clearance is known to
increase rapidly and non-linearly before two years of age due to physiological maturation and growth
in body size (Holford et al., 2013). Therefore, PNA, PMA, and CA were incorporated as potential
covariates in the popPK model to explore their influence on clearance. The following equations were
used to compute these age variables (Committee on Fetus and Newborn, 2004):

PNA (weeks) = Current date — Birth date (@Y
PMA (weeks) = GA + PNA (2)
CA (weeks) = PNA — (40 weeks — GA) 3)

Among the three, PMA is considered the most physiologically appropriate covariate for
modeling clearance in children under two years of age, as maturation is expected to be complete by
this time (Anderson & Holford, 2007; Holford et al., 2013). To account for maturation, PMA was
categorized into two developmental groups: infants and young children (0-2 years, assigned a value
of 1), and older children and adolescents (3—18 years, assigned a value of 2). This categorization
was applied exclusively to PMA during covariate exploration, as PMA is widely recognized as a key
variable for describing the time course of clearance changes (Anderson & Holford, 2007).

Also, because of the known challenges in accurately assessing renal function in pediatric
populations, eGFR was calculated using both the Schwartz equation and a cystatin C—based formula
(Alford et al., 2014; Anderson & Holford, 2007; Schwartz et al., 2012). However, eGFR values



calculated by the Schwartz equation were consistently overestimated in our dataset; therefore, only
values derived from the cystatin C—based formula were used in subsequent analyses. eGFR values
were then categorized into three groups following chronic kidney disease (CKD) staging criteria
proposed by KDOQI and endorsed by KDIGO guidelines (Eckardt et al., 2009): eGFR > 60
mL/min/1.73 m? as 1, eGFR < 60 mL/min/1.73 m? as 2, eGFR < 15 mL/min/1.73 m? to 3.



2.4 Population Pharmacokinetic Analysis

PopPK modeling was conducted using a non-linear mixed-effects modeling approach.
Parameter estimation was performed using the stochastic approximation expectation-maximization
(SAEM) algorithm, as implemented in Monolix (version 2024R1, Lixoft SAS, a Simulations Plus
company), to estimate the pharmacokinetic parameters and their interindividual variability.



2.4.1 Base Model Selection

Given the sparsity of sampling and the predominance of pre-dose (trough) concentrations in
the dataset, both one- and two-compartment models with first-order elimination were evaluated as
candidate structural models. Each model included clearance (CL) and volume of distribution (Vd)
as pharmacokinetic parameters. The selection of the basic structural model was based on the
objective function values (OFVs; —2 log-likelihood), the relative standard errors (RSE) of estimated
parameters, and visual diagnostic plots. Residual unexplained variability (RUV) was assessed using
both proportional and combined error models. Interindividual variability (11V) for model parameters
was assumed to follow a log-normal distribution to characterize variability among individuals in PK
parameters. The following equation was used to describe the relationship between individual
parameters and covariates:

log(6;) = log(6) + B - Cov; +n; 4

0; is the individual parameter estimate, 6 is the typical population PK parameter, B is the
covariate coefficient, Cov; is the covariate value for individual i", and n; is the random effect for the
i" individual following a normal distribution ni~N(0,?) where o represents the standard deviation
of inter-individual variability.
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2.4.2 Covariate Selection

Following the finalization of the structural model, potential covariate effects were evaluated to
explain interindividual variability in pharmacokinetic parameters. Continuous covariates examined
included age, weight, height, body surface area, BUN, AST, ALT, ALB, WBC, SCr, TBIL, DBIL,
TP, CysC, GA, PNA, PMA, and eGFR calculated using both the Schwartz equation and a cystatin
C-based equation. Categorical covariates included sex, PMA category, and eGFR category as
previously defined.

All continuous covariates were normalized relative to their median values and incorporated

into the model using the following equation:
, _ cov; \F cLi
for continuous covariates,CL; = CLyo, X (—) et (5)

COVmedian

where CL; is the individual clearance, CL,op IS the typical population value, COV; is the individual
covariate value, COVmedian is the population median, B is the estimated covariate effect, and ncvii
represents interindividual variability. For categorical covariates, the relationship were modeled as:

for categorical covariates,CL; = CLp,, X ePcOVix encli (6)

Where COV; is an indicator variable coded as 0 or 1. Given that body weight is a physiologically
relevant and readily measurable surrogate of body size, an allometric scaling model with fixed
coefficient of 0.75 for clearance and 1 for volume was compared against models in which these
coefficients were estimated, to determine the most appropriate final model (Anderson & Holford,
2007; Holford et al., 2013).

Covariates were initially screened using univariate statistical tests—Pearson’s test for
continuous covariates and analysis of variance (ANOVA) for categorical covariates. The covariate
with the lowest p-value was added first. Covariate selection was guided by both statistical
significance and physiological relevance. A combined stepwise forward selection and backward
elimination approach was also applied. Covariates were retained in the model if forward inclusion
resulted in a decrease in the objective function (—2 log-likelihood, —2LL) of >3.84 (p < 0.05), and
backward elimination retained covariates that increased —2LL by >7.88 (p < 0.005) upon removal.
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2.4.3 Model Evaluation

Model evaluation was conducted using a combination of statistical criteria and visual
diagnostic tools to assess model suitability and predictive performance. Statistical indicators
included the Akaike Information Criterion (AIC), objective function value (OFV), and Bayesian
Information Criterion (BIC), with lower values suggesting an improved model fit. The precision and
reliability of the estimated parameters were assessed based on relative standard error (RSE), where
values <30-50% were considered acceptable for model stability.

Visual diagnostic plots were also used to support model evaluation. The goodness-of-fit (GOF)
assessments included plots such as observed data (DV) against individual prediction (IPRED), DV
versus population prediction (PRED), population weighted residuals (PWRES), and individual
weighted residuals (IWRES). Visual predictive checks (VPC) were also inspected for model
suitability. The VPC plot will be constructed using 500 Monte Carlo simulations from the model.
For each simulation, the 10", 501, and 90™ percentiles of the simulated data were calculated to assess
the model’s predictive performance.
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2.5 Simulation for Optimal Dosage Regimen

PopPK simulations were performed using the final model to determine optimal teicoplanin
dosing regimens in pediatric patients. All simulations were conducted in Simulx (version 2024) with
100 virtual patients and 1,000 replicates per dosing scenario. The primary endpoint was the PTA,
defined as the proportion of individuals with trough concentrations within the therapeutic range of
15-30 ug/mL, as well as <15 pg/mL and >30 ug/mL. Since simulation outcomes were expressed as
percentages per individual, the mean PTA was calculated by averaging results across all replicates
for each individual within each dosing regimen. All figures of PTA plots were generated using R
(version 4.4.2) and the ggplot2 package.

Two simulation strategies were applied: (1) early target attainment and (2) sustained target
attainment. The first strategy aimed to maximize early target attainment within the initial 4872
hours, which is considered as critical for severe infections such as Staphylococcus aureus bacteremia.
Clinical studies have shown that persistent bacteremia beyond one day is associated with a
heightened risk of metastatic complications and mortality, particularly within the first four days
(Shah & Baltas, 2024). To enhance early exposure while maintaining a standard 12-hour dosing
interval (q12h), 6, 8, 10, 12, 14, 16, 18 mg/kg of loading dose regimens comprising 3, 4, or 5 doses
were simulated based on prior modeling studies (Byrne et al., 2017; Cazaubon et al., 2017; Ueda et
al., 2020). Then the regimen yielding the highest PTA at 47, 59, or 71 hours was selected and fixed.
Using this fixed loading dose, 6, 8, 10, 12, 14, 16, 18 mg/kg of once-daily maintenance doses was
simulated to identify the maintenance dose with the highest PTA on Day 21. The final loading dose
and maintenance dose combination was then used to simulate PTA at Day 4, 7, 14, and 21 to evaluate
consistency of target attainment over the treatment period.

The second strategy prioritized maintaining therapeutic levels throughout prolonged treatment
courses (e.g., infective endocarditis), typically requiring >21 days of therapy (EMA, 2022). To
reflect this need for sustained drug exposure, the optimal maintenance dose was first selected based
on the highest PTA at Day 21. The maintenance dose was then fixed, and loading dose regimens
consisting of three doses administered at 12-hour intervals were simulated to assess early exposure
at 47 hours. This reverse strategy was designed to balance initial drug exposure with long-term
pharmacokinetic stability and aligns with treatment objectives in prolonged infections requiring
consistent therapeutic levels over extended periods.

Trough sampling for PTA evaluation was performed at D4, D7, D14, and D21 for both
strategies. Day 4 was chosen as a surrogate marker for assessing the adequacy of the loading dose,
given teicoplanin’s long half-life and delayed achievement of steady state (Hanai et al., 2022). Day
7 was selected as a follow-up time point to evaluate the effects of the maintenance dose within the
first week after the loading phase (Hanai et al., 2022). Day 14 was included as this corresponds to
the time when approximately 93% of steady-state concentration is achieved (Wilson, 2000). Finally,
Day 21 was selected to assess long-term exposure, particularly in serious infections such as infective
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endocarditis, which requires a minimum of 21 days of treatment (EMA, 2022). In addition, sampling
at 47, 59, or 71 hours (depending on LD schedule) was included to determine the optimal loading
doses.
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3. Results

3.1 Characteristics of Patients

After data processing and the application of sequential inclusion and exclusion criteria, a total
of 108 teicoplanin serum concentrations from 34 pediatric patients (19 males and 15 females) were
included in the popPK analysis. The inclusion and exclusion process is illustrated in Figure 1.

The overall demographic and laboratory characteristics of the study population are summarized
in Table 1. The median (range) age and weight were 4.50 years (0—18) and 12.83 kg (0.60—74.50),
respectively. The median estimated glomerular filtration rate (¢GFR) was 57.86 mL/min/1.73 m?
(25.26-169.85). In terms of age distribution, 24 patients (70.6%) were between 2 months and 12
years of age, and 10 patients (29.4%) were aged 12 years or older. A detailed age distribution across
the 0 to 18 years is provided in Table 2.
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Pediatric patients prescribed teicoplanin from
2005-11-01 to 2025-01-01

(n=4,289)

Excluded patients with insufficient number of TDM
concentration measurements
(n=89)

Excluded patients due to no teicoplanin administration
(n=36)
(Patients remaining after exclusion: n =4,253)

~

J

N

Excluded patients due to no TDM data
(n=4,130)
(Patients remaining after exclusion: n = 123)

~

Pediatric patients included for population PK analysis

(n=34)

Figure 1. Flow diagram of patient selection of population pharmacokinetic analysis.
TDM, therapeutic drug monitoring; PK, pharmacokinetics
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Table 1. Demographic and clinical characteristics of pediatric patients included in the population

pharmacokinetic analysis

Demographic or clinical characteristics

Median value (range)

Demographic characteristics
Number of patients

Sex (M:F)

Age (yrs)

Weight (kg)

Height (cm)

BSA (m?)

GA (wks)

PNA (wks)

PMA (wks)
Laboratory parameter
BUN (mg/dL)

SCr (mg/dL)

AST (IU/L)

ALT (IU/L)

ALB (g/dL)

TBIL (mg/dL)

DBIL (mg/dL)

TP (g/dL)

WBC (10%/uL)

Cys C (mg/L)

eGFR (mL/min/1.73 m?)

34
19:15
4.50 (0-18)

12.83 (0.60-74.50)
95.60 (27.00-180.00)
0.59 (0.10-1.86)
40.00 (23.14-40.00)
244.64 (0.00-963.29)
284.64 (24.71-1003.29)

14.20 (5.10-52.90)
0.39 (0.16-2.07)
46.00 (12.00-2599)
28.50 (2.00-1467.00)
3.50 (1.90-4.80)
0.85 (0.20-14.20)
0.85 (0.10-6.30)
5.60 (3.60-9.20)
7.24 (0.05-34.35)
1.24 (0.39-3.65)
57.86 (25.26-169.85)

M, male; F, female; BSA, body surface area; GA, gestational age; PNA, postnatal age; PMA, postmenstrual
age; BUN, blood urea nitrogen; SCr, serum creatinine; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; ALB, albumin; TBIL, total bilirubin; DBIL, direct bilirubin; TP, total protein; WBC, white
blood cell count; CysC, cystatin C; eGFR, estimated glomerular filtration rate
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Table 2. Distribution of pediatric patients by age included in the population pharmacokinetic
analysis

Age (yrs) Number of Patients (n)
0 13
1 2
2 1
3 0
4 1
5 2
6 0
7 0
8 1
9 0
10 2
11 2
12 0
13 2
14 2
15 2
16 2
17 0
18 2

yrs, years; n, number of patients
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3.2 Evaluation of Standard Dosage Regimens of Teicoplanin at
Severance Hospital

To evaluate the appropriateness of standard teicoplanin dosage regimens, patients were
stratified into six finer age groups as presented in Table 3. This stratification was performed to allow
a more detailed evaluation of dosing adequacy, as current dosing guidelines group pediatric patients
into broad age categories that may overlook pharmacokinetic variability within each group. Three
key components were evaluated for each age group: 1) the median time from first teicoplanin
administration to initial TDM sampling; 2) the number of patients whose initial teicoplanin
concentration fell within the target therapeutic range (15-30 pg/mL); and 3) the number of TDM
samples within the target range across all sampling time points.

The age distribution of the included patients was uneven, with nearly half (47.1%, n = 16)
classified into the 0 < Age < 3 group, as shown in Table 3. This uneven distribution of included
patients should be considered when evaluating the standard dosing regimens of teicoplanin at
Severance Hospital.
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Table 3. Age group categorization for analysis

Categorization Age (yrs) Total Number of Patients
1 0<Age<3 16
2 3 <Age <6 3
3 6<Age<9 1
4 9<Age<12 4
5 12<Age<15 4
6 15<Age<18 6
yrs, years
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3.2.1 Median Time to Initial TDM

The median time to initial TDM varied by age group, with median values ranging from 4.00 to
8.90 days, as summarized in Table 4.

In the youngest age group (0 < Age < 3), the median (range) time to initial TDM was 5.96 days
(1.98-14.98). A shorter median of 4.93 days (1.98-7.06) was observed in the 3 < Age < 6 group,
suggesting earlier TDM in this subgroup. The 6 < Age <9 group had the longest median time of
8.90 days; however, this result was based on a single patient and thus may not be generalizable.

The shortest median time was observed in the 9 < Age < 12 group at 4.00 days (2.77-4.98),
after excluding one patient whose initial TDM sampling occurred at 89.01 days. Among adolescents,
the median times were 6.12 days (4.98-9.60) in the 12 < Age < 15 group and 6.76 days (2.71-26.13)
in the 15 < Age < 18 group.

These findings highlight variation in the timing of TDM initiation across age groups, which
may impact the interpretation of early drug exposure and target attainment.
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Table 4. Median time to initial sampling day after first teicoplanin administration.

Age Groups

Median Time
[hours (range)]

Median Time
[days (range)]

0<Age<3
3<Age<6
6 <Age<9*
9<Age<12°
12<Age<15
15<Age<18

142.92 (47.50-359.50)
118.25 (47.50-169.50)
213.50
96.00 (66.50-119.50)
146.75 (119.50-230.50)
162.25 (65.02-627)

5.96 (1.98-14.98)
4.93 (1.98-7.06)
8.90
4.00 (2.77-4.98)
6.12 (4.98-9.60)
6.76 (2.71-26.13)

& Since there was only one individual in this age group, the value is reported instead of the median
b The first sampling for ID 27 was excluded from the median calculation due to an excessively delayed sampling

time (ID 27 =2136.33 hours, 89.01 days)
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3.2.2 Number of Patients within Optimal Concentration Range
on Initial Sampling Day

The distribution of teicoplanin concentrations on the initial TDM day varied across age groups,
with the majority of patients failing to achieve the target therapeutic range of 15-30 pg/mL, as
summarized in Table 5. Overall, only 32.4% (n = 11) of the 34 patients were within the optimal
concentration range, while 55.9% (n = 19) had subtherapeutic levels (<15 pg/mL) and 11.8% (n =
4) showed supratherapeutic levels (>30 pg/mL).

Among the youngest group (0 < Age < 3), 68.8% (n = 11) of patients were subtherapeutic and
31.3% (n = 5) were within the target range. In the 3 < Age < 6 group, 66.7% (n = 2) achieved the
target concentration while one patient (33.3%) was subtherapeutic. The 6 < Age <9 group included
only a single patient, who showed subtherapeutic concentration. In the 9 < Age < 12 group, half of
the patients (n = 2) reached the optimal range, whereas one patient (25.0%) was subtherapeutic and
another (25.0%) was supratherapeutic. In the 12 < Age < 15 group, two patients (50.0%) were
subtherapeutic, while one patient each (25.0%) fell within the target or supratherapeutic range.
Similarly, in the 15 < Age < 18 group, 50.0% (n = 3) were subtherapeutic, 16.7% (n = 1) within
range, and 33.3% (n = 2) supratherapeutic.

These findings demonstrate variability in target attainment across age groups, with
subtherapeutic exposure being most prevalent, particularly in younger children. Notably, 68.8% of
patients in 0 < Age < 3 group showed subtherapeutic concentrations, suggesting that the current
dosing regimens may be insufficient for achieving therapeutic levels, highlighting the potential need
for dose optimization especially in younger pediatric populations.
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Table 5. Initial teicoplanin concentration by age group at first TDM

<15 pg/mL 15-30 pg/mL >30 pg/mL Total

Age Groups [n(%)] [0 (%)] [n (%)] (n)
0<Age<3 11 (68.75) 5(31.25) 0 16
3<Age<6 1((33.33) 2 (66.67) 0 3
6<Age<9 1 (100) 0 0 1
9<Age<12 1 (25.00) 2 (50.00) 1 (25.00) 4
12<Age<15 2 (50.00) 1 (25.00) 1 (25.00) 4
15<Age< 18 3 (50.00) 1 (16.67) 2(33.33) 6
Total 19 (55.88) 11 (32.35) 4 (11.76) 34

n, number of patients
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3.2.3 Number of Samples within Optimal Concentration Range
Across All Sampling Days

The distribution of teicoplanin concentrations across all TDM samples, including the first
measurement, is summarized in Table 6 and Figure 2. Overall, only 36.1% (n = 39) of the 108 total
samples were within the target therapeutic range (15-30 pg/mL), whereas 52.8% (n = 57) were
subtherapeutic (<15 pg/mL) and 11.1% (n = 12) were supratherapeutic (>30 pg/mL).

In the 0 < Age < 3 group, the majority of samples (67.4%, n = 33) were subtherapeutic, while
28.6% (n = 14) fell within the optimal range and 4.1% (n = 2) were supratherapeutic. The 3 < Age
< 6 group had the highest proportion of optimal concentrations (53.9%, n = 7), with 38.5% (n =5)
subtherapeutic and 7.7% (n = 1) supratherapeutic. In the 6 < Age <9 group, all samples (100%, n =
3) were subtherapeutic, although this reflects data from a single patient.

Among the 9 < Age < 12 group, 43.8% (n = 7) of samples were within the target range, with
31.3% (n = 5) subtherapeutic and 25.0% (n = 4) supratherapeutic. The 12 < Age < 15 group showed
40.0% (n = 4) within range, 50.0% (n = 5) subtherapeutic, and 10.0% (n = 1) supratherapeutic.
Similarly, in the 15 < Age < 18 group, 41.2% (n = 7) of samples achieved the target range, while
35.3% (n = 6) were subtherapeutic and 23.5% (n = 4) supratherapeutic.

These results demonstrate the overall limited attainment of therapeutic teicoplanin
concentrations across pediatric age groups, with younger children showing particularly high rates of
subtherapeutic exposure despite ongoing treatment. This finding further supports the need for age-
specific dose optimization, especially in patients under 3 years of age.
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Table 6. Teicoplanin concentrations by age group across all TDM samples.

<15 pg/mL 15-30 pg/mL >30 pg/mL Total

Age Groups [n(%)] [0 (%)] [n (%)] (n)
0<Age<3 33 (67.35) 14 (28.57) 2 (4.08) 49
3<Age<6 5 (38.46) 7 (53.85) 1(7.69) 13
6<Age<9 3(100) 0 0 3
9<Age<12 5(31.25) 7 (43.75) 4 (25.00) 16
12<Age<15 5 (50.00) 4 (40.00) 1 (10.00) 10
15<Age< 18 6 (35.29) 7 (41.18) 4(23.53) 17
Total 57 (52.78) 39 (36.11) 12 (11.11) 108

n, number of samples
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Percentage of Samples Within Optimal Concentration Range by Age Groups
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Figure 2. Percentage of samples within optimal concentration range by age groups.
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3.3 Population PK Model

Various model structures were explored to determine the most appropriate base model. These
included combinations of infusion administration with one- or two-compartment models, absorption
with or without lag time, and linear or nonlinear elimination kinetics. However, models
incorporating lag time or nonlinear elimination produced inappropriate parameter estimates with
excessively large RSE values, as summarized in Tables 7—10.

During the error model evaluation, the proportional error model was determined to best fit the
data, based on model fit statistics and parameter precision (Table 11). As a result, the teicoplanin
concentration data were best described by a one-compartment structure with infusion administration,
no absorption delay, and first-order (linear) elimination. The estimated pharmacokinetic parameters
were clearance (CL) and volume of distribution (Vd), while residual variability was modeled using
a proportional error model with a coefficient of b = 0.359.

Covariate analysis was performed using a combination of forward inclusion and backward
elimination procedures (Table 12). Among the tested covariates (e.g., age, albumin, eGFR) only
body weight resulted in a statistically significant reduction in the OFV. While other covariates were
evaluated exploratorily, they did not meet criteria for inclusion. Consequently, body weight was
retained as a covariate on both CL and Vd in the final model.

A comparison between the full covariate model and a fixed-exponent allometric scaling model
(using exponents of 0.75 for CL and 1.0 for Vd) showed only a minor increase in OFV (743.69 vs.
746.00), which was not statistically significant (p > 0.05), as presented in Table 13. Given its
enhanced interpretability and generalizability for pediatric populations, the allometric scaling model
was ultimately chosen as the final model.

The final parameter estimates for both the base and final models are summarized in Table 14.
In the final model, the estimated CL was 0.22 L/h and the Vd was 11.98 L, with acceptable precision
and shrinkage. This model was subsequently used to perform simulations for identifying optimal
teicoplanin dosing regimens in pediatric patients.
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Table 7. Parameters estimates for one-compartment with infusion administration and no lag time.

Infusion and non-linear elimination  Infusion and linear elimination

Parameter Value RSE % Value RSE %
2L 806.18 - 805.93 -
AIC 820.18 - 815.93 -
BIC 830.87 - 823.56 -

A% 8.61 54.6 10.615 53.989
CL - - 0.185 30.348
Vm 27765867.17 55.6 - -
Km 142952991.9 55.1 - -
oV 1.4 25.0 1.417 23.253
oCL - - 1.161 17.841
oVm 0.69 34.1 - -
oKm 0.89 235 - -

b 0.36 9.36 0.359 9.6

V, volume of distribution; CL, clearance; Vm, maximum elimination rate; Km, Michaelis constant; ®?, between-
subject variance for the corresponding parameter; b, proportional residual error; RSE, relative standard error;
—2LL, negative twice the log-likelihood; AIC, Akaike information criterion; BIC, Bayesian information

criterion.
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Table 8. Parameters estimates for one-compartment with infusion administration and lag time.

Parameter Infusion and non-linear elimination Infusion and linear elimination
Value RSE % Value RSE %
-2LL 805.95 - 806 -
AIC 823.95 - 820 -
BIC 837.69 - 830.68 -
Tlag 0.0017 1.47e+4 0.15 440
A% 12.56 46.4 10.83 47.8
CL - - 0.19 24.7
Vm 59319567.36 115 - -
Km 340061676.01 124 - -
oTlag 2.01 56.1 0.7 55.9
oV 1.41 27.2 1.37 24.3
oCL - - 1.13 14.8
oVm 0.7 85.4 - -
oKm 0.93 56.7 - -
b 0.36 9.17 0.36 9.14

V, volume of distribution; CL, clearance; Vm, maximum elimination rate; Km, Michaelis constant; Tlag, lag
time; ®? between-subject variance for the corresponding parameter; b, proportional residual error; RSE,

relative standard error; —2LL, minus twice the log-likelihood; AIC, Akaike information criterion; BIC,
Bayesian information criterion.
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Table 9. Parameter estimates for two compartments with infusion administration and no lag time.

Parameter Infusion and non-linear elimination Infusion and linear elimination
Value RSE % Value RSE %
-2LL 799.82 - 804 -
AIC 821.82 - 822 -
BIC 838.61 - 835.74 -
Vi1 5.35 1.54e+12 7.1 112
Q 0.24 1.89¢+3 2359 5.26e+120
V2 1145.89 8.11e+27 0.14 7.19¢+3
CL - - 0.19 323
Vm 0.00027 Infinity - -
Km 8729.32 NaN - -
oV1 1.69 126 1.37 45.5
oQ 1.26 68.0 4.37 167
®oV2 0.87 282 345 30.0
oCL - - 1.14 15.7
oVm 3.27 127 - -
oKm 1.97 493 - -
b 0.33 34.1 0.33 10.3

V1, central volume of distribution; V2, peripheral volume of distribution; Q, intercompartmental clearance; CL,
clearance; Vm, maximum elimination rate; Km, Michaelis constant; ®?, between-subject variance for the
corresponding parameter; b, proportional residual error; RSE, relative standard error; —2LL, minus twice the
log-likelihood; AIC, Akaike information criterion; BIC, Bayesian information criterion; NaN, not a number,
indicating unreliable or non-estimable parameter; Infinity, indicating an unreasonably large or undefined
estimate due to model overparameterization or convergence failure.
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Table 10. Parameters estimates for two compartments with infusion administration and lag time
absorption.

Parameter Infusion and non-linear elimination Infusion and linear elimination
Value RSE % Value RSE %
2LL 800.36 - 793.77 -
AIC 826.36 - 815.77 -
BIC 846.21 - 832.56 -
Tlag 0.0064 6.81e+5 0.017 NaN
Vi 49 58.7 0.0019 Infinity
Q 0.26 30.4 66.62 1.36e+30
V2 1180.4 123 9.75 54.5
CL - - 0.19 29.9
Vm 0.00000058 1.21e+28 - -
Km 15162.34 NaN - -
oTlag 341 47.8 2.51 258
oVl 1.33 31.5 3.54 80.1
®Q 1.26 15.3 4.13 115
oV2 1.06 443 1.41 29.5
oCL - - 1.11 14.0
oVm 5.68 85.5 - -
oKm 4.71 123 - -
b 0.33 11.4 0.32 16.6

V1, central volume of distribution; V2, peripheral volume of distribution; Q, intercompartmental clearance; CL,
clearance; Vm, maximum elimination rate; Km, Michaelis constant; Tlag, lag time; ®? between-subject
variance for the corresponding parameter; b, proportional residual error; RSE, relative standard error; —2LL,
minus twice the log-likelihood; AIC, Akaike information criterion; BIC, Bayesian information criterion; NaN,
not a number, indicating unreliable or non-estimable parameter; Infinity, indicating an unreasonably large or
undefined estimate due to model overparameterization or convergence failure.
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Table 11. Comparison of parameter estimates across different error models using the selected base model.

Infusion and linear Infusion and linear Infusion and linear Infusion and linear
elimination elimination elimination elimination
Parameter (proportional) (combined 1) (combined 2) (constant)
Value RSE % Value RSE % Value RSE % Value RSE %
-2LL 805.93 - 805.7 - 805.56 - 850.46 -
AlIC 815.93 - 817.7 - 817.56 - 860.46 -
BIC 823.56 - 826.86 - 826.72 - 868.09 -
\Y 10.615 54.0 9.95 51.0 10.2 47.1 1.32 643
CL 0.185 30.3 0.19 27.0 0.19 25.3 0.34 23.0
oV 1.417 23.3 1.36 23.4 1.35 215 2.85 34.6
oCL 1.161 17.8 1.18 15.8 1.15 14.8 0.9 18.4
a - 0.0096 8.15e+3 0.088 7.61e+3 9.65 8.58
b 0.359 9.6 0.36 13.4 0.35 9.13 - -

V, volume of distribution; CL, clearance; ®? between-subject variance for the corresponding parameter; a, additive residual error; b, proportional
residual error; RSE, relative standard error; —2LL, minus twice the log-likelihood; AIC, Akaike information criterion; BIC, Bayesian information
criterion.
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Table 12. Objective function values during covariate selection by stepwise forward inclusion and
backward elimination.

Parameter OFV AOFV
Round 1: Forward inclusion 805.91

logWT on V 789.49 -16.42
logWT on CL 753.05 -52.86
logALB on V 801.55 -4.36
Age on CL 778.09 -27.82
logeGFR on CL 805.32 -0.59

Round 2: Forward inclusion

logWT on CL, logWT on V 743.69 -9.36
logWT on CL, logALB on V 752.94 -0.11
logWT on CL, Age on CL 751.84 -1.21
logWT on CL, logeGFR on CL 750.91 -2.14

Round 3: Forward inclusion

logWT on CL, logWT on V, logALB on V 742.18 -1.51
logWT on CL, logWT on V, Age on CL 741.83 -1.86
logWT on CL, logWT on V, logeGFR on CL 742.23 -1.46

Round 5: Backward elimination
logWT on CL 753.05 9.36

logWT on V 789.49 45.8

OFV, objective function value; AOFV, change in OFV relative to the base model; logWT, natural log-
transformed body weight; logALB, natural log-transformed albumin; logeGFR, natural log-transformed
estimated glomerular filtration rate; Bold text indicates statistically significant reduction in OFV (p < 0.05);
Bold and underlined text indicates the covariate model selected as the final model during covariate selection.
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Table 13. Comparison of objective function values between base, selected covariate, and allometric
scaling model.

Parameter Base Model Covariate Model' Allometric Scaling Model?
OFV 805.9 743.69 746
! Covariate model includes log-transformed body weight (logWT) as a covariate on clearance (CL) and volume
of distribution (V).
2 Allometric scaling model incorporates fixed exponents of 0.75 for CL and 1 for V based on body weight.

OFYV, objective function value.
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Table 14. Parameter estimates from the base and final population pharmacokinetic models.

Base Model Final Model
(OFV: 805.9) (OFV: 746)
Parameter RSE Shrinkage Shrinkage
. 5 (V)
Population (%) (%) Population  RSE (%) (%)
V(L) 10.615 53.989 39.333 11.982 30.847 47.644
CL (L/h) 0.185 30.348 7.747 0.22 9.758 9.04
Effect of .
weight on V - - - Fixed to 1 - -
Effect of i i i Fixed to ) )
weight on CL 0.75
Between-subject variability (%CV)
1.417 0.705
wV (253.863) 23.253 - (80.21) 34.305 -
1.161 0.448
wCL (168.866) 17.841 - (47.102) 15.748 -
Error model
b 0.359 9.6 - 0.366 9.385 -

V, volume of distribution; CL, clearance; RSE, relative standard error; CV, coefficient of variation; %CV,
percent coefficient of variation; ®V, between-subject variability (BSV) on volume of distribution (V); oCL,
between-subject variability (BSV) on clearance (CL); b, proportional residual error coefficient; OFV, objective
function value.
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3.4 Model Evaluation

The final model demonstrated improved parameter precision, with RSEs CL and V reduced
compared to the base model. Specifically, the RSE for CL decreased from 30.35% to 9.76%, and the
RSE for V from 53.99% to 30.85%, as summarized in Table 14. These values fell within the
acceptable range (30-50%) defined in the methodology section, indicating that the final model
provided reasonably precise parameter estimates.

GOF diagnostic plots for the final model are presented in Figures 3 to 6. In the observed versus
predicted plots, the base model showed underprediction in the mid- to high-concentration range
(~10-30 pg/mL), evidenced by the downward deviation of the spline curve from the identity line
(Appendix 1, Figure 1). In contrast, the final model showed improved alignment, with the spline
more closely following the y = x line across the concentration range, as shown in Figure 3.

Residual-based diagnostics further supported the improved performance. In the base model,
population-weighted residuals (PWRES) showed extreme positive deviations exceeding +10
(Appendix 1, Figure 2). However, in the final model, PWRES were well constrained within
approximately +3 (Figure 4), indicating reduced variability and a better model fit.

Additionally, visual predictive check (VPC) plots (Figures 5 and 6) also confirmed enhanced
predictive performance. The final model exhibited narrower 90% prediction intervals compared to
the base model (Appendix 1, Figures 3 and 4), suggesting improved precision in the predicted
percentiles. The 10th, 50th, and 90th percentiles of observed concentrations were better captured
within the model-derived intervals, and the number of outlier regions was substantially reduced.

Collectively, these improvements in spline alignment, residual distribution, and narrower
prediction intervals indicate that the final model demonstrated improved GOF and predictive
performance compared to the base model.
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Figure 3. Observed versus prediction teicoplanin concentrations for the final model.

Scatter plots of observed teicoplanin concentrations versus population predictions (left) and individual
predictions (right). The solid black line represents the line of identity (y=x). The yellow spline indicates a
locally weighted regression fit to the data. The dashed lines in the individual prediction panel represent the 90%
prediction interval.
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Figure 4. Scatter plots of residuals for the final model.

Scatterplots of population-weighted residuals (PWRES, left panels) and individual-weighted residuals (IWRES,
right panels) versus time and predicted concentrations. The solid yellow line represents a spline smoother; the
dashed line indicates the theoretical mean (y = 0).
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3.5 Simulation

To reflect the final population PK model in which body weight was identified as the only
significant covariate, all simulations were stratified by body weight, which were categorized into
five weight-based groups: <4 kg, 4-10 kg, 10-30 kg, 30-50 kg, and >50 kg. This stratification
allowed for the evaluation of dosing strategies tailored to weight-related pharmacokinetic
differences, thereby enhancing the precision of exposure predictions across pediatric subpopulations.

Although simulations were initially planned based on age groups (0-3, 3—-6, 6-9, 9-12, 1215,
and 15-18 years), the final analysis was conducted according to weight groups, as age was not
identified as a significant covariate. Simulation results stratified by age group are available in
Appendix 4.

40



3.5.1 Simulation for Early Target Attainment

Based on the early target attainment strategy, simulations were first conducted using loading
dose regimens consisting of 3, 4, or 5 doses administered at 12-hour intervals to identify the regimen
that achieved the highest mean PTA within the 15-30 pg/mL at the end of the loading phase (47, 59,
or 71 hours post-initial dose). Additionally, an alternative regimen of four doses at 6-hour intervals
was explored to assess potential improvement in target attainment; however, no improvement in
PTA was observed. These results are summarized in Table 15 and Figures 7-9.

In the <4 kg group, the regimen of 12 mg/kg q12h x 4 achieved the highest PTA of 57.23%,
with 19.38% of patients exceeding 30 pg/mL and 23.39% remaining below 15 pg/mL. For the 4—
10 kg group, 10 mg/kg q12h x 5 resulted in the highest PTA of 57.36%, with 24.75% >30 ug/mL
and 17.89% <15 ug/mL. In the 10-30 kg group, 8 mg/kg q12h x 5 showed a PTA of 56.98%, with
17.54% above and 25.48% below the target range. The same LD regimen (8 mg/kg q12h x5)
provided the highest PTA in the 30—50 kg group as well, with 53.50% within the target range, and
27.28% >30 pg/mL and 19.22% <15 ug/mL. Lastly, in the >50 kg group, 6 mg/kg q12h x 5 achieved
the highest PTA of 52.61%, while 13.92% and 33.47% of patients fell outside the upper and lower
bounds of the target range, respectively. These loading dose regimens were fixed for subsequent
maintenance dose evaluation.

Using these fixed loading regimens, simulations were conducted to identify the maintenance
dose that achieved the highest PTA at Day 21 (Table 16 and Figures 10—13). In the <4 kg group, a
maintenance dose of 12 mg/kg resulted in a PTA of 56.55%, with 17.53% of patients exceeding
30 ug/mL and 25.92% remaining below 15 pg/mL. For the 4-10 kg group, 10 mg/kg once daily
yielded the highest PTA of 56.07%, with 16.48% and 27.45% of patients above and below the target
range, respectively. In the 10-30 kg group, 8 mg/kg provided the highest PTA of 55.89%, with 14.33%
above and 29.78% below the target range. The same maintenance dose of 8 mg/kg was also optimal
in the 30-50kg group, resulting in a PTA of 56.54%, with 29.21% >30 pg/mL and 14.26%
<15 pg/mL. Finally, in the >50 kg group, a maintenance dose of 6 mg/kg produced the highest PTA
0f 59.34%, with 18.32% exceeding and 22.34% falling below the target range.

Following the selection of both optimal loading and maintenance dose combinations, the time-
course of PTA was evaluated across Days 4, 7, 14, and 21 to confirm sustained target attainment
throughout therapy, as summarized in Table 17. Across all weight groups, PTA values within the 15—
30 ug/mL remained above 50% at every time point, supporting the adequacy and clinical feasibility
of the selected regimens for ongoing therapy.
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Table 15. Simulated mean PTA (%) for Ciin with Different loading dose schedules across weight groups

LD q12h x 3 LD q12h x 4 LD q12h x5 LD q6h x 4
Mean PTA (%) at 47 Hours for Cmin in the <4 kg Group Miean PTA (%) at 59 Hours for Cmin in the <4 kg group Mean PTA (%) at 71 Hours for Cmin in the <4 kg group Mean PTA (%) at 41 Hours for Cmin in the <4 kg group
D [15-30ug/mL| >30 pg/mL [ <15 ug/mL | Total Out-of- D [15-30ug/mL| >30 yg/mL | <15 ug/ml | Total Out-of- LD [15-30 ug/mL | >30 pg/mL | <15 pg/mlL | Total Out-of- D [15-30 ug/mL| >30 pg/mL | <15 ug/mlL | Total Out-of-
(mg/kg) %) %) %) Target (%) (mg/kg) %) ) %) Target (%) (mg/kg) %) %) %) Target (%) (mg/kg) %) &%) %) Target (%)
6 10.56| 016, 8929 89.44] 6 1893 045) 8062, 81,07 6 2604 0.99) 7297 73,96} 6 35.77) 274] 61.49| 6423
8 an 1.26) 7103 7229 8 3972 397 s 60.28| 8 4141 547 4712 52.59) 8 51.82 1092 37.26 48.18|
10 4355 465 5181 5645) 10 5329 954 37.17 4671 10 57.16) 1461 2823 4284 10 5409 2397 2195 4592
12 5304 1071 3625 46.96| 12 5723 1938 2339 4277 12 5636 27.03 1661 43.64| 12 4833 3851 13.16 51.67|
1 5593 19.16 2492 4407 " 54.29| 3099| 1472 as71 4 4958 4054 988| 5042 il 40,08 51.77| 815 5992
16 5387 2897 1715 4613 16 arn 4289 940 52.29) 16 4108, 5288 604 58.92) 16 3199 6274 528 6802
18 4924 3880 197 5076 18 4027 5361 613 59.73) 18 3293 6330 377 67.08] 18 2515 71.37] 348 7485
Mean PTA (%) at 47 Hours for Cmin in the 4-10 kg group Mean PTA (%) at 59 Hours for Cmin in the 4-10 kg group Miean PTA (%) at 71 Hours for Cmin in the 4-10 kg group Mean PTA () at 41 Hours for Crin in the 4-10 kg group
D |15-30 pg/mL | >30 pg/mL | <15 pg/mL | Total Out-of- LD [ 15-30 pg/mL | >30 pg/mL | <15 pg/mlL | Total Out-of- LD | 15-30 ug/ml | >30 pg/mL | <15 pg/mL | Total Out-of- LD [15-30 ug/mlL | >30 pg/mL | <15 ug/mlL | Total Out-of-
(mg/kg) %) %) %) Target (%) (mg/kg) %) 06) %) Target (%) (mg/kg) %) %) %) Target (%) (mg/kg) %) %) (%) Target (%)
6 17.29) 042 8229 8271 6 2886 127 6988 71.14) 6 37.88| 255 5957 6212 6 42.78| 537 5184 57.22]
8 3691 290 6019 63.09) 8 4924 654 4422 5076 8 5567 1087| 3346 4433 8 5280 1730 2990 4720
10 5028 863 41.09 4972 10 5679 16.82 2639 4321 10 57.36 2475 1789 4264 10 4945 33.10 1745 5055|
2 5476 mn 2153 4525 2 5431 3013 1557 4570 2 4993 4043 965 50.07) 2 4128 4816 1056 58.72]
" 5293 2862 1846 4107 14 4690 4362 948 53.10) 1 3969 5483 548 6031 1" 3260 6070 670 6740
16 4764 3981 1255 52.36) 16 3825 55.78| 597 61.75) 16 3025 66.54) 321 69.75) 16 2547 70.10 443 7453
18 4129 4992 879 58.71) 18 3034 6574 392 69.66] 18 2261 7542| 198 7739] 18 19.72, 7728 301 8029]
Mean PTA (%) at 47 Hours for Cmin in the 10-30 kg group Mean PTA (%) at 59 Hours for Cmin in the 10-30 kg group Mean PTA (%) at 71 Hours for Cmin in the 10-30 kg group Mean PTA (%) at 41 Hours for Cmin in the 10-30 kg group
LD | 15-30 ug/mL | >30 ug/mL | <15 pg/mL | Total Out-of- LD [ 15-30 yg/mL | >30 yg/mL | <15 pg/ml | Total Out-of- LD | 15-30 ug/mL | >30 pg/mL | <15 ug/mlL | Total Out-of- LD [15-30 ug/mlL | >30 yg/mL | <15 pg/mL | Total Out-of-
(mg/kg) %) %) %) Target (%) (mg/kg) %) %) %) Target (%) (mg/kg) %) %) %) Target (%) (mg/kg) %) %) %) Target (%)
6 2352 101 75.48| 76.48) 6 3665 279 6057 63.36) 6 4602 509 48.89 53.99) 6 4565 849 45.86) 54.35)
8 4224 522 5254 57.76) 8 5296 11.08) 36.00 4704 8 5698 17.54) 2548 4302 8 5033 2330 2638 4967
10 5166 1337, 3496 4834 10 5467 2445 2088 4533 10 5228 3460 RER] 4172 10 4454 3989 1556, 55.46)
2 52.20 2453 2328 47580 2 4821 3943 1236 51.79) 2 4176 s 713 58.24) 2 3627 54.14] 960) 63.74)
" 4778 3646 15.76| 52.22| " 39.45 5293 762 60.55) 14 3141 6446 413 6859 14 2847 6538 616 7153
16 4166, 4746 1088 5834 16 31.03 64.00 497 68.97] 16 23.00) 7452 248 77.00) 16 22.26| 7362 412 77.74)
18 3530 5697 773 64.70) 18 2409] 7259] 33| 7591] 18 1675 (ki) 154 8325] 18 1732] 7987 281 8268
Mean PTA (%) at 47 Hours for Cmin in the 30-50 kg group | Mean PTA (%) at 59 Hours for Cmin in the 30-50 kg group Mean PTA (%) at 71 Hours for Cmin in the 30-50 kg group Mean PTA (%) at 41 Hours for Cmin in the 30-50 kg group
LD [ 15-30 pg/mL | >30 ug/mL | <15 ug/mL | Total Out-of- LD [15-30 ug/mL | >30 yg/mL | <15 pg/mL | Total Out-of- LD [15-30 ug/mL | >30 pg/mL | <15 pg/mL | Total Out-of- LD [ 15-30 pg/mL | >30 pg/mL | <15 pg/mL | Total Out-of-
(mg/kg) %) %) %) Target (%) (mg/kg) %) %) %) Target (%) (mg/kg) %) %) %) Target (%) (mg/kg) %) %) ) Target (%)
6 3031 221 67.48 69.69) 6 4345 563 50.92] 56.55) 6 51.75) 981 38.44 48.25) 6 46.36) 1294 4069 53.64)
8 4556 903 4541 54.44) 8 5284 18.06| 2910 4116 8 5350 2728 1922 4650 8 4657 2996 2348 5343
10 5011 19.99 2990 49.89) 10 48.95 34.10) 1695 51,05} 10 4395 4599 10,06/ 56,05} 10 39.48| 4639) 1413 6052|
2 4736 3252 2013 52,65| 2 4069 4908 1024 59.32) 12 3280 6156 564 6720 12 3185 5931 884 68.15
" 41.70 4453 177 58.30) " 3204 6149 647 6796 " 278 7285 338 7623 1" 2503 6923 574 74.97)
16 3871 5460 9.70) 64.29) 16 2481 7090 428 75.19) 16 172 8078 210 8288 16 1962, 7652 3.86) 80.38|
18 2986 6320] 694 70.14) 18 19.18| 77.90] 291 8082| 18 1244 8624 132 87.56] 18 1549| 81.86| 265 8451
Mean PTA (%) at 47 Hours for Cmin in the >50 kg group. Mean PTA (%) at 59 Hours for Cmin in the >50 kg group. ‘Mean PTA (%) at 71 Hours for Cmin in the >50 kg group. Mean PTA (%) at 41 Hours for Cmin in the >50 kg group.
D |15-30 pg/mL | >30 ug/mL | <15 ug/mL | Total Out-of- LD | 15-30 pg/mL | >30 pg/mL | <15 pg/mlL | Total Out-of- LD [15-30 pg/mlL | >30 pg/mL | <15 pg/mL | Total Out-of- LD [15-30 pg/mL | >30 pg/mL | <15 pg/mL | Total Out-of-
(mg/kg) %) %) %) Target (%) (mg/kg) %) %) %) Target (%) (mg/kg) %) %) %) Target (%) (mg/kg) %) %) %) Target (%)
6 3360 342 6298 66.40) 6 4584 825 4591 54.16) 6 5261 13.92] 3347 4739) 6 4557 16.7] 3827 54.43)
8 4608 1194 4198 53.92) 8 5074 2304 2622 4927, 8 49.48) 37 1681 5052 8 44.00) 3375, 2225 56.00)
10 4788 2427 2785 52.12) 10 4489 3972 1539 55.11 10 3877 5225 898 6123 10 37.05 4948 1347 6295
2 4416 37.02 1883 55.84) 2 3642 54.09) 949 63.58] 12 2833 6653 514 7167} 12 2981 6173 845 70.19|
14 3846 4855 1299] 6154 " 2856 6540 604 71.44) " 2047 7642 m 7953 1 2353 7093 554 76.47)
16 3277 5802 921 67.23) 16 2218 7378 404 77.82) 16 1487 8319 194 8513 16 1852, 7775 373 8148
18 2747 6592| 662 7253| 18 17.24 8002| 275 8276] 18 1090] 87.85| 125 89.10] 18 1466 8278 256 8534

Green shading indicates the loading dose regimen with the highest PTA among all simulated dosing schedules.

LD, loading dose; q12h, every 12 hours; q6h, every 6 hours; Cmin, minimum (trough) concentration; PTA, probability of target attainment; >30 pg/mL
(%), proportion of individuals with Cmin above the target range; <15 ng/mL (%), proportion of individuals with Cmin below the target range; 15-30
ug/mL (%), proportion of individuals within the target concentration range; Total Out-of-Target (%), combined percentage of individuals with Cmin <15
and >30 pg/mL.
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Figure 5. Mean PTA (%) for Cnin 15-30 pg/mL with different loading dose schedules across weight
groups.
Lines represent different loading dose schedules: yellow, 3 doses at 12-hour intervals; green, 4 doses at 12-hour
intervals; brown, 5 doses at 12-hour intervals; orange, 4 doses at 6-hour intervals. The horizontal dashed line
indicates the 50% PTA threshold.
PTA, probability of target attainment; Cmin, minimum (trough) concentration; LD, loading dose; q12h, every
12 hours; q6h, every 6 hours.
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Figure 6. Mean PTA (%) for Cmin >30 pg/mL with different loading dose schedules across weight
groups.

Lines represent different loading dose schedules: yellow, 3 doses at 12-hour intervals; green, 4 doses at 12-hour
intervals; brown, 5 doses at 12-hour intervals; orange, 4 doses at 6-hour intervals. The horizontal dashed line
indicates the 50% PTA threshold.

PTA, probability of target attainment; Cmin, minimum (trough) concentration; LD, loading dose; q12h, every
12 hours; q6h, every 6 hours.
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Figure 7. Mean PTA (%) for Ciin <15 pg/mL with different loading dose schedules across weight

groups.

Lines represent different loading dose schedules: yellow, 3 doses at 12-hour intervals; green, 4 doses at 12-hour
intervals; brown, 5 doses at 12-hour intervals; orange, 4 doses at 6-hour intervals. The horizontal dashed line
indicates the 50% PTA threshold.
PTA, probability of target attainment; Cmin, minimum (trough) concentration; LD, loading dose; q12h, every
12 hours; q6h, every 6 hours.
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Table 16. Simulated mean PTA (%) for Cnin with different maintenance dose and fixed loading dose across weight groups at Day 21.

Green shading indicates the maintenance dose regimen with the highest PTA among all simulated dosing schedules.
LD, loading dose; MD, maintenance dose; q12h, every 12 hours; Cmin, minimum (trough) concentration; PTA, probability of target attainment; >30
pg/mL (%), proportion of individuals with Cmin above the target range; <15 pg/mL (%), proportion of individuals with Cmin below the target range; 15—
30 pg/mL (%), proportion of individuals within the target concentration range; Total Out-of-Target (%), combined percentage of individuals with Cmin
<15 and >30 pg/mL.
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<4 kg group 4-10 kg group 10-30 kg group
(LD 12 mg/kg q12h x 4 fixed) (LD 10 mg/kg q12h x 5 fixed) (LD 8 mg/kg q12h x 5 fixed)
Mean PTA(%) at Day 21 for Cmin in the <4 kg group Mean PTA(%) at Day 21 for Cmin in the 4-10 kg group Mean PTA(%) at Day 21 for Cmin in the 10-30 kg group
MD 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of- MD 15-30 pg/mL | >30 yg/mL | <15 pg/mL |Total Out-of- MD 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of-
(mg/kg) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%)
6 17.52 0.55 8193 8248 6 28.08 166 7026 7193 6 41.36] 418 54.46 58.64
8 36.65 30 60.34 63.35 8 4720 6.90 4591 52.80] 8 55.89 1433 29.78 4411
10 5064 875 4061 49.36| 10 56.07 1648 2745 4393 10 55.59; 29.05 1536 4441
12 5655 17.53 2592 4345 12 55.25 2883 1592 4475 12 4759 4465 737 5241
14 5546 28.22 1632 4455 14 48.87 4184 929 5113 14 3753 58.54 393 6247
16 5046 3931 1023 49.54] 16 41.09 5363 528 5891 16 28.14 69.84 203 71.86
18 43.75 49.79 6.46 56.25 18 33.05 63.89 3.06 66.95/ 18 20.60! 78.30 1.10 79.40
30-50 kg group >50 kg group
(LD 8 mg/kg q12h x 5 fixed) (LD 6 mg/kg g12h x 5 fixed)
Mean PTA(%) at Day 21 for Cmin in the 30-50 kg group Mean PTA(%) at Day 21 for Cmin in the >50 kg group
MD 15-30 ug/mL | >30 pg/mL | <15 pg/mL |Total Out-of- MD 15-30 pg/mL | >30 ug/mL | <15 pg/mL |Total Out-of-
(mg/kg) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%)

6 5517 11.19 3364 4483 6 59.34 1832 22.34 4066
8 56.54 2921 14.26) 4346 8 50.81 4132 787 49.19
10 4529 4891 580 5471 10 35.16 6212 272 64.84
12 3222 65.35 243 67.78| 12 22.09 76.88 1.03 79
14 2155 7740 105 7845 14 1329 86.32 0.40 86.71
16 1409 8543 048 85.91 16 793 91.92 015 92.07,
18 9.07 90.71 022 90.93 18 4.63 95.30 0.07 95.37)




Table 17. Summary of simulated mean PTA (%) for Cmin at Days 4, 7, 14, and 21 by weight group using selected loading and
maintenenace dose.

<4 kg group 4-10 kg group 10-30 kg group
(LD 12 mg/kg q12h x 4, MD 12 mg/kg q24h) (LD 10 mg/kg q12h x 5, MD 10 mg/kg q24h) (LD 8 mg/kg q12h x 5, MD 8 mg/kg q24h)
Mean PTA(%) for Cmin in the <4 kg group Mean PTA(%) for Cmin in the 4-10 kg group Mean PTA(%) for Cmin in the 10-30 kg group
Day 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of- Day 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of- Day 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of-
(%) (%) (%) Target (%) (%) (%) (%) Target (%) (%) (%) (%) Target (%)
4 57.85 1462 2753 42.15 4 5840 16.50 251 4161 4 56.90 1190 n21 43.10|
7 57.72 1439 2788 42.28) 7 5725 13.50 29.25 4275 7 56.11 1031 3359 43.90]
14 57.06 1663 26.31 42.95| 14 56.69 1533 2798 4332 14 56.34 1287 30.80 4367
21 56.55 1753 2592 4345 21 56.07 1648 2745 4393] 21 5589 1433 29.78 4411
30-50 kg group >50 kg group
(LD 8 mg/kg q12h x 5, MD 8 mg/kg q24h) (LD 6 mg/kg q12h x 5, MD 6 mg/kg q24h)
Mean PTA(%) for Cmin in the 30-50 kg group Mean PTA(%) for Cmin in the >50 kg group
Day 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of- Day 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of-
(%) (%) (%) Target (%) (%) (%) (%) Target (%)
4 58,00 2200 1999 42.00] 4 54.88 1084 34.28 4512
7 60.16 2128 18.56 3984 7 58.09 11.00 3091 4191
14 5844 2639 15.16 41.56| 14 5997 1551 2452 40.03
21 56.54 29.21 14.26 43.46 21 59.34 18.32 22.34 40.66]

LD, loading dose; MD, maintenance dose; q12h, every 12 hours; q24h, every 24 hours; Cmin, minimum (trough) concentration; PTA, probability of
target attainment; >30 pg/mL (%), proportion of individuals with Cmin above the target range; <15 ng/mL (%), proportion of individuals with Cmin below
the target range; 15-30 pg/mL (%), proportion of individuals within the target concentration range; Total Out-of-Target (%), combined percentage of
individuals with Cmin <15 and >30 pg/mL.
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horizontal dashed line indicates the 50% PTA threshold.
PTA, probability of target attainment; Cmin, minimum (trough) concentration; LD, loading dose; MD,
maintenance dose; q12h, every 12 hours.
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3.5.2 Simulation for Sustained Target Attainment Strategy

To identify regimens suitable for prolonged treatment, the sustained target attainment strategy
began with simulations of various maintenance doses administered at 24-hour intervals to determine
those achieving the highest PTA within the 15-30 ng/mL on Day 21. The simulation results are
presented in Table 18 and Figures 13—15.

In the <4 kg group, a maintenance dose of 14 mg/kg once daily yielded the highest PTA of
52.24%, with 25.95% of individuals exhibiting Ciin >30 pg/mL and 21.81% <15 pg/mL. For the 4—
10 kg group, 10 mg/kg once daily achieved a PTA of 54.67%, with 18.06% above and 27.27% below
the target range. The 10-30 kg group showed optimal results with 8 mg/kg once daily, producing a
PTA of 54.83%, with 15.64% >30 pg/mL and 29.53% <15 pg/mL. The same dose of 8§ mg/kg was
also optimal in the 30-50 kg group, yielding a PTA of 54.97%, with 30.61% above and 14.43%
below the target range. Lastly, for the >50 kg group, a dose of 6 mg/kg resulted in the highest PTA
of 58.06%, with 19.62% and 22.33% of patients exceeding and falling below the therapeutic range,
respectively. These optimal maintenance doses were subsequently fixed for further evaluation of
loading dose strategies.

Using the fixed maintenance regimens identified above, loading dose simulations were
conducted to determine the dosing regimens that achieved the highest PTA at 47 hours (Table 19
and Figures 16—18). For the <4 kg group, a loading dose of 14 mg/kg produced a PTA of 56.77%,
with 21.18% >30 pg/mL and 22.05% <15 pg/mL. In the 4-10 kg group, 12 mg/kg administered three
times at 12-hour intervals resulted in a PTA of 56.21%, with 19.44% above and 24.35% below the
target range. The 10-30 kg group achieved the highest PTA of 53.80% with 10 mg/kg, accompanied
by 14.66% >30 ng/mL and 31.54% <15 pg/mL. The same loading dose of 10 mg/kg also yielded the
highest PTA in the 30-50 kg group (51.94%), with 21.57% and 26.49% of individuals exceeding
and falling below the target range, respectively. Finally, in the >50 kg group, a loading dose of
10 mg/kg produced a PTA of 49.75%, with 25.99% >30 ug/mL and 24.26% <15 pg/mL.

Following the identification of optimal loading and maintenance dose combinations, the time
course of PTA was evaluated across Days 4, 7, 14, and 21 to confirm the consistency of target
attainment over the course of treatment (Table 20). All weight groups consistently achieved mean
PTA values above 50% within the 15-30 pg/mL range at each time point, supporting the adequacy
and clinical feasibility of the selected regimens for long-term therapeutic use.
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Table 18. Simulated mean PTA (%) for Cwin with different maintenance dose across weight groups.

<4 kg group 4-10 kg group 10-30 kg group
Mean PTA(%) at Day 21 for Cmin in the <4 kg group Mean PTA(%) at Day 21 for Cmin in the 4-10 kg group Mean PTA(%) at Day 21 for Cmin in the 10-30 kg group
MD 15-30 pg/mL | >30 pg/mL <15 pg/mL | Total Out-of- MD 15-30 pg/mL | >30 pg/mL | <15 pg/mL | Total Out-of- MD 15-30 pg/mL | >30 pg/mL <15 pg/mL | Total Qut-of-
(mg/kg) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%)
6 1581 0.55 83.63 84.19 6 28.75 1.84 69.41 71.25 6 41.70 4,66 53,65 58.30]
8 32.88 2,96 64.16] 67.12 8 47.09 7.7 45.20] 5291 8 54.83 15.64 29.53 45.17
10 45,54 8.37] 46.08] 54.46| 10 54.67 18.06 27.27] 4533 10 53.63 30.86 15.51 46.37|
12 51.84 1637 31.79 48.16 12 53.27 30.59 16.14/ 46.74| 12 4556 46.36 8.08 54.44]
14 52.24 2595 21.81 47.76 14 46.97 43.40 9.63 53.03 14 36.02 5977 422 63.98]
16 49.29 35.84 14.88] 50.72 16 39.56 54.80 564 60.45 16 27.28 7047 225 7272
18 44.52 45.30] 10.18] 55.49 18 31.99 64.65' 336 68.01 18 20.16 78.59 1.25) 79.84]
30-50 kg group >50 kg group
Mean PTA(%) at Day 21 for Cmin in the 30-50 kg group Mean PTA(%) at Day 21 for Cmin in the <50 kg group
MD 15-30 pg/mL | >30 pg/mL | <15 pg/mL | Total Out-of- MD 15-30 pg/mL | >30 pg/mL | <15 pg/mL | Total Out-of-
(mg/kg) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%)

[3 54.56 11.79 33.66 45.441 6 58.06 19.62 2233 41.94|

8 5497 3061 14.43 45.03] 8 48.76 43.14] 8.10 51.24|

10 43.57] 50.31 6.12 56.43 10 33.52 63.53 295 66.48|

12 30.99 66.34/ 267 69.01 12 2115 77.68 117 78.85

14 20.96 77.83 121 79.04 14 12.95 86.58 047 87.06|

16 13.88 85.58 055 86.13] 16 7.91 91.90 0.19] 92.09|

18 9.12 90.60] 0.28 90.88 18 4.76 95.16. 0.09 95.24|

Green shading indicates the maintenance dose regimen with the highest PTA among all simulated dosing schedules.

MD, maintenance dose; Cmin, minimum (trough) concentration; PTA, probability of target attainment; >30 pg/mL (%), proportion of individuals with
Cnmin above the target range; <15 pg/mL (%), proportion of individuals with Cmin below the target range; 15-30 pg/mL (%), proportion of individuals
within the target concentration range; Total Out-of-Target (%), combined percentage of individuals with Cmin <15 and >30 pg/mL.
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weight groups.
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PTA, probability of target attainment; Cmin, minimum (trough) concentration; MD, maintenance dose.
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Table 19. Simulated mean PTA (%) for Ciin with different loading dose and fixed maintenance dose across weight groups at 47 hours.

<4 kg group 4-10 kg group 10-30 kg group
(MD 14 mg/kg q24h fixed) (MD 10 mg/kg q24h fixed) (MD 8 mg/kg q24h fixed)
Mean PTA(%) at 47 Hours for Cmin in the <4 kg group Mean PTA(%) at 47 Hours for Cmin in the 4-10 kg group Mean PTA(%) at 47 Hours for Cmin in the 10-30 kg group
LD 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of- LD 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of- LD 15-30 pg/mL | >30 pg/mL | <15 pg/mL |Total Out-of-
(mg/kg) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%)
6 11.88] 0.19] 87.94] 88.12 6 18.94/ 0.51 80.56 81.07] 6 25.44] 1.15 7341 74.56|
8 2985 153 6861 70.15 8 39.28] 332 57.40 60.72 8 44.70 579 4951 55.30|
10 45.99 5.34) 48.67 5401 10 52.55 9.67 37.78 47.45] 10 53.80] 14.66| 31.54 46.20)
12 54.88 1207 33.06 45.12) 12 56.21 19.44) 2435 43.80 12 53.39 26.59 20.03 46.61
14 56.77] 21.18 2205 43.23 14 53.39 31.03 15.58 46.61 14 47.99 39.10] 1291 5201
16 5395 3139 1467 46.05 16 47.19 42.60| 10.22 52.81 16 40.96 5049 855 59.04]
18 48.47 41.64 9.90 51.53 18 40.00 53.17 6.83 60.00] 18 33.76] 60.40] 5.84] 66.24]
30-50 kg group >50 kg group
(MD 8 mg/kg q24h fixed) (MD 6 mg/kg q24h fixed)
Mean PTA(%) at 47 Hours for Cmin in the 30-50 kg group Mean PTA(%) at 47 Hours for Cmin in the >50 kg group
LD 15-30 pg/mL | >30 pg/mL <15 pg/mL |Total Out-of- LD 15-30 pg/mL | >30 pg/mL <15 pg/mL |Total Out-of-
(mg/kg) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%)
6 32.49] 2.44) 65.07 67.51 6 35.86] 3.70] 60.45 64.14|
8 48.20 9.79 4201 51.80| 8 48.66 12.80 38.55 51.34}
10 51.94 21.57 26.49 48.06 10 49.75 25.99 24.26 50.25
12 48.14 3494 16.92 51.86| 12 44.84 3955 15.61 55.16|
14 41.51 4746 11.03 58.49| 14 38.09 51.60] 1031 61.91
16 34.58] 57.99 742 65.42 16 31.57 61.46] 6.98] 68.43
18 28.14 66.73 5.13 71.86) 18 25.60 69.52 4.88] 74.40)

Green shading indicates the loading dose regimen with the highest PTA among all simulated dosing schedules.

LD, loading dose; MD, maintenance dose; Cmin, minimum (trough) concentration; PTA, probability of target attainment; q24h, every 24 hours; >30
ng/mL (%), proportion of individuals with Cmin above the target range; <15 pg/mL (%), proportion of individuals with Cmin below the target range; 15—
30 pg/mL (%), proportion of individuals within the target concentration range; Total Out-of-Target (%), combined percentage of individuals with Cmin
<15 and >30 pg/mL.
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Figure 14. Mean PTA (%) for Ciin 15-30 ug/mL across different loading doses (q12h x 3) using a
fixed maintenance dose by weight groups.
Blue line represents sampling day at 47 hours. The horizontal dashed line indicates the 50% PTA threshold.

PTA, probability of target attainment; Cmin, minimum (trough) concentration; LD, loading dose; MD,
maintenance dose; q12h, every 12 hour.
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Figure 15. Mean PTA (%) for Cnin >30 ug/mL across different loading doses (q12h x 3) using a
fixed maintenance dose by weight groups.
Blue line represents sampling day at 47 hours. The horizontal dashed line indicates the 50% PTA threshold.

PTA, probability of target attainment; Cmin, minimum (trough) concentration; LD, loading dose; MD,
maintenance dose; q12h, every 12 hours.
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Figure 16. Mean PTA (%) for Cnin <15 ug/mL across different loading doses (q12h x 3) using a

fixed maintenance dose by weight groups.

Blue line represents sampling day at 47 hours. The horizontal dashed line indicates the 50% PTA threshold.
PTA, probability of target attainment; Cmin, minimum (trough) concentration; LD, loading dose; MD,
maintenance dose; q12h, every 12 hours.
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Table 20. Summary of simulated mean PTA (%) for Ciin at Days 4, 7, 14, and 21 by weight group using selected loading and maintenance

dose.

<4 kg group
(LD 14 mg/kg q12h x 3, MD 14 mg/kg q24h)

4-10 kg group
(LD 12 mg/kg q12h x 3, MD 10 mg/kg q24h)

10-30 kg group
(LD 10 mg/kg q12h x 3, MD 8 mg/kg q24h)

Mean PTA(%) for Cmin in the <4 kg group Mean PTA(%) for Cmin in the 4-10 kg group Mean PTA(%) for Cmin in the 10-30 kg group
Day 15-30 pg/mL | >30 pg/mL <15 pg/mL | Total Out-of- Day 15-30 pg/mL | >30 pg/mL <15 pg/mL | Total Out-of- Day 15-30 pg/mL [ >30 pg/mL <15 pg/mL | Total Out-of-
(%) (%) (%) Target (%) (%) (%) (%) Target (%) (%) (%) (%) Target (%)
4 57.01 1768 2532 4299 4 56.81 1222 3097 43.19 4 5478 932 35.90] 4522
7 55.62 2123 2316 44.38| 7 56.49 13.73 29.78 43.51 7 55.56 1077 33.66) 44.44]
14 52.96 25.10] 21.94 47.04] 14 55.35 17.00 2765 44.65] 14 55.36 14.45 30.19] 44 .64]
21 52.14 26.06; 21.80 47.86] 21 54.50 18.30 27.20 45.50] 21 54.56 16.08) 29.36] 45.44]
30-50 kg group >50 kg group
(LD 10 mg/kg q12h x 3, MD 8 mg/kg q24h) (LD 10 mg/kg q12h x 3, MD 6 mg/kg q24h)
Mean PTA(%) for Cmin in the 30-50 kg group Mean PTA(%) for Cmin in the >50 kg group
Day 15-30 pg/mL | >30 pg/mL | <15 pg/mL | Total Out-of- Day 15-30 pg/mL | >30 pg/mL <15 pg/mL | Total Out-of-
(%) (%) (%) Target (%) (%) (%) (%) Target (%)
4 59.29 17.83 2278 40.71 4 58.39 16.15 25.46 4161
7 5967 2169 18.65 40.34] 7 59.02 15.07 2591 40.98]
14 56.55 2845 15.00 43.45] 14 58.48 18.61 2291 41.52
21 54.44 31.26 14.30 45.56] 21 57.31 2097 21.72 42.69

LD, loading dose; MD, maintenance dose; q12h, every 12 hours; q24h, every 24 hours; Cmin, minimum (trough) concentration; PTA, probability of
target attainment; >30 pg/mL (%), proportion of individuals with Cmin above the target range; <15 ng/mL (%), proportion of individuals with Cmin below

the target range; 15-30 ng/mL (%), proportion of individuals within the target concentration range; Total Out-of-Target (%), combined percentage of
individuals with Cmin <15 and >30 pg/mL.
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4. Discussion

The need for population pharmacokinetic studies of teicoplanin in pediatric patients arises from
the considerable interindividual variability in drug disposition due to age, weight, renal function,
and the maturation of elimination pathways (Yamada et al., 2022; Ramos-Martin et al., 2014).
Despite teicoplanin’s favorable safety profile and widespread use in treating MRSA infections,
several studies have demonstrated that current pediatric dosing recommendations frequently fail to
achieve therapeutic targets in children (Zhao et al., 20215; Sun et al., 2020; Yamada et al., 2016;
Ogawa et al., 2013). This highlights the need for dosing strategies that are tailored to pediatric
pharmacokinetics. While previous pediatric studies have attempted to optimize teicoplanin regimens
using population pharmacokinetic models and Monte Carlo simulations, many of these studies have
focused on early trough concentrations (typically Day 3 or 5), or assessed only the probability of
exceeding specific trough thresholds such as >10 or >15 pug/mL (Zhao et al., 2015; Zhang et al.,
2023; Kim et al., 2024). However, these methods do not evaluate whether drug concentrations are
consistently maintained within the recommended therapeutic range of 15-30 pug/mL. This may
overlook the risks of subtherapeutic or supratherapeutic exposures, especially in prolonged
infections such as infective endocarditis that require sustained treatment over two to three weeks.

To address these limitations, this study aimed to optimize teicoplanin loading and maintenance
dosing regimens in pediatric patients by evaluating both early and sustained target attainment at
multiple clinically relevant timepoints (Days 4, 7, 14, and 21). Two simulation strategies were
conducted. The first strategy focused on early target attainment, where an appropriate loading dose
is critical to rapidly achieve therapeutic concentrations, especially in serious infections where early
bacterial clearance is important. The second strategy focused on sustained target attainment,
emphasizing the importance of maintenance dosing in maintaining trough levels within the
therapeutic range over prolonged treatment durations, such as those required for infective
endocarditis. This approach allowed us to propose weight-stratified dosing strategies that are better
aligned with real-world clinical needs and provide a more comprehensive basis for individualized
dosing in pediatric patients.

A one-compartment model with first-order elimination best described the teicoplanin
concentration—time data, with body weight identified as the most significant covariate. The
estimated volume of distribution (V = 11.982 L; 0.93 L/kg normalized to the median body weight
of 12.825 kg) aligns with the established literature range of 0.9—1.6 L/kg (Wilson, 2000), suggesting
adequate estimation even with sparse sampling. Clearance was estimated at 0.22 L/h
(17.16 mL/h/kg), slightly above the previously reported range of 10—14 mL/h/kg (Wilson, 2000).
This may reflect the high variability in renal function or the limited number of samples per subject.
However, the relative standard error of the clearance estimate was acceptable, and the overall
improvement in goodness-of-fit plots from the base model supports the adequacy of the final
parameter estimates.
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Based on this model, we performed simulations to evaluate various loading and maintenance
dosing strategies for achieving early and sustained target trough concentrations. While three loading
doses of 10 mg/kg q12h remain the current standard regimen, our simulations demonstrated that this
regimen resulted in lower PTA values across all weight groups as shown in Table 15—43.55% in
<4 kg, 50.28% in 4-10 kg, 51.66% in 10-30 kg, 50.11% in 30-50 kg, and 47.88% in >50 kg—when
compared to more intensive regimens identified in our analysis. These findings suggest that the
standard three-dose loading regimen may be insufficient to achieve early therapeutic exposure in
pediatric populations.

Although regimens with the highest PTA were identified, the results also highlight the potential
clinical relevance of alternative dosing strategies (Tables 15—-16). For example, in the <4 kg group,
the selected loading dose of 12 mg/kg q12h % 4 achieved the highest PTA (57.23%), but a lower dose
of 10 mg/kg reduced the proportion of patients with >30 pg/mL from 19.38% to 9.54%, whereas a
higher dose of 14 mg/kg decreased the proportion <15 pg/mL from 23.39% to 14.72%. In the 4—
10 kg group, 8 mg/kg q12h x 5 lowered the >30 pug/mL rate from 24.75% (at 10 mg/kg) to 10.87%,
while 12 mg/kg reduced the <15 pg/mL rate from 17.89% to 9.65%. Similarly, in the 10-30 kg group,
6 mg/kg reduced the >30 pg/mL proportion to 5.09%, and 10 mg/kg reduced the <15 pg/mL to
13.11%. For the 30-50 kg group, reducing the loading dose from 8 to 6 mg/kg decreased the
>30 ug/mL rate from 27.28% to 9.81%, whereas increasing to 10 mg/kg lowered the <15 pg/mL to
10.06%. In the >50 kg group, although 6 mg/kg yielded the highest PTA, an 8 mg/kg regimen
reduced the <15 pg/mL rate from 33.47% to 16.81%.

Once optimal loading doses were selected for each weight group, maintenance dosing
simulations revealed a consistent trend: lower maintenance doses reduced the risk of
supratherapeutic trough concentrations (>30 pg/mL), while higher maintenance doses reduced the
likelihood of subtherapeutic levels (<15 pg/mL). These findings were consistent across both early
and sustained exposure strategies (Tables 18—19). These suggests that although a specific dosing
combinations may yield the highest PTA, alternative regimens may offer a more appropriate balance
of efficacy and safety depending on the clinical needs, particularly in pediatric patients where
toxicity risk may vary with age and renal function. Thus, the final dose selection must consider
individual clinical needs, including infection severity, renal function, and the availability of TDM,
to ensure an appropriate balance of efficacy and safety.

Despite these alternatives, similar dosing combinations were identified under both simulation
strategies. In the early target attainment approach, the following loading dose—maintenance dose
combinations achieved the highest PTA: <4 kg: 12 mg/kg q12h x4 and 12 mg/kg q24h; 4-10 kg:
10 mg/kg q12h % 5 and 10 mg/kg q24h; 10-30 kg and 30-50 kg: 8 mg/kg q12h x 5 and 8 mg/kg q24h;
and >50kg: 6 mg/kg q12h x5 and 6 mg/kg q24h. In contrast, the sustained target attainment
approach yielded slightly more higher loading doses: <4 kg: 14 mg/kg q12h x 3 and 14 mg/kg q24h;
4-10kg: 12 mg/kg q12h x 3 and 10 mg/kg q24h; 10-30 kg and 30-50 kg: 10 mg/kg q12h x 3 and
8 mg/kg q24h; >50 kg: 10 mg/kg q12h x 3 and 6 mg/kg q24h.
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These results are consistent with findings from previous pediatric population pharmacokinetic
studies. Gao et al. (2020) recommended three loading doses of 12 mg/kg ql12h followed by a
maintenance dose of 8 mg/kg q24h for children with mild renal impairment. Zhao et al. (2015)
suggested age-based loading regimens, recommending 18 mg/kg for infants, 14 mg/kg for children,
and 12 mg/kg for adolescents. Byrne et al. (2017) also proposed five loading doses of 15 mg/kg
q12h in adult patients with hematologic malignancies, and Ogawa et al. (2013) suggested that an
extended loading dose regimen could maximize the therapeutic effects of teicoplanin in patients with
systemic MRSA infections. These prior studies align with our results, further supporting the need
for optimized dosing regimens to overcome underdosing in pediatric populations.

Our study had several limitations. First, the timing of TDM sampling had to be assumed, as
actual sampling times were not consistently recorded in the electronic medical records. In
accordance with institutional guidelines recommending sample collection just before the next dose,
we assumed samples were collected 30 minutes prior to dosing. However, since sampling times were
uniformly defaulted to 12:00 in the electronic medical records, actual sampling may have occurred
earlier or later, introducing timing-related bias. In particular, if samples were collected earlier than
assumed, measured concentrations may have been lower than the true trough levels, potentially
leading to underestimation of drug concentrations. Second, although infusion end times were
available for some patients, the data were incomplete for many others. Therefore, we uniformly
assumed a 30-minute infusion duration for all patients based on the available data. Third, despite
over 4,000 pediatric patients receiving teicoplanin during the study period, only 123 had any
recorded serum concentrations, and just 34 had at least two concentrations required for
pharmacokinetic modeling. This sparse sampling and patients likely reflect current clinical practice,
where teicoplanin TDM is not routinely performed in many pediatric centers despite increasing
recognition of subtherapeutic exposures (Ramos-Martin et al., 2014). This may be due to
teicoplanin’s favorable safety profile compared to vancomycin, including a lower risk of
nephrotoxicity, rare incidence of red man syndrome, and convenience of once-daily outpatient
administration (Svetitsky et al., 2009), which may have contributed to the sparse sampling and
limited data availability in our analysis. Finally, although teicoplanin is primarily eliminated via
renal clearance, eGFR of our study population ranged from 25.26 to 169.85 mL/min/1.73 m?2. This
high variability may have limited our ability to detect eGFR as a statistically significant covariate.
Future studies with more stratified renal function groups and larger, balanced cohorts may better
characterize the influence of renal function on teicoplanin pharmacokinetics and enhance the
robustness of pharmacokinetic models.
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5. Conclusion

In conclusion, our findings suggest that more optimized teicoplanin dosing regimens may be
needed to optimize treatment in pediatric patients. The simulation results indicate that the currently
recommended loading regimen of 10 mg/kg q12h % 3 and maintenance dose of 6—10 mg/kg q24h
may be insufficient to achieve early therapeutic concentrations or for sustained target attainment,
particularly in younger or low-weight children. By leveraging a population pharmacokinetic model
that identified body weight as the most significant covariate, we proposed alternative weight-based
dosing strategies that offer improved target attainment while balancing the risk of subtherapeutic or
supratherapeutic exposure.

These results highlight the clinical utility of model-informed precision dosing approaches in
pediatrics, where developmental and physiological variability can affect drug pharmacokinetics.
However, exposure alone does not guarantee efficacy or safety. Therefore, future studies should aim
to incorporate pharmacodynamic endpoints, such as AUCo—24/MIC ratios or bacteriological response
rates, to better define optimal dosing regimens. Furthermore, larger prospective studies with more
comprehensive and accurate TDM data, increased number of samplings, and outcome-based clinical
validation will be essential to refine and support the implementation of individualized teicoplanin
dosing strategies in real-world pediatric settings.
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Appendices
Appendix 1. Visual Diagnostic Plots of Base Model
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Figure 1. Observed versus prediction teicoplanin concentrations for the base model.

Scatter plots of observed teicoplanin concentrations versus population predictions (left) and individual
predictions (right). The solid black line represents the line of identity (y=x). The yellow spline indicates a
locally weighted regression fit to the data. The dashed lines in the individual prediction panel represent the 90%
prediction interval.
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Figure 2. Scatter plots of residuals for the base model

Scatterplots of population-weighted residuals (PWRES, left panels) and individual-weighted residuals (IWRES,
right panels) versus time and predicted concentrations. The solid yellow line represents a spline smoother; the
dashed line indicates the theoretical mean (y = 0).

70



© Prediction interval
—— Empirical percentiles

500 Outliers
I Areas
O Dots
450 -
400 -
350 -

N n w
. S

Teicoplanin concentration (ug/mL)
2

100 1
50 E
0 B
] 500 1,000 1,500 2,000 2,500 3,000 3,500 !
Time (hour)

Figure 3. Visual predictive check for the base model.

Blue solid lines indicate empirical percentiles of the observed teicoplanin concentrations. Shaded areas indicate
the 90% prediction intervals from 500 simulations: pink for the 50th percentile, and blue for the 10th and 90th
percentiles. Red areas and dots indicate empirical percentiles falling outside the prediction intervals.
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Figure 4. Visual predictive check on a logarithmic scale for the base model.

Blue solid lines indicate empirical percentiles of the observed teicoplanin concentrations. Shaded areas indicate
the 90% prediction intervals from 500 simulations: pink for the 50th percentile, and blue for the 10th and 90th
percentiles. Red areas and dots indicate empirical percentiles falling outside the prediction intervals.
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Appendix 2. R code for calculating the mean PTA (%)

# Required libraries
library(readr)

library(dplyr)

# Load the simulation output CSV file
file_path <- "endpoint_Percent ids_in_target.csv"
df <-read csv(file path)

# Calculate mean PTA (%) for each dosing group
pta_results <- df %>%
group by(group) %>%
summarise(
PTA_ Mean = mean(totalTrue) # Mean percentage of IDs within target range
) %>%
arrange(group)

# Display results

print(pta_results)

# Save the summary results as a new CSV file
write_csv(pta_results, "q12hx3 PTA(15-30) below_4.csv")
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Appendix 3. R code for visualizing mean PTA (%) plot

# Load required libraries
library(readr)
library(dplyr)
library(ggplot2)
library(stringr)

# Define file list for each LD scenario and weight group
files <- list(

"q6h x 4" = list(

"<4kg" ="q6hx4 PTA(15-30) below 4kg.csv",
"4-10kg" = "q6hx4 PTA(15-30) 4tol0kg.csv",
"10-30kg" ="q6hx4 PTA(15-30) 10to30kg.csv",
"30-50kg" = "q6hx4 PTA(15-30) 30to50kg.csv",
">50kg" = "q6hx4 PTA(15-30) above 50kg.csv"
)

"ql12h x 3" = list(

"<4kg" ="ql12hx3 PTA(15-30) below 4kg.csv",
"4-10kg" ="q12hx3 PTA(15-30) 4tol10kg.csv",
"10-30kg" ="q12hx3 PTA(15-30) 10to30kg.csv",
"30-50kg" ="q12hx3 PTA(15-30) 30to50kg.csv",
">50kg" ="q12hx3 PTA(15-30) above 50kg.csv"
),

"ql12h x 4" = list(

"<4kg" ="ql12hx4 PTA(15-30) below 4kg.csv",
"4-10kg" = "q12hx4 PTA(15-30) 4tol10kg.csv",
"10-30kg" = "q12hx4 PTA(15-30) 10to30kg.csv",
"30-50kg" = "q12hx4 PTA(15-30) 30to50kg.csv",
">50kg" ="q12hx4 PTA(15-30) above 50kg.csv"
),

"ql2h x 5" = list(

"<4kg" ="ql12hx5 PTA(15-30) below 4kg.csv",
"4-10kg" = "q12hx5 PTA(15-30) 4tol10kg.csv",
"10-30kg" = "q12hx5 PTA(15-30) 10to30kg.csv",
"30-50kg" = "q12hx5 PTA(15-30) 30to50kg.csv",
">50kg" ="q12hx5 PTA(15-30) above S50kg.csv"
)

)

# Define weight group labels for plotting
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weight group labels <- ¢(
"<4kg" ="<4 kg",
"4-10kg" = "4-10 kg",
"10-30kg"="10-30 kg",
"30-50kg"= "30-50 kg",
">50kg" =">50 kg"

)

# Merge data from all files into one dataset

pta_data <- bind_rows(lapply(names(files), function(day) {
bind_rows(lapply(names(files[[day]]), function(weight group) {
file_path <- files[[day]][[weight_group]]

df <-read csv(file path)

df$Day <- day

df$Weight Group <- weight group labels[[weight group]]
dfSLD <- factor(df$group, levels = c("6mgkg", "8mgkg", "10mgkg", "12mgkg", "14mgkg",
"lémgkg", "18mgkg"),

labels = ¢("6", "8", "10", "12", "14", "16", "18"))

return(df)

1))

1))

# Format LD and Weight Group for plotting

pta_data <- pta_data %>%

mutate(

LD = factor(LD, levels = c("6", "8", "10", "12", "14", "16", "18")),

Weight_Group = factor(Weight_Group, levels = c¢("<4 kg", "4-10 kg", "10-30 kg", "30-50 kg", ">50
kg"))

)

# Generate the PTA plot

geplot(pta_data, aes(x = LD, y = PTA_Mean, color = Day, group = Day)) +
geom_point(size = 2) +

geom_line(size = 0.5) +

facet wrap(~Weight Group) +

scale_color_manual(

values = ¢("q6h x 4" = "darkorange", "q12h x 3" ="gold", "q12h x 4" = "forestgreen", "q12h x 5" =
"brown"),

breaks = ¢("q6h x 4", "q12h x 3", "q12h x 4", "q12h x 5")

)+

scale_y continuous(breaks = seq(0, 100, by = 10)) +
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—n

geom_hline(yintercept = 50, linetype = "dashed", color = "gray", size = 1) +
labs(

title = "Mean PTA (%) for Cmin (15-30 pg/mL) Across Loading Dose Schedules and Weight
Groups",

x = "Loading Dose (mg/kg)",

y ="PTA (%) for Cmin: 15-30 ng/mL",

color ="LD Schedule"

)+

theme bw() +

theme(

plot.title = element_text(hjust = 0.5, size = 14, face = "bold"),

axis.text = element_text(size = 12),

legend.position = "right",

strip.text = element_text(size = 12, face = "bold")

)

# Save the figure as high-resolution PNG
ggsave(

filename = "pta_optLDfirst 15-30.png",
plot = last_plot(),

width = 10,

height = 10,

units = "in",

dpi =300

)

Note: The same R script structure was applied to visualize the mean PTA (%) for maintenance dose
simulations. Only the input filenames were modified to correspond to the maintenance dose datasets.
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Appendix 4. Simulation conducted by age groups

Table 1. Simulated mean PTA (%) for Cin with different loading dose schedules across age groups.

LD q1zh x 3 LD qi2h x 4 LD g12h x 5 LD g6h x 4
Mean PTA (%) at 47 Hours for Cmin in the 0 % Age % 3 Year Age Group. Mean PTA (%) at 59 Hours for Crin in the 0 = Age = 3 Year Age Group Mean PTA (%) at 71 Hours for Crin in the 0 = Age = 3 Year Age Group Mean PTA (%) at 41 Hours for Cmin in the 0 < Age = 3 Year Age Group
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Mean PTA (%) at 47 Hours for Cmin in the < Age < 12 Year Age Group| [Mean PTA (%) at 55 Hours for Cmin in the 9 < Age < 12 Year Age Group| Mean FTA (%) at 71 Hours for Cmin in the 8 < Age < 12 Vear Age Group| Mean PTA (%) at 41 Hours for Cmin In the < Age < 12 Year Age Group]
D 15-30 ug/mL [ >30 ug/mL | <15 ug/mL | Total Out-of- ) 15-30 wg/ml | >30 pg/mL | <15 pg/mL | Total Out-of- ) 15-30 wg/mL [ >30 ug/mL | <15 wg/mL | Total Out-of- D 1530 ug/mL [ >30 g/mL | <15 pg/mL | Total Out-of
(mg/kg) (5% %) 5 Target (%) (mg/kg) (%) (%) (%) Target (%) (mg/kg) %) (mg/kg) (5% %) 56 Target (%)
g 301 29 GE 69 3 EEEY a9 EE] E3 & B 6 e 28 | 6]
8 455 B85 45.62) 5449 8 5232 177 EEE 4. 8 5368) 2694 1937 463 8 4a70) 29.75| 254 5330
10 5022 187 007 4974 w 4913 1.8 e sa8 10 2426 45.59) 1015 5574 10 3963 621 1416 6037
2 4751 3228 2023 S2.4 2 2050 48.79) 031 59 12 3313 &1.20 567 5657 2 320 509,14 e 6759
1 a1.67] aa30| 1283 581 u 3229 6122 649 &7 14 2400 7261 339 i3 " EXE @13 574 7454
1 35.80) 5438 EYR 6a % 2500 T0.66| 4n) 75 1% 1727 8063 2n 7, 16 1867 76.46| 2.67) 803:
i} 30,06 6299] (T8 69,04 18 hEE]| 77.78) 292 0 18 1254) 86.13 1.3 5744 18 15.56) 81.73) 26| 8244
[Mi=er PTA (%) ot 47 Hours for Cmin in the 12 < Age < 15 Year Age Groug] [Mean PTA (%) at 59 Hours for Cmin in the 12 = Age = 15 Year Age Grou [Fieen PTA (%) at 71 Hours for Cmin [Mean PTA (%) at 41 Hours for Cmin in the 12 = Age = 15 Year Age Groug]
D 1530 pg/mL | >30 pg/mlL | <15 pg/mL | Total Outeof- ) 1530 pg/mi | >30 pg/mL | <15 ug/ml | Total Outof- ) 15.30 pg/mL | >30 pa/mL ) 1 Total Out-of-
(mgy/kg) (%) %) (&) Target (%) {mg/kg) (%) %) (%) Target (%) (mg/kg) %) %) (mgy/kg) Target (%)
g 306 234 X & € am B 5031 SaT & BE] 01 g 4 5377
8 5,66 931 5.0 543 F 5264 1857 2879 8 5310) 1.9 8 4631 3037 23 5369
10 40,65 043 96| 5019 w0 4848 .76 1676 ] 4337 46.70) 10 292 674 1405 6079
i2 4709 301 199§ 5291 2 4015 4969 10.17) 12 3233 620 i2 3163 59,56 &80) 6317
1 3] 25.00| 1369 5664 u 31.65) 6193 642) 14 2340 73.20) 1 2a.89) 69.42) 570) 751
16 35,39 54.97] a5 6469 % 53 na 4z 1% 1657 8106 16 1948 76 68| 304 80
18 2961 6350] | 039 8 1892 19| 289 18 1225 86.25 131] 2.7 18 1541 8196| 269 sasef
jean PTA (%) at 47 Hours for Cmin in the 15 5 Age 3 18 Year Age Grou [Mean PTA (%) at 59 Hours for Cmin in the 15 = Age = 18 jean PTA (%) at 59 Hours for Cmin in the 15 = Age s 18 Year Age Grou ) at 59 Hours for Crin in the 15 = Age 5 18
D 15-30 pg/mL | >30 pg/ml | <15 pg/mL | Total Out-of- ) [ >30 pg/mL | <15 pg/ml [0 15-30 pg/mL | >30 pg/mL | <15 pg/mL 1530 pg/mL | >30 pg/mL Total Out-of -
(mg/kg) (%) (%) ] Target (%) 0] (%) (mg/kg) o) (%) %) (mg/kg) (%) %) %) Target (%)
3 2134 259 66.07] X 642 4340 & 5200 104 3654 3 4611 1395] EE 51
8 4574 59 4434 5424 8 5217 19561 282 & 5227 225 8.4 8 4581 31.10| 209 5419
1 494 21.29) 2924 5054 w0 a8 373 1645 ] 4237 7.8 275 10 36.76) 4731 1399 61.25
12 46,36 EE 187 5364 2 3840 50.60) 000f 12 31,48 6206 548 6854 12 21.23 0.6 &7 eare
i 4074 572 1354 5926 i 3047 6267 635 14 274 ety 329 1.2 i 2459 69,78 .66} 754
1 3479 55.66| 955 65.2] % 2% 71.78) 42 1 1642 8152 206 EE 13 1927 691 3.62) 80.T:
18 2915 64.00| 65 7088 8 1859 78.55| 28| 81.4] 18 1198 8673 1.29) 804 18 15.24) 8214 262 8474
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Green shading indicates the loading dose regimen with the highest PTA among all simulated dosing schedules.
LD, loading dose; q12h, every 12 hours; q6h, every 6 hours; Cmin, minimum (trough) concentration; PTA, probability of target attainment; >30 pg/mL
(%), proportion of individuals with Cmin above the target range; <15 pg/mL (%), proportion of individuals with Cmin below the target range; 15-30

ug/mL (%), proportion of individuals within the target concentration range; Total Out-of-Target (%), combined percentage of individuals with Cmin <15
and >30 pg/mL.
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Figure 1. Mean PTA (%) for Cmin 15-30 pg/mL with different loading dose schedules across age
groups.
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Figure 2. Mean PTA (%) for Cumin >30 pg/mL with different loading dose schedules across age
groups.
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Figure 3. Mean PTA (%) for Cuin <15 pg/mL with different loading dose schedules across age
groups.
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Table 2. Simulated mean PTA (%) for Cnin with different maintenance dose and fixed loading dose
across age groups at Das 5, 14, and 21.

0sAge<3 3<Age <6 6 Age <9
(LD 10 mg/kg q12h x 5 fixed) (LD 8 mg/kg q12h x 5 fixed) (LD 8 mg/kg q12h x 5 fixed)
Mean PTA(%) at Day 5 for Cmin in the 3 < Age < 6 age group Mean PTA(%) at Day 5 for Cmin in the 6 s Age < 9 age group
MD [ 15-30 pg/mL MD  [15-30 pg/mL| >30 pg/mL Total Out-of-
(mg/kg) %) (mg/kg) %) (%) Target (%)
6 4825 556] 4620 51.76] 3 5477 9.22] 3601 4524
& 5635 1021 3344 4365) 8 5939] 1563} 2497 4061
10 6003 1648 2150 3997 10 59.56] 2345| 1699 4044
12 5979 2398 1623 4021 12 56.38] 3210 151 4362
i 5650 3227 123 4350 4 5062 4107] 81 4918
16 5138 4060 802 4862 16 2467] 4941 592 5533
18 4558 4861 581 5442| 18 38.56] 5703 442 6145)
Mean PTA(%) at Day 14 for Cmin in the 3 = Age < 6 age group 4 for Cmin in the 6 < Age < 9 age group.
15-30 pg/mL MD  [15-30 pg/mL | >30 pg/mL [Total Out-of- MD [ 15-30 pg/mL| >30 pg/mL | <15 pg/mL [Total Out-of-
(mg/kg) (%) (mg/kg) (%) (%) Target (%) (ma/kg) (%) (%) (%)
6 221 6 4075 363 5563 5925| 6 49,97 663
8 4055 8 5657 1240 3103 4343 8 59.35| 1960
10 5787 2607 16.06) 4213 10 5377 3660
12 5053 4135 812 49.47) 12 4242 53.26)
1 4042 5548 410 5958 " 3097 67.04
16 3058 6733 209 69.42] 16 2165 7740
18 2248] 7640 113 7252 18 1481 8471
7 for Cmin in the 3 5 Age <
=
(C3 | mgsig) | o)
X 6 5018]
8 5815
10 51.20]
12 39.43]
14 28.27]
16 1953]
18 1329)
95 Age < 12 12 s Age < 15 15 < Age < 18
(LD B mg/kg q12h x 5 fixed) (LD 8 mg/kg q12h x 5 fixed) (LD 8 mg/kg q12h x 5 fixed)
Mean PTA(%) at Day 5 for Cmin in the 9 = Age < 12 age group Mean PTA(%) at Day 5 for Cmin in the 12 < Age < 15 age group Mean PTA(%) at Day 5 for Cmin in the 15 < Age < 18 group
MD [ 15-30 pg/mL | >30 pg/mlL | <15 pg/mL |Total Out-of- MD [ 15-30 pg/mL | >30 pg/mL | <15 pg/mL [Total Out-of- MD | 15-30 pg/mL [ >30 pg/mL [ <15 pg/mL [Total Out-of-
(ma/ka) (%) (%) (%) Target (%) (ma/ka) (%) (%) (%) Target (%) (mg/kg) (%) (%) (%) Target (%)
3 5733 1270) 29.98) 4267 6 5782 1370 2848 42,18 6 5791 15.08] 2701 42.09)
8 5943 2022 2035 4057 8 5923 2151 19.26] 4077| 8 5858 2322 1819 4142
10 5748 2886 1367 4252 10 5675, 3032 1294 43.26) 10 55.49) 3227 1224 4451
12 5256 3806 938 4744 12 5143 3964 894 4857 12 4994 4152 854 50.05|
i 4634 4588 677 5366) i 4518) 4835 647 5482 14 4364 5012 6.24) 56.36)
16 3988 5509 503 6012 16 3868 56.48) 4.84) 6132 16 3743 57.89| 468| 62.57|
18 3415 6202 384 6586 18 3303 6326 371 6697 18 3183 6455 362 68.17]
‘Miean PTA(%) at Day 14 for Cmin in the 9 = Age < 12 age group. Mean PTA(%) at Day 14 for Cmin in the 12 < Age < 15 age group Mean PTA(%) at Day 14 for Cmin in the 15 < Age < 18 age group
MD | 15-30 pg/mL | >30 pg/mlL | <15 pg/mL |Total Out-of- MD  [15-30 ug/mL | >30 pg/mL | <15 pg/mL |Total Out-of- MD | 15-30 pg/mL [ >30 pg/mL | <15 pg/mL [Total Out-of-
(ma/ka) (%) (%) (%) Target (%) (ma/ka) (%) (%) Target (%) (ma/kg) %) (%) (%) Target (%)
3 5487 577 3536 4513 6 5596 10.70 3335 24,04 6 5664 1227 3108 4336}
8 5856 25480 1564 4144 8 5813 2753 1435] 4147| 8 5683 3005 1313 4317
10 4882 4461 658) 51.19) 10 4741 4669 590 52.59) 10 4526 4941 533 54.74)
12 3602 6122 277 6298 12 3428 6328 244 6572 12 3219 6551 220 6781
i 2479 7400 122 7521 14 2329 75566 103 7671 14 2162 7740 0.98) 7838
16 1652 89 057 B3.48| 16 1531 8420 049| 84,69 16 1404 8553 044 8596
18 1077] 8897 026) 8923 18 984 8984 022 5016 18 8.96 5085 020 9104
Wiean PTA(%) at Day 21 for Cmin in the 9 £ Age < 12 age group. Miean PTA(%) at Day 21 for Cmin in the 12 £ Age < 15 age group WMean PTA(%) at Day 21 for Cmin in the 15 £ Ag
MD [ 15-30 pg/mL | >30 pg/mlL | <15 pg/mL [Total Out-of- MD  [15-30 ug/mL| >30 pg/mL | <15 pg/mL [Total Out-of- MD [ 15-30 pg/mL | >30 pg/mlL | <15 pg/mL
(mg/kg) (%) (%) (%) Target (%) (mgrkg) %) (%) (%) Target (%) (mg/kg) (%) (%) (%)
6 54.84) 1076, 3440 45.17 3 1178 3232 44.10] 3 5652 1351 2998
] 5672 2855 1473 4328 8 3041 1346| 4387| 8 54567 3309
10 4582 2811 607 5418) 0 5031 541 5572 10 4203 5309 488
12 3284] B462 254 67.16| 12 66.69) 223 6892 12 2899 8901 200
4 2212 7677 1 778 14 7840 03| 79.3] 14 18.98) 8014 088)
16 1451 B497| 052 B5.49| 16 86.24) 045| 8668 16 1215 8748 039
18 a4 5036 024 9060) 18 9128] 019 148 18 766| 5217 017

Green shading indicates the maintenance dose regimen with the highest PTA among all simulated dosing
schedules. LD, loading dose; MD, maintenance dose; ql2h, every 12 hours; q24h, every 24 hours; Cmin,
minimum (trough) concentration; PTA, probability of target attainment; >30 pg/mL (%), proportion of
individuals with Cmin above the target range; <15 pg/mL (%), proportion of individuals with Cmin below the
target range; 15-30 pg/mL (%), proportion of individuals within the target concentration range; Total Out-of-
Target (%), combined percentage of individuals with Cmin <15 and >30 pg/mL.

82



90

80

70

60

50

40

n
o

PTA(%): Cmin 15-30 pg/mL

60

50

40

30

20

10

0<Age<3

3sAge<6

6<Age<9

95 Age <12

12<Age <15

15<Age<18

6 8 10 12 14 16
Maintenance Dose (mg/kg)

18

Day

- D5
- D14
- D21

Figure 4. Mean PTA (%) for Cmin 15-30 ug/mL across different maintenance doses using a fixed

loading dose by age groups.
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Figure 5. Mean PTA (%) for Cnin >30 ug/mL across different maintenance doses using a fixed
loading dose by age groups.
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Figure 6. Mean PTA (%) for Cnin <15 ug/mL across different maintenance doses using a fixed
loading dose by age groups.
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Table 3. Summary of simulated mean PTA (%) for Cmin at Days 5, 14, and 21 by age group using
selected loading and maintenance dose.

0<Age<3 3<Age<6 6<Age<9
(LD 10 mg/kg q12h x 5, MD 12 mg/kg q24h) (LD 8 mg/kg q12h x 5, MD 8 mg/kg g24h) (LD 8 mg/kg q12h x 5, MD 8 mg/kg q24h)
Mean PTA(%) for Cmin in the 0 < Age < 3 age group Mean PTA(%) for Cmin in the 3 = Age < 6 age grou| Mean PTA(%) for Cmin in the 6 < Age < 9 age group
o 15-30 pg/mL| >30 pg/mL | <15 pg/mL [Total Out-of-| 15-30 pg/mL| >30 pg/mL | <15 pg/mL [Total Out-of-| Day 15-30 pg/mL <15 pg/mL
(%) (%) %) Target (%) (%) (%) Target (%) 6 %) g
5 56.39 16.60 2701 4361 1021 3344 43,65} 5 59.39) 1563 2497 4061
14 5435 2204 2361 45.65) 1240 31.03 43.43] 14 5935 19,60 2105 40565]
21 53.30) 2348 2321 46.70) 13.79) 2094 4373 21 5816 21.78) 2006 41.84)
9 s Age < 12 12 = Age < 15 15 s Age < 18
(LD 8 mg/kg q12h x 5, MD 8 mg/kg q24h) (LD 8 mg/kg q12h x 5, MD 8 mg/kg q24h) (LD 8 mg/kg q12h x 5, MD 6 mg/kg q24h)
Mean PTA(%) for Cmin in the 9 < Age < 12 age group Mean PTA(%) for Cmin in the 12 < Age < 15 age group Mean PTA(%) for Cmin in the 15 < Age < 18 age group
pay |30 ua/mL| >30pg/ml [ <15 pg/mL [Total Out-of oy | PRI ST || SR BOE S oy (R ST | SR GG
(%) (%) %) Target (%) %) (5%) (%) Target (%) (%) (%) (%) Target (%)
B 59.43 2022 203] 4057] 5 5923 2151 19.26 40.77] 5 5791 15.08] 27.01 4209
14 58.56| 2580 1564 4144 14 58.13 2753 1435 4187] 14 5664 12.27 31.08 4339]
21 5672| 28,55 1473 43.28 21 56.13 3041 13.46) 4387| 21 56.52| 1351 29.98) 4348

LD, loading dose; MD, maintenance dose; q12h, every 12 hours; q24h, every 24 hours; Cmin, minimum (trough)
concentration; PTA, probability of target attainment; >30 pg/mL (%), proportion of individuals with Cmin above
the target range; <15 pg/mL (%), proportion of individuals with Cmin below the target range; 15-30 pg/mL (%),
proportion of individuals within the target concentration range; Total Out-of-Target (%), combined percentage
of individuals with Cmin <15 and >30 pg/mL.
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Abstract in Korean
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