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Abstract
Changes in physiological factors may result in large pharmacokinetic variability 
of vancomycin in pediatric patients, thereby leading to either supratherapeutic or 
subtherapeutic exposure and potentially affecting clinical outcomes. This study 
set out to characterize the disposition of vancomycin, quantify the exposure tar-
get and establish an optimal dosage regimen among the Southern Chinese pedi-
atric population. Routine therapeutic drug monitoring data of 453 patients were 
available. We performed a retrospective population pharmacokinetic analysis of 
hospitalized children prescribed intravenous vancomycin using NONMEM® soft-
ware. A one-compartment PPK model of vancomycin with body weight and renal 
functions as covariates based on a cutoff of 2 years old children was proposed in 
this study. Both internal and external validation showing acceptable and robust 
predictive performance of the model to estimate PK parameters. The value of area 
under the curve over 24 h to minimum inhibitory concentration ratio (AUC0-24/
MIC) ≥ 260 was a significant predictor for therapeutic efficacy. Monte Carlo simu-
lations served as a model-informed precision dosing approach and suggested that 
different optimal dose regimens in various scenarios should be considered rather 
than flat dosing. The evaluation of vancomycin exposure-efficacy relationship 
indicated that lower target level of AUC0-24/MIC may be needed to achieve clini-
cal effectiveness in children, which was used to derive the recommended dosing 
regimen. Further prospective studies will be needed to corroborate and elucidate 
these results.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Children are constantly growing, and changes in physiological factors may result 
in large pharmacokinetic variability of vancomycin, thereby leading to either su-
pratherapeutic or subtherapeutic exposure.

http://www.psp-journal.com
https://doi.org/10.1002/psp4.13151
mailto:
https://orcid.org/0000-0001-8251-7035
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:xmfane@163.com
mailto:wenzhoulee@foxmail.com


1202  |      SHEN et al.

INTRODUCTION

As an antibiotic extensively prescribed for the treatment 
of serious infections caused by Gram-positive bacteria, 
vancomycin has remained the first-line agent for five 
decades.1 However, its clinical application is compli-
cated due to the characteristics of high variability in 
pharmacokinetics (PK) parameters.2 It is worth men-
tioning that the vancomycin inter-individual variability 
(IIV) of clearance (CL) was reported to reach as high 
as 99.2%.3 Vancomycin is a hydrophilic drug, with ap-
proximately 90% eliminated by the renal system and 
excreted in the urine as a prototype after intravenous 
administration.4

Children, as a heterogeneous population susceptible to 
irrational medicine use, are constantly growing and have 
an immature hemodynamic response, large variability in 
body size and organ function.5 Children are distinct from 
adults, namely, they have a higher volume of distribu-
tion (Vd), lower CL on vancomycin, and greater variabil-
ity caused by patient-specific factors.6 Consequently, it is 
challenging to ensure that treatment in pediatric patients 
is delivered in a reasonable way.

Vancomycin trough concentration (Cmin) used as a 
therapeutic target may not be appropriate for pediatrics, 
as some studies have demonstrated that the Cmin was 
not associated with the success of infection treatment.7–9 
Thus, Cmin-guided dosing may lead to subtherapeutic or 
excessive vancomycin exposure.10–12 The value of area 
under the curve over 24 h to minimum inhibitory concen-
tration ratio (AUC0–24/MIC) has been reported as the bet-
ter indicator for favorable clinical effects.13 This is owing 
to vancomycin exhibiting a time-dependent antimicrobial 
killing mechanism.14

According to the guidelines, vancomycin AUC0–24/
MIC >400 for suspected methicillin-resistant 
Staphylococcus aureus (MRSA) infection was a suitable 
therapeutic drug monitoring (TDM) target to attain suc-
cessful clinical efficacy.15,16 The AUC-guided strategy 
based on the Bayesian approach was recommended for 
individualized vancomycin therapy as well. However, 
it is controversial whether the recommended target 
threshold supported by data from adults can be extrap-
olated to children due to inadequate evidences for effi-
cacy and safety.17–19

Population pharmacokinetic (PPK) modeling is an ana-
lytical approach quantifying sources of PK variability. The 
advantage is the ability to derive the effect of covariates on 
PK parameters from sparse sampling to reduce bloodwork 
in children particularly.20 While a myriad of PPK model has 
been developed to describe vancomycin disposition and uti-
lized for model-informed precision dosing (MIPD), there are 
limited data available on the evaluation of relationship be-
tween PK/PD parameters and clinical outcome.21,22

Moreover, poor attainment of PK/PD parameters has 
been commonly observed in current empiric dosing reg-
imens, and dosage adjustment based on the dynamic 
physiological variables of patients is frequently neglected 
clinically. These challenges encountered illustrate the 
importance of constructing appropriate dosages for dif-
ferent subgroups of pediatric patients. The present study 
aimed to (1) establish and evaluate externally a compre-
hensive vancomycin PPK model in Southern Chinese 
pediatric population, (2) quantitatively evaluate the rela-
tionship between PK/PD variables and clinical efficacy, 
and identify the optimal exposure target of interest, and 
(3) perform model-based simulations to optimize dosing 
recommendations.

WHAT QUESTION DID THIS STUDY ADDRESS?
This study characterized the disposition of vancomycin, quantified the exposure 
target and established an optimal dosage regimen among the Southern Chinese 
pediatric population.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
This is the first study to comprehensively explain the PK disposition of van-
comycin in Chinese southern pediatric patients using an age (2 years) cutoff 
separated PPK model. The evaluation of the vancomycin exposure–efficacy 
relationship indicated that a target level of AUC0–24/MIC ≥ 260 is clinically ef-
fective in children.
HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT, 
AND/OR THERAPEUTICS?
Monte Carlo simulations were used to propose dose recommendations for differ-
ent subgroup pediatric patients, which paved the way for potential use in person-
alized medicine and individualized prediction.
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MATERIALS AND METHODS

Patients and data collection

A retrospective study was conducted between 2016 and 2022 
at the Baoan Women's and Children's Hospital and Shenzhen 
Children's Hospital. Children with Gram-positive infections 
who received vancomycin treatment more than 3 days were 
selected. Patients who fulfilled the following exclusion crite-
ria were not enrolled in this study: age under 1 month; hyper-
sensitivity to vancomycin or its excipients; dialysis required 
or blood purification at the time of vancomycin treatment; 
Gram-positive bacterial colonization. The evaluation of mod-
els was conducted on a randomly selected external validation 
set from 15% samples of enrolled patients.

Clinical data, including basic demographic informa-
tion, diagnoses, clinical symptoms, as well as laboratory 
data including pathogenic bacteria and their sensitivity, 
infection sites, serum creatinine (Scr), creatinine clear-
ance rate (CLcr), blood urea nitrogen (Bun), and albumin 
(Alb), were collected based on electronic medical records.

Bioassay

Vancomycin, with the trade name of Vancocin from 
Vianex S.A.-PlantC (Athens, Greece), was administered 
intravenously for at least 60 min. TDM samples were col-
lected and obtained as Cmin with sampling within 30 min 
prior to fourth-fifth dose or as peak concentrations (Cmax) 
with sampling 0.5–1 h after the intravenous infusion.15 
Serum concentrations of vancomycin were measured 
by homogeneous enzyme immune methods (Viva-E, 
Siemens, Erlangen, Germany). The within and between 
assays coefficients of variation were <10%. Patient bacte-
rial isolates from patients were collected and used to deter-
mine the MIC value of vancomycin (broth microdilution).

Population pharmacokinetic model 
development

Using NONMEM® software (version 7.5, ICON Development 
Solutions, Ellicott City, MD, USA), the evolution of vanco-
mycin serum concentrations–time in children was fitted to 
a PPK model. The graphical user interface Pirana® (version 
3.0, http://​www.​piran​a-​softw​are.​com) and the R program-
ming environment (version 4.1, http://​www.​r-​proje​ct.​org) 
and the software packages Perl-speaks-NONMEM (version 
5.3, https://​uupha​rmaco​metri​cs.​github.​io/​PsN/​index.​html) 
were used for visual diagnosis. The First Order Conditional 
Estimation with interaction (FOCE-I) method was used for 
the estimation of PK parameters.

The initial base model was selected on the basis of ob-
jective function value (OFV) and visual inspection of diag-
nostic plots. In this study, an exponential error model was 
adopted to evaluate IIV of PK parameters, and the resid-
ual variability (RV) was evaluated using an additive error 
model. Since the majority of data were trough vancomycin 
concentration, the IIV of Vd was estimated to be very small 
(<1 × 10−3) and removed from the model. Furthermore, 
body weight (BW) was incorporated into Vd using the 
Equation (1) according to the Holford et al.6

The covariate analysis included demographic variables 
(sex, age, postnatal age [PNA], body weight), hepatic and 
renal functions (blood urea nitrogen, albumin, serum cre-
atinine, and creatinine clearance rate), and concomitant 
drugs (more than 10% of the total patients: meropenem, 
cefoperazone, ceftriaxone, and mannitol), which were 
investigated for their influence only on the CL. The CLcr 
was computed using the Cockroft-Gault formula.23 Linear, 
exponential, and power models' functions were tested to 
describe the covariate effects, respectively.

It is widely known that size and maturation appeared 
to be the main factors influencing PK in pediatrics.24 
Therefore, age and BW were screened first. As BW was 
found to have a greater impact on CL than age in the pres-
ent study, six different models based on BW allometric 
scaling were tested using Equation (2).6

where Fmat is a factor for maturation which defines the ma-
turing process, and it was fixed to 1 unless Model III was 
used.

Model I: 3/4 Allometric model, k was fixed to 0.75.
Model II: Simple allometric model, k was estimated.
Model III: 3/4 Allometric and age maturation function 
model, Fmat was calculated according to Equation (3):

where TM50 is maturation half-time, and γ is the Hill coeffi-
cient which controls the slope of sigmoid function.

Model IV: Age-cutoff model, different values for the k 
were evaluated based on model II for two sub-populations.

(1)Vd = Vtypical value ×
BW

BWmedian

(2)CL = CLtypical value ×

(

BW

BWmedian

)k

× Fmat

(3)
Fmat =

1

1 +
(

Age

TM50

)−�

http://www.pirana-software.com
http://www.r-project.org
https://uupharmacometrics.github.io/PsN/index.html
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Model V: BW-dependent exponent model (BDE), k was 
estimated according to Equation (4):

Model VI: Age-dependent exponent model (ADE), k 
was estimated according to Equation (5):

where k0 is the value of the exponent at a theoretical BW 
of 0 kg (Model V) or 0 years (Model VI), kmax is the maxi-
mum decrease of the exponent, k50 is the BW (Model V) or 
Age (Model VI) at which a 50% decrease in the maximum 
decrease is attained.25 The selection criteria was the same 
as detailed in our previous study,26 the final model was ob-
tained by the stepwise forward inclusion (∆OFV > 6.64) and 
backward elimination (∆OFV > 10.8).

Model evaluation

The established final model was internally evaluated 
by graphical tools such as the goodness-of-fit (GOF) 
plots for diagnostic purposes, along with visual predic-
tive check (VPC) and bootstrap analysis. In addition, a 
dataset from additional patients was used to externally 
validate the final model. The mean relative prediction 
error (MPE%) and mean relative absolute prediction 
error (MAPE%) were used to evaluate the model predic-
tions.27 The model with MPE% and MAPE% within the 
range of ±20% and 30%, respectively, was considered to 
be acceptable.

Efficacy analysis

The dataset included in the analysis of efficacy comprised 
patients who had clinical symptoms of infection and 
Gram-positive bacteria cultured in sterile body fluid sam-
ples (i.e., blood and cerebrospinal fluid). Investigation of 
clinical efficacy was double-evaluated by two independent 
investigators, and divided into treatment success or fail-
ure. The clinical outcomes were analyzed in terms of both 
curative effect and bacterial clearance to obtain reliable 
determination. We define treatment success if the patients 
have improvement of the original symptoms or resolution 
of infection, negativization of bacterial cultures at the site 
of the primary infection after the end of the vancomycin 

treatment. Patients with bacteria eradication failure after 
vancomycin initiation, requirement for adding or switch-
ing to another anti-gram-positive bacterial drug, deterio-
ration of clinical features, and laboratory examinations or 
even mortality, were defined as treatment failure.

Individual PK parameter (CL over the first 24 h) 
was estimated using an empirical Bayesian method in 
NONMEM® based on the final PPK model with covariates. 
Vancomycin AUC0–24 was calculated by the Equation (6):

The ratio of AUC0–24/MIC was calculated in all eligible 
patients and then used to evaluate the relationship with 
clinical response, as it was considered to be the gold stan-
dard for determining efficacy.

Simulation of dosing regimen

A Monte Carlo simulation was performed on virtual pa-
tients (n = 1000), which were divided into subgroups based 
on the incorporated covariates. We sampled body weight 
and age from China National Survey Data for children,28 
while CLcr was additionally classified into four degrees 
of renal function between 60 and 150 mL/min. Dosage 
schedules covering a range of 30–70 mg/kg administered 
every 8 h were considered as the initial vancomycin dose. 
The probability of target attainment (PTA) of achieving 
the optimal exposure range for each candidate dosing 
regimens was calculated. Subsequently, the dose regimen 
selected were compared with those from other established 
vancomycin PPK studies in children.

Statistical analysis

Statistical tests were performed using SPSS® 27.0 (IBM, 
Armonk, New York, NY, USA). Multivariate analy-
sis was carried out using binary logistic regression to 
quantify the relationship between vancomycin exposure 
(Cmin, AUC0–24, and AUC0–24/MIC) and clinical response. 
Receiver operating characteristic (ROC) was applied to 
assess the predictive accuracy of PK/PD indices and find 
their medical margin level for vancomycin antibiotic ef-
ficacy.9 A p value of <0.05 was considered significant.

Ethics statement

The studies involving human participants were reviewed 
and approved by the Baoan Women's and Children's 

(4)k = k0 −
kmax ⋅ BW

�

k50
� + BW�

(5)k = k0 −
kmax ⋅Age

�

k50
� +Age�

(6)AUC0−24 (mg∕h∕L) =
Total daily vancomycin dose (mg)

CL (L∕h)
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Hospital Ethics Committee (Appr. Number LLSC 
2021-3-12-KS-02, date of approval: March 12, 2021).

RESULTS

Demographic characteristics

Out of 538 patients, 85 patients were excluded. The pa-
tient enrollment process from two hospitals is detailed 
in Figure 1. The demographic and clinical characteris-
tics of patients eligible for this study are summarized in 
Table 1. The age range was 1 month to 17.45 years with 
a mean body weight of 13.55 kg (range: 0.88–49.5 kg). 
There were 182 patients (47%) younger than 2 years old. 
A median daily dose of vancomycin was 43 mg/kg/day.

Population pharmacokinetic model 
development

A one-compartment model with first-order elimination 
(ADVAN1 TRANS2) was used as the structural model. RV 
was best characterized by an additive error model for each 
of the two study centers.

As presented in Table  2, Model V and Model VI had 
highly variable parameters. Model IV with a cutoff value 
of 2 years showed a better fit of the model to the data 

(Figure  S1). Another variable related to vancomycin CL 
was renal function. Interestingly, the addition of either 
CLcr or Bun led to a significant variation in OFV. However, 
the graphical diagnostics of the covariate-parameter rela-
tionship by the CLcr-adjusted model performed superior 
to that of the Bun. Table  S1 outlines the details of the 
model development process.

For the final model, OFV was obviously lower compared 
to the base model and exhibited acceptable RSE of the pa-
rameter estimates (Table  3). The condition numbers no 
greater than 100 demonstrated the stability of the model. 
The established final PPK model is represented as follows:

Model evaluation

Figure  2 showed that the final model had greatly im-
proved accuracy and less structural bias compared with 
the base model, and the VPC plot exhibits the good 

(7)
if age>2 years old CL (L∕h)=

2.59×
(

BW

12

)0.38
×
(

CLcr

75

)0.517
×e𝜂

(8)
if age≤2 years old CL (L∕h)=

1.98×
(

BW

12

)0.739
×
(

CLcr

75

)0.517
×e�

(9)V(L) = 22.4 ×
BW

12

F I G U R E  1   Study flow diagram. 
The overview of the study population 
enrollment process and study protocol.
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predictive performance of the final model (Figure  S2). 
The results of the bootstrap analysis matched the final 
model well with relative error < ±2.6% (Table 3). In ad-
dition, extra 67 pediatric patients were included in the 
external evaluation. MPE, MPE%, MAPE, and MAPE% 
corresponding to the final model were −1.27, −14.08%, 
1.76, and 24%, respectively.

Clinical outcomes

The number of cases that detected Gram-positive iso-
lates was 180, treatment failure was considered in 29 of 
them (16%). The main pathogenic organisms cultured in 
this study were MRSA, methicillin-resistant coagulase-
negative Staphylococci aureus (MRCNS), and other 
Enterococcus species. It should be noted that the major-
ity of MIC values of clinical isolates was 1 mg/L or less 
in our two study institutions, so the default MIC value 
was considered to be 1 mg/L for those undetected patho-
gens as previous studies.29,30 Furthermore, The European 
Committee on Antimicrobial Susceptibility Testing show 
that 75% of Staphylococcus aureus isolates have a vanco-
mycin MIC of 1 mg/L.31

The results in Table  4 showed that the AUC0–24/MIC 
was statistically different (p < 0.05) between the treatment 
success and failure group. The relationship between Cmin 
and clinical effective rate is weaker than AUC0–24/MIC 
(Figure S3), which seemed to reach a plateau around 200–
300. In ROC curve (Figure S4), the area under the AUC0–24/
MIC (value = 0.782, 95%CI: 0.695–0.870) was greater than 

that of Cmin. The result supported that AUC0–24/MIC could 
be a better predictor for vancomycin-related efficacy, and 
260 mg·h/L (according to the highest Youden index) might 
be an applicable threshold.

Model-based simulation

The simulation results are provided in Figure 3. The dosing 
recommendations from the other established model based 
on Monte Carlo simulations are displayed in Table S2. It 
can be seen that when a dose of 40 mg/kg/day was given in 
the group of renal impairment (CLcr = 60 mL/min), over 
90% of simulated subjects could achieve the PD target 
(AUC0–24/MIC ≥260). In the normal renal function group, 
the weight of 20 kg (5.5-year-old age) was used as a cutoff 
point to divide patients into two cohorts, and the exposure 
was lower in the high-weight compared to the low-weight 
population with the same vancomycin dose. Patients with 
augmented renal function (ARC, CLcr = 150 mL/min) re-
sulted in a 43% increase in CL, presenting a higher dose of 
60 mg/kg/day as a more appropriate choice.

DISCUSSION

As far as we know, this is the first study to comprehensively 
explain the PK disposition of vancomycin in Chinese south-
ern pediatric patients using an age (2 years) cutoff sepa-
rated PPK model. Of note, the evaluation of vancomycin 
exposure-efficacy relationship indicated that there may be 

T A B L E  3   Pharmacokinetic parameter estimates for the final model including the bootstrap (996/1000 runs successful) analysis.

Description Parameter

Final model Bootstrap

Relative error (%)Estimate RSE (%) Median 95%CI

CLage>2 (L/h) θ (CLage>2) 2.59 6.7 2.56 2.30–2.88 −1.2

CLage≤2 (L/h) θ (CLage≤2) 1.98 6.8 1.97 1.75–2.21 −0.5

Vd (L) θ (Vd) 22.4 23.5 22.2 15.05–32.02 −0.9

BWage>2 on CL θ (BWage>2) 0.38 29.8 0.39 0.193–0.571 2.6

BWage≤2 on CL θ (BWage≤2) 0.739 16.7 0.747 0.542–0.948 1.1

CLcr on CL θ (CLcr) 0.517 15.1 0.512 0.385–0.635 −1.0

IIV on CL ω (CL) 0.319 11.7 0.316 0.240–0.373 −0.9

η-shrinkage (%) η (shrinkage) 43.1

RV1 (mg/L) σ (additive1) 4.64 9.4 4.56 3.80–5.22 −1.7

ε1-shrinkage (%) ε (shrinkage1) 13.3

RV2 (mg/L) σ (additive2) 4.53 9.0 4.56 3.81–5.22 0.7

ε2-shrinkage (%) ε (shrinkage2) 12.4

Note: Relative error% = (Bootstrap median – estimate in final model)/estimate in final model × 100%.
Abbreviations: θ, factor describing the relationship between the covariate and the clearance; ω, coefficient variation of inter-individual variability; σ, coefficient 
variation of residual variability; RSE (%), relative standard error (standard error/estimate × 100%); 95%CI, 95% confidence interval.
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no need to obtain a target level of AUC0–24/MIC (≥400 re-
quired by the guidelines) to achieve clinical effectiveness in 
children. Finally, dosing recommendations for subgroups 
were derived from Monte Carlo simulation based on the op-
timized exposure target.

For children, maturation and size are significant predic-
tors to explain some of the IIV in PPK models. Although 
the ¾ allometric exponent approach on CL has been ex-
tensively used, this value remains controversial due to 
over- and under-prediction of CL in neonates and infants, 
respectively.32,33 In contrast, the age-cutoff model scales CL 
well throughout the whole lifetime in our study popula-
tion (Table 2). Typical CL estimate appears to vary between 
age groups: children ≤2 years old and children >2 years old 
(Figure S1). It is because hemodynamic variations in chil-
dren might result in faster glomerular filtration rate (GFR) 
rates compared with the adults,34 and the maturation effect 

on PK behavior can be accentuated in children younger 
than 2 years old,6 so the effect of age should be considered 
altogether as well.

We selected the CLcr-adjusted model to scale van-
comycin CL, Since Scr and Bun are known to be influ-
enced by age, sex, muscle mass, and diet—limiting their 
utility as a marker of the GFR.35 Other variables that 
produced no significant impact during the modeling 
process were Alb, sex, and concomitant therapies. This 
may be explained by the fact that the range and propor-
tion of covariates being tested are not large enough to 
have a statistical effect.

In the current PPK model, the weight-adjusted typical 
CL were 0.216 L/h/kg (age >2 years old) and 0.165 L/h/
kg (age ≤2 years old), which fell within the known range 
(0.0155–0.255 L/h/kg) summarized in a systematic re-
view.36 Both internal and external evaluation supported 
the precise predictive performance of the final model.37 
However, there was a bit large error in population predic-
tion from a new set of data, this can be explained by the 
unexplained IIV of CL. Indeed, the extent of renal clear-
ance should also involve possible protein binding and 
tubular transport.38,39 For another, the combination with 
compounds undergoing renal elimination could cause a 
drug–drug interaction.

Logistic regression analysis indicated that AUC0–24/MIC 
has significant correlations with clinical outcomes (Table 4). 
The cutoff point (Figure  S4) in predicting effectiveness 

F I G U R E  2   Diagnostic goodness-of-fit (GOF) plots of the base model (1) and final model (2). (a) Observed concentration (DV) versus 
individual predicted concentration (IPRED); (b) DV versus population predicted concentration (PRED); (c) conditional weighted residuals 
(CWRES) versus PRED; and (d) CWRES versus time. The black solid lines are the reference lines, and red solid lines represent linear fit 
lines.

T A B L E  4   Multivariable logistic regression analyses on clinical 
efficacy of vancomycin therapy.

Variables

Clinical efficacy

Wald χ2 p Value

Cmin 0.796 0.372

AUC0–24 2.297 0.130

AUC0–24/MIC 6.181 0.013
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(AUC0–24/MIC ≥260) is far below the recommended tar-
get of adults (AUC0–24/MIC ≥400). Research by Shen et al. 
showed that the median value of AUC/MIC was between 
200 and 300 with an overall clinical effective rate of 92.6%, 
indicating that a relatively low exposure is effective for pe-
diatric patients.40 Another research in children with MRSA 
bacteremia showed that the relationship between vancomy-
cin AUC0–24/MIC <400 and treatment failure could not be 
established.41 Additionally, targeting the value above 400 
in pediatrics would expose them to unnecessary adverse 
events.10 Taken together, these results suggested that a tar-
get level (≥400) may not be required. This discrepancy may 
be attributed to the higher sensitivity of bacteria in our pop-
ulation and a higher level of unbound vancomycin fraction 
in children.42

In a multicenter study performed on Chinese chil-
dren, most received relatively low vancomycin dos-
ages (37.79 ± 11.31 mg/kg/day), but the microbiological 
eradication rate was >80% and comparable to studies 
with higher dosage levels.9 Furthermore, other studies 
also found that the uniform or empirical vancomycin 

recommended dose did not achieve ideal PD targets 
in most pediatric patients.43,44 Here, we developed a 
patient-tailored dosing regimen according to the PTA 
achievement.

On the basis of the AUC0–24/MIC target value (above 
260, assuming MIC = 1 mg/L), it is suggested that for 
children with CLcr of 60 and 150 mL/min, the suit-
able vancomycin dose should be 40 and 60 mg/kg/day, 
respectively. For children with normal renal function, 
those weighing less than 20 kg (equal to 5.5-year-old 
age) need to have a relatively high dose of 50–60 mg/kg/
day versus 40–50 mg/kg/day in high-weight population. 
This is consistent with the previous cohort studies re-
porting that the risk of suboptimal exposure might be 
higher in pediatric patients 1–6 years of age, so the ini-
tial dose could be increased.15

The present study also provided a summary of dos-
ing recommendations of vancomycin in pediatrics.23 As 
listed in Table S2, the variability between studies was at-
tributed to the different covariates considered as well as 
various target values. Recommended dosage regimens 

F I G U R E  3   Simulated probability of target attainment (AUC ≥260) of vancomycin at each CLcr level for different dosage in patients with 
various body weights.
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based on our model are similar to study in Chinese 
children22 and marginally lower compared with that 
of western people10 and IDSA guideline.16 It is of note 
that most studies used a AUC0-24/MIC threshold of 400 
as a PD target which differs from our study, and seldom 
of them considered the effect of renal function. It has 
been suggested that AUC0-24 < 537 and 480 mg·h/L may 
be appropriate thresholds for predicting vancomycin-
associated nephrotoxicity in Chinese children and neo-
nates, respectively.19,45

The primary limitation of this study is its retrospec-
tive nature, and the imbalanced number of treatment 
success and failure groups resulted in wide CIs around 
odds ratios in logistic regression analyses, these can 
affect the ROC-derived threshold. Secondly, a study of 
more sample size and a larger range of covariates char-
acteristics could be conducted to improve the precision 
and accuracy of the PPK model in depth, which has the 
potential to explain the remaining variation that is not 
yet identified. Finally, the proposed dosing schedule 
has not been applied in clinical practice and cannot re-
place the need for routine TDM. Therefore, these results 
should be extrapolated to other populations with cau-
tion and confirmed prospectively in further studies to 
ensure their generalizability.

CONCLUSIONS

A “one-dose-fits-all” approach to managing patients no 
longer seems reasonable, and model-based approaches 
are emerging as an alternative promising option. A PPK 
model of vancomycin for Chinese children with body 
weight and renal functions as covariates based on a cutoff 
of 2 years old was proposed in this study, showing overall 
acceptable and robust predictive performance. The clini-
cal outcomes as measured by PK/PD parameters were fur-
ther explored to determine appropriate target thresholds 
assuring clinical efficacy. The developed optimal dosing 
strategies based on the final model pave the way for po-
tential use in personalized medicine and individualized 
prediction.
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