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Abstract

Vancomycin is an antibiotic used for severe infections. To ensure microbiologi-
cal efficacy, a ratio of AUC/MIC >400 is recommended. However, there is signifi-
cant interindividual variability in its pharmacokinetic parameters, necessitating
therapeutic drug monitoring to adjust dosing regimens and ensure efficacy while
avoiding toxicity. Population pharmacokinetic (PopPK) models enable dose per-
sonalization, but the challenge lies in the choice of the model to use among the
multitude of models in the literature. We compared 18 PopPK models created from
populations with the same sociodemographic and clinicobiological characteristics.
Simulations were performed for a 47years old man, weighing 70kg, with an albu-
min level of 35.5g/L, a creatinine clearance of 100mL/min, an eGFR of 106 mL/
min/1.73m?, and receiving an intravenous infusion of 1gx2/day of VCM over
1h for 48 h. Simulations of time-concentration profiles revealed differences, lead-
ing us to determine the probability of achieving microbiological efficacy (AUC/
MIC>400) with each model. Depending on some models, a dose of 1gx2/day is
required to ensure microbiological efficacy in over 90% of the population, while
with the same dose other models do not exceed 10% of the population. To ensure
that 90% of the patients are correctly exposed, a dose of vancomycin ranging from
0.9gx2/day to 2.2gx2/day is necessary a priori depending on the chosen model.
These differences raise an issue in choosing a model for performing therapeutic
drug monitoring using a PopPK model with or without Bayesian approach. Thus, it
is fundamental to evaluate the impact of these differences on both efficacy/toxicity.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Over 300 PopPK models of vancomycin are available in the literature.
WHAT QUESTION DID THIS STUDY ADDRESS?

Do PopPK models developed with populations sharing similar sociodemographic
and clinical-biological characteristics result in comparable a priori dosage?
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INTRODUCTION

Vancomycin (VCM) is a glycopeptide antibiotic admin-
istered intravenously (IV). It is widely used in hospitals
and reserved for severe gram-positive infections resist-
ant to conventional treatments, particularly those caused
by methicillin-resistant Staphylococcus aureus (MRSA).
In most cases, the dosing regimen is 1g q12h. Its elimi-
nation is primarily renal. One of its adverse effects, fre-
quently found in prolonged use (4-8days of treatment),
is nephrotoxicity (in more than 40% of treated patients).!
Vancomycin has a narrow therapeutic range, meaning the
gap between the exposure that determines efficacy and
that which determines toxicity is small. Therefore, any
deviation in exposure from the therapeutic range leads ei-
ther to treatment failure or toxicity.

The microbiological efficacy of vancomycin is concen-
tration- and time-dependent,' justifying that the optimal
pharmacokinetic/pharmacodynamic (PK/PD) criterion to
maintain the drug level within the therapeutic window is
the ratio of the area under the curve (AUC) to the mini-
mum inhibitory concentration (MIC). For pathogens such
as MRSA, this ratio must be equal to or greater than 400
(>400).>

Vancomycin exhibits high interindividual variability
in pharmacokinetic parameters. Neely et al. assembled
richly sampled vancomycin pharmacokinetic data from
three studies comprising 47 adults with various levels of
renal function.> On the basis of their simulations, even
in an ideal population of adults with normal renal func-
tion who get the same dosing regimen, vancomycin AUC
values varied as much as 30-fold between patients, with
associated variability in peak and trough concentrations.
Therefore, to ensure microbiological efficacy while limit-
ing toxicity, it is necessary to estimate the patient's van-
comycin AUC to individually adjust the dosing regimen
when the exposure is not within the therapeutic range.

The published population pharmacokinetic (PopPK)
models consistent with the sociodemographic and

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

For a population with the following characteristics (47 years old man, weighing
70kg, with an albumin level of 35.5g/L, a creatinine clearance of 100 mL/min,
an eGFR of 106 mL/min/1.73 m?), a dosing regimen of 1gx2/day may not be
suitable for this entire population depending on the PopPK model. Indeed, ac-
cording to the models, the daily dose required to cover 90% of patients varies from
0.9gx2/day to 2.2gx2/day.

HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT,
AND/OR THERAPEUTICS?

This highlights the challenge in selecting appropriate models for determining a
priori dosage regimens and for therapeutic drug monitoring using PopPK models.

clinicobiological characteristics of a patient can be used
to estimate the patient's dosage regimen. The challenge
lies in the large number of PopPK models documented in
the literature. The first screening step involves rejecting
models developed using populations that differ from the
target population in terms of sociodemographic and clini-
cobiological characteristics (e.g., normal kidney function
vs. dialysis). The second screening step involves excluding
models that lack essential components for model qual-
ity evaluation (e.g., no error model described, absence of
covariates in the final model despite individual random
>30%, no RSE or RSE >30% for population parameters,
absence of VPC/NPDE). Following these steps, it is rea-
sonable to expect that the retained models will yield con-
sistent results.

The objective of this work was to determine if the
PopPK models of vancomycin created in similar popula-
tions lead, for a same PK/PD target, to the same a priori
dosing regimen.

MATERIALS AND METHODS

Selection of population
pharmacokinetic models

Searching for publications on PopPK models for vancomy-
cin on reputable database platforms such as PubMed and
Google Scholar using the terms “vancomycin” and “popu-
lation pharmacokinetic” yielded a considerable number
of articles, 713 and 39,100 respectively, posing a challenge
in distinguishing between articles focused on PK vanco-
mycin and those that were completely unrelated to the
topic or did not provide a PopPK model for vancomycin.
To address this, a set of inclusion and exclusion criteria
were established. Articles research was performed using
the following set of keywords: “vancomycin population
pharmacokinetic(s)” or “vancomycin model(l)ing,” and
excluding the following words “pregnant,” “pregnancy,”
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“p(a)ediatric(s),” “pediatry,” “neonate(s),” “neonatal,”
“newborn(s),” “infant(s),” “children,” “h(a)emodiafil-
tration,” “hemodialysis,” “peritoneal,” “replacement,”
“transplant,” “transplantation,” “critically,” “intensive,”
“extracorporeal,” “ECMO,” “trauma,” “sepsis,” “burn,”
“cystic fibrosis,” “obese.” These keywords were selected
to ensure the strict inclusion of adult populations with
normal renal function (i.e., no renal insufficiency or glo-
merular hyperfiltration) (Figure 1). Moreover, a PopPK
model was rejected if information on interindividual and
residual variability was lacking. The search for articles
ranged from January 2009 to February 2024. This 25-year
period encompasses the vast majority of PopPK articles
published on vancomycin. Indeed, while numerous arti-
cles have been published on vancomycin before 2009, only
five focus on PopPK models, and access is limited to their
abstracts.

” T

Simulation of kinetic profiles and
probability of achieving adequate exposure

For each of the selected models, we conducted in R
Studio 1000 Monte Carlo simulations representing 1000
kinetic profiles of virtual individuals using the individual
random effects # where n~N(0, Q). These simulations

«vancomycin » and « population pharmacokinetic »

PubMed (n=713)
GoogleScholar (n=39100)

l

Inclusion and exclusion criteria

l

ASCPT

were performed for a 47 years old man, weighing 70 kg,
with an albumin level of 35.5g/L, a creatinine clear-
ance (CICreat) of 100 mL/min, and an eGFR of 106 mL/
min/1.73 m? The individual received an intravenous
infusion of 1g of VCM over 1h q12h for 48h, as it is a
standard dosing regimen.

Then, for each model, the probability of target attain-
ment P((AUC/MIC)>X), so-called probability of target at-
tainment (PTA), was determined, with (i) AUC area under
the concentration-time curve at steady-state, (ii) MIC the
minimum inhibitory concentration, and (iii) X the possible
values of this ratio (ranging from 0 to 1000 due to possible
values in human clinical practice). PTAs were performed at
a steady state as kinetic simulations were conducted for a
virtual patient with normal renal function. In this case, the
terminal half-life of vancomycin ranges between 3.7 and
5.3h, resulting in a steady state achieved within 24h.* This
short delay is considered negligible. In cases where the ter-
minal half-life is increased, a loading dose is typically ad-
ministered to achieve an exposure similar to that at steady
state.

Given that MRSA represents the primary infection
treated with vancomycin as per prevailing guidelines,
we focused on the MRSA MICs distribution from the
EUCAST website. The analysis of the MRSA MIC distri-
bution shows that 83% of MICs are equal to 1 mg/L and

GoogleScholar (n=121)

l J
Retained models (n=12) \

Yamamoto et al. 2009
Tanakaet al. 2010
Limet al. 2014

Kim et al. 2016
Algahtani et al. 2018

N
[ PubMed (n=117)

~

Rejected:

= |iterature reviews (n=8)

= articles not addressing VCM PopPK models (n=93)

= articles only available in non-English language (n=14)

= articles addressing a population beyond the scope of our study (n=26)

= articles lacking information on PK parameter or variability (n=9)

= duplicate records between PubMed and Google Scholar (n=72)

= only abstracts available and no response from the corresponding author (n=3)
L

K the link to access the article no longer exists (n=1) /

Liu et al. 2019

Jing et al. 2020
Algahtani et al. 2020
Aljutayli et al. 2022
Belabbas et al. 2023

Chen et al. 2023
K Ling et al. 2024 /

FIGURE 1 Flowchart of the model selection.

[ Final selection } { Screening }{Identiﬁcation]
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13% greater than 1mg/L. As clinicians do not prescribe
vancomycin when MIC is greater than 1mg/L, we only
considered the MIC equal to 1 mg/L.’

RESULTS
Population pharmacokinetic models

Using inclusion and exclusion criteria led to 117 and 121
articles for PubMed and Google Scholar, respectively
(Figure 1). Among the 238 articles, 226 were excluded for
the following reasons: literature reviews; articles not ad-
dressing PopPK models of vancomycin; articles inacces-
sible or only available in non-English language; articles
addressing a population beyond the scope of our study; ar-
ticles lacking information on PK parameter or variability;
duplicate records between PubMed and Google Scholar.
The remaining 12 articles (i.e., 18 PopPK models) are de-
scribed in Table 1.

Figure 2a,b depicts two examples of Monte Carlo simu-
lations for individuals aged 47 years, weighing 70kg, with an
albumin level of 35.5g/L, a creatinine clearance (CICreat) of
100mL/min, and an eGFR of 106 mL/min/1.73m?, receiv-
ing 1g of VCM over 1h q12h for 48h. At steady state, with
Belabbas's and Lim's model, VCM trough median concen-
tration is 14.4 and 9mg/L, and the concentration increases
to 22.4 and 33.7mg/L after 1h of infusion, respectively.
Codes (R) for Monte Carlo simulations and the correspond-
ing figures are available for 22 models in supplemental files
(Material S1; Figure S1). Contrary to the PTA (18 PopPK
models were retained), a total of 22 PopPK models were re-
tained as clearance and volume of distribution were system-
atically used for Monte Carlo simulations.

The PTA of 18 PopPK models from the 12 retained
articles is plotted in Figure 3. For the same dosing regi-
men, the probability of achieving adequate exposure

% > 400 ) ranges from 8.7% to 94.2% (Table 2). Only 2
models (#4 and #15) out of 18 provide coverage for more
than 90% of patients for this dosing regimen. Codes (R)
are available in a supplemental file (Material S2).

DISCUSSION

The aim of this study was to evaluate the interchangeabil-
ity of 18 PopPK of vancomycin constructed from similar
populations.

Simple comparison of kinetic profiles (Figure 2a,b) re-
vealed differing maximal (C,,,,) and minimal (trough)
concentrations among these models. A primary factor con-
tributing to this discrepancy is the number of compartments

(mono, bi, tri) characterizing each model. This compart-
ment count is influenced by the analytical performance (i.e.,
lower limit of quantification “LLOQ”) of the method used to
assay VCM. More clearly, for the oldest publications, models
were built with concentrations measured with assays pre-
senting high LLOQ, rendering impossible the detection of
the eventual remaining PK phases. As a consequence, the
last documented PK phase is considered the elimination
phase. From 25years, analytical performances of VCM as-
says have been improved leading to a better description of
the VCM PK. A secondary factor contributing to the number
of compartments is the number of blood samples available
for each patient. For the models built with routine data, a
low number of concentrations is available per individual,
in general C,,, and trough concentration. This limits the
number of parameters that can be estimated in the model
and consequently the number of compartments that can be
included in the final model.

However, having distinct kinetic profiles does not
invariably lead to different exposures. Thus, if kinetic
profiles differ but exposures (AUCs) are similar, micro-
biological efficacy, characterized by the AUC/CMI ratio
>400, is expected in this population. This prompted us to
conduct PTA.

PTA analysis indicates that with a dosing regimen
of 1 g x2/day, the proportion of individuals achiev-
ing the desired VCM exposure P<% 2400) ranges
from 8.7% to 94.2%, for a CMI=1mg/L. Some mod-
els indicate that the dosing regimen of 1gx2/day
is ineffective for a significant portion of individuals
(PTA <10%), necessitating dosing regimen adjust-
ment or therapeutic strategy change. Other models
indicate that this dosing regimen is effective for the
entire population (PTA >90%). Therefore, depending
on the PopPK model, a dosing regimen of 1gx2/day
may not be suitable for the entire population. Notably,
the daily dose required to cover 90% of patients varies,
according to the models, from 0.9 g x 2/day to 2.2 g x 2/
day. This disparity in doses also raises concerns re-
garding nephrotoxic.® The fact that some models lead
to a dosage regimen of 2 g x 2/day to ensure microbio-
logical efficacy, while others recommend 0.9 g x 2/day,
implies that a patient could have a priori more than
twice the exposure with the former regimen compared
with the latter.

The results obtained for models created with apparently
similar populations should prompt reflection on the nu-
merous applications for model-informed precision dosing
currently available online or developed in some hospitals.
These applications offer the user, for a given molecule,
either a single model or a panel of models, the choice of
which is left to the discretion of the user. However, there is

85UB01 T SUOWILLIOD A1) 3[dfedtdde U Aq pausenob ae il VO ‘85N JO 3N o} Akeiqi8UlUO A8 ]I LIO (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d 18Ul [UO//ScIY) SUORIPUOD PUe SWLB | U1 39S *[Z02/2T/E0] Uo Areiqiauljuo A|IM * 80UelH SUeIYO0D - BPI0du0D BIpid Aq £5ZET #dsd/Z00T 0T/10p/wW0d A8 1m A elq1jpuljuoridase//sdny WwoJj papeo|umod ‘0 ‘9088E9Te



VANCOMYCIN POPULATION PHARMACOKINETIC MODELS

| 5

no guarantee that the models proposed in these applications
are compatible with the patient for whom Therapeutic Drug
Monitoring (TDM) is considered. External validation trials
using real-world data (i.e., measured concentrations in pa-
tients undergoing TDM) suggest that this is not the case and
that the choice of a model for a given patient is an essential
step in the context of individualized adjustment of dosing
regimens by Bayesian approach.””

These results are particularly concerning consider-
ing that the populations used to develop these 18 models
appear similar based on the clinicobiological data doc-
umented in the publications. However, upon closer ex-
amination of the model constructions, certain elements
warrant discussion:

« Models 1'° and 2'° were designed for individuals with
CLcreat >85mL/min. In these models, VCM clearance
was interpreted as a constant value (3.83 L/h=63.8 mL/
min for model 1 and 3.95L/h=65.8 for model 2). This
suggests that any patient with CLcreat between 85
and 218.8 mL/min (the maximum CLcreat in the stud-
ied population) will have the same constant defining
his VCM clearance, regardless of his actual value. On
the contrary, the equations provided for patients with
CLcreat <85mL/min (not simulated in our study) vary
depending on the specific value of CLcreat. In the lat-
ter scenario, it is predictable that VCM clearance will
vary with CLcreat. However, for patients with CLcreat
>85mL/min, it is difficult to imagine that all of them,
whether they have a normal renal function or are hyper-
filtrating, would have the same constant value of VCM
clearance.

« Models 6'' and 8'! are applicable to patients with
neurological impairment, while models 5'' and 7'!
are suitable for individuals without neurological im-
pairment. Comparison from the available informa-
tion in the original publication revealed that patients
with neurological impairment exhibit higher VCM
clearance, associated with lower AUC and PTA val-
ues. Models 11,'2 12,'? and 16" were created for pa-
tients with neurological impairment. We observed
that the PTA of models 11 and 12 is similar to the
PTA of models 6 and 8. However, the PTA of model
16 is significantly higher compared with the other
models (APTA between 61.7% and 70.4%). This differ-
ence could be explained by the fact that model 16 is a
three-compartment model while the other models are
one-compartment models. Although the population
consists of patients with neurological impairment, the
patients used to build model 16 had an extraventric-
ular drain (EVD) while those used to build the other
models did not. Since the EVD was not retained as a

ASCPT

covariate in the different models and is not expected
to affect the renal elimination of VCM, we failed to
explain these differences.

Another possible explanation for these discrepan-
cies is the VCM composition injected into the patients.
Remind that VCM is a natural compound with a partic-
ularly complex structure (C66H75C12N9024, 1449 Da).
This glycopeptide is obtained by extraction from the fer-
mentation broth of a bacteria and isolated as a mixture
of similarly structured compounds, the main compound
of which is vancomycin B. In Europe and the USA, qual-
ity control of vancomycin monohydrochloride (VCM),
used in therapeutics, involves quantifying vancomycin B
and its related products by HPLC. A purity of the peak
corresponding to vancomycin B of at least 90 and 91%
is required by the US and European Pharmacopeias
(EP), respectively.'*'* EP also requires quantification of
the eight specified side-products five degradation prod-
ucts and other components that remain to be identified.
It has also been established that only vancomycin B is
responsible for the therapeutic properties, its isolation
side- and degradation products having no or only weak
antibiotic properties.'®!” In addition, these pharmaco-
peia methods are criticized by certain authors because
the vancomycin B peak quantified by HPLC in these
methods is not pure and coeluted with side-products due
to the lack of resolution of the chromatographic system
used.'” Similarly, the methods used to quantify VCM in
the serum of patients use kits involving direct methods
such as fluorescence polarization immunoassay, which
are certainly sensitive but lack selectivity toward the real
active substance, vancomycin B.

Therefore, these chemical and analytical reasons are
perhaps involved in the observed discrepancies pointed
out in this work, especially as little is known, in the ref-
erence articles examined, about the quality of the VCM
(purity in vancomycin B) used to treat patients.

Despite all our efforts, we have not found any reason-
able explanations to account for our results for the same
administered dose. Neither the chosen PK model, nor the
number of blood samples per individual, nor the compo-
sition of the VCM are sufficient to explain such variability.
We hypothesize that there is an undocumented latent vari-
able. Vancomycin-induced nephrotoxicity (VIN) causes
acute kidney injury primarily due to proximal tubular dys-
function.® Although vancomycin is mainly eliminated by
glomerular filtration, the impact of VIN on its clearance
remains unclear. Since serum creatinine levels can lag by
about 48-72h after an injurious event,'® serum creatinine
is likely not sensitive enough to accurately reflect changes
in vancomycin clearance.

85UB01 T SUOWILLIOD A1) 3[dfedtdde U Aq pausenob ae il VO ‘85N JO 3N o} Akeiqi8UlUO A8 ]I LIO (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d 18Ul [UO//ScIY) SUORIPUOD PUe SWLB | U1 39S *[Z02/2T/E0] Uo Areiqiauljuo A|IM * 80UelH SUeIYO0D - BPI0du0D BIpid Aq £5ZET #dsd/Z00T 0T/10p/wW0d A8 1m A elq1jpuljuoridase//sdny WwoJj papeo|umod ‘0 ‘9088E9Te



6 GANDIA ET AL.
|

TABLE 1 Description of the Pop PK models used for determining the probability of target attainment (PTA): 18 PopPK models were

retained as (i) these models are compatible with the sociodemographic and clinicobiological characteristics of the virtual patient used for

our study and (ii) only elimination clearance was used to calculate PTA.

Publication Yamamoto 2009 Tanaka 20102  Lim 2014 Kim 2016 Algahtani 2018  Liu 20197
Model N° 1 2 8] 4 5 6 7 8 9 10
Population Infected patients and healthy - - Neurosurgical Patients with open  Chinese patients (43% neuro)
volunteers and non- heart surgery
neurosurgical
patients
N 106 86 20 132 28 200
Age (year) 65.4+15.1 21.7+2[20-25] 73 [17-91] 59.3+12.9 Neuro: 50.6+15 51.7+15.19 47.40+£15.42
[25.8-99.7] Non-Neuro: [18-78]
61.6+15.7
Posology Intermittent infusion over 0.5 to 2h  Infusion 1000mgover 2h 1981219 or 30min infusion 250; 500; 750; 1000;
1251 +446 mg/day over 1-2h ql2h 1810+387mg/  1000mg 2h before  1250; 1500 mg over 1h
Volunteers: infusion over 1h 500 500-1500mg day surgery then q12h  Intervals 6; 8; 12; 24h
and 1000 mg at dosing 12 cases of
intervals 6-48h redosing
GFR (mL/min) - 59 [16-146] - - - 106.39 +38.89
CLcr (mL/min) 79.6+41.8 89.3+10.4 74 [14-261] 96.6+31.1 Neuro: 83.5+29.3 123.75+59.96
[15.3-218.8] [76.7-106.5] 113.6+48.3 [33.4-125]
Non-neuro:
79.0+44.0
Compartment(s) in 2 1 2 1 2 1
the model
COV of the CLcr CysGFR CLcr CLcr CLcr cysGFR
clearance model Neuro Albumin Age
TBW
Interindividual ®»CL=0.375[-] ©CL=0.390[-] ®CL=0.196 ®CL=0.149 [44.8] ®CL=0.354[-] wCL=0.218[16]" ®»CL=0.208 [8]
variability ©V1=0.182[-] @V1=0.101[-] [-] ©V1=0.120[521] @V=-— oV1=0.063[17]* ®V=0.181[30]
[RSE%] 0V2=0728[-] ©Q=0174[-] ©V=0.300[-] wV2=-— ©Q=0.537 [12]*
©0Q=0192[-] ©V2=0.819 [—] ©Q=0.416 [54.8] ©V2=0.564 [19]*
Residual error pro=0.143 [—] pro =0.132 [—] pro=0.127 [-] pro=0.231[17.6] pro=0.0859 pro=0.152[7] pro=0.158
[RSE%] add=— add=— add=— add=— [48.5] add=0.055mg/L [21]*add=1.28 mg/L [30]

add=1.92mg/L
[23.4]

[11]

Note: The symbol “-” indicates that data for the respective parameter are not available in the article.

Abbreviations: add, additive error; BIS-2, GFR calculated from Berlin Initiative Study; COV, covariate of the clearance model; creaGFR, GFR calculated from
creatinine; cysGFR, GFR calculated from cystatin C; EPIcys-scr, GFR calculated from both cystatin and creatinine; N, number of patients; Neuro, whether
the patient has a neurological impairment or not; pro, proportional error (standard error); Scr, serum creatinine; tbw, total body weight; w, interindividual

variability (standard error).

If interindividual variability or proportional error is expressed in the article as a coefficient of variation and the value is <0.4, then this same value is used
as standard error; otherwise, standard error is determined according to the following formula: se = sqrt(log((CVz) +1)). Inter-occasion variability was not
explored in any of the 12 selected publications. RSE: relative standard error of the interindividual variability and the residual error.

The unexpected and unexplained differences in mi-
crobiological efficacy observed across various population
pharmacokinetic (PK POP) models in our study may also
occur with other antibiotics and pharmacological classes.
To address and minimize these discrepancies, the follow-
ing strategies should be considered:

(i) Construct models according to established checklists,
such as those proposed by the FDA, EMA, or specific
PK/PD modeling journals. Pay special attention to
inter-occasion variability, which can vary in signifi-
cance depending on the populations studied. This vari-
ability should be thoroughly documented, with a clear
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VANCOMYCIN POPULATION PHARMACOKINETIC MODELS

Jing 2020 Algahtani 2020** Aljutayli 2022*>  Belabbas 2023"° Chen 2023" Ling 2024
11 12 13 14 15 16 17 18
Neurosurgical patients Cancer and Different infections Hematological External ventricular ~ Elderly Chinese patients
noncancer malignancies with drainage w/ or
patients neutropenia and w/o primary CNS
augmented renal infection
clearance
222 147 116 148 14 313
46.95+12.71 55.10+15.90 67.80+11.00 53.6+16 [20-82] 59.7+11.8 72 [65-95]
- lhinfusionb.id  15mg/kgb.i.d - Intermittent and/or 1790+ 530 mg/day
2160 mg/day continuous infusion
w/ or w/o initial
loading dose
128.8+35.63 115.8 +44.64 - - 110+43.8 /1.73 m? - 64.99/1.73m> 59.74/1.73m*
[11.01-120.94]  [14.04-123.21]
= 103 +59.3 = 122+52.8 142+ 57 =
1 1 1 1 3 1
creaGFR CLcr CLcr CLcr CLcr EPIcys-scr,
cysGFR BIS-2
Age
TBW
©CL=0.210[7] ©CL=0.204[7] ©CL=0.201[19]* ®CL=0.332[11.2]* ®CL=0.250[7.6]* ®CL=0.295 [18.7] ®CL=0.236 [-] ®©CL=0.237[—]
oV=— oV=— oV=0.181[20]" ®V=0.488[16.8]" ©V=0.450][14.2] oVl=— oV=— oV=—
oQl=—
©V2=0.543 [25.1]
©Q2=0.198 [20.8]
©V3=0.942[20.8]
pro=0.063 [9] pro=0.065 [9] pro=0.23 [12] pro=0.14[29.9]* pro=— pro=0.158 [15.5]* pro=0.232[-] pro=0.227 [-]
add=— add=— add=— add =3.04mg/L add=4.92mg/L [9.8] add=— add=0.7mg/L.  add=0.95mg/L

[19.7] [-] (=]

(iii) Create a shared database between industry and ac-
ademic sectors, acknowledging the regulatory chal-
lenges that such data sharing may entail.

(iv) Use concentrations measured shortly after treatment
initiation as part of therapeutic drug monitoring
to select a more appropriate model than the initial

definition of what constitutes an ‘occasion’ (e.g., vari-
ability over 24 h, 1week, 1 month, 1year, etc.).

(ii) Implement genotyping for drug transport proteins
(e.g., P-gp, OCT) and relevant elimination pathways
that exhibit genetic polymorphism (e.g., CYP2C19,
CYP2D6).
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(a) Belabbas et al. 2020, CL=3.09"((CICreat/90)*0.973) (b) Lim et al. 2014, CL=3.96*(CICreat/100)
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FIGURE 2 (a) Monte Carlo simulations performed with Belabbas's model.' Belabbas et al. developed a population pharmacokinetic
model with patients with underlying hematological malignancies. For a patient with normal renal function, only creatinine clearance plays

arole in estimating vancomycin clearance. Plasma concentrations of vancomycin gradually increase with each administered dose and
reach equilibrium by the 5th dose. The black, red, and blue curves represent the 5th, 50th, and 95th percentiles, respectively. (b) Monte

Carlo simulations were performed with Lim's mode

1'20

Lim et al. developed a population pharmacokinetic model with patients with MRSA

infection. For a patient with a normal renal function, vancomycin clearance depends solely on creatinine clearance. It is observed that the
plasma concentration of vancomycin reaches equilibrium by the 3rd dose. The black, red, and blue curves represent the 5th, 50th, and 95th
percentiles, respectively.

Probability of achieving (AUC/MIC = Xx)
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FIGURE 3 Probability of achieving (% >X ) for X ranging from 0 to 1000 for 18 models. This figure includes 11 one-compartment

models, 6 two-compartment models, and only 1 three-compartment model. The vertical black line at X=400 represents the recommended
AUC

oG ratio to ensure microbiological efficacy against MRSA infection when CMI=1mg/L.

probabilistic one. Establishing a real-time, accessible
model repository would be a crucial first step. This
initiative could be led by a national or European soci-
ety, such as SFPT or IATDMCT.

In conclusion, until we achieve interchangeability
between models constructed from similar populations,
these differences underscore the challenge of selecting
a model to recommend the initial dosing regimen. They
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ZS(]‘,;/El\ljlI2240??:??:IIZ;;;C;IEZ;TE Model PTA (%) Model PTA (%) Model PTA (%)
extracted from the 12 selected 1 76.1 7 53.4 13 27.5
publications. 2 72.7 8 26.1 14 51.1
3 40.2 9 8.7 15 93.5
4 94.2 10 36.6 16 87.8
5 38.4 11 25.4 17 84.0
6 17.4 12 18.4 18 86.0
5. Haque NZ, Zuniga LC, Peyrani P, et al. Relationship of vancomy-

also highlight challenges in TDM, whether using a PopPK
model with or without Bayesian approach. Therefore, con-
siderable efforts are required systematically identify the
appropriate model for each patient undergoing TDM.
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