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BACKGROUND

Profound myelosuppression in children with acute leukemia or lymphoma
frequently leads 1o severe Iinfections requiring vancomycin therapy.
N these patients, polypharmacy and drug interactions offen cause suboptimal
vancomycin concentrations, increasing the risk of nephrotoxicity at high levels
and freatment failure with antibiofic resistance at low levels.

AIM

The study amed to analyze historical clinical and laboratory data
on serum vancomycin and creatinine concentrations in pediatric hematology
patients. The objective was 1o develop an infegrated pharmacokinefic model
to opfimize vancomycin dosing strategies and support therapeutic drug
monitoring (TDM).
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Figure 1. Individual profiles of vancomycin and serum creatinine
concentrations on a semi-log scale, colored by individual patient.

Figure 2. Estimated glomerular filtration rate (eGFR), calculated using
the , Bedside Schwartz” equation, is given by the following formula:

GFR = 0.413  Height [Cm]. The vertical line indicates the reference
Scrlmg/dL]
value.

Data were collected from 15 treatment cycles in 9 pediatric hematology
patients (3 boys and 6 qgirls, aged 3.66-16.8 years) treated for leukemia
or lymphoma at the University Clinical Centre in Gdansk. All patients received
individualized dosing at é6-hour intervals. Serum vancomycin and creatinine
concenitrations were measured alongside demographic and clinical
covariates.

In this work we model Vancomycin and SCr data simultaneously. It allows
to properly handle measurement errors. We start with a simple
one-compartment model as is often done in literature:

v dC—Rt(t) L C
a g e V,
dSCr
= CRP — CL - SCr
dt

where C and SCrrepresent vancomycin and creatinine concentrations. Rate(t) denotes the patient-
specific vancomycin dosing rate, and CRP denotes the creatinine production rate.

A hierarchical Bayesian framework with informative literature-based priors
was applied to capture both inter-individual and population-level variability.
Model parameters were allometrically scaled to body size, enabling
integration of prior knowledge with observed pediatric data
and quantification of predictive uncertainty.

logCObSi,j~studentt (vl, i (Pl-, ti’j), 01)

logSCrObSl.’jfvstudentt (VZ, f> (Pl-, ti,j), 02)

70 )’
where P; = (CL;,Vd;, CRP;) is a vector of subject-specific parameters at each measurement occasion,
v, denotes degrees of freedom, f;,(.) are functions corresponding to the above ODE funcfions,
MST denotes the multivariate Student-(t) distribution, 8, is a vector of typical values of P;, allop Is a vector
of allometric exponents describing fthe relafionship between P; and BW;. In turn, o, represents
the residual error scale, whereas Q is the scale matrix describing unexplained between-subject

variability and correlations between random effects. frp represents the difference between the healthy
reference population and the studied population.

logP;~MST (veta, logOp + logfrp + allop - log (
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Figures 3 and 4. Posterior predictive checks (PPC) comparing posterior simulated predictions with observed vancomycin and creatinine
concentrations over time. Points represent observed concentrations, solid lines indicate observed trends, and shaded ribbons show 50% and 90%
posterior predictive intervals, with darker and lighter areas corresponding to inner and outer quantiles of the predictive distribution, respectively.
The left panels present vancomycin concentrations, whereas the right panels show creatinine concentrations.

RESULTS

The joint one-compartment model adequately described vancomycin and
creatinine kinetics, with posterior parameter estimates remaining consistent
with literature-based priors. Typical pharmacokinetic parameter estimates
(posterior mean vs. prior mean) were: B, = 7.56 L/h vs 7.21 L/Nh; Bqgp = 7.07 Vs.
/.22; Oy, =44.9 L vs. 44.8 L. Inter-individual variability estimates (posterior mean
vs. prior mean) were: W = 0.375 vs. 0.305; erp = 0.314 vs. 0.306; wy, = 0.179 vs.
0.205. Prior allometric exponents were centered at 0.75 for CL and 1 for both
CRP and V1, while posterior estimates were 0.7 for CL, 1.4 for CRP, and 1 for V1.
The model reliably reproduced observed concentration—-time profiles
and enabled individualized dose prediction, with serum creatinine identified
as a key covariate supporting dose optimization.

CONCLUSION

This study presents an integrated Bayesian model describing both vancomycin
and creatinine kinefics Iin  pediatric hematology patients, providing
a framework for individualized therapy and uncertainty quantification in small
populations. The approach may improve therapeutic drug monitoring,
4 support dose optimization and reduce
toxicity risk in  pediatric  oncology
patients.
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Figure 5. PTA for the therapeutic target defined as Ciroygn < 15mg/L and
Ctrougn > 10 mg/L. Red lines represent individual predictions, whereas black

lines correspond to population-based predictions after gbh dosing. The results
are faceted by individual subject-occasion.
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CLINICAL APPLICATION

The model’s clinical applicability was demonstrated by individualized dose
predictions under varying levels of prior informafion, ranging from
NO Mmeasurements to single or combined vancomycin and creatinine values.
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Figures 6 and 7. Predictions derived from the latest measurements for two representative patients: ID = 2, presenting impaired kidney function
confirmed by a reduced eGFR value, and ID = 3. The future evolution was simulated using all available observations within the PTA framework.
Black lines represent the PTA, points correspond to observed observations, and blue shaded areas indicate model-based predictive distributions, the
green line represents projected observations under the new dosing regimen.
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