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Abstract 

Background  Vancomycin is a commonly prescribed antibiotic to treat gram-positive infections. The efficacy 
of vancomycin is known to be directly related to the pharmacokinetic/pharmacodynamic (PK/PD) index of the area 
under the concentration-time curve (AUC) divided by the minimal inhibitory concentration (MIC) of the pathogen. 
However, in most countries, steady-state plasma concentrations are used as a surrogate parameter of target AUC/
MIC, but this practice has some drawbacks. Hence, direct AUC-guided monitoring of vancomycin using model-
informed precision dosing (MIPD) tools has been proposed for earlier attainment of target concentrations and reduc-
ing vancomycin-related nephrotoxicity. However, solid scientific evidence for these benefits in clinical practice is still 
lacking. This randomized controlled trial (RCT) aims to investigate the clinical utility of MIPD dosing of vancomycin 
administered via continuous infusion in hospitalized adults.

Methods  Participants from 11 wards at two Belgian hospitals are randomly allocated to the intervention group 
or the standard-of-care comparator group. In the intervention group, clinical pharmacists perform dose calculations 
using CE-labeled MIPD software and target an AUC24h of 400 to 600 mg × h/L, whereas patients in the compara-
tor group receive standard-of-care dosing and monitoring according to the institutional guidelines. The primary 
endpoint is the proportion of patients reaching the target AUC24h/MIC of 400–600 between 48 and 72 h after start 
of vancomycin treatment. Secondary endpoints are the proportion of patients with (worsening) acute kidney injury 
(AKI) during and until 48 h after stop of vancomycin treatment, the proportion of patients reaching target AUC24h/
MIC of 400–600 between 72 and 96 h after start of vancomycin treatment, and the proportion of time within the tar-
get AUC24h/MIC of 400–600.

Discussion  This trial will clarify the propagated benefits and provide new insights into how to optimally monitor 
vancomycin treatment.

Trial registration EudraCT number: 2021-003670-31. Registered June 28, 2021. ClinicalTrials.gov identifier: 
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Introduction
Background and rationale {6a}
Vancomycin is a commonly prescribed antibiotic to 
treat gram-positive infections, predominantly in the 
empirical and directed treatment of septicemia, endo-
carditis, bone infections, and skin and soft-tissue infec-
tions. Methicillin-resistant Staphylococcus aureus 
(MRSA) is an important causative pathogen of these 
community or healthcare associated infections, with 
vancomycin as the cornerstone therapy [1, 2]. The effi-
cacy of vancomycin is known to be directly related 
to the pharmacokinetic/pharmacodynamic (PK/PD) 
index of the area under the concentration-time curve 
(AUC) divided by the minimal inhibitory concentra-
tion (MIC) of the pathogen (AUC/MIC). The advocated 
steady-state AUC24h/MIC for favorable clinical out-
come in humans with MRSA and enterococci infec-
tions is at least 400 [3]. An AUC24h of 600 mg/L × h or 
higher is known to be independently associated with an 
increased risk of developing acute kidney injury (AKI), 
indicating its narrow therapeutic index [4]. Vancomycin 
is commonly initiated on a mg per kg basis according 
to institutional guidelines. After reaching steady-state 
conditions, approximately 24 h after the start of a con-
tinuous infusion dosing regimen, therapeutic drug 
monitoring (TDM) is performed to ensure attainment 
of target concentrations [3]. If necessary, predefined 
dose adjustments are performed, aiming at a steady-
state plasma concentration for continuous infusions [5].

Pharmacokinetic (PK) modeling involves the devel-
opment of mathematical models to describe a drug’s 
PK behavior. These models are used to predict the drug 
PK in the individual patient. In the Bayesian approach, 
estimates of an individual patient’s PK parameters (e.g., 
clearance and volume of distribution) are provided using 
the PK model, patient characteristics (e.g., weight, age, 
serum creatinine) and vancomycin blood concentration 
measurements. PK parameters can be re-estimated if new 
sources of information, such as changing kidney function 
or repeat blood concentration measurements, become 
available. These PK estimates, referred to as the Bayesian 
conditional posteriors, can be used to estimate a patient-
specific AUC and guide dose optimization. In recent dec-
ades, model-informed precision dosing (MIPD) has been 
used to ensure efficacious antibiotic treatment with sig-
nificant success [5–7]. For vancomycin, Bayesian AUC-
guided MIPD for intermittent dosing regimens has been 
shown to lead to significantly decreased nephrotoxicity, 
lower total vancomycin doses, reduced blood sampling, 
and shorter length of therapy without compromising effi-
cacy, compared to trough-only monitoring [3, 4, 8]. In 
the latest consensus guideline of the American Society 
of Health-System Pharmacists, the Infectious Diseases 
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Society of America, the Pediatric Infectious Diseases 
Society, and the Society of Infectious Diseases Pharma-
cists, Bayesian AUC-guided vancomycin dosing is recom-
mended for treatment of MRSA infections and is already 
the standard in some countries [3, 9, 10]. However, solid 
scientific evidence for the use of MIPD for continuous 
infusion regimens remains scarce. The overall objective 
of this study is to investigate the clinical utility of MIPD 
of vancomycin administered via continuous infusion in 
hospitalized adults.

Objectives {7}
Primary objectives
This study aims to test the primary hypothesis that AUC/
MIC-based vancomycin dosing, using a MIPD calculator, 
increases the proportion of patients reaching the thera-
peutic target AUC24h/MIC (400–600) between 48 and 
72 h after the start of treatment, compared to the use of 
standard-of-care continuous infusion dosing regimens 
with therapeutic drug monitoring.

Secondary objectives
This study also aims to test the following secondary 
hypotheses:

1) AUC/MIC-based vancomycin dosing, using a MIPD 
calculator, reduces the proportion of patients with 
(worsening) acute kidney injury during and until 48 h 
after stopping treatment with vancomycin, compared 
to the use of standard-of-care continuous infusion 
dosing regimens with therapeutic drug monitoring;

2) AUC/MIC-based vancomycin dosing, using a MIPD 
calculator, increases the proportion of patients reach-
ing the therapeutic target AUC24h/MIC (400–600) 
between 72 and 96 h after the start of treatment, 
compared to the use of standard-of-care continu-
ous infusion dosing regimens with therapeutic drug 
monitoring;

3) AUC/MIC-based vancomycin dosing, using a MIPD 
calculator, increases the proportion of time within 
the therapeutic target range AUC24h/MIC (400–
600) during vancomycin treatment, compared to the 
use of standard-of-care continuous infusion dosing 
regimens with therapeutic drug monitoring.

Tertiary objectives
This study also aims to test the following tertiary 
hypotheses:

1) AUC/MIC-based vancomycin dosing, using a MIPD 
calculator, reduces the number of (additional) blood 
samples to first target attainment, compared to the 

use of standard-of-care continuous infusion dosing 
regimens with therapeutic drug monitoring;

2) AUC/MIC-based vancomycin dosing, using a MIPD 
calculator, reduces the cumulative number of blood 
samples during treatment, compared to the use of 
standard-of-care continuous infusion dosing regi-
mens with therapeutic drug monitoring;

3) AUC/MIC-based vancomycin dosing, using a MIPD 
calculator, reduces the number of dose adjustments 
to first target attainment during treatment, compared 
to the use of standard-of-care continuous infusion 
dosing regimens with therapeutic drug monitoring;

4) AUC/MIC-based vancomycin dosing, using a MIPD 
calculator, reduces the cumulative vancomycin dose 
and corresponding AUC during vancomycin treat-
ment, compared to the use of standard-of-care con-
tinuous infusion dosing regimens with therapeutic 
drug monitoring.

Trial design {8}
This study is a prospective individually randomized con-
trolled multicenter superiority clinical trial. Patients are 
randomized to the standard-of-care comparator or inter-
vention arm with an allocation ratio of 1:1.

Methods: participants, interventions, 
and outcomes
Study setting {9}
This trial is currently recruiting patients in 11 wards for 
non-critically ill adults at two Belgian hospitals: Ghent 
University Hospital, an academic center, and general hos-
pital Sint-Jan Bruges.

Eligibility criteria {10}
Patients aged 18 years or older are eligible for inclusion if:

• They are admitted to a participating ward unit 
(hematology, orthopedic, gastrointestinal surgery or 
internal medicine);

• They have a suspected or confirmed Gram-positive 
infection;

• Intravenous continuous infusion vancomycin treat-
ment has started or is planned to be started;

• They or their legal representative signed the informed 
consent form (ICF);

• They were not previously enrolled in this trial.

Patients are not eligible if:

• Their serum creatinine level at inclusion is above 2.5 
mg/dL;
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• They are undergoing extracorporeal treatment at 
inclusion (e.g., extracorporeal membrane oxygena-
tion, dialysis, body cooling);

• The patient’s death is deemed imminent and inevitable.

A patient restarted on vancomycin within the 20-day 
study period is not considered a new enrollment and 
should receive the treatment assigned for in the first epi-
sode of vancomycin treatment.

Who will take informed consent? {26a}
Informed consent is obtained by a trained and del-
egated physician. The physician informs the patient or 
legal representatives about the study whenever a van-
comycin therapy has started and the patient meets the 
eligibility criteria. The eligible patients receive both an 
oral explanation of the study and a participant infor-
mation sheet (PIS) with a participant consent form. 
Written informed consent of eligible participants is 
obtained prior to inclusion by discussing the nature, 
objectives, and possible adverse events associated with 
their participation in the study. A copy of the informa-
tion sheet and the signed and dated consent form are 
supplied to the patient or legal representatives provid-
ing written consent.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
N/A: only data available in the electronic medical record 
of the patients are collected for the purposes of this trial. 
No additional consent provisions are needed.

Interventions
Explanation for the choice of comparators {6b}
The overall objective of the study is to evaluate the clini-
cal utility of MIPD in adults receiving vancomycin via 
continuous infusion. Therefore, a proper comparator is 
the current standard-of-care practice. In this compara-
tor arm, assessment of the vancomycin starting dose 
and dose adjustments based on TDM concentration are 
performed according to the institutional dosing regi-
men and dose adjustment nomograms. Dosing regimens 
are prescribed by the attending physician. First, a load-
ing dose between 20 and 30 mg per kg total body weight 
(TBW) is initiated and administered over a period of 2 h. 
The subsequent maintenance dose is based on the TBW 
and the patient’s estimated kidney function and admin-
istered as a 24-h continuous infusion. The first TDM 
sample is typically drawn 24 h after start infusion of the 
loading dose and dose adjustments are performed in 
accordance to predefined nomograms and TDM concen-
tration target ranges (Ghent University Hospital: 20–25 
mg/L for standard infections and 25–30 mg/L for severe 

infections; general hospital Sint-Jan Bruges: 20–25 mg/L) 
[3, 11, 12]. If dose adjustment is necessary, repeat TDM 
samples are typically drawn 24 h after dose adjustment. 
Otherwise, routine monitoring of TDM concentration 
and serum creatinine is performed at least twice a week. 
Clinical pharmacists, as per standard-of-care, monitor 
compliance with the institutional guidelines daily and 
provide pharmaceutical care advice with regard to dosing 
and therapeutic drug monitoring. Interpretation of TDM 
concentrations is assured within an 8-h interval from the 
lab report becoming available.

Intervention description {11a}
The MIPD software for AUC24h assessment in this 
study is the InsightRX Nova web application [13]. A 
target AUC24h/MIC is defined between 400 to 600, 
assuming an MIC of 1 mg/L. In case of severe infec-
tions, typically the higher end of the target range is 
used. The vancomycin PK model by Colin et al. is used 
within this MIPD software package. It is a meta-anal-
ysis PK model, pooling PK data from premature neo-
nates to elderly, intensive care unit (ICU), and obese 
patients (n = 2554 patients). In this PK model, current 
weight, age, and serum creatinine are covariates for 
dose forecasting, eventually in combination with indi-
vidual TDM concentrations [14]. This model is cho-
sen since it was one of the best predictive PK models 
in a retrospective fit-for-purpose validation using van-
comycin PK data from patients of three Belgian hos-
pitals, including the Ghent University Hospital, and 
general hospital Sint-Jan Bruges [15]. As for patients 
in the comparator arm, the vancomycin loading dose 
and continuous infusion are initiated by the attending 
physician according to the institutional dosing guide-
lines. As for the comparator arm first TDM samples are 
typically drawn 24 h after start infusion of the loading 
dose (Fig 1). This TDM concentration is registered in 
the MIPD software together with patient’s most recent 
TBW, serum creatinine concentrations, and vancomy-
cin dosing details for AUC assessment. If AUC-based 
dose adjustment is necessary, repeat TDM samples are 
typically drawn after 24 h. Otherwise, routine monitor-
ing of serum creatinine and TDM concentrations are 
performed at least twice a week. Every time a TDM 
concentration becomes available, AUC24h is assessed 
using Bayesian estimation by trained clinical pharma-
cists within an 8-h interval. AUC estimations are based 
on all dosing details, all available TDM concentrations 
and measurements of TBW and serum creatinine. All 
dose calculations and eventual dose adjustments are 
performed and immediately communicated to the 
attending physician and nurses for implementation. 
The InsightRX software has a number of real-time 
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checks and warnings implemented, e.g., warnings for 
duplicate doses or TDM measurements or warnings for 
out-of-range weight, serum creatinine, or vancomycin 
blood concentration.

Criteria for discontinuing or modifying allocated 
interventions {11b}
The patient or legal representative of the patient may 
withdraw (written or oral) consent at any time during 
the study. The patient receives the standard-of-care 
treatment from the moment of withdrawal of consent. 
If the patient is not withdrawn from the study but the 
trial intervention (i.e., the use of the MIPD dosing cal-
culator for dosing vancomycin) is prematurely discon-
tinued for any reason before day 20, the patient receives 
standard-of-care treatment.

Reasons for premature discontinuation of the use of 
the MIPD dosing calculator may include the following:

• The patient is requiring extracorporeal treatment 
(dialysis, extracorporeal membrane oxygenation, 
body cooling);

• The patient develops acute kidney injury Kidney Dis-
ease Improving Global Outcomes (KDIGO) class 3;

• The treating physician’s decision due to other safety 
reasons than kidney injury;

• The patient is transferred to a ward unit in a hospi-
tal not participating in the study;

• The patients’ withdrawal of informed consent.

Note: If a patient is readmitted to one of the partici-
pating ward units, the study assigned dosing method 

Fig. 1 Dosing and blood sampling workflow for patients in the intervention arm
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needs to be followed within the 20-day study period if 
still receiving or restarted on vancomycin.

A reason for premature discontinuation of vanco-
mycin administration may be the treating physician’s 
decision due to safety reasons, e.g., kidney injury. If 
vancomycin is permanently stopped within a treat-
ment episode according to standard-of-care treatment 
decisions (e.g., de-escalation of antibiotic treatment, 
switch of antibiotic since vancomycin is not an appro-
priate treatment choice for the identified pathogen 
of the infection), this is not considered a premature 
discontinuation.

Strategies to improve adherence to interventions {11c}
All members of the study team are duly trained on 
Good Clinical Practices, the study protocol, and their 
distinct responsibilities in this trial, e.g., patient screen-
ing, obtaining informed consent, and MIPD dose cal-
culations. Procedures, worksheets, and step-by-step 
plans were developed as guidance throughout the 
20-day study period. Daily follow-up of the vancomy-
cin treatment in trial participants is provided by trained 
pharmacists. This includes on-call service beyond the 
pharmacy opening hours and follow-up during week-
ends. In addition to direct communication by phone, 
notes and recommendations are systematically recorded 
in the electronic medical record (EMR) to be visible for 
the physicians and nurses. Feedback meetings for study 
coordinators, prescribers, and nursing staff are organ-
ized on a regular basis.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
N/A: when a participant requires extracorporeal treat-
ment (dialysis, extracorporeal membrane oxygenation, 
body cooling), the trial intervention discontinues and 
the patient receives standard-of-care treatment. This 
is already been described in the “Criteria for discon-
tinuing or modifying allocated interventions {11b}” 
section.

Provisions for post‑trial care {30}
The sponsor provided an insurance, even without fault, 
to cover its liability as the requesting party in case of 
harm caused to the patient by participation in the study.

Outcomes {12}
Primary endpoint
The proportion of patients reaching target AUC24h/MIC 
of 400–600 between 48 and 72 h after start of vancomy-
cin treatment. A MIC of 1 mg/L is assumed.

Secondary endpoints

1) The proportion of patients with (worsening) AKI 
from start of vancomycin treatment until 48 h after 
stopping vancomycin treatment.

AKI classes are defined using the KDIGO Clinical 
Practice Guideline for Acute Kidney Injury [16] (Tables 1 
and 2).

Baseline serum creatinine is defined as the most 
recent documented serum creatinine value within 7 
days before the start of the vancomycin therapy. If 
no value is available, baseline serum creatinine is 
estimated using the Modification of Diet in Renal 
Disease (MDRD) study equation assuming that the 
baseline estimated glomerular filtration rate (eGFR) 
is 75 ml/min/1.73  m2, in patients with no evidence 
of chronic kidney disease [16].

2) The proportion of patients reaching target AUC24h/
MIC of 400–600 between 72 and 96 h after start of 
vancomycin treatment.

3) The proportion of time within target AUC24h/MIC 
of 400–600 from start until cessation of vancomycin 
treatment. A MIC of 1 mg/L is assumed.

Tertiary endpoints

1) The number of blood samples until first target attain-
ment during vancomycin treatment.

Table 1 Definition of AKI [16]

AKI is defined as any of the following (not graded):
 - Increase in SCr by ≥ 0.3 mg/dl within 48 h
 - Increase in SCr to ≥ 1.5 times baseline, which is known or presumed 
to have occurred within the prior 7 days

Table 2 Staging of AKI [16]

Stage Serum creatinine

1 1.5–1.9 times baseline OR
≥ 0.3 mg/dl increase

2 2.0–2.9 times baseline

3 3.0 times baseline OR
Increase in serum creati-
nine to ≥ 4.0 mg/dl OR
Initiation of renal replace-
ment therapy
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The target range definition:

• Interventional arm: AUC24h/MIC of 400–600 
mg × h/L assuming a MIC of 1 mg/L;

• Comparator arm: target concentration range for con-
tinuous dosing regimens according to institutional 
guidelines.

2) The cumulative number of blood samples during 
vancomycin treatment.

3) The number of dose adjustments until first target 
attainment.

Target range definition:

• Interventional arm: AUC24h/MIC of 400–600 
mg × h/L.

• Comparator arm: target concentration range for con-
tinuous dosing regimens according to institutional 
guidelines.

4) The cumulative vancomycin dose and AUC from 
start until cessation of vancomycin treatment.

Participant timeline {13}
Participant timeline is shown in Table 3.

Sample size {14}
 The outcome on which this sample size calculation is 
based is the proportion of patients reaching the tar-
get AUC24h/MIC of 400–600 between 48 and 72 h 
after the start of vancomycin treatment. Sample size 
calculation for the logistic regression on this primary 
outcome was based on the assumed proportions of 
patients reaching the therapeutic target AUC24h/MIC 
between 48 and 72 h after the start of treatment being 
50% in the standard-of-care comparator group and 
75% in the AUC based vancomycin dosing interven-
tion group.

An interim analysis will be performed after inclusion 
of 40 patients. An O’Brien-Fleming approach will be 
applied to ensure that these additional analyses do not 
increase the chance for a type I error. Alpha levels defined 
based on the O’Brien-Fleming approach are 0.21% for the 
interim analysis and 4.91% for the final analysis. In total, 
118 participants are required to achieve a power of 80% at 
a significance level of 4.91%, to detect an odds ratio (OR) 
of 3 when the proportion in the comparator group is 50% 

using logistic regression. An assignment ratio of 1:1 is 
applied. The recruitment process is not competitive across 
the sites and will be terminated when the last patient is 
enrolled in relation to the predefined sample size.

Recruitment {15}
Patient identification
Patient identification is performed by a clinical phar-
macist and can occur in two ways to minimize the 
chance of missed patients: (a) the clinical pharmacist 
generates a daily query list of vancomycin medication 
orders of patients on the participating ward units, and 
(b) physicians of the participating ward are encour-
aged to actively inform a clinical pharmacist when the 
clinical decision for starting vancomycin in continuous 
infusion is made.

Patient screening
Eligibility screening through inclusion and exclusion 
criteria check is performed by a clinical pharmacist and 
study team physician. The consulted resource for inclu-
sion and exclusion criteria check is the patient’s medi-
cal file and confirmation of eligibility by the attending 
physician is asked before inclusion. Informed consent 
is obtained by a trained and delegated physician if the 
patient meets the eligibility criteria.

Assignment of interventions: allocation
Sequence generation {16a}
Patients are randomly allocated to the interventional arm 
or comparator arm at inclusion. The study is a parallel-
group randomized control trial with a 1:1 allocation ratio. 
Randomization is stratified by medical discipline. Ran-
dom permuted blocks are created with a computer ran-
dom number generator with variable sizes to prevent the 
treatment allocation from being predicted. The stratified 
randomization is performed using the randomization 
module of REDCap® based on an allocation table pro-
vided by the statistician.

Concealment mechanism {16b}
REDCap® is a secure web-based electronic case report 
form (eCRF) designed to support data capture for 
research studies. Before a patient can be randomized, the 
baseline patient characteristics (date of birth, serum cre-
atinine), start date of vancomycin treatment, and medi-
cal discipline need to be entered in REDCap®. REDCap® 
automatically documents the allocation and stores all 
the records and the randomizations. If REDCap® is not 
available (due to, e.g., internet problems, login problems, 
scheduled update procedures), a back-up procedure 
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Table 3 Schedule of enrolment, interventions, and trial assessments
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with envelopes stored in the investigator site file (ISF) is 
followed.

Implementation {16c}
The allocation sequence is generated in SAS version 9.4 
by the statistician and imported in REDCap®. Enrolment 
of participants is performed by a trained clinical pharma-
cist guided by the previously developed REDCap® rand-
omization tool.

Assignment of interventions: blinding
Who will be blinded {17a}
Participants or legal representatives are blinded for the 
allocation to the intervention or standard-of-care arm 
until the end of the study.

Procedure for unblinding if needed {17b}
N/A: no circumstances in which unblinding is permissi-
ble are determined.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Vancomycin treatment
Vancomycin dosing details are recorded by the attend-
ing nurse on an electronic medication administra-
tion sheet in the EMR. If accidently one or more doses 
are not recorded, maximum effort will be undertaken 
for retrieval of the information (e.g., ask the attending 
nurse who administered the drug). If not retrievable, the 
planned dose and start and stop timing are registered. In 
case a patient is randomized to the standard-of-care arm, 
the vancomycin target range is documented in the EMR.

Blood sampling for vancomycin concentration measurement
Therapeutic drug monitoring of vancomycin is standard-
of-care. In both the intervention and comparator group, 
blood samples are drawn according to the following 
standard-of-care principles:

• Blood sample is drawn approximately 24 h after the 
start of the loading dose;

• If a sub- or supratherapeutic concentration is meas-
ured, the dosing regimen is changed and a repeat 
sample is taken approximately 24 h after the change 
of dosing regimen;

• Whenever therapeutic concentrations are reached, a 
repeat sample is drawn every 3 to 4 days, or sooner 
(e.g., in case of changing renal function, suspected 
therapy failure, or major surgery);

• More frequent sampling to ensure efficacious 
treatment, to avoid toxicity or to rule out sam-
pling errors, is performed at the discretion of the 
attending physician;

• More delayed or earlier sampling for practical sam-
pling occurs at per standard-of-care and is at the dis-
cretion of the attending physician.

Vancomycin sampling times are recorded in the elec-
tronic laboratory reports. If sampling times are accidently 
not recorded or not reliable, maximum effort is under-
taken for retrieval of the information (e.g., ask the attend-
ing nurse who performed the blood sampling). Whether 
the sample is additional or not is retrievable from the 
electronic laboratory report, i.e., if other lab parameters 
are performed on the same sample or not.

Weight
Weight is assessed as per standard-of-care and recorded 
in the EMR.

Serum creatinine
Serum creatinine concentration measurements are col-
lected on a regular basis as per standard-of-care for 
patients on vancomycin therapy and will allow AKI 
category assessment in both study arms (see also the 
“Outcomes {12}” section) until 48 h after stopping of van-
comycin treatment. Sampling times and concentrations 
are recorded in the electronic laboratory reports. Serum 
creatinine concentrations are compared to the baseline 
value before the start of vancomycin treatment to evalu-
ate the KDIGO criteria and stages of AKI during vanco-
mycin treatment.

Concomitantly administered nephrotoxic comedication
Concomitantly administered nephrotoxic comedication 
during vancomycin treatment (limitative list) is recorded 
based on prescription data from the EMR.

Concomitant antibiotic use
Concomitant systemic antibiotic use in the 20-day study 
period is recorded based on prescription data from the 
EMR.

C‑reactive protein
Available C-reactive protein measurements, collected as 
per standard-of-care for patients on vancomycin therapy, 
are recorded in the electronic laboratory reports.

Microbiological data
Isolated pathogen(s), site of infection, and reported 
sensitivity are assessed as per standard-of-care and are 
recorded in the electronic laboratory reports.

Automated or semi‑automated post hoc assessments
Data reported in the eCRF are used to calculate the 
following outcome parameters. The total number of 
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(additional) blood samples taken to first target attain-
ment. This endpoint will be calculated using the date of 
randomization and the number of (additional) vanco-
mycin measurements between start and reported time 
of target attainment. The cumulative number of blood 
samples during therapy will be calculated by counting the 
number of (additional) vancomycin measurements.

AUC estimation
In the interventional arm, the loading dose and starting 
continuous infusion dose are initiated by the attending 
physician according to the institutional dosing regimen 
guidelines. For dose adjustments, the AUC24h is esti-
mated within a maximum of 8 h after the TDM concen-
tration is available in the laboratory report. Variables in 
the PK model by Colin et al (weight, age, measured serum 
creatinine, dosing history and TDM concentration) are 
entered in the software, targeting an AUC24h of 400 to 
600 between 24 and 48 h after the dose calculation.

The following estimations will be performed, after the 
patient end of trial assessment using all available meas-
urements per patient:

• AUC24h between 48 and 72 h (primary endpoint) 
and between 72 and 96 h (secondary endpoint) will 
be estimated for patients in the comparator arm and 
interventional arm;

• The cumulative AUC (tertiary endpoint) in the com-
parator arm and interventional arm will be estimated 
from start until 48 h after stopping treatment;

• The proportion of time within a target AUC24h of 
400-600 (secondary endpoint) in the comparator arm 
and interventional arm will be estimated from start 
until stop treatment.

End of trial assessments
End of trial assessments are collected on day 20 (or day 
20 plus 48 h in case of a patient still receiving vancomy-
cin treatment on day 20) and include:

• Safety assessments;
• Whether or not the patient is (still) receiving vanco-

mycin;
• The date and reason for end of trial including proto-

col completion, patient death or patient withdrawal 
of informed consent.

Plans to promote participant retention and complete 
follow‑up {18b}
The rate of loss-to-follow-up is considered to be low since 
vancomycin is only administered during the hospital stay. 

The study team consisting of investigators, clinical phar-
macists, and study coordinators conduct daily rigorous 
patient follow-up and monitor protocol compliance. If a 
patient is withdrawn from the study or the study inter-
vention is prematurely discontinued, the patient will 
receive standard-of-care treatment and maximum effort 
to continue collecting data until the end of trial is made. 
Protocol deviations are recorded from randomization 
until end of trial in a protocol deviation log in the eCRF. 
If applicable, a proposed plan of action for resolution will 
also be documented on the protocol deviation log.

Data management {19}
Source data
Source documents are consulted/used and include hospi-
tal records, study worksheets, data entered in the MIPD 
software, and data collected during the screening visit 
until discharge form the hospital or until day 20.

Electronic case report forms (eCRF)
An electronic data capture (EDC) system, i.e., REDCap®, 
is used for data collection. The eCRF and the database 
are developed by the trial manager based on the protocol 
and are approved by the chief investigator (CI). Only the 
data required by the protocol are captured in the eCRF. If 
information is not known, this is clearly indicated on the 
eCRF. All missing and ambiguous data will be clarified.

In the comparator arm, data are transferred to the 
eCRF by manual data entry at the site. In the interven-
tional arm, calculated and administered vancomycin 
dosing details and blood sampling details are registered 
in the MIPD software tool by the end-users. The trial 
manager will use an export file from the study data in the 
software that will be imported into the REDCap® data-
base. Data is checked by trained personnel (monitor, trial 
manager), and any errors or inconsistencies are clarified.

Data handling and record keeping
REDCap® is a web-based system provided and main-
tained by Vanderbilt University. A license for use was 
granted to the Health, Innovation and Research Insti-
tute of UZ Ghent. The data are accessed through a web 
browser directly on the secure REDCap® server. The 
server is hosted within the UZ Ghent campus and meets 
hospital level security and back-up requirements. Pri-
vacy and data integrity between the user’s browser and 
the server is provided by mandatory use of Transport 
Layer Security (TLS) and a server certificate issued by 
Trans-European Research and Education Networking 
Association (TERENA). Login in REDCap® is password 
controlled and each user has a specific role that has pre-
defined restrictions on what is allowed in REDCap®. Any 
activity in the software is traced and transparent via the 
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audit trail and log files. Data validation rules are added 
to maximize immediate validation of the data at entry. 
In addition, complex edit checks are programmed by the 
Trial Manager to check for inconsistencies within the 
data. Data analysis will be performed by a statistician.

Patients who are included in the study are assigned a 
unique study number upon their registration in RED-
Cap®. On all documents, patients will only be identified 
by their study number. The subject identification list 
is safeguarded at the site, and the name and any other 
directly identifying details will not be included in the 
study database. The unique study number, generated in 
the REDCap® randomization database, will also be used 
for data collection in the eCRF study database in RED-
Cap® and to identify patients in the web-based MIPD 
platform. Access to the data is limited to the minimum 
number of individuals necessary for quality control, 
audit, and analysis. The data access in the MIPD plat-
form is via a web browser directly on a secure server. 
The server meets General Data Protection Regulation 
(GDPR) security and back-up requirements. Site access 
for the MIPD platform is controlled with password con-
trol and each user has restricted access to the data of 
individual patients of the center. The clinical pharmacist 
is responsible for data entry in the MIPD platform. Any 
activity in the software is traced and transparent via the 
audit trail and log files. The sponsor is the data custodian.

Confidentiality {27}
All investigators and trial staff must comply with the 
requirements of the Belgian and European Privacy leg-
islation (https:// www. datap rotec tiona uthor ity. be/ legis 
lation- and- stand ards.) on the protection of privacy in 
relation to the processing of personal data, with regard 
to the collection, storage, processing, and disclosure 
of personal information. A contract with the software 
company includes GDPR compliance requirements. 
Archiving will be authorized by the sponsor following 
submission of the end of study report. The investiga-
tor and sponsor specific essential documents will be 
retained for at least 25 years after the end of the trial. 
At that moment, it will be judged whether it is neces-
sary to retain them for a longer period, according to 
applicable regulatory or other requirement(s).

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
Blood samples for vancomycin concentration or serum 
creatinine measurement are drawn as per standard of 
care for both intervention as comparator study groups.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
Primary outcome analysis
A logistic regression for binary data will be applied, 
reaching the target AUC/MIC between 48 and 72 h after 
starting vancomycin as categorical outcome variable and 
randomization group (interventional versus the stand-
ard-of-care arm) as categorical predictor of interest. The 
stratification factor medical discipline will be added as a 
covariate in the model [17]. The intervention effect will 
be expressed by using the OR, together with the esti-
mated proportion per group.

Secondary outcome analysis
For the secondary endpoints “proportion of patients with 
(worsening) acute kidney injury until 48 h after stop-
ping vancomycin treatment” and “proportion of patients 
reaching target AUC24h/MIC between 72 and 96 h after 
the start of vancomycin treatment,” the statistical meth-
ods will be similar to those described in the “Primary out-
come analysis” section. We will express the intervention 
effect by using the OR, together with the estimated pro-
portion per group. For the secondary endpoint “propor-
tion of time within target range,” linear regression with 
randomization group and medical discipline as categori-
cal predictor variables will be applied. We will express the 
intervention effect by using the mean difference.

Interim analyses {21b}
An interim analysis for efficacy will be conducted after 
the inclusion and end of trial of 40 patients. We report 
99.79% confidence intervals to indicate the precision 
of the estimates in this interim analysis. A p-value is 
reported for the comparison between arms of the pri-
mary outcome and compared to an 0.21% alpha level. 
This adjusted alpha level is based on the O’Brien-Fleming 
approach. The significance level for the interim analysis 
for efficacy on the primary endpoint is 0.02%. Only the 
CI and trial manager have access to the interim results 
and decide whether to continue or terminate the trial and 
proceed with the analyses related to the secondary and 
tertiary objectives.

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
A subgroup analysis will be performed for the stratifica-
tion factor medical discipline. Statistical methods will be 
similar to those described in the “Primary outcome anal-
ysis” section. Medical discipline will be added as a cat-
egorical predictor variable. An interaction term between 
medical discipline and randomization group will be 
included in the model. A second subgroup analysis will 

https://www.dataprotectionauthority.be/legislation-and-standards
https://www.dataprotectionauthority.be/legislation-and-standards
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be applied on the patients with confirmed infection at 
baseline. Statistical methods will be the same as to those 
described in the “Primary outcome analysis” section but 
applied only on the subgroup with confirmed infection.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
The primary analysis will be the intention-to-treat (ITT) 
analysis. All participants will be included in the analy-
sis in the groups to which they were originally assigned, 
regardless of what subsequently occurred. Imputation 
techniques will be used for outcome data that are missing 
[18]. Multivariate imputation (MI) by fully conditional 
specification will be used to apply multiple imputation 
of missing data, more specifically the MI procedure in 
SAS with the FCS statement. The predictors used for the 
imputation model will include (but are not limited to): 
randomization group, ward unit, age of the participant, 
indication for vancomycin treatment, admission diag-
nosis, nephrotoxic medication, duration of treatment, 
and vancomycin dose. Primary analysis will be based on 
the multiple imputed data. As a sensitivity analysis, the 
results will be compared with the analysis on the proto-
col-compliant sample.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
N/A: there are no plans for granting public access to the 
full protocol, dataset, and statistical code.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The trial steering committee (TSC) consists of the roles 
that are mentioned below along with their key respon-
sibilities. The members of the TSC meet once a year to 
oversee the course of the study.

Local principal investigators (local PI)

• Checking for reportable events during the study 
period intervention and follow-up;

• Using medical judgment in assigning seriousness, 
causality, and expectedness using the Reference 
Safety Information approved for the trial and in con-
sultation with the sub-investigator(s);

• Ensure that reportable events are recorded and 
reported in line with the requirements of the proto-
col;

• Checking research protocol compliance.

Medical principal investigator (medical PI)

• Checking for reportable events during the study 
period intervention and follow-up;

• Ensure that reportable events are recorded and 
reported in line with the requirements of the proto-
col;

• Checking research protocol compliance;
• Clinical oversight of the safety of patients partici-

pating in the trial, including an ongoing review of 
the risk/benefit;

• Using medical judgment in assigning seriousness, 
causality, and expectedness of SAEs/SARs where 
it has not been possible to obtain local medical 
assessment;

• Immediate review of all SUSARs;
• Review of specific SAEs and SARs in accord-

ance with the trial risk assessment and protocol as 
detailed in the trial monitoring plan;

• Assigning Medical Dictionary for Regulatory Activ-
ities (MedDRA) or body system coding to all SAEs 
and SARs;

• Preparing of the annual progress report, including 
safety summary and deviations in close collabora-
tion with the trial manager and CI;

• Preparing the clinical sections and final sign off of 
the Development Safety Update Report (DSUR).

Chief investigator (CI)

• Trial coordination in close collaboration with the 
trial manager;

• Responsible for training end-users on software;
• Registration of end-users, in collaboration with the 

trial manager;
• Immediate review of all SUSARs, in close interac-

tion with the MPI;
• Review of specific SAEs and SARs in accord-

ance with the trial risk assessment and protocol as 
detailed in the trial monitoring plan;

• Preparing of the annual progress report, including 
safety summary and deviations in close collabora-
tion with the trial manager and MPI.

Sponsor—Ghent University Hospital

• Central data collection and verification of report-
able events in the eCRF;
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• Expedited reporting of SUSARs to the Fed-
eral Agency for Medicines and Health Products 
(FAMHP) and Ethics Committee (EC) within 
required timelines;

• Notifying investigators of SUSARs that occur within 
the trial;

• Checking for (annually) and notifying PIs of updates 
to the Reference Safety Information for the trial;

• Preparing standard tables and other relevant infor-
mation for the DSUR in collaboration with the CI 
and ensuring timely submission to the FAMHP and 
REC;

• Submission of the annual progress reports, including 
safety summaries and deviations.

The trial management group (TMG) consists of the 
roles listed below accompanied by the CI and MPI. 
They meet on a frequent basis for briefing or feedback 
moments and to adjust day-to-day operation if necessary.

Trial manager

• Coordinating role during study recruitment;
• Development of the eCRF and the database based on 

the protocol;
• Program complex edit checks to check for inconsist-

encies within the data;
• Check of data entries and clarify any errors and 

inconsistencies;
• Conduct automatic transfer of data from the MIPD 

tool to the eCRF.

Study coordinators

• Coordinating role in obtaining informed consent 
from the participants;

• Patient screening according to the inclusion and 
exclusion criteria, in collaboration with physician and 
clinical pharmacist.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
N/A: there is no data monitoring committee because 
minimal risk is associated with the study. MIPD of vanco-
mycin is already within marketing authorization.

Adverse event reporting and harms {22}
Safety assessments
Following severe adverse events (SAE) occurring until 48 
h after the last vancomycin, study administration should 
be reported in both study arms:

• KDIGO stage 3 of AKI;
• Vancomycin infusion reaction (“red man syndrome”).

Other significant safety issues (including death) at 
the discretion of the investigator until day 20 plus 48 h 
thought to be at least possibly related to the vancomycin 
dosing method should be reported in both study arms. 
These reportable safety events are assessed on a continu-
ous basis in both study arms and are reported using an 
appropriate reporting form within 24 h of the research 
staff becoming aware of the event. Assessment of seri-
ousness, causality, and expectedness must be made by 
the MPI, local PI, or an authorized physician. Events 
must be followed up until the event has resolved or a final 
outcome has been reached.

Suspected unexpected serious adverse reactions 
(SUSAR) being SAEs suspected to be related to vanco-
mycin treatment or vancomycin treatment method and 
unexpected assigned by the MPI or local PI will be sub-
ject to expedited reporting to the FAMHP.

If any urgent safety measures are taken, the PI or CI 
will inform the sponsor immediately and in any event no 
later than 3 days from the date the measures are taken. 
The sponsor gives written notice to the FAMHP and the 
central EC of the measures taken and the circumstances 
giving rise to those measures. This reporting will be done 
in accordance with the European Medicines Agency 
(EMA) guidelines.

Following a reportable event, every effort should be 
made to ensure proper follow-up within a reasonable 
time after in accordance with the nature and extent of 
the event. Any SUSAR related to vancomycin will need to 
be reported to the sponsor irrespective of how long after 
vancomycin administration the reaction has occurred.

The CI will provide (in addition to the expedited 
reporting above) DSURs once a year throughout the 
clinical trial, or on request, to the competent authority 
(FAMHP in Belgium), EC, and sponsor. This DSUR will 
include all SAEs. The report will be submitted 1 year (+ 
maximum 60 days) after the “Development International 
Birth Date (DIBD)” and will subsequently be submitted 
each year until the study is declared to have ended. This 
DIBD is the date of the sponsor’s first overall authoriza-
tion to conduct the clinical trial.

Frequency and plans for auditing trial conduct {23}
Regular on-site and remote monitoring will be per-
formed by the sponsor’s CTU HIRUZ according to the 
International Conference on Harmonization of Techni-
cal Requirements for Registration of Pharmaceuticals 
for Human Use (ICH) Good Clinical Practice (GCP) E6 
(R2) and all applicable regulatory requirements. Prior 
to commencing recruitment, the monitor will meet the 
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study team by a trial initiation visit to review trial specific 
procedures such as the protocol, safety reporting proce-
dures, ICF procedures, ISF content, CI and PI’s responsi-
bilities, eCRF completion guidelines, and study timelines. 
Following written standard operating procedures (SOPs), 
the monitors will verify on-site whether the clinical trial 
is conducted and data are generated, documented, and 
reported in compliance with the protocol, Good Clinical 
Practice (GCP), and the applicable regulatory require-
ments. Data recorded in the eCRF will be evaluated for 
accuracy in relation to source documents. The monitor 
will provide a monitoring report after each visit for the 
sponsor and the investigator. The frequency, extent, and 
nature of monitoring will be defined in more detail in a 
monitoring plan. Depending on the quality of the data, 
additional monitoring visits may be necessary according 
to the sponsor’s discretion.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
During the trial, all protocol amendments and revised 
ICF are sent to the central EC for their review. Amend-
ments are not implemented without prior review and 
documented approval/favorable opinion from the EC 
except when necessary to eliminate an immediate hazard 
to trial subjects or when the changes involve only logisti-
cal or administrative aspects of the trial. After approval 
from the EC, important protocol modifications are 
directly communicated to the relevant parties. Depend-
ing on the type of modifications, communication can be 
by a meeting of the trial steering committee and/or trial 
management group, contacting trial participants, a news-
letter for participating ward units, etc.

Dissemination plans {31a}
Dissemination of the study findings will be in accord-
ance with the EU GDPR of 14 April 2016 and the Belgian 
Law of 22 August 2002 on patients’ rights. All case report 
forms and other data (including without limitation, writ-
ten, printed, graphic material, and information contained 
in any computer database or computer readable form) 
created or developed during the course of the study shall 
be the property of the sponsor. Open access publication, 
scope of the journal, and editorial facilitators to dissemi-
nate the study findings will be considered by the study 
team for the final selection of the targeted journal. Any 
funding or logistical support will be acknowledged within 
the journal in the appropriate section of the manuscript. 
Review and publication rights will be respected accord-
ing to the journal policy.

Discussion
N/A: no other issues need to be covered.

Trial status
Protocol version number and date. Version 3.0, April 
21, 2023. Date of start recruitment. November 12, 2021. 
Approximate date of trial completion. December, 2023.
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