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Abstract
Aim

This study aimed to evaluate the dosing regimen and therapeutic drug monitoring of vancomycin in this
patient population.

Method

The study included 100 pediatric patients (3 months to 15 years) with various gram-positive bacterial
infections. All patients received the initial vancomycin dose of 15 mg/kg every 6 hours. The researchers
evaluated the incidence of achieving desired trough levels with this dosing regimen.

Results

The results revealed that patients between 1.0 and 5.9 years of age were less likely to achieve the desired
trough levels with the initial vancomycin dose. Consequently, dose adjustments were made for patients
with sub-therapeutic trough levels. These adjustments involved a 25% increase in the vancomycin dose.
Importantly, the study found that the higher vancomycin dosing did not have any harmful effects on
kidney function in pediatric patients, and no significant adverse effects were observed.
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Conclusion

The dosing regimen of 15 mg/kg every 6 hours was unlikely to achieve the desired trough concentrations
in pediatric patients with complicated infections and oncological diseases. The study recommends dose
adjustments for the treatment of different infections in this population to increase the likelihood of reaching

therapeutic steady-state concentrations of vancomycin.
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Take Home Messages

What We Already Know

1. Therapeutic Drug Monitoring of Vancomycin
among cancer pediatric patients is of great
importance.

2. Dose adjustment of Vancomycin should be
monitored in cancer pediatric patients.

What This Article Adds

1. Higher vancomycin dosing did not have any
harmful effects on kidney function in pediatric
patients.

2. No significant adverse effects were reported in
the current study.

Introduction

Vancomycin is a critical antibiotic utilized in
the management of severe bacterial infections, es-
pecially Staphylococcus aureus, among pediatric
patients with various oncological diseases. Accurate
dosing of vancomycin is crucial to ensure thera-
peutic success and minimize the risk of treatment
failure. However, under-dosing of this antibiotic can
lead to suboptimal drug levels, which may compro-
mise its efficacy.

Therapeutic drug monitoring (TDM) and pharma-
cokinetic modeling have emerged as valuable tools
in pediatric medicine, aiding in the optimization of
drug dosing regimens. By monitoring drug concen-
trations in the blood and utilizing pharmacokinetic
models tailored to the specific patient population,
healthcare professionals can individualize treat-
ment plans and make informed dose adjustments.!

In 2017, Pakistan has reported 40480 deaths, in
children under 5 years of age due to lower respi-
ratory infections.? In a study by Shahid et. al. it
was reported that Staphylococcus aureus carriage
prevalence was 5.6% (n=176), and 50.1% (n=81)
of the isolates were methicillin-resistant Staphylo-
coccus aureu (MRSA).? In a study Sadia et. al. 14.%
children (n=346) showed growth of MRSA in nasal
samples.*

While therapeutic drug monitoring of vancomycin
has been applied in pediatrics, the evidence base
and practical recommendations for its use remain
moderately established. Therefore, there is a need
to further explore and identify knowledge gaps in
this area, directing research efforts towards refining

vancomycin dosing strategies specifically in pedi-
atric patients.

The objective of this study was to assess the
incidence of achieving steady-state trough concen-
trations in pediatric patients with complicated
infections and oncological diseases, using a van-
comycin dosing regimen of 15 mg/kg per dose
administered every 6 hours. Additionally, the study
aimed to evaluate the necessity and safety of dose
adjustments based on therapeutic drug monitoring
results.’

By investigating the efficacy and safety of this
standard dosing regimen, the study aimed to shed
light on potential improvements that can be made
to optimize vancomycin therapy in this vulnerable
population. The findings from this research can in-
form healthcare professionals and researchers about
the need for dose adjustments, increased dosing, or
altered dosing frequency to achieve target trough
concentrations of vancomyecin.

The present article summarizes the study’s
methodology, patient characteristics, and key re-
sults, highlighting the implications for clinical
practice and the need for further investigation to
refine vancomycin dosing strategies in pediatric pa-
tients with complicated infections and oncological

diseases.
Materials and Methods

Materials

The blood sample was collected by a staff nurse
and sent to the pathology lab at Shaukat Khanum
Memorial Cancer Hospital and Research Center
for the evaluation of vancomycin levels, serum cre-
atinine, blood urea nitrogen, and other tests to
calculate the creatinine clearance to check kidney
performance and vancomycin levels.

Ethical Approval

Current study was approved by REC-Riphah Insti-
tute of Pharmaceutical Sciences (RIPS) Approval
Board for Human/ Animal Studies with IRB refer-
ence number REC/RIPS-LHR/ 2023/721.

Data Collection
Study Center
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This retrospective study was conducted at Shaukat
Khanum Memorial Cancer Hospital and Research
Center, Lahore, Pakistan from November 2022 to
April 2023.

Methods

Study Population

The study population consisted of 100 male and
female patients with different infections who are
previously diagnosed with oncological infections.
The study population comprised sixty (60) male
and forty (40) female pediatric patients with an age
range of 3 months to 15 years.

Inclusion Criteria

e The data were evaluated in patients aged 3
months to 15 years.

e Those patients, whose samples were drawn
appropriately, as per instructions and guidelines
provided by the institution, at steady-state level
(before half an hour of the fourth or successive
dose).

e The patients who received more than one course
of VCM, during the duration of the study, only
the initial course was considered and added to the
study for analysis.

e The patients, who received only 24-48 hours
of vancomycin therapy, despite the failure of at-
tainment of required trough concentrations, were
included.

e Collected data, comprised of demographic fea-
tures, VCM doses, intervals for administration, the
particular serum trough levels, blood urea nitrogen,
and serum creatinine levels.

Exclusion Criteria

« Patients who have a history of hypersensitivity
or allergic reactions to vancomycin

o Patients with known or suspected renal impair-
ment (such as renal failure, creatinine clearance
<30 ml/ min/1.73m?) or those on dialysis

o Patients who have received concomitant treat-
ment with other nephrotoxic drugs or those who
have taken non-steroidal anti-inflammatory drugs
(NSAIDs)

e Patients who have received vancomycin for pro-
phylactic or surgical purposes

e Patients with incomplete or missing data on
demographic information, VCM doses, intervals for

administration, inappropriate serum trough levels
drawn, and serum-creatinine levels.

Statistical Analysis

Statistics were applied by wusing Graph Pad-
Prism ver. 8.4.3. Categorical variables like weight
have been reported as frequencies and percent-
ages. Unpaired t-test and Analysis of variance
ANOVA (one-way ANOVA)was employed, followed
by posthoc for the comparison of the efficacies in all
treatment groups and significance (P-value < 0.05)
of the observed outcomes of the study. The final
data representation comprises bar graphs, tables,
and flow charts.

Study Design

A cross-sectional retrospective analysis was con-
ducted, and drug concentrations were monitored in
all children receiving VCM. Dose adjustments were
performed in case of lower or higher drug concen-
trations as compared to standards. Trough concen-
tration levels were obtained by taking the samples
30 minutes before infusing the fourth VCM dose.
Serum creatinine levels were also monitored as a
parameter to check nephrotoxicity. Data of children
with VCM trough concentrations were collected.
Data including age, weight, serum creatinine, VCM
dosage, and VCM trough concentrations were col-
lected.

Significance

VCM is administered to patients, suffering from
serious and fatal infections, caused by gram-posi-
tive bacteria, which are resistant to other less
potent agents. The standard range of concentration
for the VCM trough levels is in the range of 10
to 20pg/ml. Whereas, the reference concentration
range for VCM peak levels is 25 to 50pg/ml. In
pediatric patients due to high creatinine clearance,
the plasma levels of the drug are not achieved.
So dose adjustment has significance to achieve the
trough level, especially in pediatric patients with
cancer and having high creatinine clearance. In this
study, a P-value of < 0.05 was taken as significant.
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Table 1: Gender, age, and number of patients included in the studies

Gender No of Patients Age Range
Female 40 3 months -15 years
Male 60 3 months -15 years

Eligible Subjects (n=120)

Enrolled Subjects (n=100)

Excluded before start (n=10)
Excluded due to non-complience
(n=10)

Average of different infections in

cancer pediatrics were monitored Serum creatinine before and after

therapy

}4—{ Initial dose of VCM ‘4—{ BUN before and after therapy
ison of initial VCM doses
with % age H Monitoring of trough levels

Analysis of data |—

Figure 1. Flowsheet diagram describing the study design

% age of initial diagnosis

1st dose adjustment of VCM
(25% increase)

|

2bd dose of VCM | [ c
(25% increase) | ‘

C of creatinine before

and after therapy

Results

The frequency of pediatric cancer patients with
oncological infections at Shaukat-Khanum Memo-
rial-Cancer Hospital and Research Center is as
shown in Figure 1 with the cause of infections that
required the treatment with antibacterial agents of
a broader spectrum like VCM to reduce the risk of
disease and death, associated with the infections.
For strains of MRSA, with minimum inhibitory
concentrations above 2pg/ml, VCM is considered
to be ineffective; because its serum-protein binding
raised up to 50%. Therefore, trough concentration
levels of VCM must be 15-20pg/ml for effective
eradication of invading strains with a MIC of 2ng/
ml.

The different types of cancer that occur most com-
monly in male and female pediatrics at Shaukat
Khanum Memorial Cancer Hospital and Research
Center are shown in (Supplementary Figure 1 &
Figure 2) in which VCM was used for different
bacterial infections as discussed above. The Pre
B cell acute lymphoblastic leukemia (Pre B ALL)
frequency was higher in comparison with Wilm’s
Tumor and other types of cancer in male and
female pediatrics such as Burkitt’s, Osteosarcoma,
Ewing’s Sarcoma, Diffuse Large B- cell Lymphoma

(DLBCL), and many others. Pre-B ALL patients
carry more infections due to low neutrophil counts
as compared with other cancers and need a long
duration of therapy with VCM.

The TDM of VCM in pediatrics targets a trough
concentration of 1520 mg/L for appropriate ther-
apeutic effectiveness. A comparison of initial and
final doses used with a 25% increase in VCM doses
is shown in (Supplementary Figure 3). Due to
higher creatinine clearance in pediatrics, the dosage
of the VCM needed adjustments. Initially, a 25%
increase depending upon the infection and creati-
nine clearance rate showed (p= 0.0001) significant
outcomes. Initial dosing vs 1st dose adjustment
showed less significance (p= 0.0332). Initial dosing
vs percentage increase 2nd dose showed significant
outcomes (p= 0.0001), while 1st dose adjustment vs
2nd dose adjustment showed insignificant outcomes
(p=0.9322).

Supplementary Figure 4 demonstrates the differ-
ence between the mean minimum and after-treat-
ment, creatinine level with SEM values (0.057 +
0.042) and (p = 0. 6296), hence showing insignif-
icant outcomes.

Creatinine and BUN levels were the mainstays of
measuring the renal function of the patients before
and after the completion of VCM therapy. The
comparison in BUN values before and after the
therapy is shown in (Supplementary Figure 5). The
comparison between minimum BUN vs. BUN after
dosing remains comparatively less significant (P =
0.0407) and SEM values (2.890 £ 0.5398) but with
the provision of normal levels that not affecting the
overall health of the patients.
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Figure 2. Types of Gram-Positive Infections

Discussion

The are certain dose consideration for VCM main-
tenance dosing, these include predialysis trough
level, patient weight, and period to the next dialysis
session in the pediatric patients undergoing he-
modialysisic. The loading dosage can be high cover
serum levels for the period to the next scheduled
dialysis in comparison to fixed loading doses used.’
Generally, dosage is 15 mg per kg per dose which
is given after interval of every 6 hours, compared
to a 10 mg per kg per dose every 6 hours, is more
likely to achieve target trough concentrations of 15—
20 mg/L and the goal AUC/MIC = 400 mg per
liter per hour.® The recent dosing guidelines refer to
the basic pharmacokinetics and pharmacodynamics
of VCM as well as reports from clinical studies.
Expert analysis is targeting on provision of evi-
dence of superiority of administering vancomycin
by continuous infusion compared to intermittent
infusion; this evidence focuses on revising the cur-
rent practice of specifically trough monitoring in
comparison to the AUC—time curve and evaluation
of weight-based dosing versus AUC- based dosing’
Such practice has not been practice in participants
healthcare settings, but shall require due diligence,
as current practice has produce safety and efficacy.

In current study Staphylococcus aureus was re-
ported the highest in blood stream infections. In
a study by Cook et. al. in pediatric patients seen
for bloodstream infections, the gram positive infec-
tions were 44.8% and Staphylococcus aureus was
the most common isolate with 19.3% prevalence.®
In present study Pre B ALL was the most common
cancer diagnosed in both female and male patients.
In a 11 year study at a tertiary hospital the most

common cancer among the pediatric patient was
soft tissue and bone sarcomas 23.2%.° The variation
can be attributed to higher incidence of neutrope-
nias leading to infection in Pre B ALL patients.
However, current study depicted the dose adjust-
ment of vancomycin commonly at 22.5 mg per kg
per dose, another study at a tertiary care hospital,
found significant improvement in optimal doses
adjustment 50.6% without pharmacist involvement
and 88.8% when dosing is directed by pharmacist.*
In present study after the treatment of susceptible
infections with VCM, the serum creatinine and
blood urea nitrogen remained within the normal
ranges, provision of normal levels that not affecting
the overall health of the patients. In study by Hirai
et. al. 17.3% patients had developed VCM nephro-
toxicity whereas VCM trough levels improved to
1020 pg/mL among 75% of the study patients.!!

Various pharmacokinetic models have been gener-
ated for VCM, however external validation of
recommended dosing regimens and analyses in
subgroup pediatric populations such as dialysis
patients are still needed before. Application of such
model with patient to patient variations, which
is dependable on essential therapeutic drug moni-
toring.!? VCM pharmacokinetics are characterized
by fat-free mass, serum creatinine, blood urea
nitrogen, dialysate flow rate, and ultrafiltration
rate in the pediatric dialysis population. Dosing
of 40-50 mg per kg per day on fat-free mass
divided every 8-12 hour with frequent vancomycin
serum sampling is recommended.”® Augmented re-
nal clearance is frequently observed in pediatric
patients with post-transplant febrile neutropenia,
resulting in a significant increase in VCM clearance.
Likewise, rapid clearance can be observed in the
present study, with better results after 2nd dose
adjustment. Although Shitmamoto et. al. suggests
VCM in neutropenic patients based on glomerular
filtration rate, age, weight and body temperature.'!
Moffet el. al. suggests appropriation of VCM dosing
based on pediatric patients weighing =70 kg (weight
based versus non-weight based) to achieve an AUC-
time curve =400 mg per liter per hour and a
trough concentration of <20 mg per liter. Current
study also utilized weight based dosing using fat-
free mass, with active dosage adjustment of VCM
for renal impairment dependent on pediatric popu-
lation pharmacokinetic analysis.'®

binaytara.org/journal | Mazhar et al. International Journal of Cancer Care and Delivery 2024; 4(1): 1-8 6



Present study saw no significance in serum creati-
nine and BUN, whereas, Totapally et. al. Reported
that critically ill pediatric patients, the acute kid-
ney injury is reversible during VCM therapy is
associated with an elevated BUN: Serum creatinine
ratio.” According to Williams et. al. study which
included a cohort of 12,730 children with reported
incidence of VCM induced acute kidney injury in
11.8%. children.!s The median age of the cohort was
2.5 years, and 57% of the patients were male. The
risk factors for VCM induced acute kidney injury
were the concomitant use of nephrotoxic medica-
tions, increased trough concentrations, longer du-
ration of treatment, impaired renal function, and
the need for pediatric intensive care.!

Conclusion

This study indicates that patients who require
trough concentrations of 15-20 micrograms/ml may
struggle to attain the desired therapeutic levels
using the current dosing regimen of 15 mg/kg every
six hours. Therefore, dose adjustments may be
necessary to achieve the desired therapeutic drug
levels. However, it is important to initially admin-
ister doses within the range of 15-20 mg/kg every
six hours, as vancomycin can have nephrotoxic and
ototoxic effects at trough concentrations higher
than 20 micrograms/ml. Based on the study’s find-
ings, it is recommended to utilize a higher initial
dose of vancomycin to achieve target trough levels
early on and improve therapeutic outcomes. How-
ever, further research is necessary to establish the
need for higher initial dosing in pediatric patients.

Conflict(s) of Interest

The authors declare no conflicts of interest.

Funding Information

No specific funding was received for this work.

Ethical Statements

This retrospective study was approved by the
Ethics Review Committee of the Riphah Institute
of Pharmaceutical Sciences (IRB reference REC/
RIPS-LHR/2023/721). The study involved retro-
spective review of existing clinical and laboratory
records from pediatric patients treated at Shaukat
Khanum Memorial Cancer Hospital and Research

Center, Lahore, Pakistan, with no direct patient
contact; all data were de-identified prior to analysis.

Informed Consent

Individual informed consent (and parental/
guardian consent, given the pediatric study popula-
tion) was waived by the Ethics Review Committee,
as this was a retrospective analysis of existing van-
comycin monitoring and laboratory data with no

prospective patient or family contact.

Data Availability Statement

This article does not contain original data.

Author Contributions

Concept and design: SM, AA, OU, GR, UTN, ZA,
OB, AS

Data acquisition: SM, AA, OU, GR, UTN, ZA, OB,
AS

Data analysis and interpretation: SM, AA, OU,
GR, UTN, ZA, OB, AS

Drafting of the manuscript: SM, AA, OU, GR,
UTN, ZA, OB, AS

Critical revision of the manuscript: SM, AA, OU,
GR, UTN, ZA, OB, AS

All authors (SM, AA, OU, GR, UTN, ZA, OB, AS)
approved the final version of the manuscript and
agree to be accountable for all aspects of the work,
in accordance with the International Committee of
Medical Journal Editors criteria.

References

1. Al-Kofide H, Zaghloul I, Al-Naim L. Pharmaco-
kinetics of vancomycin in adult cancer patients.
J Oncol Pharm Pract. 2010;16(4):245-250.
doi:10.1177/1078155209355847

2. Troeger CE, Khalil TA, Blacker BF, et
al. Quantifying risks and interventions that
have affected the burden of diarrhoea among
children younger than 5 years: an analy-
sis of the Global Burden of Disease Study
2017. Lancet Infect Dis. 2020;20(1):37-59.
doi:10.1016,/S1473-3099(19)30401-3

3. Shahid S, Nisar MI, Jehan F, et al. Co-carriage
of Staphylococcus aureus and Streptococcus

pneumoniae among children younger than 2
years of age in a rural population in Pakistan.

binaytara.org/journal | Mazhar et al. International Journal of Cancer Care and Delivery 2024; 4(1): 1-8 7


https://doi.org/10.1177/1078155209355847
https://doi.org/10.1016/S1473-3099%2819%2930401-3

10.

11.

Clin Epidemiol Glob Health. 2023;21:101293.
do0i:10.1016/j.cegh.2023.101293

. Qureshi S, Maria N, Zeeshan M, Irfan S, Qa-

mar FN. Prevalence and risk factors associated
with multi-drug resistant organisms (MDRO)
carriage among pediatric patients at the time
of admission in a tertiary care hospital of
a developing country: a cross-sectional study.
BMC Infect Dis. 2021;21(1):547. doi:10.1186/
s12879-021-06275-5

McKamy S, Hernandez E, Jahng M, Mori-
waki T, Deveikis A, Le J. Incidence and
risk factors influencing the development
of vancomycin nephrotoxicity in children.
J Pediatr. 2011;158(3):422-426. doi:10.1016/

j.jpeds.2010.08.019

Vandecasteele SJ, De Bacquer D, De Vriese
AS. Implementation of a dose calculator for
vancomycin to achieve target trough levels
of 1520 pg/mL in persons undergoing he-
modialysis. Clin Infect Dis. 2011;53(2):124-129.
doi:10.1093/cid /cir337

Hwang D, Chiu NC, Chang L, et
al. Vancomycin dosing and target at-
tainment in children. J Microbiol Im-

munol Infect. 2017;50(4):494-499. doi:10.1016/
§.jmii.2015.08.027

Cook A, Hsia Y, Russell N, et al. Association of
empiric antibiotic regimen discordance with 30-
day mortality in neonatal and pediatric blood-
stream infection—a global retrospective cohort
study. Pediatr Infect Dis J. 2021;40(2):137-143.
doi:10.1097 /INF.0000000000002910

Qureshi BM, Ahmed Y, Ali AA, et al. Clinical
profile of pediatric oncology patients treated
with radiation therapy: an institutional expe-

rience from Pakistan. Published online 2023.
do0i:10.22541/au.169259942.23322490 /v1

Hussain K, Ikram R, Ambreen G, Salat MS.
Pharmacist-directed vancomycin therapeutic
drug monitoring in pediatric patients: a collab-
orative-practice model. J Pharm Policy Pract.
2021;14(1):1-9. doi:10.1186/s40545-021-00383-

y

Hirai T, Hanada K, Kanno A, Akashi
M, Itoh T. Risk factors for vancomycin
nephrotoxicity and time course of renal func-

tion during vancomycin treatment. FEur J

12.

13.

14.

15.

16.

Clin Pharmacol. 2019;75:859-866. doi:10.1007/
s00228-019-02648-7

Chung E, Sen J, Patel P, Seto W. Popula-
tion pharmacokinetic models of vancomycin in
paediatric patients: a systematic review. Clin
Pharmacokinet. 2021;60:985-1001. doi:10.1007/
$40262-021-01027-9

Moffett BS, Morris J, Munoz F, Arikan
AA. Population pharmacokinetic analysis
of vancomycin in pediatric continuous re-
replacement therapy. Fur J Clin
Pharmacol. 2019;75:1089-1097. doi:10.1007/
s00228-019-02664-7

nal

Shimamoto Y, Verstegen RH, Mizuno T,
et al. Population pharmacokinetics of van-
comycin in paediatric patients with febrile
neutropenia and augmented renal clearance:
development of new dosing recommendations. J
Antimicrob Chemother. 2021;76(11):2932-2940.
doi:10.1093/jac/dkab302

Totapally BR, Machado J, Lee H, Paredes A,
Raszynski A. Acute kidney injury during van-
comycin therapy in critically ill children. Phar-
macotherapy. 2013;33(6):598-602. doi:10.1002/
phar.1259

Williams C, Hankinson C, McWilliam SJ,
Oni L. Vancomycin-associated acute kidney
injury epidemiology in children: a systematic
review. Arch Dis Child. 2022;107(10):947-954.
doi:10.1136 /archdischild-2021-323429

© 2021-2026 Binaytara. Website design and layout all rights reserved. Articles published in the International Journal of Cancer Care and Delivery are
open access. Authors retain copyright. All articles are distributed under the terms of the Creative Commons Attribution-ShareAlike 4.0 International
(CC BY-SA 4.0) license, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited
and derivative works are shared under the same license.

binaytara.org/journal | Mazhar et al. International Journal of Cancer Care and Delivery 2024; 4(1): 1-8 8


https://doi.org/10.1016/j.cegh.2023.101293
https://doi.org/10.1186/s12879-021-06275-5
https://doi.org/10.1186/s12879-021-06275-5
https://doi.org/10.1016/j.jpeds.2010.08.019
https://doi.org/10.1016/j.jpeds.2010.08.019
https://doi.org/10.1093/cid/cir337
https://doi.org/10.1016/j.jmii.2015.08.027
https://doi.org/10.1016/j.jmii.2015.08.027
https://doi.org/10.1097/INF.0000000000002910
https://doi.org/10.22541/au.169259942.23322490/v1
https://doi.org/10.1186/s40545-021-00383-y
https://doi.org/10.1186/s40545-021-00383-y
https://doi.org/10.1007/s00228-019-02648-7
https://doi.org/10.1007/s00228-019-02648-7
https://doi.org/10.1007/s40262-021-01027-9
https://doi.org/10.1007/s40262-021-01027-9
https://doi.org/10.1007/s00228-019-02664-7
https://doi.org/10.1007/s00228-019-02664-7
https://doi.org/10.1093/jac/dkab302
https://doi.org/10.1002/phar.1259
https://doi.org/10.1002/phar.1259
https://doi.org/10.1136/archdischild-2021-323429

