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Abstract
Objectives: To determine the dosage of vancomycin in milligrams/kilogram/day (mg/kg/day) required to achieve
a trough value of 10 to 20 micrograms/milliliter (mcg/mL) in pediatric patients with differing types of malignancies.
Methods: Retrospective review of pediatric patients with hematologic malignancy, solid tumor, or status post
autologous or allogeneic hematopoietic stem cell transplantation (HSCT) receiving at least two doses of intravenous
vancomycin with at least one evaluable trough concentration. Primary outcome was the dosage of vancomycin
required to achieve first therapeutic trough value. Secondary endpoints included dosage requirement by age,
proportion of patients achieving goal, incidence of supratherapeutic trough values and nephrotoxicity.
Results: Mean dosage requirements were 72.5 [± 2.3] mg/kg/day among patients with hematologic malignancies,
66.5 [± 3.3] mg/kg/day in patients with solid tumors, and 77.3 [± 4.1] mg/kg/day in HSCT patients (p=0.12). Younger
patients required significantly increased daily dosages in order to meet their trough goals in the hematologic
malignancy and solid tumor groups (p<0.05). The proportion of patients achieving trough goals was also similar
between groups (p=0.5). Supratherapeutic trough values were more common in the solid tumor groups (p<0.05).
Nephrotoxicity occurred more frequently in the HSCT group (p<0.05).
Conclusion: Vancomycin dosage requirements are similar between pediatric patients with differing categories of
malignancies. Patients with solid tumors and HSCT appear to be at higher risk for supratherapeutic trough values,
and HSCT patients appear to be at an increased risk for nephrotoxicity.
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Abbreviations:
Heme: Hematologic Malignancy; HSCT: Hematopoetic Stem Cell
Transplant; ALL: Acute Lymphoblastic Leukemia; AML: Acute
Myeloid Leukemia; CNS: Central Nervous System; Scr: Serum
Creatinine.

Introduction
Pediatric patients with malignancy are immunocompromised by
their disease state and its treatment. Their vulnerability to infection,
propagated by frequent exposure to health care environments, central
venous access devices, and compromised skin and mucous barriers,
necessitates aggressive treatment at the first sign of infection.
Vancomycin is a glycopeptide antibiotic relied upon for its activity
against gram positive pathogens including methicillin-resistant
staphylococcus aureus (MRSA) [1]. In pediatric patients with
infections caused by this organism, a vancomycin dosage of 60
milligrams per kilogram per day (mg/kg/day) is recommended, with
therapeutic monitoring targeting a minimum concentration (Cmin) or
trough value in the range of 15 to 20 micrograms per milliliter
(mcg/mL) [2]. Optimal vancomycin trough concentrations for
treatment of febrile neutropenia have not been well established,
however ranges between 10 to 20 mcg/mL have been suggested based
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on a target area under the curve (AUC) to minimum inhibitory
concentration (MIC) ratio of greater than 400 [3,4]. A prospective
comparison of 30 children with malignancy being treated for
neutropenic fever and 8 otherwise healthy children being treated for
MRSA bacteremia found that while the two groups had similar
maximum concentrations (Cmax) at steady state, the mean minimum
concentrations (Cmin) were significantly lower among the malignancy
group despite receiving the same total daily dosage. Patients with
malignancy also demonstrated increased vancomycin clearance and
shorter half-lives than their control counterparts, suggesting that in the
presence of malignancy, vancomycin pharmacokinetics are altered [5].
These findings are supported by pharmacokinetic modelling and
Monte Carlo simulation based upon 98 vancomycin concentrations
from 70 children with hematologic malignancies receiving dosages of
40 to 60 mg/kg/day. This analysis found only 15% of infants and 24%
of children reached AUC to MIC values above 400. A dosage regimen
of 90 mg/kg/day in infants and 80 mg/kg/day in children was predicted
to achieve target values in 50% of patients with a 6% increased risk of
supratherapeutic troughs [6]. Similar results were reported in a
retrospective review of vancomycin serum trough concentrations in
124 hospitalized pediatric oncology patients receiving 60 mg/kg/day
reported a mean trough value of 7.1 mcg/mL. After dosage adjustment
patients less than 12 years of age required an average of 91 mg/kg/day
to achieve a trough concentration of 8-15 mcg/mL. Trough
concentrations were found to correlate with age, weight, and serum
creatinine. An evaluation of underlying diagnosis was not conducted,
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although 42% of patients were noted to have hematologic malignancy
and 58% solid tumors [7]. The impact of malignancy category on
vancomycin dosage requirements in pediatric patients remains
unknown and warrants further investigation.

Methods
A single center retrospective chart review was conducted to evaluate
vancomycin dosage requirements among pediatric oncology patients.
Patients cared for by the pediatric haematology/oncology/HSCT
service between June 1 2011 and June 30 2015 were screened for
inclusion. Patients were eligible for inclusion if less than or equal to 18
years of age, receiving treatment for malignancy or within 100 days
from autologous or allogeneic HSCT, who received at least two doses
of intravenous vancomycin with at least one evaluable trough
concentration. Trough values were considered evaluable if drawn
within one hour of the true trough. Patients were excluded if they
received hematopoietic stem cell transplant for a non-oncologic
indication, if they received renal replacement therapy, or had an
estimated creatinine clearance less than 50 milliliters/minute/1.73 m2
(mL/min/1.73 m2) during vancomycin treatment. Creatinine clearance
was estimated by the bedside schwartz equation.

Endpoints
The primary objective was to determine the mean dosage of
vancomycin (mg/kg/day) required to achieve the first therapeutic
trough value of 10 to 20 mcg/mL in pediatric patients within the
following three groups: patients with solid tumors, patients with
hematologic malignancies, and patients receiving HSCT. Secondary
endpoints included the mean dosage requirement (mg/kg/day)
required to attain therapeutic trough values among patients in the
following age groups: <1 year, 1 to 5 years, 6 to 11 years, and >11 years
of age. The percent difference between starting dose and therapeutic
dose was evaluated along with the proportion of patients achieving a
goal trough value, the days to therapeutic dosage, and days of
vancomycin treatment. Safety outcomes assessed the incidence of
supratherapeutic trough values and nephrotoxicity, which was defined
as a greater than 50% increase in baseline serum creatinine or a greater
than 0.3 milligrams/decilitre (mg/dL) increase in serum creatinine
within a 48 hour timeframe.

Statistical Analysis
Patient demographics were evaluated using descriptive statistics.
Primary and secondary outcomes that were normally distributed
continuous variables were analyzed using analysis of variance
(ANOVA) or repeated measures ANOVA. All categorical data
outcomes were analyzed with Chi Square or fisher’s exact testing as
appropriate. This study was approved by the University of Florida
Institutional Review Board (IRB) and informed consent was not
required.

Results
A total of 262 vancomycin courses from 162 patients were screened
for inclusion into the trial, and 104 courses were excluded for the
reasons outlined in Figure 1 leaving 88 courses in the hematologic
malignancy group, 44 in the solid tumor group, and 26 in the HSCT
group.
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Figure 1: Patient enrollment.
There were no significant differences among the baseline
characteristics of patients in each group (Table 1). The hematologic
malignancy group included 49 patients with Acute Myeloid Leukemia
(21%). Hematopoietic stem cell transplants were performed more often
in patients with solid tumors (73%) than those with hematologic
malignancies (27%). While only 46% of patients demonstrated positive
cultures, the majority of positive cultures did yield an organism
susceptible to vancomycin therapy. The mean dosage requirement
required to attain the first therapeutic trough value between 10 and 20
mcg/mL was 72.5 [± 2.3] mg/kg/day among patients with hematologic
malignancies, 66.5 [± 3.3] mg/kg/day in patients with solid tumors,
and 77.3 [± 4.1] mg/kg/day in patients receiving a hematopoietic stem
cell transplant (p=0.12). Patients who never achieved this goal were
excluded from the primary endpoint analysis. A sub-analysis of dosage
requirements by age group revealed that within the hematologic
malignancy and solid tumor groups, younger patients required
increased daily dosages in order to meet their trough goals (Table 2).
This difference was statistically significant among patients with
hematologic malignancies (p<0.05) and solid tumors (p<0.05). The
mean difference between the starting and therapeutic dosage was not
different between groups (p=0.87). The proportion of patients that
achieved their target trough was also similar between groups (p=0.5),
as was the mean number of dose changes (p=0.7), days to therapeutic
range (p=0.6), and mean days of treatment (p=0.5) (Table 3).
Supratherapeutic trough values were observed more often in the solid
tumor group and the HSCT group than the hematologic malignancy
group, respectively (38.6% vs. 34.6% vs. 18.2%, p<0.05).
Nephrotoxicity occurred more frequently in the hematopoietic stem
cell transplant group than both the hematologic malignancy group and
the solid tumor group, correspondingly (23.1% vs. 3.5% vs. 0%,
p<0.05).Notably it was found that 81% of patients in the hematopoietic
stem cell transplant patients were on concomitant nephrotoxins during
their vancomycin therapy, compared with 63% of patients in the
hematologic malignancy group and 52% in the solid tumor group.
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Heme

Solid Tumor

HSCT

(n=88)

(n=44)

(n=26)

Median age (years) [IQR]

5 [2-11]

8.5 (3-14)

7.08 (3-13)

Male, n (%)

44 (50)

19 (43.2)

15 (57.7)

Median baseline Scr (mg/dL) [IQR]

0.31 (0.23-0.46)

0.35 (0.24-0.52)

0.29 (0.23-0.47)

Central access, n (%)

87 (98.9)

44 (100)

25 (96.2)

10-20 mcg/mL

78 (88.6)

39 (88.6)

25 (96.2)

15-20 mcg/mL

10 (11.4)

5 (11.4)

1 (3.8)

Positive cultures, n (%)

37 (42)

24 (54.5)

11 (42.3)

Vancomycin susceptible, n (%)

29 (78.4)

22 (91.7)

7 (63.6)

ALL-49 (56)

Bone- 9 (20)

Solid Tumor-19 (73)

AML-19 (21)

CNS- 8 (18)

Heme-7 (27)

Lymphoma-15 (17)

Neuroblastoma-6 (14)

Parameter

Goal vancomycin trough, n (%)

Diagnosis, n (%)

Rhabdomyosarcoma-6 (14)
Germ Cell-6 (14)
Other-5 (6)
Wilms Tumor-3 (7)
Other-6 (14)

Table 1: Patient demographics.
Heme

Solid Tumor

HSCT

(n=76)

(n=36)

(n=24)

<1

72.1 [± 6.7]

90.0 [± 19.1]

89.3 [± 8.6]

1-5

83.6 [± 3.5]

73.2 [± 4.9]

74.2 [± 5.0]

6-11

64.6 [± 3.9]

74.4 [± 7.2]

78.6 [± 6.7]

>11

66.0 [± 5.1]

52.7 [± 5.3]

75.1 [± 5.6]

p value

<0.05

<0.05

0.49

Age (years)

Table 2: Mean dosage requirements by age (mg/kg/day) [± SD].
Parameter

Heme

Solid Tumor

HSCT

(n=88)

(n=44)

(n=26)

Mean difference in starting and therapeutic dosage (mg/kg/day) [± SD]

14.2 [± 19.6]

12.3 [± 17.6]

14.1 [± 16.0]

0.87

Attainment of goal, n (%)

75 (85.2)

36 (81.8)

24 (92.3)

0.5

Mean number of dose changes [± SD]

1.0 [± 0.1]

1.2 [±0.2]

0.9 [± 0.2]

0.7

Mean days to therapeutic [± SD]

3.0 [± 0.2]

3.3 [±0.2]

2.9 [± 0.3]

0.6

Mean days of treatment [± SD]

8.1 [± 0.7]

6.7 [±1.0]

8.2 [± 1.3]

0.5

p value

Table 3: Secondary outcomes.
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Discussion
It has been previously reported that vancomycin dosing
requirements are increased in children with malignancy when
compared to children that do not have malignancy [5]. Prior to this
study there was no published literature evaluating differences in these
requirements based upon category of malignancy in pediatric patients.
One pharmacokinetic model of 348 courses of vancomycin therapy in
274 adult patients with hematologic malignancy or recent
hematopoietic stem cell transplant (HSCT), reported a diagnosis of
acute myeloid leukemia (AML) as a co-variant associated with
increased clearance and volume of distribution [8]. As vancomycin
dosage requirements are more variable among pediatric populations,
further study into the impact of malignancy category on vancomycin
dosage requirements in this population was deemed necessary.
The results of this study show that dosing requirements for
vancomycin are not significantly different between children with
hematologic malignancies, solid tumors, and those receiving HSCT.
The average dose requirement found among those reaching therapeutic
trough levels was 72.5 [± 2.3] mg/kg/day for hematologic malignancy,
66.5 [± 3.3] mg/kg/day for solid tumor, and 77.3 [± 4.1] mg/kg/day for
HSCT patients respectively. Within our hematologic malignancy
group, 15 patients had a diagnosis of AML, with an average dosage
requirement of 65.9 mg/kg/day. All of these averages are higher than
the recommended vancomycin dosage of 60 mg/kg/day to treating
MRSA infections, however not as high as the 80 to 90 mg/kg/day
reported in previous literature evaluating children with malignancy
receiving vancomycin [6,7].
While patients with solid tumors had a lower dosage requirement,
the increased incidence of supratherapeutic trough values
demonstrated may warrant less aggressive dosing within this
population. One potential confounder to this finding is the presence of
central catheters in the majority of these patients, potentially resulting
in trough samples contaminated with drug. This is supported by the
observation that increased incidence of nephrotoxicity was not
observed in this population. The HSCT population had the highest
average dosage requirement, as well as an increased incidence of
supratherapeutic trough values and nephrotoxicity. This outcome
highlights the concerns with aggressively dosing patient’s concurrent
receiving nephrotoxic agents.
One factor not directly evaluated within this study was the dosing
interval used. Intuitively patients within the <1 year and 1-5 year age
groups most frequently used the every 6 hour interval while patients in
the 6-11 year and >11 year age group most frequently used the every 8
hour interval. Intervals used were similar between groups based on
category of malignancy. Another consideration is the arbitrary
therapeutic goal of 10-20 mcg/mL used for all patients in our statistical
analysis, while a small number of courses (10%) were actually targeting
a vancomycin trough of 15 to 20 mcg/mL based upon site of infection.
Limitations to consider when evaluating the results of this trial
include its single-center retrospective design. Although there were no
significant differences found in baseline characteristics of the
participants in this trial, patients were not matched between groups.
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The prescribing practices of the ordering provider dosing vancomycin
therapy could serve as a potential confounder. While a pharmacist
prospectively reviewed all patients included in the study, 6% of the
vancomycin courses evaluated were directed by a formal pharmacy
consult service allowing the pharmacist to independently manage
vancomycin therapy through a physician approved protocol.
Additionally, while any patient with an estimated creatinine clearance
under 50 mL/min/1.73 m2 was excluded from the study, there may
have been renal function changes during patient’s therapy that
contributed to confounding of their true dosage requirement. As
patients were commonly on concomitant nephrotoxins throughout the
study, it is not possible to tell whether the nephrotoxicity noted was a
direct result of the vancomycin therapy. Patients were also assumed to
have achieved steady state concentrations of vancomycin after the
administration of at least two doses of the drug.

Conclusion
In conclusion while vancomycin dosage requirements are similar
between pediatric patients with differing categories of malignancies,
there appear to be differences in their susceptibility to toxicity with
similar dosage regimens. Patients with solid tumors appear to be at
higher risk for supratherapeutic trough values at lower dosages when
compared to patients with hematologic malignancies and those who
have undergone HSCT. Patients status post HSCT also appear to be at
an increased risk for supratherapeutic trough values and also for
nephrotoxicity, having received the highest average doses of
vancomycin and most concomitant nephrotoxins. These findings
should be taken into consideration when dosing vancomycin in
children with malignancy to avoid nephrotoxicity and
supratherapeutic trough values. Further study is required to determine
how this risk for toxicity impacts clinical practice.
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