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Abstract

Background: Pediatric data on the epidemiology of acute kidney injury (AKI) in acute myeloid leukemia (AML) are limited,

although the incidence of AKI appears to be very high in this patient group. The aim of this study was to assess the prevalence

of and factors associated with AKI in childhood AML during chemotherapy treatment. Materials and methods: The medical

records of 112 children aged under 15 years diagnosed with AML who received chemotherapy in a major tertiary care referral

center in Southern Thailand were reviewed. Logistic regression was used to identify factors associated with AKI. Results:

Fifty-six (50%) children had 69 AKI events. The median time from AML diagnosis to the first AKI was 29.5 days (interquartile

range: 11.0-92.8). Age at diagnosis [?] 10 years (OR 2.75, 95% CI 1.09-6.93), glomerular filtration rate < 90 mL/min/1.73 m2

at AML diagnosis (OR 7.58, 95% CI 1.89-30.5) and septic shock (OR 22.0, 95% CI 4.63-104.3) were independently associated

with AKI. Conclusions: Childhood AML has a high rate of renal injury with 50% having AKI. Age [?] 10 years at diagnosis,

impaired renal function before treatment, and septic shock were strongly associated with AKI.

Introduction

Acute kidney injury (AKI) is one of the most common complications in children with cancer, including
acute myeloid leukemia (AML). A study from Korea reported that among childhood cancer patients, AKI
had the highest incidence in patients with AML (88.4%).1 AKI can be a direct effect of the malignancy,
a complication of the malignancy, a consequence or adverse effect of chemotherapy, and other medications
such as antibiotics or diuretics.2Previous studies have reported that AKI was independently associated with
increased mortality, ventilation requirement, hospital length of stay and daily costs.3,4

Childhood AML refers to a heterogeneous group of diseases classified according to morphology, lineage, and
genetics.5Globally, AML represents 15%-20% of leukemias in children6 and accounts for 27% of all leukemias
in Southern Thailand.7 The overall survival rates of children with AML have seen improvement over the past
three decades, from 30-50% to the current 5-year survival rates ranging from 65% to 75%.8,9 Its prognosis
depends on age at diagnosis and type of AML, including a range of cytogenetic and molecular characteristics.

Among pediatric cancer patients, the 1-year cumulative incidence of AKI is highest in those with AML1;
however, data on the epidemiology of AKI in children with AML are limited. A recent study reported a
high incidence of AKI in pediatric AML (64%) with a strong association with age [?]10 years and severe
sepsis; however, the sample size was only 58, which restricted the number of variables they could reliably
analyze.10 In this study we aimed to retrospectively assess the prevalence of and factors associated with AKI
in childhood AML.

Materials and methods

We retrospectively reviewed the medical records of all children aged under 15 years and diagnosed with AML
who received an AML chemotherapy protocol from May 2003 to August 2019 at the Pediatric Oncology Divi-
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sion, Department of Pediatrics, Songklanagarind Hospital, the major tertiary care-referral center in Southern
Thailand. The study was approved by the Human Research Ethics Committee of the institute. Clinical data
including gender, age, tumour morphology, flow cytometry, treatment courses and laboratory investigations
were collected. The treatment protocol was divided into 3 periods. From 2003-2008, most patients received
chemotherapy consisting of the Berlin-Frankfurt-Münster (BFM)-83 regimen.11 Between 2008 and 2014, the
chemotherapy regimen involved 6 cycles of the BFM-98 regimen.12 After 2014, all patients received chemothe-
rapy according to the Children’s Oncology Group.13 All patients underwent similar laboratory investigation
protocols for each session of chemotherapy treatment including renal function. Posttreatment responses were
evaluated after patients completed the induction chemotherapy course. Overall survival was calculated from
the date of the first diagnosis to date of death or last follow-up.

We defined AKI following the Kidney Disease: Improving Global Outcomes (KDIGO) criteria,14 i.e. a rise
in serum creatinine (SCr) [?] 0.3 mg/dL within 48 hours or 1.5-fold from baseline over 7 days from nadir
to peak and higher than upper normal SCr for age. Severe AKI was defined as AKI stage 3 (SCr rise of at
least 3-fold from baseline in 7 days). Estimated glomerular filtration rate (eGFR) was used to determine
renal function by calculating creatinine clearance using the original Schwartz formula with a modified Jaffe
assay15 and modified Schwartz formula with enzymatic creatinine results (after May 2011).16 An eGFR was
considered normal if [?] 90 mL/min/1.73 m2. Tumor lysis syndrome was diagnosed by the presence of two
or more of the following abnormal conditions: hyperkalemia ([?] 6 mmol/L), hyperuricemia ([?] 8 mmol/L),
hyperphosphatemia ([?] 6.5 mmol/L), and hypocalcemia (< 7 mmol/L) within 3 days before or 7 days after
the initiation of chemotherapy according to the Cairo and Bishop criteria.17 Septic shock was defined as per
international pediatric sepsis consensus guidelines.18

Statistical analysis

Statistical analysis was performed using R version 4.1.0. Demographic data are presented as frequency with
percentage, means and standard deviations (SD) or medians and interquartile ranges (IQR) as appropriate.
Categorical data were compared using the Chi-square test or Fisher’s exact test, as appropriate. Student’s
t-test or the Mann-Whitney U test were used for comparison of continuous data between patients who had or
did not have AKI, as appropriate. Multivariate logistic regression was used to identify factors independently
associated with AKI. Survival probabilities were calculated using the Kaplan-Meier method and plotted to
compare the groups. Statistical tests were considered significant at a P value < 0.05.

Results

A total of 127 children were diagnosed with AML during the study period. Of these, 15 were excluded:
9 had incomplete data and 6 were diagnosed with AKI from other hospitals and exposed to nephrotoxic
medications prior to being referred to our hospital. Of the 112 patients included in the study, 71 were boys
(63.4%) and their mean (SD) age was 7.1 (4.1) years. Baseline demographic and clinical data are presented
in Table 1.

Prevalence of AKI

During their chemotherapy treatment, 56 patients (50%) developed AKI and 13 had a second AKI episode
for a total of 69 AKI events during the study period. Fifteen severe AKI episodes developed in 13 patients
(21.7%). The median time from the first visit to the first AKI and median follow up time were 29.5 days
(IQR 11-93) and 10.9 months (IQR 3.6-31.1), respectively. Figure 1 shows the maximum creatinine levels in
all AKI patients stratified by severity of AKI and age at diagnosis.

Factors associated with AKI

Table 1 compares demographic characteristics stratified by development of AKI. In the group of patients
who had at least 1 episode of AKI, the mean age at diagnosis was significantly higher (8.5 vs 5.7 years, P =
0.002), and the proportions with impaired initial eGFR < 90 mL/min/1.73 m2 (21.4% vs 5.4%, P = 0.026)
and septic shock (35.7% vs 3.6%, P < 0.05) were significantly higher compared to the group who did not
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develop AKI. Six patients (5.4%) were diagnosed with tumor lysis syndrome at the initial AML diagnosis
and all of them developed AKI during their first admission. The median time from the first visit to the
first AKI episode was 12.5 days (IQR 2.8-20.8). The association between AKI and chemotherapy protocol
was not significant; however, AKI occurred more frequently among those treated with the BFM-83 protocol
than the other two protocols while patients receiving the Children’s Oncology Group regimen had the lowest
proportion of AKI incidents.

On multivariate analysis, septic shock was the most important risk factor of AKI, followed by impaired renal
function before initiation of chemotherapy and age at diagnosis [?] 10 years (Table 2).

Outcomes

Table 3 compares treatment outcomes between patients who developed AKI and those who did not. Renal
replacement therapy was performed in 3 patients (20% of the severe AKI patients). After the first cycle of
chemotherapy, 77 patients (68.8%) had complete bone marrow remission. The proportion of patients with
remission was significantly lower in the AKI group than in the non-AKI group (58.9% vs 78.6%, P = 0.041);
however, there were no significant differences in the survival rates (Figure 2). Overall, there were 87 (77.7%)
deaths in our cohort and the median survival time was 8.4 months (IQR 3.8-19.9).

Discussion

Our study found that half of our childhood AML patients developed acute kidney injury during their course
of chemotherapy. AKI most commonly occurs in the early stages after the beginning of treatment, with
a median time to first episode within one month of treatment initiation. Age at diagnosis [?] 10 years,
impaired renal function at AML diagnosis, and septic shock were independent risk factors for AKI.

Pediatric data on the epidemiology of AKI in AML are limited, to our knowledge, to only two previous
reports.10,19 In one study, the incidence of acute renal failure was found to be 16.2%19; however, since acute
renal failure does not include severe cases of AKI, the incidence of AKI may have been underreported. The
high incidence of AKI found in our study is consistent with a study by Du Plessis et al, who also used the
KDIGO criteria for defining AKI.10

In studies in both adulthood and childhood AML, one of the common findings was that older age (more
than 10 years in children and more than 55-60 years in adults) was a significant independent risk factor
for AKI.10,19–21 These results correlated with the finding of other studies which found that the prognosis of
AML gets worse with increasing age.22,23

We also found impaired initial renal function was strongly associated with a higher likelihood of one or
more AKI incidents during admission in our study, consistent with a previous report in pediatric cancer
patients from Korea.1 We found 15 AML patients with impaired initial eGFR at their first AML diagnosis,
12 of whom developed at least 1 episode of AKI. There were no significant differences in white blood cell
counts or occurrence of tumor lysis syndrome that may have contributed to kidney damage between patients
with impaired eGFR and patients with normal initial renal function. None of the patients in our study
had had previous investigations for preexisting renal tract anomalies, so we did not know the exact cause
of impaired renal function in these patients. However, due to the high risk of developing AKI in impaired
renal function patients, nephrotoxic medications should only be prescribed with caution and renal function
should be closely monitored during treatment in these patients.

Regarding infections, the most common treatment-related toxicity and main cause of death was sepsis, which
has been commonly associated with AKI in both noncancer and cancer patients.8,24–26 Our study confirmed
a strong association between septic shock and AKI during the course of chemotherapy, consistent with a
previous pediatric AML study.10 In terms of overall treatment outcomes in our study, the proportion of
patients entering remission was significantly lower in the AKI group. This finding might be explained by
a dose adjustment of chemotherapy in patients who developed AKI. However, there were no differences in
either relapse or mortality rates between the two groups. As the only known effective regimens for treating
childhood AML involve aggressive treatment, lowering the intensity of chemotherapy may be beneficial in
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some patients, as this should lead to a decrease in associated infections and subsequent organ dysfunction,
including AKI, and hopefully lead to decreased mortality, which is often related to organ-failure caused by
sepsis rather than AML itself.

In conclusion, half of our childhood AML patients developed AKI during their chemotherapy treatment.
Age [?] 10 years at diagnosis, impaired renal function before treatment, and septic shock were independent
risk factors for developing AKI.
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TABLE 2 Logistic regression results for identifying factors associated with AKI in childhood AML patients

TABLE 3 Comparison of treatment outcomes by development of AKI

FIGURE 1 Median (interquartile range) of maximum creatinine levels in 56 childhood AML patients with
AKI stratified by AKI severity and age at diagnosis

FIGURE 2 Kaplan-Meier survival curve of the 112 study patients with AML stratified by development of
AKI

Hosted file

TABLE 1.docx available at https://authorea.com/users/738455/articles/712730-acute-kidney-

injury-and-childhood-acute-myeloid-leukemia

Hosted file

TABLE 2.docx available at https://authorea.com/users/738455/articles/712730-acute-kidney-

injury-and-childhood-acute-myeloid-leukemia

Hosted file

TABLE 3.docx available at https://authorea.com/users/738455/articles/712730-acute-kidney-

injury-and-childhood-acute-myeloid-leukemia

6

https://authorea.com/users/738455/articles/712730-acute-kidney-injury-and-childhood-acute-myeloid-leukemia
https://authorea.com/users/738455/articles/712730-acute-kidney-injury-and-childhood-acute-myeloid-leukemia
https://authorea.com/users/738455/articles/712730-acute-kidney-injury-and-childhood-acute-myeloid-leukemia
https://authorea.com/users/738455/articles/712730-acute-kidney-injury-and-childhood-acute-myeloid-leukemia
https://authorea.com/users/738455/articles/712730-acute-kidney-injury-and-childhood-acute-myeloid-leukemia
https://authorea.com/users/738455/articles/712730-acute-kidney-injury-and-childhood-acute-myeloid-leukemia


P
os

te
d

on
31

J
an

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
70

66
95

74
.4

78
01

79
5/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

7


