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Medication-induced diabetes (MID) is common during induction therapy for pediatric acute lymphoblastic leukemia (ALL) and
has potentially significant negative consequences. Reported risk factors for MID are variable with limited data comparing patients
treated with standard-risk (SR) vs. high-risk (HR) regimens. This study aims to evaluate the incidence and risk factors for MID
during induction in patients with ALL from the Maritimes over a 20-year period. We performed a retrospective single-center study
of 262 patients (142 males, 120 females) diagnosed with ALL at IWK Health in Halifax, Nova Scotia, Canada, from 2000 to 2019.
Older age, higher body mass index, greater central nervous system status, Trisomy 21, and prednisone steroid type were risk factors
associated with MID in our cohort. HR patients developed significantly more complications than SR patients including MID and
infection. Screening for MID should be routine during ALL induction treatment, particularly in those with HR disease.

1. Introduction

Acute lymphoblastic leukemia (ALL) is the most common
type of cancer in children [1]. At diagnosis, patients are
categorized as standard-risk (SR) or high-risk (HR) based
on various prognostic factors outlined by the National Can-
cer Institute (NCI) [1, 2]. During induction therapy, SR
patients receive asparaginase, vincristine, and a steroid
(three-drug regimen), whereas HR patients receive an addi-
tional anthracycline medication (four-drug regimen) [2, 3].
Despite being the accepted treatment, morbidity from pedi-
atric ALL therapy remains significant [4, 5].

One common side effect during induction treatment is
medication-induced diabetes (MID). MID is defined as the
development of a hyperglycemic state that meets the defini-
tion of diabetes after the ingestion of a medication known to
cause hyperglycemia [6]. Though most ALL patients will
have a transient form of MID, many can still experience

significant negative sequelae, such as increased infectious
complications and poorer survival [7–9].

Reported incidence rates ofMID in pediatric ALL patients
range from 5.6% to 20.4% [7, 10–12]. Patient risk factors that
may be associated with MID include older age at diagnosis,
higher body mass index (BMI), female gender, central ner-
vous system (CNS) disease, and Trisomy 21 [7, 9, 10]. Though
studies of pediatric ALL patients have identified some poten-
tial risk factors for MID, very few have assessed the incidence
of MID in patients receiving SR (three drugs) versus HR (four
drugs) induction chemotherapy.

The purpose of the current study is to evaluate the inci-
dence and risk factors for MID during induction treatment
in pediatric patients with ALL in the Canadian Maritime
Provinces (including Nova Scotia, New Brunswick, and
Prince Edward Island) over a 20-year period.
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2. Materials and Methods

2.1. Study Population. Patients for this retrospective chart
review were identified from the Pediatric Oncology Research
Database at IWK Health in Halifax, Nova Scotia. Subjects
were less than 19 years of age and diagnosed with ALL (B or
T cells) between February 2000 and December 2019. All
subjects received their induction chemotherapy at the IWK
and were managed primarily at the IWK in a shared care
model with regional provincial hospitals.

Patients were categorized at diagnosis using the NCI defi-
nitions for SR and HR ALL, with SR patients being age 1–9.99
years with a white blood count (WBC) less than 50,000/µL
and HR patients being age 10 years or older and/or with a
WBC 50,000 µL or greater [4]. Infants younger than 1 year
were a special subgroup of patients and considered HR [4].
Patients with preexisting diabetes were excluded.

Patients were treated according to protocols from the
Children’s Cancer Group, Children’s Oncology Group, or
Pediatric Oncology Group. The typical treatment regimen
that SR and HR patients received is listed in Tables 1 and 2.
Although several different protocols were followed, all used
the same SR and HR medications with similar doses during
the induction phase. Protocols varied during the consolida-
tion and maintenance phases, but they were not included in
this study. All patients received pegylated (PEG) asparaginase
during induction therapy. Lastly, steroid dosing was body-
surface area based and did not have an upper cut-off limit,
so steroid dose increased proportionally with weight.

To screen for MID, patients’ urine glucose was measured
twice weekly. If found to be elevated, blood glucose was
drawn. Patients were only diagnosed with MID if they met
the definition of diabetes outlined by the International Soci-
ety of Pediatric and Adolescent Diabetes. This includes a
random serum glucose level ≥11.1mmol/L or a fasting
serum glucose level ≥7.0mmol/L with symptoms or two
random serum glucose levels ≥11.1mmol/L or two fasting
serum glucose levels ≥7.0mmol/L obtained on separate days
without symptoms. This definition is consistent with previ-
ous studies of MID in pediatric ALL patients [10, 13, 14].

Infective episodeswere defined by positive laboratory findings
and recorded as either bacterial, viral, fungal, or parasitic. Only
infective episodes that occurred during induction therapy were
included. CNS status was classified into three categories: CNS1,
CNS2, and CNS3. This was based on the presence and level of
leukemic cells in cerebral spinal fluid and absolute cell counts [15].

For patients older than 2 years of age, BMI was calculated
using weight in kilograms/height in meters2 [2]. WHO

Growth Charts for Canada, age 2–19, were used to calculate
BMI percentiles. The Merck Manuals calculator was then
used to calculate z-scores.

For patients under 2 years of age, WHO Growth Charts
for Canada—Infant Weight for Length were used to calculate
growth percentiles. The Merck Manuals calculator was then
used to calculate z-scores.

This study was approved by the IWK ethics board.

2.2. Study Procedure. Demographic data were extracted from
patients’ electronic health records. Information recorded
included age at diagnosis, gender, height (cm), and weight
(kg) at diagnosis, serum glucose levels, type of steroid, type of
asparaginase, infection during treatment, type of infection,
relapsed disease, and death. Patients with MID were flagged
for further chart review.

2.3. Statistical Analyses. Descriptive statistics were calculated
for demographic and clinical variables. Comparisons were made
between SR and HR patients, with and without MID, during
ALL induction treatment. Student t-test and ANOVAwere used
to compare the means of continuous variables, and χ2-test was
used for categorical variables. For all comparisons, p<0:05 was
considered statistically significant.

3. Results

The cohort included 262 eligible patients. Table 3 summarizes
the demographic and clinical characteristics of the study pop-
ulation with statistically significant values bolded. One hun-
dred forty-two (54.2%) patients were male, median age at
diagnosis was 6.55 years (range 0.08–18.75), and mean BMI
z-score was 0.702 (range −3.97 to 2.92). Majority of patients
had B-cell subtype ALL (92.3%).

Twenty-two patients (8.4%) developed MID during induc-
tion therapy. Of those who developed MID, 15 (68.2%) received
treatment with insulin, three (13.6%) did not require treatment,
and information was unavailable for four patients. Patients who
developed MID were significantly older (10.3 vs. 6.2 years,
p<0:001), had higher BMI z-scores (1.2 vs. 0.3, p¼ 0:003), and
had higher rates of Trisomy 21 (9.5% vs. 1.3%, p¼ 0:012) than
those who did not. Patients with MID had significantly higher
CNS status (p<0:001) but did not have increased rates of infec-
tion, relapsed disease, or death (Table 3). Majority of patients
with MID received prednisone (63.6%), whereas most patients
without MID received dexamethasone (76.2%).

Demographic and clinical characteristics by risk classifi-
cation are also detailed in Table 3. As expected from NCI
criteria, all SR patients were less than 10 years of age and 54%

TABLE 1: Standard risk B- and T-ALL induction phase (35 days) regimens.

Chemotherapy agents Schedule Dose

Dexamethasone PO Days 1–28 6mg/m2

Vincristine IV Days 1, 8, 15, 22 1.5–2mg/m2

PEG asparaginase IM/IV Day 4 2,500 IU/m2

Cytarabine IT Day 1 (CNS2 requires more) 30, 50, or 70mga

Methotrexate IT Days 8, 29 (only if CNS2) 8, 10, or 12mga

aDoses adjusted based on risk classification. CNS, central nervous system.
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of HR patients were greater than 10 years of age. As a result,
the average age of HR patients was significantly older than SR
patients (10.25 vs. 5.10, p<0:001). HR patients also had sig-
nificantly higher BMI z-scores (0.58 vs. 0.15, p¼ 0:010) and
significantly more complications than SR patients including
MID (13.1% vs. 4.3%, p¼ 0:010), higher CNS status (p¼
0:007), infection rate (68.3% vs. 45.7%, p<0:001), number
of infections (2.38 vs. 1.80, p<0:001), relapsed disease
(10.7% vs. 4.3%, p¼ 0:047), and death (11.5% vs. 1.4%,
p<0:001). Most SR patients received dexamethasone as their
steroid (98.5%), whereas majority of HR patients received
prednisone (53.0%). Two SR and one HR patient developed
pancreatitis during induction therapy.

Table 4 compares patients by risk classification and MID
diagnosis with statistically significant values bolded. There
was no significant difference in age, sex, BMI, or CNS status
in SR patients with MID vs. without. HR patients who devel-
oped MID were significantly older (12.09 vs. 8.42, p¼ 0:014),
had higher BMI z-scores (1.26 vs. 0.48, p¼ 0:003), and had
higher CNS status (p¼ 0:010) compared to HR patients
without MID. Although not significant, HR patients with
MID developed hyperglycemia sooner after induction ther-
apy initiation compared to SR patients with MID (6.56 days
vs. 9.50 days, p¼ 0:093). Thirty-five percent of HR T-cell
ALL patients were >10 years of age compared to 48% of
HR B-cell ALL patients.

Lastly, Table 5 compares HR patients treated with dexa-
methasone vs. prednisone with statistically significant values
bolded. Overall, HR patients treated with prednisone were
significantly older than those treated with dexamethasone
(13.33 vs. 3.49, p<0:001) and developed significantly more
MID (21.5% vs. 3.5%, p¼ 0:003). When specifically analyzing
HR patients over 10 years of age who received prednisone,
those who developed MID, had significantly higher BMI
z-scores (1.32 vs. 0.39, p¼ 0:0017) than those who did not.

4. Discussion

MID is a common side effect during pediatric ALL treat-
ment. In our cohort, 8.4% of patients developed MID during
the induction phase of treatment, and 83% of these patients
required treatment with insulin.

The occurrence of MID during therapy has been mainly
attributed to acute stress, critical illness, and the direct effect
of chemotherapeutic agents [16, 17]. L-asparaginase has been

shown to cause subclinical impairment of insulin secretion,
and glucocorticoids have been associated with multiple mechan-
isms including β cell damage, decreased insulin synthesis,
increased insulin resistance, and increased gluconeogenesis
[17, 18]. When used alone or particularly in combination, these
agents can cause hyperglycemia in the diabetes range [19]. Of
note, MID is not limited to patients with ALL. Steroids used for
treatment in other acute and chronic conditions such as nephrotic
syndrome and collagen disease report rates of steroid-induced
hyperglycemia that range from 2% to 26% [20, 21].

When comparing risk groups, 4% of SR patients devel-
oped MID versus 13% of HR patients. This is similar to West
et al.’s [22] study who reported that 4% of SR patients devel-
oped hyperglycemia versus 18% of HR patients in their
cohort. However, they graded hyperglycemia using the Com-
mon Terminology Criteria for Adverse Events (CTCAE).
They used a grade 2 or higher as their cut-off, indicating
patients had received insulin or other medications to treat
the hyperglycemia. Although the CTCAE is able to indicate
the severity of adverse events commonly encountered in
oncology, our method of using blood glucose levels to diag-
nosis MID is the most common method used in published
literature on hyperglycemia in pediatric ALL. This allows us
to make comparisons to previous literature using the inter-
nationally accepted definition of diabetes.

Tsai et al. [23] also studied risk factors for hyperglycemia
during chemotherapy for pediatric ALL in Taiwanese chil-
dren. They found that 4% of SR patients and 24% of HR
patients developed MID [23]. However, they recorded hyper-
glycemia throughout the full length of treatment and not
exclusively during induction therapy. Lastly, Sonabend et al.
[8] reported the rates of hyperglycemia by risk classification,
but included postprandial hyperglycemia readings and
reported both mild and overt hyperglycemia. Mild hypergly-
cemia included patients who had two or more blood glucose
concentrations between 7.8 and 11.1mmol/L, while overt
hyperglycemia included those with one ormore blood glucose
concentrations greater than 11.1mmol/L [9]. Their rates were
higher with 25% and 18% of SR patients having mild and
overt hyperglycemia and 24% and 56% of HR patients having
mild and overt hyperglycemia, respectively [9].

The majority of patients who developed MID in our
cohort received prednisone as their steroid. When separated
by risk classification, HR patients treated with prednisone
developed the highest rate of MID, with more than one in

TABLE 2: High-risk B- and T-ALL induction phase (35 days) regimens.

Chemotherapy agents Schedule Dose

Dexamethasone PO (<10 years of age)b Days 1–14 10mg/m2

Prednisone PO (≥10 years of age) Days 1–28 60mg/m2

Vincristine IV Days 1, 8, 15, 22 1.5–2mg/m2

Daunorubicin IV Days 1, 8, 15, 22 25mg/m2

PEG asparaginase IM/IV Day 4 2,500 IU/m2

Cytarabine IT Day 1 (CNS2 requires more) 30, 50, or 70mga

Methotrexate IT Days 8, 29 (also days 15, 22 for CNS3) 8, 10, or 12mga

aDosing adjusted for age. bAs dexamethasone is approximately sixfold as potent as prednisone, both HR patients under and over 10 years of age received the
equivalent of 60mg/m2 of prednisone, but for different durations (14 vs. 28 days). CNS, central nervous system.
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five patients developing high blood sugars. Patients who
developed MID were also found to be significantly older
and have higher BMI z-scores. McCormick et al. [24] ana-
lyzed more than 6,000 pediatric ALL patients in the United
States. Similarly, older children were typically treated with
prednisone in their treatment protocols. They identified an
association between hyperglycemia and prednisone use on
univariate analysis, but this relationship was not significant
on multivariate analysis [24]. The loss of an association
between prednisone use and hyperglycemia may represent
confounding by the influence of age and HR status [24].
Therefore, it is difficult to conclude if it is the higher disease
burden responsible for hyperglycemia in this group or age
and steroid type used or a combination of any of these.

Regarding long-term outcomes of patients, only one HR
patient required long-term insulin replacement for persistent
diabetes. This patient was investigated for type 1 diabetes
which found GAD antibodies to be negative.

Asparaginases are a critical component of pediatric ALL
therapy. This chemotherapeutic agent works by depleting serum
asparagine and selectively killing leukemic cells that require this
critical amino acid for protein synthesis. There are two native
forms: one derived from Escherichia coli and the other from
Erwinia chrysanthemi. Erwinia asparaginase has a half-life of
approximately 0.6 days, and E. coli has a half-life of approxi-
mately 1.2 days [25].Monomethoxypolyethylene glycol (PEG) is
also frequently covalently attached to E. coli asparaginase,
extending its half-life to 5.7 days [25]. Because of the need for

TABLE 4: Demographic and clinical characteristics by risk classification and MID diagnosis.

Variables
Standard risk High risk

No MID MID p-Value No MID MID p-Value
N= 134 N= 6 N= 106 N= 16

Mean age at dx, years (range) 4.67 (1.0–13.3) 5.52 (3.58–9.5) 0.37 8.42 (0.08–18.75) 12.09 (0.83–18.5) 0.014
Age< 10 years, n (%) 134 (100) 6 (100) — 62 (58.5) 4 (25) 0.012
Age> 10 years, n (%) 0 0 — 44 (41.5) 12 (75) —

Mean BMI, z-score (range) 0.10 (−3.97 to 2.92) 0.97 (0.3–2.18) 0.196 0.48 (−1.78 to 2.50) 1.26 (0.05–2.59) 0.003
Sex, n (%) N (%) N (%) N (%) N (%)
Male 75 (56.0) 4 (66.7) 0.605 56 (52.8) 7 (43.7) 0.498
Female 59 (44.0) 2 (33.3) — 50 (47.2) 9 (56.3) —

Trisomy 21, n (%) 3 (2.2) 1 (16.7) 0.038 0 1 (6.2) 0.010
Type of ALL, n (%)

B cell 134 (100) 6 (100) 1.0 88 (83.0) 14 (87.5) 0.652
T cell 0 0 — 18 (17.0) 2 (12.5) —

Steroid, n (%)
Dexamethasone 132 (98.5) 6 (100) 0.76 51 (48.1) 2 (12.5) 0.007
Prednisone 2 (1.5) 0 (0) — 55 (51.9) 14 (87.5)

First day of hyperglycemia — 9.50 — — 6.56 0.093
CNS status, n (%)

CNS 1 122 (91.0) 5 (83.3) 0.52 83 (78.3) 9 (56.3) 0.010
CNS 2 12 (9.0) 1 (16.7) — 22 (20.7) 5 (31.2) —

CNS 3 0 0 — 1 (0.94) 2 (12.5) —

Patients with ≥1 infection, n (%) 60 (44.8) 4 (66.7) 0.28 74 (69.2) 10 (62.5) 0.54
Mean number of infective episodes 1.80 1.75 0.47 2.39 2.30 0.61
Relapsed disease, n (%) 5 (3.7) 1 (26.7) 0.13 13 (12.3) 0 0.14
Deceased, n (%) 2 (1.5) 0 0.76 13 (12.3) 1 (6.2) 0.48

CNS, central nervous system. Bold signifies statistically significant values.

TABLE 5: High-risk patient demographics by steroid treatment.

Variables
HR treated with dexamethasone HR treated with prednisone

p-Value
N= 57 N= 65

Developed MID, n (%) 2 (3.51%) 14 (21.53%) 0.003
Mean age at dx, years (range) 3.49 (0.08–8.50) 13.33 (7.42–18.75) 0.001
Mean BMI, z-score (range) 0.579 (−1.19 to 1.85) 0.57 (−1.78 to 2.59) 0.544
Sex, n (%) N (%) N (%) —

Male 30 (52.6) 33 (50.77) 0.837
Female 27 (47.4) 32 (49.23) —

Bold signifies statistically significant values.
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less frequent dosing, pegylated asparaginase is the first line
choice and all of our patients received this formduring induction
therapy. However, up to 30% of patients develop a hypersensi-
tivity reaction and need to be switched to Erwinia [26]. The
mean time to development of MID after receiving asparaginase
was 2.56 days, which was comparable to Pollock et al. [27] who
found that mean glucose levels peaked 3 days following admin-
istration of PEG-asparaginase during the induction phase of
treatment in their cohort of children with ALL.

CNS status is determined at diagnosis and classified as
CNS 1, 2, or 3. Those with CNS 2 or 3 receive more intense
treatment with increased intrathecal doses of cytarabine and
methotrexate during induction therapy. In our population,
greater CNS disease was associated with higher rates of MID.
Neither IT cytarabine nor methotrexate is not known to
cause hyperglycemia, and in fact, use of methotrexate may
have some protective effects against insulin resistance [28].
Given the small sample size, however, it cannot be concluded
that CNS disease increases risk of MID independently.

In our cohort, patients who developed MID were also
more likely to have Trisomy 21. Patients with Trisomy 21
are also known to have higher rates of diabetes in the non-
cancer population, and these findings are consistent with the
current literature [7, 9, 22]. Our patients with MID did not
have increased rates of infection, relapsed disease, or death.
We also did not find a relationship between sex and MID.
These results oppose some published data on MID in pedi-
atric ALL patients [7–9, 22, 29, 30].

Lastly, it is important to discuss the testing protocol used
in our population. Typically, patients’ urine glucose was mea-
sured twice weekly and if elevated, blood glucose was drawn.
However, these glucose checks were not part of a standardized
protocol. Handattu et al. [17] proposed an approach to diag-
nosis and management of MID in pediatric ALL patients.
They highlighted the importance of considering multiple fac-
tors when screening for hyperglycemia including the potency
of steroids used, the dose, duration and peak time to action,
dose scheduling, individual risk factors, and concurrent use of
other medications [17]. For example, prednisone is an
intermediate-acting glucocorticoid. When given as a single
morning dose, it is likely to cause postlunch and nighttime
hyperglycemia corresponding to its peak (4–6 hr) and dura-
tion of action (12–16 hr). Therefore, glucose measurement
should be postlunch and/or predinner [17]. On the other
hand, dexamethasone is a long-acting steroid. This will result
in persistent hyperglycemia throughout the day with a slight
decrease after fasting overnight. A fasting glucose is therefore
ideal to test for hyperglycemia in these patients. For L-aspar-
aginase-induced MID, a random blood glucose test can be
used as there is no fixed pattern of hyperglycemia [17]. This
testing is especially important during induction therapy as
medications are given in high doses.

This study is the first to look at the entire population of
patients diagnosed with ALL in the Maritime provinces over
a 20-year time span. A strength of this study includes the
standardized approach to treatment: one health center
directed the therapy for all children and had a long-term
patient follow-up to assess disease relapse and long-term

survival. Although single-center studies risk not being gen-
eralizable to other populations, patients seen at this center
represented patients from all over the Canadian Maritime
provinces, with an estimated total population of 1.9million,
and therefore is a diverse cohort. One limitation was the
format of glucose checks. These were not conducted as
part of a standardized protocol and may have underesti-
mated the prevalence of MID in our cohort. The sample
size of this study is another major limitation. Because of
our sample size, we were unable to do multivariate analyses
to evaluate the impact of various factors independently. We
also know that family history of diabetes mellitus can have an
impact on occurrence of hyperglycemia. This information
was not always documented in the charts for review. Finally,
patients were treated over a 20-year time span. A variety of
treatment protocols were used and although the same che-
motherapeutic drugs were administered, the doses and
schedule varied slightly. We were therefore not able to assess
the effect of any one protocol on the development of MID.

5. Conclusions

In conclusion, this study demonstrates that hyperglycemia
during induction chemotherapy is associated with HR dis-
ease, prednisone use, older age, higher BMI, higher CNS
status, and Trisomy 21. As hyperglycemia can be easily iden-
tified through routine screening, protocols that consider
individual patient risk factors and treatment regimens
should be developed and implemented, particularly for HR
leukemia patients receiving prednisone. For example, asses-
sing risk at the beginning of treatment would be important
and higher risk individuals may warrant more frequent mon-
itoring during the induction phase. In addition, routine fast-
ing glucose or urinalysis during the induction phase that is
standardized for all patients would be necessary. Future stud-
ies are needed to evaluate the impact of standardized early
identification and treatment on patient health outcomes.

Data Availability

The data used to support the findings of this study are
included within the article.

Disclosure

This abstract was previously presented as a poster at the 54th
Congress of the International Society of Paediatric Oncology
on October 1, 2022.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

References

[1] National Cancer Institute, “Childhood acute lymphoblastic
leukemia treatment (PDQ®)—health professional version,”
2022, https://www.cancer.gov/types/leukemia/hp/child-all-trea
tment-pdq.

6 Pediatric Diabetes

https://www.cancer.gov/types/leukemia/hp/child-all-treatment-pdq
https://www.cancer.gov/types/leukemia/hp/child-all-treatment-pdq
https://www.cancer.gov/types/leukemia/hp/child-all-treatment-pdq
https://www.cancer.gov/types/leukemia/hp/child-all-treatment-pdq


[2] American Cancer Society, “Treatment of children with acute
lymphocytic leukemia (ALL),” 2019, https://www.cancer.org/
cancer/leukemia-in-children/treating/children-with-all.html.

[3] S. L. Cooper and P. A. Brown, “Treatment of pediatric acute
lymphoblastic leukemia,” Pediatric Clinics of North America,
vol. 62, no. 1, pp. 61–73, 2015.

[4] S. P. Hunger and C. G. Mullighan, “Acute lymphoblastic
leukemia in children,” New England Journal of Medicine,
vol. 373, no. 16, pp. 1541–1552, 2015.

[5] A. E. Place, K. E. Stevenson, L. M. Vrooman et al., “Intrave-
nous pegylated asparaginase versus intramuscular native
Escherichia coli l-asparaginase in newly diagnosed childhood
acute lymphoblastic leukaemia (DFCI 05-001): a randomised,
open-label phase 3 trial,” The Lancet Oncology, vol. 16, no. 16,
pp. 1677–1690, 2015.

[6] P. Bressler and R. A. De Fronzo, “Drugs and diabetes,”
Diabetes Reviews, vol. 2, pp. 53–84, 1994.

[7] S. R. Lowas, D. Marks, and S. Malempati, “Prevalence of
transient hyperglycemia during induction chemotherapy for
pediatric acute lymphoblastic leukemia,” Pediatric Blood &
Cancer, vol. 52, no. 7, pp. 814–818, 2009.

[8] R. Y. Sonabend, S. V. McKay, M. F. Okcu, J. Yan,
M. W. Haymond, and J. F. Margolin, “Hyperglycemia during
induction therapy is associated with increased infectious
complications in childhood acute lymphocytic leukemia,”
Pediatric Blood & Cancer, vol. 51, no. 3, pp. 387–392, 2008.

[9] R. Y. Sonabend, S. V. McKay, M. F. Okcu, J. Yan,
M. W. Haymond, and J. F. Margolin, “Hyperglycemia during
induction therapy is associated with poorer survival in
children with acute lymphocytic leukemia,” The Journal of
Pediatrics, vol. 155, no. 1, pp. 73–78, 2009.

[10] J. Baillargeon, A.-M. Langevin, J. Mullins et al., “Transient
hyperglycemia in hispanic children with acute lymphoblastic
leukemia,” Pediatric Blood & Cancer, vol. 45, no. 7, pp. 960–
963, 2005.

[11] D. Koltin, L. Sung, A. Naqvi, and S. L. Urbach, “Medication
induced diabetes during induction in pediatric acute
lymphoblastic leukemia: prevalence, risk factors and char-
acteristics,” Supportive Care in Cancer, vol. 20, pp. 2009–2015,
2012.

[12] J. R. Roberson, H. L. Spraker, J. Shelso et al., “Clinical
consequences of hyperglycemia during remission induction
therapy for pediatric acute lymphoblastic leukemia,” Leuke-
mia, vol. 23, pp. 245–250, 2009.

[13] J. McNeer and K. Schmiegelow, “Management of CNS disease
in pediatric acute lymphoblastic leukemia,” Current Hemato-
logic Malignancy Reports, vol. 17, pp. 1–14, 2022.

[14] M. A. Weiser, M. E. Cabanillas, M. Konopleva et al., “Relation
between the duration of remission and hyperglycemia during
induction chemotherapy for acute lympocytic leukemia with
hyperfractionated cyclophosphamide, vincistine, doxorubicin,
and dexamethasone/methotrexate-cytarabine,” Cancer,
vol. 100, no. 6, pp. 1179–1185, 2004.

[15] Z. Punthakee and R. Goldenberg, “Definition, classification and
diagnosis of diabetes, prediabetes and metabolic syndrome,”
Canadian Journal of Diabetes, vol. 37, pp. S8–S11, 2013.

[16] M. Aisyi, M. Andriastuti, and N. Kurniati, “The effect of
combination of steroid and l-asparaginase on hyperglycemia
in children with acute lymphoblastic leukemia (ALL),” Asian
Pacific Journal of Cancer Prevention, vol. 20, no. 9, pp. 2619–
2624, 2019.

[17] K. Handattu, L. K. Sharma, K. Vijayasekharan, V. Bhat K.,
S. Aroor, and S. Sudhanshu, “Drug induced diabetes mellitus

in pediatric acute lymphoblastic leukemia: approach to
diagnosis and management,” Journal of Pediatric Hematology/
Oncology, vol. 44, no. 6, pp. 273–279, 2022.

[18] M. Tosur, J. Viau-Colindres, M. Astudillo, M. J. Redondo, and
S. K. Lyons, “Medication-induced hyperglycemia: pediatric
perspective,” BMJ Open Diabetes Research & Care, vol. 8,
no. 1, Article ID e000801, 2020.

[19] V. Brady, S. Thosani, S. Zhou, R. Bassett, N. L. Busaidy, and
V. Lavis, “Safe and effective dosing of basal—bolus insulin in
patients receiving high-dose steroids for hyper-
cyclophosphamide, doxorubicin, vincristine, and dexametha-
sone chemotherapy,” Diabetes Technology & Therapeutics,
vol. 16, no. 12, pp. 874–879, 2014.

[20] D. S. Gipson, K. L. Messer, C. L. Tran et al., “Inpatient health
care utilization in the United States among children,
adolescents, and young adults with nephrotic syndrome,”
American Journal of Kidney Diseases, vol. 61, no. 6, pp. 910–
917, 2013.

[21] I. Tatsuno and T. Sugiyama, “Glucocorticoid-induced diabetes
mellitus is a risk for vertebral fracture during glucocorticoid
treatment,” Diabetes Research and Clinical Practice, vol. 93,
no. 1, pp. e18–e20, 2011.

[22] Z. E. West, S. M. Castellino, C. Monroe, A. S. Thomas,
C. McCracken, and T. P. Miller, “Quantifying the difference in
risk of adverse events by induction treatment regimen in
pediatric acute lymphoblastic leukemia,” Leukemia &
Lymphoma, vol. 62, no. 4, pp. 899–908, 2021.

[23] M.-C. Tsai, H.-H. Huang, Y.-Y. Chou, C.-N. Cheng, J.-S. Chen,
and S.-J. Lin, “Risk factors for hyperglycemia during
chemotherapy for acute lymphoblastic leukemia among
Taiwanese children,” Pediatrics and Neonatology, vol. 56,
no. 5, pp. 339–345, 2015.

[24] M. C. McCormick, E. Sharp, R. Kalpatthi et al., “Hyperglyce-
mia requiring insulin during ALL induction chemotherapy
associated with increased adverse outcomes and healthcare
costs,” Pediatric Blood & Cancer, vol. 67, no. 9, Article ID
e28475, 2020.

[25] L. J. Ettinger, A. G. Ettinger, W. I. Avramis, and P. S. Gaynon,
“Acute lymphoblastic leukaemia: a guide to asparaginase and
pegaspargase therapy,” BioDrugs, vol. 7, pp. 30–39, 1997.

[26] R. A. Egler, S. P. Ahuja, and Y. Matloub, “L-asparaginase in
the treatment of patients with acute lymphoblastic leukemia,”
Journal of Pharmacology and Pharmacotherapeutics, vol. 7,
no. 2, 2016.

[27] N. I. Pollock, Y. Flamand, J. Zhu et al., “Hyperglycemia during
induction therapy for acute lymphoblastic leukemia is
temporally linked to pegaspargase administration,” Pediatric
Blood & Cancer, vol. 69, no. 7, Article ID e29505, 2022.

[28] L. R. Baghdadi, “Effect of methotrexate use on the
development of type 2 diabetes in rheumatoid arthritis
patients: a systematic review and meta-analysis,” PLOS ONE,
vol. 15, no. 12, Article ID e0235637, 2020.

[29] R. Laila, A. Islam, and M. M. Bhuiyan, “Incidence of
hyperglycemia during induction of remission phase of
pediatric acute lymphoblastic leukemia,”Mymensingh Medical
Journal (MMJ), vol. 25, no. 4, pp. 730–735, 2016.

[30] J. M. Dare, J. P. Moppett, J. P. Shield, L. P. Hunt, and
M. C. Stevens, “The impact of hyperglycemia on risk of
infection and early death during induction therapy for acute
lymphoblastic leukemia (ALL),” Pediatric Blood & Cancer,
vol. 60, no. 12, pp. E157–E159, 2013.

Pediatric Diabetes 7

https://www.cancer.org/cancer/leukemia-in-children/treating/children-with-all.html
https://www.cancer.org/cancer/leukemia-in-children/treating/children-with-all.html
https://www.cancer.org/cancer/leukemia-in-children/treating/children-with-all.html
https://www.cancer.org/cancer/leukemia-in-children/treating/children-with-all.html
https://www.cancer.org/cancer/leukemia-in-children/treating/children-with-all.html



