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Incidence and outcomes of treatment-associated

hepatotoxicity during pediatric acute lymphoblastic

leukemia induction therapy: a Reducing Ethnic Disparities

in Acute Leukemia (REDIAL) Consortium report

Acute lymphoblastic leukemia (ALL) is the most common
malignancy diagnosed in those less than 15 years of age.
While 5-year overall survival (OS) exceeds 90% with con-
temporary treatment regimens,' longstanding racial and
ethnic disparities in OS and event-free survival (EFS) re-
main.? Achieving remission during the critical initial induc-
tion phase of ALL therapy is highly predictive of disease
relapse and survival;®> however, induction therapy consists
of intensive and potentially toxic chemotherapy which may
result in significant treatment-associated hepatotoxicity
(TAH) in pediatric patients with ALL.*

The incidence and precipitating factors for TAH are not
well-established, although susceptibility to hepatotoxic
chemotherapy may differ by age, obesity, and ethnici-
ty.5¢ In the general population, nearly one-third of youth
are overweight, with some of the highest rates observed
among Hispanic children.” Clinically significant TAH during
the induction phase of therapy may necessitate dose re-
ductions or omissions of vital chemotherapeutic agents.®
As a result, ethnic differences in TAH may contribute to
observed disparities in ALL relapse and survival. The objec-
tives of this study were to describe the incidence and risk
factors for TAH during induction therapy and evaluate the
impact of TAH during induction therapy on ALL outcomes
in an ethnically diverse cohort of pediatric patients with
ALL enrolled in the multi-site Reducing Ethnic Disparities
in Acute Leukemia (REDIAL) Consortium.

The REDIAL Consortium includes patients with acute leu-
kemia treated at six childhood cancer centers across the
Southwestern US (Texas Children’s Cancer Center Houston,
Vannie E. Cook Jr. Children’s Cancer Center, Cook Children’s
Medical Center, Children’s Hospital of San Antonio, Chil-
dren’s Medical Center at UT Southwestern, and Children’s
Hospital of Orange County). Institutional review boards at
each participating site reviewed and approved the study
protocol for this retrospective chart review and granted a
waiver of informed consent. Infants (<1 year) and patients
with Down Syndrome were excluded from the analysis.
Patient demographic and clinical parameters were abstract-
ed from electronic medical records (EMR). Body mass index
(BMI) in kg/m? was calculated from weight (kg) and height
(meters) at diagnosis. Z-scores were generated based on
patient age and sex using Center for Disease Control and
Prevention definitions for children (<20 years old) or adult

definitions if the patient was =20 years old.® BMI percen-
tiles were subsequently used to categorize patients as
underweight (<5%), normal weight (5-84.9%), overweight
(85-94.9%), or obese (295%). B-ALL was classified as na-
tional Cancer Institute (NCI) standard risk if the patient
was 1-9 years of age at ALL diagnosis with a white blood
cell (WBC) <50x10°%/uL or NCI high risk if the patient was
age 210 years of age at ALL diagnosis or presented with a
WBC =50x10°/uL.

The primary endpoint of TAH during induction therapy was
clinically assessed through liver function tests (LFT) includ-
ing aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), total bilirubin (TB), and conjugated bilirubin
(CB). Liver laboratory results were assessed at diagnosis
and at the end of the induction phase. Additional interval
time points during the induction phase were collected at
the discretion of the treating physician or institution. The
highest post-diagnosis value available for each individual
was graded according to the Common Terminology Criteria
for Adverse Events (CTCAE) version 4: grade 3 transaminitis
if maximum AST or ALT >5-times to 20-times the institu-
tional upper limit of normal (ULN), grade 4 transaminitis if
maximum AST or ALT >20-times the ULN, grade 3 hyper-
bilirubinemia if maximum TB >3-times to 10-times ULN,
and grade 4 hyperbilirubinemia if maximum TB >10-times
the ULN. The pragmatic endpoint of CB >3 mg/dL was used
to define severe TAH; this is the threshold that typically
necessitates dose reductions or omissions for induction
chemotherapy on most contemporary National Clinical
Trials Network ALL protocols.

A total of 1,865 eligible patients were identified (Table 1),
including 1,099 Hispanic, 505 non-Hispanic White, and 107
non-Hispanic Black patients (Online Supplementary Table
S7). Nearly a third of the cohort (29.9%) was =10 years old
at ALL diagnosis and received HR ALL therapy with a four-
drug induction inclusive of daunorubicin and overweight/
obesity was present in 34.3% of the population at diag-
nosis. Grade 23 ALT was observed in 23.8% of cases, AST
in 8.4%, TB in 6.9%, and CB >3 mg/dL occurred in 3.0%
of patients through the end of induction therapy (Online
Supplementary Table ST). Incident cases of grade >3 ALT,
grade 23 TB, and CB >3 mg/dL occurred more frequently
(P<0.05) in Hispanics of all races than non-Hispanics of
all races (Online Supplementary Table ST) not adjusting
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for other clinical factors. Because elevated BMI and older
age at ALL diagnosis have consistently been implicated in
hepatotoxicity,© statistical interaction between age at ALL
diagnosis and BMI category (underweight/normal weight
vs. overweight/obese) was evaluated in multivariable lo-
gistic regression models (Online Supplementary Table S2).
Statistically significant (P<0.05) interaction was observed
between age at ALL diagnosis and overweight/obesity for
grade 23 AST and CB >3 mg/dL (Online Supplementary Ta-
ble S2). Models stratifying on age (<10 years vs. 210 years)
and BMI status indicate that patients age =10 years with
overweight/obesity experienced the highest frequency of
each outcome (Online Supplementary Figure S7): grade
>3 ALT (34.1%), AST (16.8%), TB (17.0%), and CB >3 mg/dL
(11.7%). Among individuals age =10 years with overweight/
obesity, Hispanics of all races experienced higher rates
of TAH (Figure 1) compared to non-Hispanics of all races,
with the differences for CB >3 mg/dL reaching statistical
significance (14.4% vs. 3.6%; P=0.02).

To assess the potential impact of clinically significant hep-
atotoxicity on treatment outcomes, we compared 5-year
EFS and OS between individuals with a CB >3 mg/dL during
induction therapy and those with a CB <3 mg/dL (Table
2). During a median follow-up of 4.6 years, a total of 263
events occurred (relapse or death). In multivariable Cox
proportional hazards models accounting for race, ethnicity,

age, weight status at diagnosis, and NCI risk group (Table
2), a CB >3 mg/dL during induction remained significantly
associated with poorer EFS (hazard ratio [HR]=1.89; 95%
confidence interval [CI]: 112-3.17; P=0.017) and OS (HR=2.43;
95% Cl: 1.33-4.33; P=0.004).

Our findings are consistent with prior work identifying
overweight/obesity and older age (=10 years) as risk factors
for TAH.>¢ In an analysis of more than 2,000 patients with
high-risk ALL treated on the Children’s Oncology Group
(COG) CCG1961 protocol, obese patients were 30% more
likely to develop TAH during any treatment cycle compared
to non-obese patients." Extending this work, we provide
additional evidence that the incidence of severe TAH (i.e.,
CB >3 mg/dL), typically necessitating treatment modifica-
tions on contemporary ALL treatment protocols, increases
with both higher BMI and older age. Notably, the highest
rates of TAH were consistently observed among patients
with overweight or obesity diagnosed with ALL at >10 years
of age.

We also observed suggestive evidence of ethnic differences
in TAH incidence during ALL induction therapy. Hispanic pa-
tients developing TAH slightly more frequently than non-His-
panic patients (Online Supplementary Table ST7), although
these differences did not retain statistical significance in
multivariable models (Online Supplementary Table S2). This
pattern is consistent with prior work describing dispari-

Table 1. Clinical characteristics of pediatric acute lymphoblastic leukemia patients (N=1,865).

Characteristics Overall
Median age at diagnosis, years (range) 6.0 (1.0-22.3)
Age group, years, N (%)

1-9 1,308 (70.2)

=10 556 (29.8)
Biologic sex, N (%)

Male 1,053 (56.5)

Female 812 (43.5)
Ethnicity, N (%)

Non-Hispanic 746 (40.4)

Hispanic 1,099 (59.6)
Race, N (%)

White 1,431 (76.7)

Black 113 (6.1)

Other 254 (13.6)

Unknown 67 (3.6)
Diagnosis and NCI risk group, N (%)

Standard-risk B-ALL 1,013 (54.4)

High-risk B-ALL/T-ALL 849 (45.6)
BMI category at diagnosis, N (%)

Underweight/normal weight 1,089 (65.7)

Overweight/obese 568 (34.3)

Induction conjugated bilirubin

P1
<3 mg/dL >3 mg/dL
7.6 (1.0-22.3) 13.0 (3.1-19.8) <0.01
1,086 (70.3) 11 (22.9) -
458 (29.7) 37 (77.1)
0.39
870 (56.4) 30 (62.5)
674 (43.7) 18 (37.5)
<0.01
594 (38.9) 8(17.4)
934 (61.1) 38 (82.6)
0.02
1,199 (77.7) 35 (72.9)
80 (5.2) 1(2.1)
221 (14.3) 7 (14.6)
44 (2.9) 5(10.4)
<0.01
837 (54.3) 9 (18.8)
705 (45.7) 39 (81.2)
<0.01
933 (66.6) 16 (34.8)
469 (33.4) 30 (65.2)

P value based on t test for continuous variables and %* or Fisher’s exact test for categorical variables. ALL: acute lymphoblastic leukemia;
NCI: National Cancer Institute, BMI: body mass index. Conjugated bilirubin data incomplete or unavailable on N=273 individuals during induc-

tion therapy.
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ties in TAH, including higher ALT levels observed among
Hispanics compared to those of other ethnic groups.™™ To
further explore the relationship between age, obesity, and
ethnicity, we compared TAH incidence across combined
age, BMI group, and ethnic strata. Hispanic patients age
>10 years with overweight/obesity had a higher incidence

of CB >3 mg/dL than non-Hispanic patients in the same
category (Figure 1), suggesting that ethnic disparities in TAH
are not fully explained by racial and ethnic differences in
overweight/obesity prevalence alone. Although the biolog-
ical mechanisms underlying disparities in TAH during ALL
therapy are not completely known, ethnic differences in

Table 2. Factors associated with event-free survival and overall survival among pediatric patients with acute lymphoblastic leu-

kemia.
N of events N at risk Unadjusted associations’ Adjusted associations’
Event-free survival
N=263 N=1,865 HR (95% Cl) P HR (95% Cl) P
Conjugated bilirubin, mg/dL <0.001 0.017
<3 215 1,544 Ref Ref
>3 17 48 3.06 (1.87-5.01) 1.89 (1.12-3.17)
Ethnicity 0.003 0.010
Non-Hispanic 83 746 Ref Ref
Hispanic 179 1,099 1.50 (1.15-1.94) 1.55 (1.11-2.17)
Race
White 202 1,431 Ref Ref
Black 14 113 0.94 (0.55-1.62) 0.822 1.19 (0.60-2.37) 0.608
Other 38 254 1.10 (0.78-1.55) 0.603 1.14 (0.77-1.68) 0.511
Unknown 9 67 0.92 (0.47-1.79) 0.799 1.02 (0.45-2.32) 0.971
gD:(a).SSOSIS and NCI risk <0.001 0.001
. 83 1,013 Ref Ref
B-ALL standard risk i
B-ALL high risk/T-ALL 179 849 2.88 (2.22-3.74) 1.91 (1.29-2.82)
BMI category at diagnosis <0.001 0.058
Under/normal weight 123 1,089 Ref Ref
Overweight/obese 108 568 1.77 (1.37-2.29) 1.32 (0.99-1.77)
Age at diagnosis, years 263 1,865 1.10 (1.07-1.12) <0.001 1.04 (1.01-1.08) 0.044
N of events N at risk Unadjusted associations’ Adjusted associations’
Overall survival
N=144 N=1,865 HR (95% CI) P HR (95% ClI) P
Conjugated bilirubin, mg/dL <0.001 0.004
<3 110 1,544 Ref Ref
>3 14 48 4.90 (2.80-8.55) 2.43 (1.33-4.43)
Ethnicity 0.178 0.098
Non-Hispanic 51 746 Ref Ref
Hispanic 93 1,099 1.27 (0.90-1.80) 1.51 (0.93-2.47)
Race
White 98 1,431 Ref Ref
Black 12 113 1.72 (0.95-3.14) 0.076 2.08 (0.92-4.70) 0.079
Other 26 254 1.47 (0.94-2.30) 0.091 1.53 (0.91-2.55) 0.106
Unknown 8 67 1.70 (0.83-3.50) 0.149 1.85 (0.79-4.36) 0.157
Diagnosis and NCI risk <0.001 0.004
group
B-ALL standard risk 34 1,013 Ref Ref
B-ALL high risk/T-ALL 110 849 417 (2.82-6.17) 2.51 (1.35-4.66)
BMI category at diagnosis <0.001 0.109
Under/normal weight 59 1,089 Ref Ref
Overweight/obese 64 568 2.15 (1.50-3.09) 1.40 (0.92-2.10)
Age at diagnosis, years 144 1,865 1.14 (1.10-1.17) <0.001 1.08 (1.02-1.13) 0.009

'"Unadjusted estimates obtained from Cox proportional hazards model; adjusted estimates obtained from multivariable Cox proportional haz-
ards model, accounting for all other variables included in Table 1. ALL: acute lymphoblastic leukemia; HR: hazard ratio; Cl: confidence interval,;

NCI: National Cancer Institute; BMI: body mass index; Ref: reference.
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Figure 1. Incidence of Common Terminology Criteria for Adverse Events grade 23 aspartate aminotransferase, alanine amino-
transferase, total bilirubin, and conjugated bilirubin >3 mg/dL during the induction phase of pediatric acute lymphoblastic leu-
kemia therapy among patient >10 years of age with overweight or obesity, stratified by self-reported ethnicity. AST: aspartate
aminotransferase; ALT: alanine aminotransferase; Bili: bilirubin; C. Bili: conjugated Bili; Cl: confidence interval.

both inherited genetic and non-genetic factors could be
partly responsible for variable susceptibility to TAH during
ALL therapy.*™

TAH during induction therapy is most often attributed to
asparaginase chemotherapy, which has been a component
of ALL treatment regimens for decades. Most contemporary
ALL protocols require dose reducing asparaginase for pa-
tients experiencing severe TAH with a CB >3 mg/dL. In the
current study a CB >3 mg/dL during induction therapy was
associated with a 5-year EFS of 60.5% (95% Cl: 43.7-73.7),
compared to 83.5% (95% Cl: 81.4-85.5) among patient with
no evidence of dose-limiting TAH during induction ther-
apy. These findings highlight the potential importance of
preventing dose-limiting toxicities such as TAH to reduce
morbidity and give patients the best chance for cure.
The strengths of this study lie in its large, multi-site cohort
and systematic, comprehensive data collection. However,
our results were limited by the data available in the EMR,
which may have been incomplete. Additionally, we did not
evaluate host genetics, socioeconomic, or environmental
factors in the current analysis, although these variables
may contribute to TAH susceptibility in this population.
Severe TAH can disrupt the metabolism or delivery of
curative therapy during critical phases of therapy and, as
shown in this cohort, potentially impact the chances of
survival. Identifying at-risk patients at the start of therapy
may allow for personalized treatment approaches to mit-

igate toxicity burden, leading to reductions in relapse and
improved survival.
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