A report from the Leukemia Electronic Abstraction
of Records Network on risk of hepatotoxicity dur-
ing pediatric acute lymphoblastic leukemia treat-
ment

The objective of this work was to identify determi-
nants of treatment-associated hepatotoxicity (TAH) in a
diverse population of 782 children with acute lym-
phoblastic leukemia (ALL). Based on extracted electronic
medical record data, nearly all subjects experienced mild-
ly elevated hepatic laboratory values (HL), particularly
those given high-intensity treatment. Furthermore,
15.9% of subjects experienced TAH in at least one post-
induction treatment phase, which was associated with
increased body mass index, but did not affect relapse-free
survival.

While modern treatment for childhood ALL confers
excellent survival,' 30-50% of children experience at least
one serious adverse event during upfront ALL treatment.’
TAH may be related to a number of ALL therapeutics,
e.g., asparaginase, antimetabolites, and anthracyclines.
The reported incidence of TAH in pediatric ALL is highly
variable, likely due to inconsistent defining criteria and
data-capturing methods.*"

To comprehensively characterize the impact of ALL
therapy on HL and the treatment phase-specific inci-
dence of TAH, we leveraged data from the Leukemia
Electronic Abstraction of Records Network (LEARN).
LEARN is a multi-institutional collaboration and child-
hood leukemia data repository that includes comprehen-
sive demographic, anthropometric, diagnostic, treatment,
laboratory, and outcome data. Given evidence for racial
and ethnic disparities in childhood ALL outcomes and
survival'' and the historic under-representation of chil-
dren from minority groups in pediatric cancer trials,
LEARN was constituted by institutions with highly
diverse patient populations. LEARN relies on automated
extraction of electronic medical record data after manual
input of basic data, an ascertainment method which sig-
nificantly improves reporting accuracy of laboratory
adverse events.'® Here, we utilized LEARN data to assess
HL changes by treatment phase and intensity, determin-
ing the incidence of TAH, its risk determinants, and its
impact on patients’ outcomes.

Our study utilized LEARN data from children (ages 1-
21 years) diagnosed with ALL and treated at Texas
Children’s Cancer and Hematology Centers (IXCH) or
the Children’s Hospital of Philadelphia (CHOP) between
2006 and 2014. Children with infant ALL and Down syn-
drome were excluded, as were those who received part
of their induction at another institution, did not complete
induction, received non-standard agents or sequence of
chemotherapy and/or a tyrosine kinase inhibitor, or
underwent stem cell transplantation. Trained personnel
manually populated a REDCap™ database with select
data from the TXCH and CHOP electronic medical
records, including date on diagnosis, dates of starting and
ending chemotherapy courses, and risk stratification.
Using the REDCap™ Application Programming Interface,
we then auto-extracted demographic and laboratory data
from each electronic medical record data warehouse.
Manually-entered dates guided extraction by providing
boundaries over which the data were extracted, enabling
linkage of extracted data with a specific chemotherapy
phase. Demographic data, disease characteristics, and HL
were collected using a combination of targeted manual
abstraction and extensive automated extraction from
each institution’s electronic medical records.

Letters to the Editor -

HL included alanine aminotransaminase, aspartate
aminotransferase, and total and conjugated bilirubin,
normed to the age-based upper limit of normal (ULN).
TAH was determined by the following criteria: (i) grade 4
transaminitis by the Common Toxicity Criteria of
Adverse Events (CTCAE) v5.0, defined as alanine amino-
transaminase or aspartate aminotransferase >20xULN;
(ii) grade 3 hyperbilirubinemia by the CTCAE, defined as
total bilirubin >3xULN, or (iii) conjugated bilirubin =1.2
mg/dL. TAH was defined based on established Children’s
Oncology Group thresholds for dose modification con-
siderations during ALL therapy. Each subject was catego-
rized as having received high or standard-intensity treat-
ment by phase, with high-intensity defined by inclusion
of anthracycline (induction), cyclophosphamide (consoli-
dation), and mercaptopurine (interim maintenance 1).
Subjects were assigned final treatment intensity based on
National Cancer Institute’s diagnostic criteria and interim
maintenance 1 treatment assignment.

Distributions of categorical characteristics and median
age were compared by treatment intensity using x> analy-
ses and the Wilcoxon rank sum test, respectively. Median
normed HL values were compared by treatment intensity
for each treatment phase using the Wilcoxon rank sum
test. Multivariable logistic regression models of factors
influencing post-induction TAH and recurrent/persistent
TAH (defined as TAH in 2 or more treatment phases)
were performed. Cox regression models were used to cal-
culate hazard ratios (HR) and 95% confidence intervals
(95% CI) to compare overall and relapse-free survival in
subjects with no TAH relative to those with any TAH,
considered as a time-varying exposure introduced on the
day of first documentation. All multivariable analyses
were adjusted for treatment intensity, age at diagnosis,
race/ethnicity, gender, body mass index, ALL
immunophenotype, and end-induction minimal residual
disease. Covariates were selected a priori, based on our
hypotheses and clinical experience, and were included in
all analyses. P-values <0.05 were considered statistically
significant. Statistical analyses were performed using
Stata 15.0 (StataCorp LP, College Station, TX, USA).

Of 921 eligible patients, 782 met the inclusion criteria.
Demographic, diagnostic, and disease characteristics of
included subjects are shown in Table 1 by induction
treatment intensity. Approximately one-third were
Latino, 9% Black, 5% Asian, and the remainder were
White. Subjects assigned to high-intensity induction
were more likely to be overweight or obese (P<0.001),
possibly reflecting older mean age (10.6 years vs. 4.6
years). Data on end-induction minimal residual disease
were available for 681 of 782 subjects, of whom 22%
(n=149) were positive for minimal residual disease, repre-
senting 17% (n=60) of subjects given standard-intensity
treatment and 29% (n=89) of those given high-intensity
treatment.

A mean of 139.5 HL were obtained per subject. There
were a greater number of HL for patients given high-
intensity treatment than for those given standard-inten-
sity treatment (148.9 vs. 129.3, P<0.001). The number of
subjects analyzed per phase varied over time and by
treatment intensity: induction, n=782; consolidation,
n=691; interim maintenance 1, n=643; delayed intensifi-
cation, n=625; interim maintenance 2, n=235; and main-
tenance, n=571. Over 80% of subjects had a HL >ULN
during at least one treatment phase, with the values
being mostly 1-3xULN (Figure 1A-D). Alanine amino-
transaminase was the most consistently and markedly
elevated HL throughout all phases (Figure 1A). Total and
conjugated bilirubin remained within normal limits for
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Table 1. Demographics and disease characteristics of the study cohort.

Mean age (SD) 74 (4.9) 46(2.3) 10.6 (5.2) <0.001
Race/ethnicity
Non-Latino-White 366 (46.8) 194 (46.3) 172 (47.4) 0.021
Latino 275 (35.2) 162 (38.7) 113 (31.1)
Non-Latino-Black 68 (8.7) 26 (6.2) 42 (11.6)
Asian 39 (5.0) 17 (4.1) 22 (6.1)
Other 34 (43) 20 (4.8) 14 (3.9)
Gender 0.010
Male 431 (55.1) 213 (50.8) 218 (60.1)
Female 351 (44.9) 206 (49.2) 145 (39.9)
BMI category* <0.001
Not overweight or obese 509 (70.2) 293 (76.5) 217 (63.4)
Overweight or obese 216 (29.8) 90 (23.5) 125 (36.6)
ALL immunophenotype <0.001
B-cell 712 (91.D) 419 (100.0) 293 (80.7)
T-cell 70 (8.9) 0(0.0) 70 (19.3)
Minimal residual disease * <0.001
Positive 149 (21.9) 60 (16.4) 89 (28.3)
Negative 532 (78.1) 306 (83.6) 212 (T1.7)

*Subject numbers dependent on documented/abstracted height & weight from diagnosis.ASubject numbers dependent on documented minimal residual disease at end
of induction. Standard intensity: standard, three-drug induction versus high intensity: fourdrug Induction. SD: standard deviation; BMI: body mass index; ALL: acute lym-
phoblastic leukemia.
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Figure 1. Trends in hepatic laboratory values, including treatment-associated hepatotoxicity, during acute lymphoblastic leukemia therapy by treatment inten-
sity. (A-D) The normed median hepatic laboratory value (HL) of subjects by each HL are represented by box and whisker plots, with outliers shown in the dots,
subjects given standard intensity treatment in blue, and those given high intensity treatment in red. (A) Normed median alanine aminotransaminase (ALT, SGPT).
(B) Normed median aspartate aminotransaminase (AST, SGOT). (C) Normed median total bilirubin (TBIL). (D) Normed median conjugated bilirubin (CBIL). Dashed
lines indicate thresholds of CTCAE v5.0 grading for grade 3 or grade 4 ALT, AST, or TBIL as follows: ALT/AST: Grd 3= 5-20x upper limit of normal (ULN), Grd 4=
>20x ULN. TBIL: Grd 3= 3-10x ULN, Grd 4= >10x ULN. (E) Percentage of patients with treatment-associated hepatotoxicity (TAH) by treatment intensity over all
courses of therapy. *P<0.05, **P=0.001-<0.01, ***P<0.001, comparing standard vs. high intensity groups. For (E), comparisons were made between TAH-
ALT/AST of each intensity group (hashed bars) and between TAH-TBIL/CBIL of each intensity group (open bars) for each treatment phase. Consol: consolidation;
IM1: interim maintenance 1; DI: delayed intensification; IM2i: interim maintenance 2.
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nearly all subjects. Median HL were greater in the high-
intensity than standard-intensity groups across all phas-
es, with the differences being statistically significant for
all phases (P<0.01) except delayed intensification and
maintenance.

One hundred ten subjects (15.9%) experienced at least
one episode of TAH after induction (Table 2). The major-
ity of TAH events occurred during maintenance, and
included both transaminitis and hyperbilirubinemia
(Figure 1E). The presence of TAH was associated with
being overweight/obese (odds ratio 1.7 [95% CI: 1.0-2.7],
P=0.027). A minority of subjects (n=16, 2.3% overall)
experienced recurrent/persistent TAH. Multivariable
logistic regression did not identify patient characteristics
associated with recurrent/persistent TAH in this small
number of subjects (Table 2).

Time-varying Cox regression analyses identified risk
factors associated with overall and relapse-free survival.
The median follow-up was 3.4 years for overall survival
and 3.1 years for relapse-free survival. TAH was not asso-
ciated with relapse-free survival in adjusted analysis
(HR=0.7, 95% CI: 0.2-2.3, P=0.543), although the follow-
up was relatively short. Older age and positive minimal
residual disease were associated with poorer relapse-free
survival, and non-Latino Black patients also experienced
poorer relapse-free survival, consistent with prior
reports.' Because only three patients with TAH died, the
study lacked power to assess the relationship between
TAH and overall survival.

Here, we report the landscape of HL and TAH by treat-
ment phase in a large, diverse, contemporary cohort of
children with uniformly treated ALL. We show that mild
elevations of hepatic transaminase levels are common
throughout ALL therapy, particularly with high-intensity
treatment. TAH is a rare outcome that is most common
during maintenance, when therapy includes continuous
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antimetabolites. Our results provide reassurance that
TAH-related dose modifications or delays in treatment
are unlikely to have an impact on the risk of ALL relapse.

To date, the largest study assessing HL during child-
hood ALL therapy (n=262) found a higher risk for TAH
among children 210 years and obese children (body mass
index 295" percentile).” Our results confirm the associa-
tion with body mass index in a larger, more diverse
cohort but also provide reassurance that recurrent or per-
sistent TAH is rare, and not predicted by known demo-
graphic or disease factors. Access to LEARN permitted
novel examination of associations between TAH and
treatment intensity by phase, rather than by protocol,
showing a greater risk for TAH during the early phases of
high-intensity treatment. While transaminitis is a recog-
nized event during maintenance, we note that TAH-
hyperbilirubinemia is also frequent, suggesting that both
should be monitored. Recent recommendations to cap
the PEG-asparaginase dose in obese patients and for
those =22 years old may lead to a decrease in TAH in
these at-risk populations.

The strengths of this study include the racial and ethnic
diversity of the cohort, providing robust support that race
and ethnicity do not independently predict TAH in child-
hood ALL. The use of automated HL extraction provides
a more granular understanding of the impact of specific
treatment blocks, minimizing abstraction error and
reporting bias. Potential limitations include our inability
to assess the impact on hepatic synthetic function and
drug metabolism, as these assessments are not routinely
obtained. Furthermore, determination of precise tempo-
ral trends with respect to the administration of specific
chemotherapy agents and other concomitant medica-
tions was not possible from the data available. While our
findings suggest an infrequent need for dose modifica-
tions due to TAH, dosing data were not available to con-

Table 2. Multiple logistic regression model for variables associated with treatment-associated hepatotoxicity.

Treatment intensity

Standard intensity 1.0 (REF) 1.0 (REF)

High intensity 0.8 (0.5-1.5) 0.515 3.9 (0.7:22.7) 0.125
Mean age 1.0 (1.0-1.1) 0.358 1.0 (0.9-1.2) 0.434
Race/ethnicity

Non-Latino-White 1.0 (REF) 1.0 (REF)

Latino 1.1 (0.7-1.8) 0.771 0.9 (0.3-3.1) 0.872

Non-Latino-Black 0.6 (0.2-1.6) 0.321 - -

Asian 1.4 (0.6-3.5) 0.470 - -

Other 04 (0.1-1.7) 0211 1.2 (0.1-10.5) 0.878
Gender

Male 1.0 (REF) 1.0 (REF)

Female 0.9 (0.6-1.5) 0.774 1.2 (04-4.1) 0.755
BMI category*

Not overweight or obese 1.0 (REF) 1.0 (REF)

Overweight or obese 1.7 (1.1-2.8) 0.027 1.6 (0.5-5.5) 0.461
ALL immunophenotype

B-cell 1.0 (REF) 1.0 (REF)

T-cell 1.2 (0.5-2.6) 0.729 2.3 (0.5-10.1) 0.253
Minimal residual disease”

Negative 1.0 (REF) 1.0 (REF)

Positive 0.7 (04-1.3) 0.289 04 (0.1-1.9) 0.237

*Subject numbers dependent on documented/abstracted height & weight from diagnosis. ASubject numbers dependent on documented minimal residual disease at the
end of induction.TAH: treatment-associated hepatotoxicity; OR: odds ratio; 95% CI: 95% confidence interval; REF: reference; BMI: body mass index; ALL: acute lymphoblastic
leukemia.
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firm this observation. Last, the long-term impact of TAH
on liver function could not be determined here.'” Despite
these limitations, our results provide novel insights
regarding the impact of ALL treatment on HL and the risk
of TAH in overweight/obese patients, providing guidance
for future study designs that integrate potentially hepato-
toxic novel therapeutics, and supporting further investi-

gation of underlying pharmacogenomic contributors to
TAH.
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