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Abstract

Background: Hepatotoxicity and pancreatitis are common treatment-related toxicities (TRTs) 

during contemporary treatment regimens for acute lymphoblastic leukemia (ALL). Limited 

detailed data from Children’s Oncology Group (COG) regimens has been previously reported to 

enable identification of patient and treatment risk factors for these toxicities and their impact on 

outcomes.

Procedure: We analyzed a retrospective pediatric ALL cohort treated at a single institution 

according to COG regimens from 2008 to 2015. The primary endpoint was cumulative incidence 

of study-defined “severe” hepatotoxicity (Common Terminology Criteria for Adverse Events 

[CTCAE] Grade ≥ 4 transaminitis or Grade ≥ 3 hyperbilirubinemia) and clinically significant 

pancreatitis (any grade). Pancreatitis was additionally classified using the Ponte di Legno (PdL) 

toxicity criteria. Secondary endpoints were chemotherapy interruptions, early disease response 

(end of induction [EOI] minimal residual disease [MRD]), and event-free survival (EFS).

Results: We identified 262 patients, of whom 71 (27%) and 28 (11%) developed hepatotoxicity 

and pancreatitis, respectively. Three cases of pancreatitis did not fulfill PdL criteria despite 

otherwise consistent presentations. Both TRTs occurred throughout therapy, but approximately 

25% of hepatotoxicity (18/71) and pancreatitis (8/28) occurred during induction alone. Both 

obesity and age (≥10 years) were identified as predictors of hepatotoxicity (subdistribution hazard 

ratio [SHR] obesity = 1.75, 95% confidence interval [95% CI] 1.04–2.96; SHR age ≥10 = 1.9, 
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95% CI 1.19–3.10) and pancreatitis (SHR obesity = 2.18, 95% CI 1.01–4.67; SHR age ≥ 10 = 

2.76, 95% CI 1.19–6.39, P = 0.018). Dose interruptions were common but neither toxicity 

influenced EOI MRD nor EFS.

Conclusions: Obese and/or older children are particularly at risk for hepatotoxicity and 

pancreatitis, and may benefit from toxicity surveillance and chemoprotective strategies to prevent 

or mitigate associated morbidity.
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1 | INTRODUCTION

Advances in multiagent chemotherapy for treatment of childhood acute lymphoblastic 

leukemia (ALL) have improved survival to nearly 90%.1 Intensification of chemotherapy has 

resulted in significant treatment-related toxicity (TRT), which often limits delivery of the 

intended dosing of agents and increases morbidity. Two of the most common dose-limiting 

TRTs in ALL are hepatotoxicity and pancreatitis due to incorporation of pegylated L-

asparaginase (PEG-ASP) and antimetabolite chemotherapy throughout treatment.2,3 While 

reports of concluded clinical trials from the Children’s Oncology Group (COG) 

appropriately focus on primary endpoints of relapse and survival, only sparse data are 

available describing risk factors for nonfatal TRT.4–7 This precludes the identification of at-

risk patients and times that would inform patient-centered recommendations for TRT 

surveillance and chemoprotection. Moreover, in efforts to improve survival for children at 

high risk of relapse, the COG is investigating the integration of new chemotherapy 

combinations8 and/or novel therapies9,10 with overlapping toxicity profiles into established 

COG-modified Berlin– Franklin–Munster (mBFM) ALL backbone regimens. Detailed 

characterization of TRT on the mBFM regimen will help evaluate the optimal timing to 

integrate new therapies to avoid compounding toxicities and to recognize the contribution of 

novel therapy to increase TRT above baseline. Because hepatotoxicity and pancreatitis are 

associated with agents common to all pediatric ALL regimens, their characterization is 

important to find new approaches to decrease these comorbidities. We therefore investigated 

treatment-associated hepatotoxicity and pancreatitis for children and adolescents being 

treated with contemporary mBFM regimens at a single institution to determine the impact of 

host, disease, and therapy on the incidence of these common TRTs.

2 | METHODS

2.1 | Study cohort

A retrospective cohort study was conducted of all eligible subjects diagnosed with B- or T-

ALL and treated at our institution between 2008 and 2015. Subjects were identified from the 

pathology flow-cytometry and chemotherapy pharmacy databases and were eligible if they 

were between 1 and 21 years of age at diagnosis, received COG-style mBFM ALL therapy, 

recorded anthropometric information at diagnosis, and had available data for toxicity review. 

Information was extracted from the electronic medical record by individual chart review for 
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demographic (age, ethnicity, sex, body mass index [BMI], Down syndrome [DS]), disease 

(leukemia phenotype, presenting white blood cell count, central nervous system [CNS] 

involvement at diagnosis, cytogenetic findings), and treatment (NCI/Rome risk category 

[SR-ALL, HR-ALL, T-ALL] regimen, end of induction (EOI) minimal residual disease 

[MRD],11 use of stem cell transplant [SCT]). BMI percentile was calculated from CDC 

2000 sex-age norms and further classified as normal (<85%), overweight (85–<95%), and 

obese (≥95%) categories.12 CNS status and cytogenetic risk category were determined using 

the most recent COG biology guidelines (AALL08B1).13 EOI MRD was similarly classified 

as negative (<0.01%) or positive (≥0.01%).14 Hepatotoxicity and pancreatitis was graded 

using the Common Terminology Criteria for Adverse Events (CTCAE) v4.03.15 “Severe 

toxicity” for purposes of this study was defined as toxicity likely to impact chemotherapy 

delivery, specifically Grade ≥4 transaminitis (i.e., AST or ALT > 20× upper limit of normal 

[ULN]), Grade ≥3 hyperbilirubinemia (i.e., >3× ULN), and clinical pancreatitis (any grade). 

Clinical pancreatitis was then additionally classified according to the Ponte di Legno (PdL) 

Delphi consensus definition (Supplementary Table S1).16 Prophylaxis for Pneumocystis 
jiroveci pneumonia consisted of sulfamethoxazole– trimethoprim as per the guidelines17; 

while this may contribute to hepatobiliary toxicity, patient-level data was not available for 

this outpatient medication. For survival analyses, dates of last follow-up, relapse, disease 

progression, secondary malignancy, and/or death were extracted. The study was reviewed 

and approved by the Institutional Review Board.

2.2 | Statistical approach

The primary objective for the study was to determine predictors of hepatotoxicity and 

pancreatitis. The primary endpoint was cumulative incidence of severe hepatotoxicity 

(transaminitis or hyperbilirubinemia) and clinical pancreatitis (any grade) in the cohort. 

Secondary objectives explored the prevalence and detailed characterization of each toxicity 

as well as its impact on dose delivery, early disease response by MRD, and event-free 

survival (EFS). Routine statistical methods examined the distribution of subjects with 

toxicity versus those with no toxicity stratified by hepatotoxicity and pancreatitis. 

Cumulative incidence of TRT was evaluated using a competing events approach; the primary 

endpoint was time to first toxicity with competing events defined as those that would 

terminate frontline therapy (e.g., relapse, disease progression, secondary malignancy, or 

death). All patients were censored at time of SCT in first remission. Multivariable analysis 

was performed to examine predictors of cumulative incidence of hepatotoxicity and 

pancreatitis, with significance established using Gray’s test.18 Treatment protocols were 

grouped according to “therapy intensity” to capture association of therapy with cumulative 

incidence of TRT. “Any high-risk (HR) therapy” was defined as subjects receiving T-ALL or 

HR B-ALL therapy (including those beginning with a HR-ALL induction, and those 

beginning with SR-ALL therapy who then received postinduction intensification of therapy 

for poor disease response) and compared to patients receiving only lower intensity SR-ALL 

therapy. Age was examined in three ways: as a continuous variable; using a threshold of 

WHO-defined adolescence (≥10 years); and then in ordinal groups for WHO-defined 

childhood (<10 years), early adolescence (10–<15 years), and late adolescence (≥15 years).
19 Endpoint-specific multivariable models for cumulative incidence were built from 

variables specified in Table 1 using reverse stepwise regression with retention at a threshold 
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of P < 0.15. Factorial variables were retained according to most significant covariate and any 

eliminated variables were reintroduced and tested at each step and in the final model. 

Therapy intensity was prespecified and “forced” into each model for TRT. Kaplain–Meier 

curves for each TRT were generated for EFS. Multivariable Cox regression analyses were 

performed following a similar stepwise approach. NCI risk category was determined a priori 

to be retested against the final survival model and retained if significant. Each TRT endpoint 

was then tested individually within the resulting EFS model. All endpoints were reanalyzed 

excluding patients with DS and BCR-ABL (due to addition of tyrosine kinase inhibitor 

[TKI]). As AALL08P1 included intensified PEG-ASP compared to other regimens, we 

similarly reanalyzed endpoints excluding these patients. All tests were two-sided with P < 

0.05 set as the threshold to determine significance. All statistical calculations were 

performed with STATA software 14.2 [Stata statistical software, release 14, College Station, 

TX].

3 | RESULTS

3.1 | Description of cohort

The study cohort consisted of 262 patients whose demographics and presenting features are 

summarized in Table 1. In accordance with institutional demographics, approximately three-

fourths of the cohort were Hispanic (n = 203/262). Overweight or obese subjects as defined 

by presenting BMI percentile constituted 35% of the cohort (n = 91/262). Approximately 

40% were preadolescent or adolescent at the time of diagnosis (n = 105/262), 48 of whom 

were 15 years or older (18%). Six subjects were identified to have DS. Subjects were all 

treated using mBFM regimens either enrolled on the COG study or following institutional 

COG-based protocols for SR B-ALL (CCG1991, AALL0331, AALL0932), HR B-ALL 

(CCG1961, AALL08P1, AALL0232, AALL1131), or T-ALL (AALL0434, modified 

AALL0232 [use of dexamethasone for all ages]).4,20–25 Two patients were BCR-ABL+ and 

therapy included the TKI dasatinib, one enrolled on the COG BCRABL-focused AALL1122 

study and one using the AALL0232 backbone. MRD results at the EOI were not available in 

one-fifth of patients; no significant difference in availability of MRD was present in those 

with toxicity versus those without.

3.2 | Hepatotoxicity

Seventy-one patients (27%) had laboratory evidence of hepatotoxicity (i.e., transaminitis 

and/or hyperbilirubinemia) during ALL therapy in this cohort. Of these, 25% (n = 18/71) 

developed toxicity during the initial induction phase (none at diagnosis prior to therapy), 

38% during maintenance (27/71), and the remaining TRT was distributed among the interim 

chemotherapy phases. During induction, hyperbilirubinemia (13/18, 72%) was significantly 

more prevalent than transaminitis (8/18, 44%) with three patients experiencing both (P = 

0.007). However, during overall therapy transaminitis (15%) and hyperbilirubinemia (17%) 

were similarly prevalent (Table 2). Each component of hepatotoxicity had a similar impact 

on the prevalence of dose modifications (i.e., interruptions or changes in planned 

chemotherapy), which were relatively infrequent (≤10% of patients). Recurrence of 

hepatotoxicity was rare, occurring in only two patients (2/71, 2.8%), once following an 

initial insult in induction and once following initial toxicity in interim maintenance. In the 
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six patients with DS, five received mBFM SR ALL therapy; the only one to receive mBFM 

HR ALL therapy developed hepatotoxicity (hyperbilirubinemia during delayed 

intensification). For the six patients treated on AALL08B1, three had pancreatitis or 

hepatobiliary toxicity. We saw no significant difference in study endpoints when any of the 

three groups were excluded (DS, BCR-ABL, AALL08P1). In evaluation of the study’s 

primary endpoint, only obesity and older age (≥10 years) were significant predictors of 

hepatotoxicity on multivariable analysis (subdistribution hazard ratio [SHR] obesity = 1.75, 

95% confidence interval [95% CI] 1.04–2-.96, P = 0.07; SHR age ≥10 = 1.9, 95% CI 1.19–

3.10, P = 0.008, Table 3). For patients receiving mBFM ALL therapy, the highest risk for 

developing hepatotoxicity was found in patients with both risk factors; the older, obese 

group experienced a cumulative incidence of close to 50% during treatment (Figure 1). No 

clear difference was present in hepatotoxicity in those 10–14 years versus ≥15 years old. 

Interestingly, therapy intensity of the mBFM backbone was not itself associated with risk for 

hepatotoxicity (P = 0.931).

3.3 | Pancreatitis

Within the cohort, 28 patients (11%) developed pancreatitis with associated elevated lipase 

levels (Table 2). Of these, 24 had clear PEG-ASP associated pancreatitis, of whom 21 of 24 

(88%) fulfilled the PdL definition; eight patients had PdL-defined mild pancreatitis, and the 

remaining severe. The three patients clinically determined to have PEG-ASP associated 

pancreatitis but who did not fulfill PdL criteria all occurred post-PEG-ASP exposure. They 

demonstrated consistent symptoms including characteristic abdominal pain necessitating 

hospital admission, inadequate imaging of pancreas, and elevations of lipase for multiple 

days but a peak lipase beneath the threshold (–28 to – 486 U/l beneath the PdL criteria). One 

of these patients who did not initially meet criteria had a second episode soon after the first, 

the latter with hyperlipasemia well above the PdL criteria, thus supporting a “true” 

pancreatitis. Non-PEG-ASP-associated pancreatitis occurred in three of 28 patients (11%) 

prior to the first asparaginase exposure during the first few days of therapy. This was 

attributed by the treating physicians to high-dose glucocorticoids, and while not caused by 

PEG-ASP, all three of these episodes fulfilled the PdL definition of acute pancreatitis. The 

first episode of pancreatitis occurred in three of 28 (11%) during maintenance, all meeting 

PdL criteria. While all three were attributed by the clinical team to mercaptopurine, two of 

these patients received PEG-ASP less than 1 month previously and were included above as 

meeting criteria for PEG-ASP-associated pancreatitis (n = 24). The third patient developed 

pancreatitis approximately 4 months following PEG-ASP. No patient in the cohort met PdL 

criteria for elevated amylase without concurrent elevated lipase. Overall, 29% (8/28) of 

patients with clinical pancreatitis first developed it during induction (none preexisting at 

diagnosis), all with concurrent hepatotoxicity evidenced by hyperbilirubinemia (three with 

concurrent transaminitis). In those who developed PdL-defined PEG-ASP-associated 

pancreatitis, only three of 22 (14%) were rechallenged; two with mild pancreatitis did not 

recur (one patient was rechallenged following relapse), while the one patient with severe 

pancreatitis recurred on rechallenge. In examining cumulative incidence of clinical 

pancreatitis, similar to hepatotoxicity, older age and obesity were significant predictors of 

developing pancreatitis (SHR obesity = 2.18, 95% CI 1.01–4.67, P = 0.046; SHR age ≥ 10 = 

2.76, 95% CI 1.19–6.39, P = 0.018, Table 4). The greatest cumulative incidence for 
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pancreatitis was also found in those both obese and older at diagnosis (Figure 2). Similarly, 

there was no clear increase in risk for patients ≥10 versus ≥15 years old. However, in 

contrast to hepatotoxicity, therapy intensity was associated with pancreatitis; patients 

receiving mBFM HR ALL therapy had a more than 3× greater risk for developing 

pancreatitis than those receiving mBFM SR ALL therapy. The vast majority of pancreatitis 

occurred during the first year of chemotherapy within the timing of PEG-ASP exposure 

(Figure 2).

3.4 | Toxicity and disease response

Of the 35 patients who experienced hepatic toxicity or pancreatitis in induction, 15% (5/35) 

had a toxicity-related dose reduction to their induction chemotherapy. However, developing 

pancreatitis or hepatotoxicity during induction was not associated with EOI MRD (P = 

0.604). Development of hepatotoxicity during therapy was also not associated with EFS 

(likelihood-ratio test [LRT] P = 0.341, Supplementary Figure S1A). Multivariable analysis 

of predictors of EFS inclusive of hepatotoxicity confirmed no association (hazard ratio [HR] 

hepatotoxicity = 0.84, 95% CI 0.44–1.59, P = 0.593; Supplementary Table S2). Univariable 

analysis of pancreatitis showed a strong association with EFS (LRT P = 0.002, 

Supplementary Figure S1B). Of note, patients with MRD positivity were overrepresented in 

the pancreatitis group (Table 1). Subsequent multivariable analysis showed no significant 

association with EFS (HR pancreatitis = 1.65, 95% CI 0.81–3.37, P = 0.167) in the context 

of other traditional predictors of poorer EFS in pediatric ALL (Supplementary Table S2).

4 | DISCUSSION

In our cohort of patients treated using the contemporary mBFM backbone, we found not 

only that hepatotoxicity and pancreatitis continue to be common toxicities impacting 

therapy, but that patients who are both older and obese constitute a particularly high-risk 

group for developing hepatotoxicity or pancreatitis. During the course of treatment, nearly 

half of this group would be expected to develop severe hepatotoxicity and one in four will 

develop pancreatitis. In examining the timing of toxicity, we found the highest risk 

individual treatment phase for either toxicity to be induction, with approximately a quarter 

of all toxicity occurring in these first 28 days. One in six patients with induction toxicity 

required a modification of their chemotherapy. While this is particularly concerning as early 

disease response is strongly predictive of survival,5 it is reassuring that neither TRT was 

associated with EOI MRD or EFS in our cohort or in other populations.26–29 However, rare 

treatment-related mortality from hepatobiliary toxicity during induction30,31 and a subtle 

impact of dose modifications on survival may not be evident in a single-institution study 

such as this. Moreover, both toxicities confer potential for significant burden from acute and 

long-term comorbidity, such as feeding intolerance, endocrine abnormalities, and 

hepatobiliary dysfunction.27,30,32–36 Although it is unclear that comorbidities noted in long-

term follow-up37 are due to acute TRTs, it is likely that they play a role. Of note, risk for 

hepatotoxicity and pancreatitis continued throughout maintenance as well. Thus, improved 

identification of at-risk patients and the pattern of toxicity is important to inform 

recommendations for surveillance and to develop new preventive and/or rescue strategies.
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Hepatotoxicity from ALL regimens has been problematic since the early years of treatment 

with reports of chemotherapy-induced hepatic fibrosis, laboratory abnormalities, and altered 

drug clearance resulting in off-target organ toxicity.31,38,39 Yet, the preponderance of dose-

adjustment recommendations remain derived from these early studies40,41 with limited data 

to update guidelines for monitoring and dose modifications of many mBFM agents.2,30,42 

Management of TRT during induction also remains controversial, with data supporting 

either dose-modification or full-dose chemotherapy to achieve remission.43–46 The rare 

recurrence of hepatotoxicity following resolution supports continuing without modification 

of subsequent hepatotoxic chemotherapy, but we found that approximately 15% of our 

cohort received a dose reduction due to laboratory evidence of severe hepatotoxicity, 

including one time elevation of isolated AST or ALT, or for pancreatitis. These dose 

modifications are consistent with current protocol recommendations, but do not account for 

growing controversy over whether serum markers represent true hepatic dysfunction.1,42 

Moreover, current recommendations for toxicity surveillance do not risk-stratify by patient 

population or therapy phase. In our cohort, older and obese patients represent an at-risk 

group with more than twice the cumulative incidence of hepatotoxicity versus younger, 

leaner patients. Even one of these risk factors (i.e., either older age or obesity) conferred 

greater risk for developing hepatotoxicity during the prolonged years of ALL therapy. 

Despite subsequent prolonged antimetabolite and asparaginase therapy, induction 

represented the highest risk treatment phase for hepatotoxicity. Limited studies have 

investigated interventions to prevent or reduce this TRT, such as one pilot study for milk 

thistle.47 Greater scrutiny of the interaction of host and therapy across regimens and 

treatment phases will help refine dosing recommendations and/or provide support for 

investigations into chemoprotective agents to further improve the balance of optimizing 

chemotherapy and mitigating the burden of TRT.

While the specific mechanism of the contribution of age to risk for developing TRT is 

unknown and likely multifactorial,48 obesity has a more direct path toward impacting 

chemotherapy metabolized in the liver. Even in children, obesity is often associated with 

nonalcoholic fatty liver disease or even nonalcoholic steatohepatitis,49 both of which 

potentially interfere with hepatic metabolism of common ALL chemotherapies50,51 and 

likely contribute to the additive toxicity seen in the obese. Similarly, inflammatory changes 

from obesity are associated with the risk for, and severity of, acute pancreatitis in the general 

population52 and thus may further predispose to chemotherapy-induced pancreatitis in the 

obese. As evidenced by the high prevalence in our cohort of overweight and obesity at 

diagnosis of leukemia, the potential adverse interaction with leukemia therapy is of 

increasing concern. The very high cumulative risk for dose-limiting hepatotoxicity and 

pancreatitis in older, obese children supports the need for investigation into chemoprotective 

strategies and/or chemoprotectants for this at-risk group.

Despite preservation of chemotherapy among different ALL regimens, rates of 

hepatotoxicity and pancreatitis vary widely between studies.29,53–56 These differences 

cannot be attributed entirely to differences in population (host), leukemia phenotypes 

(disease), or minor variations in regimen dosing and chemotherapy combinations (therapy). 

Pharmacogenomics therapeutic-dose monitoring studies of chemotherapy-associated 

hepatotoxicity in ALL have made strides in some aspects of chemotherapy intolerance, such 
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as antimetabolite dosing for maintenance.57,58 However, as seen in our cohort, the 

predominance of hepatotoxicity occurs during premaintenance combination ALL therapy. 

Efforts to validate genetic predictors of early hepatotoxicity have been challenged by the 

volume of potential variants and overlapping chemotherapies, which may confound the 

value of these predictors.59,60 Even in therapy-induced acute pancreatitis, a toxicity with 

greater availability of clinical data,61 identification of clinically relevant variants is rare. A 

recent report of children with ALL and pancreatitis identified several common variants with 

weak penetrance and rare variants that were highly penetrant,56 therefore clinical utility may 

be limited. Another analysis found a variant predictive of less than 5% of hepatic 

transaminitis.62 Continued efforts to refine techniques for pharmacogenetics analyses 

combined with clinical assessments of hepatotoxicity and pancreatitis aim to enable 

individualized dosing and/or targeted chemoprotection to mitigate toxicity.

While the use of a single institution permitted a detailed characterization of the cohort, we 

also acknowledge several limitations inherent to this type of study. Although we 

purposefully focused on COG mBFM ALL regimens, caution should be used in generalizing 

these findings to other ALL regimens and/or other centers with different patient populations. 

For instance, our patient population is predominantly Hispanic, and while there is currently 

no evidence for differences in TRT by ethnicity, there is also a paucity of data reporting on 

ethnicity and TRT. Similarly, while BMI is an accurate surrogate measure of obesity at 

diagnosis,63 BMI is known to vary during therapy.64 While we were unable to analyze 

longitudinal BMI, reports from COG trials demonstrate increases in obesity throughout 

therapy,64,65 thus suggesting our analyses may even potentially be underestimating the 

additive impact of obesity on the incidence of hepatotoxicity and pancreatitis. Nonetheless, 

we report here a detailed characterization of hepatotoxicity and pancreatitis for pediatric 

patients treated with COG ALL mBFM regimens and, and in doing so, delineate a group of 

patients at particularly high risk for TRT. Future investigation is needed for multicenter 

validation of older, obese patients as a high-risk group for toxicity with companion 

development of new protective strategies to prevent organ injury.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ALL acute lymphoblastic leukemia

BMI body mass index

CNS central nervous system

COG Children’s Oncology Group
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DS Down syndrome

EFS event-free survival

EOI end of induction

LRT likelihood-ratio test

mBFM modified Berlin–Frankfurt–Münster

MRD minimal residual disease

PdL Ponte di Legno

PEG-ASP pegylated L-asparaginase

SCT stem cell transplant

SHR subdistribution hazard ratio

TKI tyrosine kinase inhibitor

TRT treatment-related toxicity

ULN upper limit of normal
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FIGURE 1. 
Cumulative incidence of severe hepatotoxicity during COG mBFM therapy. Cumulative 

incidence of hepatotoxicity during therapy for patients with obesity (yes or no) and/or age 

≥10 years (yes or no) at diagnosis are displayed as calculated from the associated cumulative 

incidence model through 4 years from diagnosis
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FIGURE 2. 
Cumulative incidence of clinical pancreatitis during COG mBFM therapy. Cumulative 

incidence of pancreatitis during therapy for patients with obesity (yes or no) and/or age ≥10 

years (yes or no) at diagnosis are displayed as calculated from the associated cumulative 

incidence model through 4 years from diagnosis
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