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Abstract

Background: Glucocorticoids and asparaginase, used to treat acute lymphoblastic leukemia 

(ALL), can cause hypertriglyceridemia. We compared triglyceride levels, risk factors, and 

associated toxicities in two ALL trials at St. Jude Children’s Research Hospital with identical 

glucocorticoid regimens, but different asparaginase formulations. In Total XV (TXV), native E. 
coli L-asparaginase was front-line therapy versus the pegylated formulation (PEG-asparaginase) in 

Total XVI (TXVI).

Procedure: Patients enrolled on TXV (n=498) and TXVI (n=598) were assigned to low-risk 

(LR) or standard/high-risk (SHR) treatment arms (ClinicalTrials.gov identifiers: and ). 

Triglycerides were measured four times and were evaluable in 925 patients (TXV: n=362; TXVI: 

n=563). The genetic contribution was assessed using a polygenic risk score (triglyceride-PRS). 

Osteonecrosis, thrombosis, and pancreatitis were prospectively graded.

Results: The largest increase in triglycerides occurred in TXVI SHR patients treated with 

dexamethasone and PEG-asparaginase (4.5-fold-increase; p<1×10−15). SHR patients treated with 

PEG-asparaginase (TXVI) had more severe hypertriglyceridemia (>1000mg/dL) compared to 

native L-asparaginase (TXV): 10.5% versus 5.5%, respectively (p=0.007). At week 7, triglycerides 

did not increase with dexamethasone treatment alone (LR patients) but did increase with 

dexamethasone plus asparaginase (SHR patients). The variability in triglycerides explained by the 

triglyceride-PRS was highest at baseline and declined with therapy. Hypertriglyceridemia was 

associated with osteonecrosis (p=0.0006) and thrombosis (p=0.005), but not pancreatitis (p=0.4).

Conclusion: Triglycerides were affected more by PEG-asparaginase than native L-asparaginase, 

by asparaginase more than dexamethasone, and by drug effects more than genetics. It is not clear 
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whether triglycerides contribute to thrombosis and osteonecrosis or are biomarkers of the 

toxicities.
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Introduction:

Glucocorticoids (e.g. dexamethasone and prednisone) and asparaginase are essential for 

successful treatment of pediatric acute lymphoblastic leukemia (ALL)1–3. However, these 

agents have been associated with alteration in serum lipids, resulting in 

hypertriglyceridemia4–6.

The mechanism through which glucocorticoids and asparaginase lead to 

hypertriglyceridemia is not completely understood. However, glucocorticoids alone increase 

triglyceride synthesis, cause mobilization of fatty acids, and activate lipoprotein lipase7, the 

enzyme required for hydrolysis of triglycerides. In contrast, asparaginase inhibits lipoprotein 

lipase8. Therefore, when glucocorticoids and asparaginase are given together, triglycerides 

are rapidly formed, but not cleared8. Although there were no overall differences in severe 

toxicities in a randomized comparison of native E. coli L-asparaginase (L-asparaginase) 

versus pegylated-asparaginase (PEG-asparaginase), hypertriglyceridemia [defined as grade 4 

by National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events 

(CTCAE); >1000mg/dL] was at 8% versus 4% with PEG-asparaginase versus L-

asparaginase9. The relative contribution of glucocorticoids versus asparaginase in the 

development of hypertriglyceridemia during ALL therapy is not clear.

In healthy children hypertriglyceridemia (triglycerides >500 mg/dL) is a rare event, with an 

estimated frequency of 0.2%10. The frequency of hypertriglyceridemia in unselected 

pediatric ALL patients treated with modern therapy is much higher, with reports of severe 

hypertriglyceridemia (grade 4 by CTCAE; >1000 mg/dL) ranging from 4–19% across 

protocols following asparaginase and glucocorticoids4–6,9,11,12: the frequency appears 

comparable in young adults treated with a pediatric ALL drug regimen13. The variability in 

frequency could be due to varying sample sizes, the timing of measurements relative to 

chemotherapy, and the asparaginase formulation.

The association between hypertriglyceridemia and other toxicities (thrombosis, 

osteonecrosis, and pancreatitis) has been previously studied6,14–17. It has been suggested 

that hypertriglyceridemia may be associated with osteonecrosis and thrombosis, although the 

associations were not maintained in multivariate analyses6. However, there are few large-

scale studies to support hypertriglyceridemia as an independent risk factor. In the general 

population, triglycerides >1000mg/dL have been associated with pancreatitis18–20, but this 

has not been confirmed for patients with ALL6,17.

Our aim was to compare triglycerides, risk factors for hypertriglyceridemia, and associated 

toxicities in two front-line pediatric ALL trials that used identical glucocorticoid regimens 
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but different formulations of asparaginase: Total XV study (native L-asparaginase) and Total 

XVI study (PEG-asparaginase).

Methods:

Patient information

Newly diagnosed patients with ALL were enrolled on one of two sequential trials at St. Jude 

Children’s Research Hospital (SJCRH). Total XV Study (TXV: ClinicalTrials.gov ID: )21 

enrolled 498 consecutive patients (1 to 18 years of age) from June 2000 to October 2007 and 

Total XVI Study (TXVI: ClinicalTrials.gov ID: )21–23 enrolled 598 consecutive patients (≤ 

18 years of age) from September 2007 to March 2017. TXV and TXVI therapy included 

remission induction therapy followed by consolidation therapy and 120 weeks of 

continuation therapy which included two phases of reinduction. Patients were classified for 

risk adapted therapy after remission induction as either low-risk (LR) or standard/high-risk 

(SHR)21–23, with SHR patients receiving more intensive treatment. Data on patient 

characteristics, details of therapy, and adverse events for analyses were obtained from 

medical records and study databases. Body mass index (BMI) was calculated for children 

greater than two years of age at consolidation day 15 (± 3.5 days): there was no difference in 

BMI during the observed course of therapy from day 15 consolidation to week 12/17 of 

continuation treatment (Supporting Information Figure S1). BMI z-score was derived using 

the R childsds package24. For children under two years of age, a weight-for-length 

standardized score was calculated in lieu of a BMI z-score. The studies were approved by 

the Institutional Review Board. Informed consent was obtained from either the parents or the 

patient consistent with the Declaration of Helsinki.

Treatment, lipid and asparaginase antibody measurements

Herein, the glucocorticoid and asparaginase drug regimens are described for the observed 

period of study, ending with the final lipid measurement. The glucocorticoid schedules were 

identical in TXV and TXVI therapy21: dexamethasone for 5 days/week during weeks 1, 4, 

and 14 [LR: 8 mg/m2/day, by mouth (PO); SHR: 12 mg/m2/day PO], for 8 days at week 7 (8 

mg/m2/day, PO), and for 7 days at week 9 of continuation (8 mg/m2/day, PO). The two 

protocols differed primarily by asparaginase formulation21–23,25. In TXV, SHR patients 

received E. coli L-asparaginase (Elspar) weekly during continuation [25,000 U/m2/dose, 

intramuscular (IM)]; LR patients received E. coli L-asparaginase thrice weekly during 

continuation weeks 7–9 (reinduction I; 10,000 U/m2/dose, IM). In TXVI, patients were 

randomized to receive PEG-asparaginase (Oncaspar) 2,500 or 3,500 U/m2/dose [intravenous 

(IV)] during continuation: SHR weeks 1, 3, 5, 7, 9, 11, 13, and 15; LR weeks 7 and 9 

(Supporting Information Figure S2). Unless noted, L-asparaginase refers to the native E. coli 
formulation. Patients with allergic reaction were switched to Erwinia L-asparaginase 

(Supporting Information): patients with reaction at or prior to week 7 were considered 

positive for asparaginase-reaction (ASP-RXN) in triglyceride analyses.

Non-fasting serum triglycerides were measured in a research laboratory by the glycerol 

phosphate oxidase method, and albumin was measured by the bromcresol green method. 

Measurements were performed utilizing a Roche Cobas Integra 400+ (Roche Diagnostics, 
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Indianapolis, IN) or an Abbott Architect ci4100 (Abbott Diagnostics, Lake Forest, IL) at 

four time-points: consolidation day 15 (baseline: >35 days after last dose of asparaginase 

and >21 days after last dose of glucocorticoid) and day 1 of week 7, 8 (before and after the 

beginning of reinduction I), and 12 (TXV) or 17 (TXVI) of consolidation (Supporting 

Information Figure S2). Minimum serum albumin during continuation (week 7, 8 or 12/17) 

was used as a surrogate for asparaginase (and possibly dexamethasone)26 exposure in 

statistical modeling26–29. A total of 362 TXV and 563 TXVI patients had at least two 

triglyceride measurements and were analyzed in time-point specific analyses. 265 TXV and 

508 TXVI patients had complete triglyceride data and were analyzed in longitudinal 

analyses (Supporting Information Figure S3). Anti-asparaginase antibodies against L-

asparaginase (TXV) and PEG-asparaginase (TXVI) were measured as reported23; patients 

were classified as positive or negative for antibodies at or prior to week 7 of continuation.

The triglyceride measurements analyzed herein were obtained for research purposes. 

Patients may have had clinical testing for serum lipids during the TXV/TXVI protocols, and 

the decision to initiate therapy for asparaginase-associated hypertriglyceridemia was left to 

the discretion of the primary attending physician. All patients on asparaginase therapy were 

encouraged to follow a low-fat diet. Recommendations for treatment of hypertriglyceridemia 

included a nutritional consult, omega-3 fatty acid supplementation or fenofibrate, depending 

on severity and duration of hypertriglyceridemia; use of statins was avoided.

Assessment of triglycerides

The maximum triglycerides post-baseline were graded based on CTCAE version 4.0 

(v4.0)30. Grade 4 hypertriglyceridemia (>1000mg/dL) was considered “severe 

hypertriglyceridemia”6,31. The K-means for longitudinal data (KML)32 R package was used 

for triglyceride cluster analyses.

Adverse event phenotypes

Adverse events were prospectively graded using CTCAE: TXV: Version 2.0 (v2.0)33 and 

TXVI: Version 3.0: (v3.0)34 [Supporting Information Table S1]. Osteonecrosis was 

prospectively screened by magnetic resonance imaging (MRI) of the hips/pelvis and knees 

for all patients in TXV and in older patients (≥9 years of age) in TXVI, with additional MRI 

scans of patients and/or locations as indicated by symptoms29. Grading of osteonecrosis and 

thrombosis was identical in CTCAE v2.0 and v3.0. Osteonecrosis was defined as: grade 1 

(asymptomatic), grade 2 (symptomatic), grade 3 (symptomatic and intervention indicated), 

grade 4 (symptomatic or disabling); and thrombosis was defined as: grade 2 [deep vein 

thrombosis (DVT) or cardiac thrombosis, but intervention not indicated], grade 3 (DVT or 

cardiac thrombosis and intervention indicated), grade 4 (embolic event or life-threatening 

thrombus). For pancreatitis, CTCAE v2.0 had only grade 3 (abdominal pain with pancreatic 

enzyme elevation) and grade 4 (complicated by shock; acute circulatory failure); while 

CTCAE v3.0 had four grades: grade 1 (asymptomatic), grade 2 (symptomatic, medical 

intervention indicated), grade 3 (interventional radiology or operative intervention indicated) 

and grade 4 (life-threatening consequences). Patients were considered positive for an adverse 

event as follows: symptomatic osteonecrosis was defined as ≥ grade 2; thrombosis was 

defined ≥ grade 3; comparable definitions of pancreatitis were used between protocols: TXV 
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(≥ grade 3) and TXVI (≥ grade 2). Other patients were considered negative for the adverse 

event. Only post-remission induction adverse events were analyzed.

Genotyping

Germline DNA from blood was genotyped35 and ancestry was determined using 

STRUCTURE36,37 (Supporting Information).

Polygenic risk score for elevated triglycerides

Weighted (by allele frequency and effect size) polygenic risk scores for elevated serum 

triglycerides (triglyceride-PRS) were generated from 16 single nucleotide polymorphisms 

(SNPs) reported to be associated with increased triglycerides in the general European 

population38,39 (Supporting Information Table S2).

Statistical analyses

Chi-square tests were used to compare categorical and Wilcoxon tests for continuous 

variables. Hypertriglyceridemia grade and longitudinal triglyceride cluster group were 

considered as ordinal variables: univariate and multivariate proportional odds models were 

used to identify clinical risk factors. A general linear regression model was used to identify 

risk factors associated with triglyceride levels as a continuous variable. All statistical 

analyses were conducted using R (version 3.5.0)40. A p-value of less than 0.05 was 

considered statistically significant and there were no corrections for multiple comparisons.

Data Sharing Statement

For original data, please contact mary.relling@stjude.org.

Results:

Patient characteristics and intrapatient triglyceride changes

Intrapatient changes in triglycerides were analyzed by protocol and risk-arm (Figure 1). 

Changes in triglycerides were qualitatively similar within risk-arm between protocols. 

Among LR patients, triglycerides actually decreased from baseline to week 7 (TXV: 

p=2×10−8; TXVI: p<1×10−15); because dexamethasone was given during weeks 1 and 4 of 

continuation (without asparaginase), this suggests no negative effect on triglycerides two 

weeks post-dexamethasone treatment in LR patients. The largest increase in triglycerides 

occurred from week 7 to week 8 after both asparaginase and dexamethasone (TXV: 

p=3×10−14, 1.5-fold increase; TXVI: p<1×10−15, 1.9-fold increase). There was no difference 

between baseline and the final triglyceride measurement among LR patients (TXV: p=0.7, 

TXVI: p=0.1; Figs. 1A and 1B; Supporting Information Tables S3A and S3B), after 

relatively low exposure to asparaginase.

In SHR patients, there were significant changes in triglycerides among all time-points (Figs. 

1C and 1D; Supporting Information Tables S3C and S3D). The largest increase in 

triglycerides occurred from baseline to week 8 of therapy, after both dexamethasone and 

asparaginase were given, with a larger magnitude of change in TXVI SHR patients: TXV: 

p<1×10−15, 2.6-fold increase; TXVI: p<1×10−15; 4.5-fold increase, implicating PEG-
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asparaginase in more pronounced triglyceride elevations versus L-asparaginase. 

Triglycerides were still raised versus baseline at the final measurement (TXV: p=9×10−9, 

TXVI: p<1×10−15).

Differences in triglycerides between protocols

There was no difference in triglycerides at baseline between TXV and TXVI protocols for 

either SHR (p=0.74) or LR patients (p=0.62). However, triglycerides were higher in TXVI 

SHR versus TXV SHR patients at week 7 (p=8×10−7), week 8 (p=0.0007) and at the final 

measurement (p=0.008). TXVI had more unique patients with at least one occurrence of 

grade 4 hypertriglyceridemia compared to TXV: 10.5% (59/563) versus 5.5% (20/362), 

respectively (p=0.007). In LR patients, the only difference in triglycerides between protocols 

was at the final measurement, when patients on TXVI had lower levels than those on TXV 

(p=0.04); this difference could be because the final measurement in TXV (at week 12) was 

2-weeks post-L-asparaginase whereas in TXVI (at week 17) was 8-weeks post-PEG-

asparaginase (Supporting Information Table S4).

Maximum hypertriglyceridemia grade

There was no difference in maximum hypertriglyceridemia grade in LR patients between 

protocols (TXV versus TXVI: p=0.36), whereas SHR patients on the TXVI protocol had 

higher maximum hypertriglyceridemia grade versus SHR patients on TXV (p=0.0001; Fig. 

2; Supporting Information Table S5). Maximum hypertriglyceridemia grade differed by risk-

arm: in TXV, 0% (0/189) of LR patients had grade 4 hypertriglyceridemia versus 12% 

(20/173) of SHR patients (p<1×10−15; Fig. 2; Supporting Information Table S5). Similarly, 

in TXVI, 0% (0/255) of LR patients versus 19% (59/308) of SHR patients had grade 4 

hypertriglyceridemia (p<1×10−15; Fig. 2; Supporting Information Table S5). Only six 

patients (all on TXVI SHR) had triglycerides over 3000 mg/dL, with the maximum recorded 

value being 5,234 mg/dL at week 7.

In the TXVI cohort, there was no difference in maximum hypertriglyceridemia grade by 

PEG-asparaginase randomization (2500 versus 3500 U/m2/dose) within patients in the LR 

arm (p=0.22) or within SHR patients (p=0.44; Supporting Information Figure S4; 

Supporting Information Table S6). No patients on Erwinia L-asparaginase (n=66) at or prior 

to week 7 of continuation developed grade 4 hypertriglyceridemia.

In univariate analyses, the risk factors for maximum hypertriglyceridemia grade were older 

age (p<1×10−15), TXVI protocol (p=3×10−5), SHR therapy (p<1×10−15), lower minimum 

serum albumin (p<1×10−15), absence of anti-asparaginase antibodies (p=4×10−7), and lack 

of asparaginase allergy (p=1×10−6) (Table 1). Older age (p=9×10−9), TXVI protocol 

(p=0.0007), SHR therapy (p=2×10−11), and lower minimum serum albumin (p=1×10−6) 

remained significant in a multivariate proportional odds model (Table 1). Immunophenotype 

was not considered in our analysis of risk factors because it is highly confounded with risk-

arm, but within SHR groups, there was no impact (p=0.44) of T- versus B-cell ALL on 

maximum triglyceride level.
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Longitudinal triglyceride clustering

Longitudinal triglyceride clustering identified three unique groups of patients (Fig. 3A). 

Fifty-two percent (403/773) of patients were in cluster A, herein referred to as “low-risk 

cluster A” as it was defined by overall lower triglycerides and minor triglyceride changes 

with therapy; 33% (254/773) of patients were in cluster B, or “intermediate-risk cluster B”, 

as patients only had therapy-induced triglyceride changes between weeks 7 to 8; and 15% 

(116/773) of patients were in cluster C, defined by persistently elevated triglycerides, herein 

referred to as “high-risk cluster C” (Fig. 3A).

Over 80% of patients on LR therapy, regardless of protocol, fell into low-risk cluster A 

(Figs. 3B and 3C). From each protocol, a similar percentage of patients were in 

intermediate-risk cluster B by risk-arm: in LR patients, 18% (26/142) from TXV versus 20% 

(46/229) from TXVI; and in SHR patients 47% (58/123) were on TXV versus 44% 

(124/279) on TXVI. In contrast, only SHR patients fell into the high-risk cluster C, with 

78% (91/116) of cluster C being from the TXVI cohort (Figs. 3D and 3E, Supporting 

Information Table S7). In a multivariate proportional odds model, older age (p=4×10−6), 

SHR therapy (p=2×10−14), and lower serum albumin (p=0.0005), were associated with 

falling in high-risk cluster C (Supporting Information Table S7).

Influence of genetics on triglycerides during ALL therapy

Using traditional genome-wide association study (GWAS), there were no genome-wide 

significant SNPs (p<5×10−8) to explain maximum triglycerides or longitudinal triglyceride 

cluster, with protocol, risk-arm, genetic race, gender, and age as covariates (n=925).

It has been previously proposed that hypertriglyceridemia is polygenic38,39. To this end, we 

utilized a set of 16 previously discovered SNPs used to develop a triglyceride polygenic risk 

score (triglyceride-PRS) associated with elevated triglycerides in the general European 

population (Supporting Information Table S2)38,39 and calculated a triglyceride-PRS for 

European ancestry patients (>90% Northern European genetic ancestry) in TXV and TXVI 

(n=642).

The distribution of triglyceride-PRS was 0.66–1.93; scores were not different between 

protocols (p=0.99; Supporting Information Figure S5). Though the triglyceride-PRS was 

significantly associated with triglycerides (in multivariate analyses) at all time points, the 

percent variability in triglycerides explained by the PRS fell from 4.7% of the variation at 

baseline to only 2.1–2.7% at post-therapy measurements (Fig. 4).

Of the 16 SNPs included in the triglyceride-PRS and those in the top 20 for GWAS 

(Supporting Information Table S8) of maximum triglyceride in our European ancestry 

patients, rs964184 in APOA1 was the only SNP to appear in both sets.

Adverse Events

We have previously shown an association between lower serum albumin and symptomatic 

osteonecrosis29. Herein, lower minimum serum albumin was significantly associated with 

symptomatic osteonecrosis (p=7×10−13) and thrombosis (p=0.002), but not pancreatitis 

(p=0.1), in univariate analyses (Supporting Information Figure S6). However, albumin only 
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remained significantly associated with symptomatic osteonecrosis, and not thrombosis, 

when adjusting for other known risk factors including age, race, gender, risk-arm, and 

protocol (Supporting Information Figure S6).

There was a step-wise increase in both symptomatic osteonecrosis (p<1×10−15) and 

thrombosis (p=2×10−7) by maximum hypertriglyceridemia grade, which remained 

significant in multivariate analyses (osteonecrosis: p=0.004, Fig. 5A; thrombosis: p=0.008, 

Fig. 5B). A similar pattern was observed when patients were grouped into their longitudinal 

triglyceride cluster, with patients in high-risk cluster C having the highest frequency of 

symptomatic osteonecrosis and/or thrombosis (Supporting Information Figure S7A and 

S7B).

There was no association between maximum hypertriglyceridemia grade (univariate, p=0.4; 

Fig. 5C) or longitudinal triglyceride cluster (univariate, p=0.6; Supporting Information 

Figure S7C) and pancreatitis.

Discussion:

Though the relationship between acute hypertriglyceridemia and pediatric ALL therapy has 

been known for over 25 years4,5, it is still of relevance due to unclear associations with long-

term toxicities and limited serial data, particularly with modern PEG-asparaginase 

containing regimens. Limitations of past studies include small sample size, potential 

underrepresentation of hypertriglyceridemia, and inconsistent definition of 

hypertriglyceridemia.

We analyzed triglycerides at predefined timepoints that were chosen in relation to 

dexamethasone and asparaginase exposure and were not biased by any clinical suspicions of 

hypertriglyceridemia. Triglycerides actually decreased in LR patients following 

dexamethasone monotherapy between baseline and week 7 (Figs. 1A and 1B); when 

combined with asparaginase (SHR patients), triglycerides increased over this same time 

period (Table S3), showing a greater lipemic effect of asparaginase plus dexamethasone 

compared to dexamethasone alone. The identical dexamethasone regimen between protocols 

allowed front-line asparaginase formulation to be evaluated with respect to triglycerides. Our 

data clearly show a greater influence of PEG- versus L-asparaginase on elevation of 

triglycerides, when given in combination with glucocorticoid therapy. The magnitude of 

increase in triglycerides from baseline to week 8 in TXVI (PEG-asparaginase) SHR patients 

was nearly double that of TXV (L-asparaginase) SHR patients (Figs. 1C and 1D). 

Dexamethasone treatment was reduced from 12 mg/m2/day to 8 mg/m2/day in SHR patients 

at week 7 (beginning of reinduction I) in both protocols, implicating high dose PEG-

asparaginase as the driver in the development of hypertriglyceridemia. As has been shown 

previously in a small subset of TXVI6, no patients on Erwinia asparaginase developed grade 

4 hypertriglyceridemia. Patients on SHR therapy maintained a persistent increase in 

triglycerides as compared to LR patients. Only SHR patients developed 

hypertriglyceridemia, with more patients on TXVI therapy developing grade 4 

hypertriglyceridemia compared to TXV (Fig. 2). Only patients on TXVI SHR therapy had 

multiple episodes of grade 4 hypertriglyceridemia (Supporting Information Table S4).
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As was reported in an interim analysis of TXVI6, older age and SHR therapy (which are 

highly correlated) were associated with hypertriglyceridemia. Here, we demonstrated this 

relationship through analysis of maximum hypertriglyceridemia grade and through 

longitudinal triglyceride clustering. Serum albumin was used as a surrogate for serum 

asparaginase activity: hypoalbuminemia is associated with increased asparaginase as well as 

increased dexamethasone exposure26–29. Asparaginase allergic reaction and/or presence of 

anti-asparaginase antibodies is associated with lower exposure to asparaginase23,41,42. 

Patients with a higher maximum hypertriglyceridemia grade (Table 1) and/or who had 

higher triglyceride trends (high-risk cluster C; Supporting Information Table S7) likely had 

higher exposure to asparaginase, as suggested by lower serum albumin, undetectable anti-

asparaginase antibodies and absence of asparaginase allergy.

Consistent with a strong drug effect outweighing any genetic predisposition, we found no 

single SNPs of genome-wide significance to explain maximum triglyceride measurement or 

longitudinal triglyceride clustering, although our power to detect novel genetic 

predisposition is limited by relatively small sample sizes. As hypertriglyceridemia is a 

highly-studied polygenic phenotype, we applied a previously developed triglyceride-PRS39 

and confirmed that this PRS was a significant risk factor for hypertriglyceridemia at all time-

points, particularly at baseline, in European ancestry patients. However, our observation that 

the triglyceride-PRS explained less of the variation in triglycerides after treatment suggests 

that the hypertriglyceridemia phenotype was driven by therapy more than genetic factors.

We showed both symptomatic osteonecrosis and post-induction thrombosis were associated 

with hypertriglyceridemia in multivariate analyses (Figs. 5A and 5B; Supporting 

Information Figures S7A and S7B). These associations were true if either maximum 

hypertriglyceridemia grade (Fig. 5) or longitudinal triglyceride patterns (Supporting 

Information Figure S7) were considered.

Whether treatment with agents such as omega-3, nicotinic acid derivatives, or fibrates to 

lower triglycerides11,12,43,44 would have altered the risk of osteonecrosis or thrombosis is 

unknown. Though patients were encouraged to maintain a low-fat diet during asparaginase 

therapy, we do not have data on compliance to this recommendation. Like past studies, there 

was no association between triglycerides > 1000 mg/dL and pancreatitis5,6,17,45.

Both TXV and TXVI protocols, as well as Children’s Oncology Group and other NCI-

approved protocols, use NCI’s CTCAE grading scales. Alternative scales, such as those 

suggested by the Ponte di Legno consortium working group (PTWG) have also been 

proposed46. For reference, in CTCAE v4.0, grades 1–3 hypertriglyceridemia would be 

classified as mild by PTWG [<10 times upper normal limit (UNL)] and grade 4 by CTCAE 

would be classified as moderate (10–20 times UNL) to severe (>20 times UNL) by PTWG.

In this study, we found that triglycerides were affected more by PEG-asparaginase than 

native L-asparaginase, by asparaginase more than dexamethasone, and by drug effects more 

than genetic effects. It is not clear whether triglycerides cause thrombosis and osteonecrosis 

or are simply covariates of the toxicities and/or biomarkers of increased drug exposure. 
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Further study is required to determine if lipid-lowering interventions attenuate these 

toxicities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

This work was supported by National Institutes of Health GM115279, CA142665, CA21765, and the American 
Lebanese Syrian Associated Charities. The authors thank the patients and parents who participated in the clinical 
protocols included in this study, and the participating clinicians and research staff, including Katherine M. 
Robinson and Jitesh D. Kawedia.

Abbreviations:

ALL acute lymphoblastic leukemia

ASP-RXN asparaginase-reaction

BMI body mass index

CTCAE Common Terminology Criteria for Adverse Events

DVT deep vein thrombosis
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Figure 1: The greatest increase in triglycerides was observed in SHR patients after 
dexamethasone and asparaginase at week 8.
Intrapatient triglyceride (y-axis) changes shown by protocol and treatment risk-arm. A. 

TXV, LR (n=142). B. TXVI, LR (n=229). C. TXV, SHR (n=123). D. TXVI, SHR (n=279). 

Solid red arrows indicate dexamethasone treatment time periods; open orange arrows 

indicate asparaginase treatment time periods. Details of therapy have been described.23 

Grade 4 hypertriglyceridemia (1000 mg/dL) is indicated with a dashed horizontal line. P-

values calculated using Wilcoxon tests for paired samples. LR= low risk treatment arm, 

SHR= standard/high risk treatment arm.
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Figure 2: Maximum hypertriglyceridemia grade was significantly higher in TXVI versus TXV 
SHR arms; there was no difference between TXV versus TXVI for the LR arms.
TXV, LR (n=189); TXVI, LR (n=255); TXV, SHR (n=173); TXVI, SHR (n=308). Only 

patients with at least two lipid measurements were included in analyses. LR (low risk 

treatment arm); SHR (standard/high risk treatment arm); hyperTG (hypertriglyceridemia).

Finch et al. Page 15

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: Longitudinal triglyceride cluster analysis identified three unique groups of patients.
A. K-means for longitudinal data (KML) was used to cluster patients (n=773, TXV+TXVI) 

with similar triglyceride trends over the observed course of therapy. B. TXV, LR patients 

(n=142). C. TXVI, LR patients (n=229). D. TXV, SHR patients (n=123). E. TXVI, SHR 

patients (n=279). NOTE: 84% (61/73) of patients with maximum hypertriglyceridemia grade 

4 (>1000 mg/dL dotted line on graph) were in high-risk cluster C; 16% (12/73) were in 

intermediate-risk cluster B. Only patients with four triglyceride measurements were included 

(n= 773).
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Figure 4: Percent of variation in triglycerides explained by the triglyceride-PRS at four time-
points in white patients on TXV and TXVI.
Triglycerides (TG) were treated as a continuous variable at each time point. P-values were 

generated using linear regression models with TG measurement as the independent variable 

with covariates including age, sex, protocol, and risk-arm. Baseline, p=3×10−8; week 7, p= 

1×10−6; week 8, p=1×10−6; week 12/17, p=1×10−5. N=642.
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Figure 5: Osteonecrosis and thrombosis, but not pancreatitis, were significantly associated with 
maximum hypertriglyceridemia grade.
Adverse events were A symptomatic osteonecrosis grade 2–4. B. thrombosis grade 3–4. C. 

pancreatitis grade 3–4 (TXV) or grade 2–4 (TXVI). Multivariate p-values from proportional 

odds models included age, gender, race, minimum serum albumin, risk-arm, and protocol as 

covariates. Ratios at top of each bar indicate the number of patients positive for the specific 

toxicity in each maximum hypertriglyceridemia (hyperTG) grade.
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