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Abstract

Incorporation of asparaginase (ASNase) and pegylated asparaginase (PEG-ASP) into pediatric-

inspired regimens for adults with acute lymphoblastic leukemia (ALL) has led to improved 

treatment outcomes albeit with increased toxicities. This study compared the efficacy and safety of 

the Children’s Oncology Group standard PEG-ASP (SD) dosing (>1000, median 2500 IU/m2/

dose) in adult Philadelphia chromosome-negative ALL patients receiving multiagent 

chemotherapy vs reduced dose PEG-ASP (RED) (≤1000, median 500 IU/m2/dose) during 

induction. 51 patients were included, 26 in RED and 25 in SD (median age 49 vs 37 years, 

p=0.027). Median day 7 ASNase activity level for RED was 0.16 IU/mL. All 11 patients who 

received PEG-ASP 1000 IU/m2 and 9/11 patients who received 500 IU/m2 achieved an ASNase 

level ≥0.1 IU/mL. Patients receiving RED experienced fewer total grade 3/4 toxicities during 

induction compared to SD (p=0.02) while still attaining therapeutic ASNase levels. RED permits 

safer ASNase use in adults with ALL and should be tested in a larger cohort prospectively.
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Introduction

Pediatric-inspired regimens in the treatment of ALL in the adult and young adolescent 

(AYA) population have consistently resulted in an overall survival (OS) advantage. In an 

analysis of 16 nonrandomized studies examining AYA patients treated according to either a 

pediatric or adult ALL regimen, 13 of them favored the use of pediatric regimens [1]. A 

meta-analysis of a subset of these comparisons also revealed a lower all-cause mortality rate 

at 3 years (RR 0.58; 95% CI 0.51–0.67) [2]. Several prospective trials investigating the use 

of pediatric-inspired regimens for adults with ALL have demonstrated promising outcomes 

as well, with overall survival (OS) ranging from 67–85% [3–5]. These findings have in turn 

led to an increase in the use of pediatric regimens to treat adults with ALL.

One of the key distinguishing factors of pediatric regimens is the intensive use of L-

asparaginase (ASNase) in several of the intensive phases of these pediatric regimens. 

ASNase rapidly catalyzes and depletes extracellular L-asparagine, effectively starving the 

ALL cells which are unable to synthesize the essential amino acid due to the lack of the L-

asparagine synthase enzyme; in turn, this results in inhibition of protein synthesis, cell cycle 

arrest, and subsequent apoptotic death in lymphoblasts [6]. ASNase has been used in 

pediatric regimens since the 1960s, with several studies showing a superiority of ASNase-

containing regimens over non-ASNase regimens [7–10].

Native ASNase was first derived from Escherichia coli, which led to profound 

hypersensitivity and led to the development of alternative forms of ASNase that did not 

share cross-reactivity[11]. A pegylated (PEG) E. coli enzyme was created (PEG-

asparaginase), which has since supplanted the E. coli derivative (no longer available 

commercially in the United States) as the standard of care for pediatric regimens. PEG-

asparaginase (PEG-ASP) has the advantage of reduced immunogenicity, longer half-life (7 

days vs. 34–49 hours), and flexibility in the route of administration (IV or IM) [10]. 

Available evidence suggests that PEG-ASP is at least as efficacious as native ASNase, with 

some arguing that the longer half-life of PEG-ASP results in improved asparagine depletion 

[12,13]. The shorter half-life of ASNase may be preferred if a toxicity does occur, as its 

clearance will be faster compared to PEG-ASP. A native ASNase derived from Erwinia 
chrysanthemi is also commercially available for patients who have developed 

hypersensitivity reactions to PEG-ASP.

The biggest barrier to incorporation of ASNase of any formulation has been toxicity. 

ASNase’s dose-limiting toxicities include hepatotoxicity, pancreatitis, hypertriglyceridemia, 

hypersensitivity reactions and thrombosis, which are more common in adolescents and 

young adults (AYAs) compared to younger patients [1]. Development of these toxicities can 

result in delays in post-remission induction therapy and lead to potential dose reductions of 

other antileukemic drugs with overlapping toxicity. This is particularly problematic in the 

AYA and older patient population where age alone is an independent risk factor for 

treatment delay, significantly impacting leukemia free survival and overall survival [14]. 

Moreover, adult ALL patients who received fewer PEG-ASP doses (<3) experienced a 

higher relapse risk compared to those who received 3 or more [15]. There does not appear to 
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be a difference in grade 3–4 toxicity between PEG-ASP and native ASNase in adult ALL 

patients; however, incidence of toxicity was strongly associated with pre-treatment obesity 

and hypofibrinogenemia [16].

PEG-ASP doses used in adult and pediatric patients include 500, 1000, 2000, and 2500 

IU/m2, with the 2500 IU/m2 dose being used most commonly in the pediatric population in 

the United States [10,17]. The Children’s Oncology Group (COG) AALL0232 study used a 

PEG-ASP dose of 2500 IU/m2, which served as the foundation for PEG-ASP dosing in the 

CALGB 10403 study in adults [5,18]. Pharmacodynamic studies in adults suggest that a 

dose of 2000 IU/m2 is sufficient to cause complete asparagine deamination within 2 hours 

and maintain 100% asparagine depletion up to 14 days after administration [19]. Testing of 

actual asparagine levels has been difficult and is not commercially available; therefore, 

target ASNase activity has been used as a surrogate to define therapeutic ASNase activity, 

with levels above a cutoff of ≥0.1 IU/mL resulting in complete asparagine depletion [20,21]. 

It remains unknown whether lower doses of PEG-ASP are capable of achieving adequate 

ASNase levels and asparagine depletion in adults with ALL.

In an effort to address this uncertainty, we present an investigation into the use of dose-

reduced PEG-ASP as part of a modified CALGB 10403 regimen for adult ALL patients 

[22]. We compared a historical cohort of adult ALL patients receiving multi-agent 

chemotherapy with traditional PEG-ASP dosing (median 2500 IU/m2/dose, IQR 1900–2500 

IU/m2/dose) to a group who received reduced dose PEG-ASP (median 500 IU/m2/dose, IQR 

500–1000 IU/m2/dose) during induction; we hypothesized that the dose-reduced regimen 

during induction would be associated with less induction-related toxicity while still 

achieving acceptable goal asparaginase activity levels.

Methods

This study is a single-center IRB-approved retrospective study that evaluated consecutive 

patients age ≥ 18 years old with a diagnosis of Philadelphia chromosome (Ph) negative ALL 

who received at least one dose of PEG-ASP during induction of five drug pediatric-inspired 

induction regimen (CALGB 10403, )[22] between January 2008 and September 2018 (see 

box 1 for the remission induction regimen and supplemental figure for detailed dosing 

regimen). Dosing groups were defined based on the first dose of PEG-ASP during induction: 

the COG standard dose (SD) PEG-ASP (>1000 IU/m2) and reduced dose (RED) PEG-ASP 

(≤ 1000 IU/m2). Patients in the SD PEG-ASP group were treated from January 2008 to 

August 2014. Starting in August 2014, a programmatic change was made such that all non-

study patients ≥ 18 years old with Ph-negative ALL received PEG-ASP 1000 IU/m2 during 

induction with the CALGB 10403 regimen. Patients may have received a further dose 

reduction of PEG-ASP to 500 IU/m2 or 250 IU/m2 if any of the following comorbidities 

were present at baseline: age > 50 years old, baseline liver dysfunction, diabetes, or obesity 

defined as a Body Mass Index (BMI) ≥ 30 kg/m2. The distinction between 250 and 500 

IU/m2 was per prescriber discretion based on the constellation of comorbidities. All patients 

were pre-medicated with hydrocortisone, diphenhydramine, and acetaminophen per 

institutional policy. For patients whose ASNase activity was < 0.1 IU/mL seven days after 

administration of PEG-ASP and did not experience grade 3 or 4 toxicity, an additional dose 
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of PEG-ASP was administered as soon as the low value resulted at a dose equivalent to the 

initial dose; in subsequent cycles they received double the original dose. For those patients 

who did experience grade 3 or 4 toxicity, ASNase activity was repeated at day 14. Patients 

continued to receive post-remission therapy according to CALGB 10403 with continued 

modification of PEG-ASP dosing according to their assigned dosing group.

The primary objective of this study was to determine the rate of achieving target ASNase 

activity (≥0.1 IU/mL) one week after administration of reduced PEG-ASP during induction 

therapy. Target ASNase activity has previously been used in several protocols to define 

therapeutic ASNase activity, with levels above a cutoff of ≥0.1 IU/mL resulting in complete 

asparagine depletion [20,21]. Secondary objectives included the comparison of incident 

grade 3/4 toxicities of hepatotoxicity, pancreatitis, hypertriglyceridemia, and venous 

thromboembolism between the two dosing groups. Grade 3/4 toxicity during induction 

(course I) was determined per CTCAE v4.0 criteria. Grade 3/4 elevation in alanine 

aminotransferase (ALT) and/or aspartate aminotransferase (AST) was defined as ALT>5x 

upper limit of normal and/or AST>5x ULN. Grade 3/4 total bilirubin elevation was defined 

as total bilirubin >3x ULN. Grade 3/4 amylase or lipase elevation was defined as lipase > 2x 

ULN and amylase > 2x ULN. A clinical diagnosis of pancreatitis was characterized by an 

elevated amylase or lipase accompanied by severe pain, emesis, or requiring medical 

intervention. Hypertriglyceridemia was defined as triglycerides > 500 mg/dL, and venous 

thromboembolism (VTE) was defined as either a DVT or PE by diagnostic testing. 

Progression free survival and overall survival were also compared between the two groups. 

Progression was defined according to the criteria from the Center for International Blood 

and Marrow Transplant Research (CIBMTR). Patients with minimal residual disease were 

not considered to have progressed.

Fisher’s exact test was used for comparisons of categorical variables, the 2-sided 

independent sample t-test was used for normally distributed continuous variables, and the 

Mann-Whitney U test was used for non-normally distributed continuous variables. Survival 

analyses was carried out using the log-rank test and Cox regression analysis to estimate 

hazard ratios along with 95% confidence intervals. Analyses were performed using Stata 

software, version 15.0 (StataCorp). The data cutoff date was September 1, 2018.

Results

Baseline Characteristics

Fifty-one consecutive patients with Ph-negative ALL were included, 26 in the RED PEG-

ASP group and 25 in the SD PEG-ASP group. Median age in the SD PEG-ASP group was 

36.6 years (range 18–64) compared to 49 years (range 19–76) in the RED PEG-ASP group 

(p=0.027). The SD PEG-ASP group had only one patient (4%) who was age 60 years or 

older, compared to 8/26 (30.8%) in the RED PEG-ASP group (p=0.024). There were no 

appreciable differences in gender, ethnicity, comorbidities, disease status, or ALL phenotype 

at the time of treatment (see table 1). The incidence of pre-treatment diabetes mellitus was 

3/25 (12%) in the SD PEG-ASP group compared to 8/26 (31%) in the RED PEG-ASP group 

(p=0.17). A pre-treatment BMI ≥ 25 kg/m2 (cutoff for overweight/obesity) was present in 21 

(81%) patients in the SD PEG-ASP group and in 19 (76%) patients in the RED PEG-ASP 
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group (p=0.74). Pre-treatment liver disease (as indicated by prior diagnosis in electronic 

medical record or disease noted on imaging) was noted in 1 (4%) patient in the SD PEG-

ASP group and in 5 (19%) in the RED PEG-ASP group (p=0.19). Seven (28%) patients in 

the SD PEG-ASP group and four (15%) patients in the RED PEG-ASP underwent 

allogeneic stem cell transplantation while in complete remission (p=0.32).

Achievement of Target Asparaginase Activity During Induction

The median 7-day post-PEG-ASP ASNase activity level for patients in the RED PEG-ASP 

group was 0.16 IU/mL (range 0.037–0.85 IU/mL), with 22/26 (84.6%) having achieved an 

ASNase activity level ≥ 0.1 IU/mL (see figure 1). Median ASNase activity level was higher 

for patients receiving PEG-ASP 1000 IU/m2 compared to 500 IU/m2 (0.22 vs. 0.14 IU/mL, 

p=0.0006) or 250 IU/m2 (0.22 vs. 0.081 IU/mL, p=0.004). All 11 patients who received 

PEG-ASP 1000 IU/m2 reached a guideline adherent induction ASNase level ≥0.1 IU/mL, 

compared to 9/11 in those who received PEG-ASP 500 IU/m2 and 2/4 in those who received 

PEG-ASP 250 IU/m2.

Toxicity During Induction

Of the CTCAE toxicities that were evaluated and described in the methods section, at least 

one ≥ grade 3 toxicity during induction was reported per patient in 46% of the RED PEG-

ASP cohort compared to 80% of the SD PEG-ASP cohort (p=0.02). For patients age >40 

years old and for those with a BMI ≥ 25kg/m2, patients in the RED PEG-ASP group had 

fewer total grade 3 and 4 toxicities (p=0.014 and p=0.017, respectively). Details regarding 

individual grade 3 and 4 toxicities during induction are found in Table 2.

Relapse Free Survival and Overall Survival

The median duration of follow-up was 16.3 months (range 1–55 months) in the RED PEG-

ASP group and 53.8 months (range 1–125 months) in the SD PEG-ASP group (p<0.001). 

Disease relapse or death occurred in 21 patients (13 in the SD PEG-ASP group and 8 in the 

RED PEG-ASP group).

Median relapse free survival (RFS) was 46.6 months in the RED PEG-ASP group and not 

reached in the SD PEG-ASP group (HR=0.79, 95% CI 0.30–2.07, p=0.63) (figure 2). 

Median OS was not reached for the RED PEG-ASP group and 107 months for the SD PEG-

ASP group (HR 0.82, 95% CI 0.29–2.34, p=0.71) (figure 3). Estimated 2-year RFS was 

62.7% in the RED PEG-ASP group compared to 72.7% in the SD PEG-ASP group 

(p=0.45); estimated 2-year OS was 73.6% and 73.7%, respectively (p=0.99).

Discussion

ASNase is a critical component of the modern day treatment of pediatric ALL. The 

introduction of PEG-ASP results in more prolonged exposure to ASNase and has been 

demonstrated in a number of recent studies to further improve treatment outcomes. ASPase 

doses exceeding 2000 IU/m2 are common in pediatric ALL (according to dosing in COG 

AALL0232), but have been more challenging to deliver in older adolescents and in the older 

adult population due to an increased rate of treatment related toxicities, including 
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thrombotic, hepatic, pancreatic and neurologic complications [1]. Given the importance of 

this agent in treatment of ALL, we have questioned whether administration of lower doses of 

PEG-ASP can effectively reduce treatment related toxicities and still achieve therapeutic 

drug levels in older adults with ALL and/or younger adults with co-morbid conditions, 

including obesity. Thus, we assessed whether reduced dosing of PEG-ASP (≤1000 IU/m2) as 

part of a pediatric inspired regimen for ALL was capable of achieving guideline adherent 

ASNase activity levels during treatment induction. Twenty two of twenty six patients in the 

RED PEG-ASP group achieved a post-PEG-ASP ASNase activity level > 0.1 IU/mL seven 

days after administration. Of this group, 100% of patients who received a PEG-ASP dose of 

1000 IU/m2 and nearly 85% of patients who received 500 IU/m2 achieved guideline 

adherent plasma ASNase activity levels. Importantly, RED PEG-ASP resulted in 

significantly fewer patients experiencing incident grade 3 or 4 toxicities compared to SD 

PEG-ASP despite the RED PEG-ASP group representing an older population. Small patient 

numbers likely explain why individual toxicities between the two groups were not 

significantly different. While previous reports have concluded that the threshold level of 

plasma ASNase activity necessary to achieve asparagine depletion is between 0.1–0.4 

IU/mL [19,21], a recent pediatric report suggests that the threshold level may be as low as 

0.02 IU/mL [23]. All patients in this study, even at doses of 250 IU/m2, achieved ASNase 

activity levels >0.02 IU/mL at seven days after administration. Day 7 ASNase activity levels 

were obtained to allow an opportunity to intervene quickly if discovered to be low. Based on 

the seven-day half-life of PEG-ASP, one would expect the majority (if not all) of patients to 

have a ASNase level >0.02 IU/mL at day 14. This is also supported by data that suggests 

PEG-ASP activity lasts 22–29 days [23].

Silent inactivation of ASNase caused by neutralizing anti-drug antibodies without the 

development of overt allergy symptoms is a known phenomenon [20,24]. Given that 22 of 

26 patients in the RED PEG-ASP group achieved an ASNase activity level ≥ 0.1 IU/mL, it is 

unlikely that silent inactivation played a key role. Of the 4 patients who did not achieve 

ASNase level ≥ 0.1 IU/mL, 2 did not achieve that ASNase level with a second induction 

dose; both of these patients were in the 250 IU/m2 group, which may indicate that this is not 

a reliably effective dose.

These data suggest that RED PEG-ASP to as low as 500 IU/m2 not only results in 

therapeutic asparaginase levels during induction therapy for ALL but may be better tolerated 

than SD PEG-ASP and might provide an opportunity to increase adherence to pediatric 

regimens where PEG-ASP is administered multiple times throughout the intensive portion of 

treatment [1,3,5,25,26]. As this was a retrospective study focused on the tolerance of 

induction PEG-ASP it was difficult to demonstrate a connection between PEG-ASP 

tolerance (i.e. reduced toxicity) and treatment adherence due to many factors including lack 

of data capture or first remission transplantation. There were significantly fewer toxicities in 

overweight/obese patients (BMI ≥ 25) with RED PEG-ASP; this is promising in light of the 

known association of pre-treatment obesity and ASNase-related hypofibrinogenemia, and 

that reduced tolerance of PEG-ASP may have been in part responsible for the high early 

failure rate in obese patients enrolled on the CALGB 10403 protocol [5,16]. A comparison 

of toxicities from the CALGB 10403 in adult and young adolescent (AYA) patients age 17–

39 and the older adolescents enrolled in the pediatric AALL0232 revealed that rates of 
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hepatotoxicity, pancreatitis, and thrombosis were higher in the CALGB 10403 patients 

compared to those in AALL0232 during induction but not during post-remission 

therapy[5,27]. This lends credence to the idea that mitigating early toxicity during the 

induction period can enhance tolerability and in turn efficacy. L-carnitine has recently been 

reported to have a therapeutic benefit in PEG-ASP related hepatotoxicity, which many also 

serve to reduce the extent of toxicities [28,29].

Other trials have used reduced dose PEG-ASP and/or omitted PEG-ASP during induction 

therapy, including the NOPHO ALL2008, GRAAL-2005, and DFCI 01–175 studies 

[3,4,30]. Interestingly, the pediatric inspired regimen used in the NOPHO ALL2008 was 

tolerable and effective for patients up to the age of 45 years. In this study, PEG-ASP 

administration was delayed until the second course of treatment for the standard and 

intermediate risk groups and the dose of PEG-ASP was lower (1000 IU/m2 at 2 week 

intervals) than the doses used in the Children’s Oncology Group AALL0232 study upon 

which CALGB 10403 was based [4]. While BMI was not evaluated as a prognostic factor in 

the NOPHO publication, one wonders whether lower rates of obesity and/or other 

differences in the study populations between northern Europe and the United States might 

account for some of these differences. In a recent publication, a polymorphism in the SOD2 
gene was found to be more common in US patients of self-reported Hispanic descent and 

has been associated with higher rates of asparaginase related hepatotoxicity [31]. Similar to 

the CALGB 10403 study, the DFCI 01–175 employed an intensive pediatric ASNase dosing 

schedule in adults with ALL up to the age of 50 years; 37% of patients did not complete all 

doses of PEG-ASP due to toxicity. The GRAAL-2005 study used an age cutoff of 59 years, 

and was notable not only for lower compliance in patients over 55 years of age but also for 

lower CR, EFS, and OS [30]; in total, this led to the conclusion that intense asparaginase 

dosing may not be feasible for adults over the age of 45–55 years.

Our preliminary results suggest that the improved tolerance of lower doses of PEG-ASP may 

allow for increased schedule adherence, improved dose intensity of additional 

chemotherapies, and longer exposure to PEG-ASP in post-remission cycles, which may in 

turn lead to improved long-term outcomes. Baseline characteristics between the two groups 

were similar except most notably for age, with the RED PEG-ASP group being significantly 

older and having a larger proportion of patients ≥ 60 years old. It should be noted that the 

median follow-up duration was significantly shorter for the RED PEG-ASP group, owing to 

a programmatic shift in August 2014 to dose all patients ≥ 18 years old with reduced dose 

PEG-ASP. Given the small number of patients, the age and disease heterogeneity and short 

follow-up of patients who received the dose reduced PEG-ASP, it is impossible for us to 

comment here on the potential for improvements in survival. Nevertheless, there is no 

evidence thus far of a survival difference between the two groups. Dose reduction of PEG-

ASP also comes with the potential added benefit of cost savings; with an average cost of 

approximately $4,350 per 1000 units of PEG-ASP [32], there is also a small financial 

incentive to dose reduction, particularly in areas of the world where cost creates prohibitive 

restrictions to the use of PEG-ASP. Furthermore, patients who develop significant toxicities 

from treatment may experience longer hospital lengths of stay or require the services of the 

intensive care unit, both of which may drive up the total cost of care.
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In conclusion, our pilot study suggests that for adults age 40 years and older or any patient 

with comorbidities such as obesity, diabetes, liver disease, or venous thromboembolism, 

reducing the dose of PEG-ASP to 1000 IU/m2 can achieve therapeutic asparaginase levels 

with reduced toxicity than the standard doses employed in many pediatric regimens. While 

many exciting new agents including blinatumomab and inotuzumab ozogamicin are now 

being studied in frontline trials of both younger and older adults with ALL with initially 

promising results [33–35], it may still be worthwhile to pursue improvements in standard 

regimens given the exorbitantly high costs and uncertain response durability of these newer 

agents. A larger prospective study of dose-adjusted PEG-ASP in an intensive pediatric 

backbone such as CALGB 10403 will be required to determine whether this approach would 

result in improved adherence, safety and efficacy for adults with ALL.
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Box 1:

CALGB 10403 Remission Induction (Course I) Regimen As Used in This 
Study

Agent Route Dose Schedule

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

Vincristine IV 1.5 mg/m2 (maximum dose 2 mg) Days 1, 8, 15, 22

Peg-Asparaginase* IM/IV 2500 IU/m2 (SD) 250–1000 IU/m2 (RED) Day 4

Dexamethasone PO/IV 10 mg/m2 Days 1–7, 15–21

Cytarabine IT 70 mg Day 1

Methotrexate IT 15 mg Days 8, 29

*
Premedicated with hydrocortisone, diphenhydramine, and acetaminophen

Abbreviations: RED = Reduced-dose group; SD = Standard dose group.
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Figure 1: 
Day +7 asparaginase (ASNase) activity of reduced dose induction pegylated asparaginase 

(RED PEG-ASP). Dashed line corresponds to an ASNase activity level of 0.1 IU/mL, 

indicating achievement of ‘guideline adherent’ dosing of PEG-ASP. 2/4 patients in the 250 

IU/m2, 9/11 in the 500 IU/m2, and 11/11 in the 1000 IU/m2 groups achieved an ASNase 

activity level ≥0.1 IU/mL. The 1000 IU/m2 dose group achieved significantly higher 

ASNase levels compared to either group.
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Figure 2: 
Kaplan-Meier Curve for Relapse Free Survival
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Figure 3: 
Kaplan Meier Curve for Overall Survival
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Table 1:

Baseline Characteristics

COG Standard PEG-ASP 
(>1000 units/m2)

Reduced PEG-ASP (≤1000 
units/m2)

p-value

Patients, n 25 26

Age, median (range) 36.6 (18–64) 49.0 (19–76) 0.0275

AYA (age 18–39), n (%) 13 (52%) 10 (38.5%) 0.245

Age ≥ 60, n(%) 1 (4%) 8 (30.8%) 0.024

Male gender, n (%) 16 (64%) 17 (65%) 1

Ethnicity, n (%) 0.564

Caucasian 16 (64%) 14 (53.9%)

African American 2 (8%) 6 (23.1%)

Hispanic 4 (16%) 3 (11.5%)

Other 3 (12%) 3 (11.5%)

Disease Status, n (%) 0.703

Newly diagnosed 21 (84%) 23 (88.5%)

Relapsed/Refractory 4 (16%) 3 (11.5%)

Phenotype, n (%) 1

B-cell 18 (72%) 17 (65.4%)

T-cell 5 (20%) 6 (23.1%)

Mixed 2 (8%) 3 (11.5%)

Initial WBC count (x109/L), median 7.5 6.8 0.899

BMI (kg/m2) during induction, median 28.7 28.7 0.914

History of Liver Disease, n (%) 1 (4%) 5 (19.2%) 0.191

History of Pancreatitis, n (%) 0 (0%) 0 (0%) 1

History of Diabetes, n (%) 3 (12%) 8 (30.8%) 0.173

History of VTE, n (%) 2 (8%) 5 (19.2%) 0.419

Received allogeneic SCT in CR, n (%) 7 (28%) 4 (15.4%) 0.324

Induction PEG-ASP dose, units, median 4450 1537 <0.001

Induction PEG-ASP dose, units/m2, median (IQR) 2500 (1900–2500) 500 (500–1000) <0.001

Day +7 ASNase activity level - IU/mL, median (range) - 0.16 (0.037–0.85) -

Achieved Guideline Adherent Day +7 ASNase Induction 
Level, n (%)

- 22 (84.6%) -

Abbreviations: ASNase = Asparaginase, AYA = Adolescent and young adult, BMI = body mass index, COG = Children’s Oncology Group, CR = 
complete remission, PEG-ASP = Pegylated asparaginase, SCT = stem cell transplant, VTE = venous thromboembolism, WBC = white blood cell

Leuk Lymphoma. Author manuscript; available in PMC 2021 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Derman et al. Page 16

Table 2:

Grade 3/4 Toxicities During Induction by Treatment Arm

COG Standard
(>1000 units/m2)

n=25

Reduced
(≤1000 units/m2)

n=26

p-value

Any grade 3/4 toxicity, n (%) 20 (80%) 12 (46.2%) 0.02

AST or ALT elevation, n (%) 8 (32%) 11 (42.3%) 0.565

Total bilirubin elevation, n (%) 11 (44%) 6 (23.1%) 0.144

Amylase or lipase elevation, n (%) 4 (16%) 3 (11.5%) 0.703

Clinical pancreatitis, n (%) 4 (16%) 2 (7.7%) 0.419

Triglyceride elevation, n (%) 2 (8%) 4 (15.4%) 0.668

Fibrinogen < 100 mg/dL, n (%) 15 (60%) 10 (38.5%) 0.165

New venous thromboembolism, n (%) 5 (20%) 4 (15.4%) 0.726

Age

< 40 years, n (%) 9/13 (69%) 6/11 (54.5%) 0.675

≥ 40 years, n (%) 11/12 (91.7%) 6/15 (40%) 0.014

BMI

<25 kg/m2, n (%) 2/4 (50%) 3/7 (43%) 1

≥ 25 kg/m2, n (%) 18/21 (86%) 9/19 (47.3%) 0.017

COG = Children’s Oncology Group
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