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Abstract

AALL08P1 was designed to determine if biweekly intensified pegaspargase (I-PEG) was feasible 

and safe in pediatric patients with newly diagnosed high risk B-precursor lymphoblastic leukemia 

when given with Children’s Oncology Group hemi-augmented BFM therapy. High Risk-Average 

(HR-Avg) patients received standard pegaspargase (S-PEG) dosing (6 doses) while High Risk-

High (HR-High) patients received I-PEG biweekly from the start of Consolidation until day 1 of 

Maintenance. Feasibility and safety were defined in advance as ≥ 65% of patients tolerating at 
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least 8 doses of I-PEG and 90% requiring ≤49 weeks from day 1 of Consolidation to the initiation 

of Maintenance. Targeted toxicities included allergic reactions, anaphylaxis, pancreatitis, 

thrombosis, bleeding, central nervous system events and sepsis. AALL08P1 enrolled 104 patients; 

54 were classified as HR-Avg and 30 as HR-High after completion of induction therapy. Only 

53% (16/30) of the HR-High patients received ≥ 8 total doses of I-PEG and 50% (15/30) took ≤ 49 

weeks from start of Consolidation to the initiation of Maintenance. I-PEG did not significantly 

increase grade 2–5 targeted toxicities. I-PEG was not feasible or safe as defined in AALL08P1. 

Complete assessment of this regimen was limited due to removal of patients from I-PEG regimen 

and early closure of the study.
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 Introduction

Relapse is the most common cause of treatment failure for children and adolescents with 

high risk B-precursor acute lymphoblastic leukemia (HR-B-ALL).1–8 Intensification of 

asparaginase therapy has been shown to improve outcomes across multiple studies, both 

when used in a continuous or discontinuous fashion.1–4, 9–14 The Dana-Farber Cancer 

Institute (DFCI) study 77–01 demonstrated that continuous weekly asparaginase decreased 

relapse rates and subsequent DFCI studies including further intensification of asparaginase 

have led to additional improvements in outcomes.3,4,10 The Children’s Cancer Group (CCG) 

1882 demonstrated that intensification through an augmented Berlin-Frankfurt-Munster 

(ABFM) backbone including the addition of discontinuous administration of asparaginase 

improved outcomes in patients with slow early response to therapy and subsequent CCG and 

Children’s Oncology Group high risk (HR) B-ALL studies have included this 

intensification.1,2,6 We hypothesized that further intensification of asparaginase therapy 

through continuous every other week administration on the COG hemi-ABFM (hABFM) 

regimen would improve outcome for children, adolescents and young adults with HR-B-

ALL by diminishing relapse rates.

AALL08P1 was a COG limited institution safety and feasibility pilot study designed for the 

treatment of newly diagnosed patients with HR-B-ALL ages 1–30 years. The COG hABFM 

backbone with one interim maintenance (IM) and one delayed intensification (DI) phase is 

significantly more myelosuppressive than the DFCI backbone, potentially increasing the risk 

of infectious complications when adding additional asparaginase doses in this pilot study. 

The primary aim of AALL08P1 was to determine whether adding biweekly intravenous (IV) 

intensive pegasparagase (I-PEG) beginning in Consolidation and ending at day 1 of 

Maintenance to the hABFM regimen was safe and feasible in children with HR-B-ALL. 

Targeted toxicities including allergic reactions, anaphylaxis, thromboembolic events, 

bleeding, CNS events, sepsis and pancreatitis are described.
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 Materials and Methods

 Patients

Subjects 1 to 30.99 years old at one of the COG centers involved in this limited institution 

pilot study were eligible to enroll in AALL08P1 if they had newly diagnosed, previously 

untreated B-precursor ALL with NCI HR features (initial white blood cell count (WBC) 

≥50,000/microliter and/or age at least 10 years). The diagnosis of ALL was based on 

morphology, cytochemistry and immunophenotyping. Minimal residual disease (MRD) 

testing and cytogenetic analyses were performed at COG reference laboratories and COG 

approved local institutional cytogenetic laboratories.5 The protocol was approved by the 

National Cancer Institute (NCI) and the Institutional Review Boards at COG member 

institutions. Informed consent was obtained from the patients and /or their parent(s)/

guardian(s) according to federal guidelines.

 Treatment

The treatment backbone for AALL08P1 was the hABFM-based prednisone/Capizzi 

methotrexate plus asparaginase (PC) regimen of COG AALL0232.6 The PC arm included a 

4-drug prednisone-based Induction with a single dose of IV pegaspargase on Day 4, 

followed by an 8-week Consolidation phase, a single 8-week IM phase with Capizzi 

escalating IV methotrexate (MTX) and an eight week DI phase (Table 1).

Following completion of Induction, patients were stratified into two groups based on clinical 

features, molecular characteristics and early treatment response. Patients were defined as 

HR-High if they had any of the following features: corticosteroid treatment prior to study 

enrollment, central nervous system (CNS) or testicular leukemia, end induction bone 

marrow (BM) MRD ≥ 0.01% by flow cytometry or M2 (5–25% blasts) by morphology, an 

MLL gene rearrangement, severe hypodiploidy with < 44 chromosomes and/or DNA index 

< 0.81 or other evidence of a hypodiploid clone. The remaining patients were deemed HR-

Average (HR-Avg). Patients found to be Philadelphia chromosome positive were not eligible 

to receive post-induction therapy on AALL08P1.

The HR-Avg group received standard hABFM therapy (AALL0232 PC arm) with 

pegaspargase given 2500 IU/m2/dose IV for a total of 6 doses post-Induction, two each in 

Consolidation, IM and DI (S-PEG). The HR-High patients received hABFM with 

pegaspargase 2500 IU/m2/dose given IV every other week beginning with Consolidation and 

continuing through completion of DI (I-PEG) (Table 1 and Figure 1). Patients continued to 

receive pegaspargase during delays in chemotherapy, and were limited to a maximum of 14 

doses of I-PEG.

The study temporarily closed 4/1/2010 to investigate due two post-Induction deaths on the 

HR-High arm. After investigation, these deaths were not deemed directly attributable to I-

PEG and the study reopened 9/13/2010. Toxicity was originally reported using the NCI 

Common Toxicity Criteria Adverse Event (CTCAE) version 3.0, but, at the direction of the 

NCI, was changed to CTCAE version 4.0 effective in October 2011 with mapping of 

previously reported adverse events (AEs) from version 3.0 to version 4.0. HR-Avg patients 

who developed an anaphylaxis/allergic reaction to pegaspargase were switched to receive 
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Erwinia asparaginase and remained on study. HR-High patients who developed an 

anaphylaxis/allergic reaction to pegaspargase were removed from AALL08P1, as the intent 

of the study was to determine feasibility of intensified pegaspargase and one determinant of 

feasibility was the ability to receive intensified pegaspargase therapy without developing an 

allergic reaction. In the setting of pancreatitis grade 3–4, PEG-aspargase was discontinued if 

this occurred in either arm. For mild pancreatitis, asparaginase was recommended to be held 

until symptoms resolved and amylase returned to normal. For other asparaginase related 

toxicity such as thrombosis grade 3–4, asparaginase had to be withhold until symptoms 

resolved or proper antithrombotic therapy initiated. With CNS related bleeding, thrombosis 

or infarction, asparaginase could be restarted after resolution of symptoms or treatment of 

adverse event. Asparaginase silent inactivation and pharmacokinetics were not monitored as 

part of the study.

During conduct of AALL08P1, results from the parallel COG AALL0232 HR B-ALL trial 

became available demonstrating improved EFS for all HR-ALL patients treated with high 

dose MTX (HDMTX) compared with Capizzi MTX during IM.6 As well, children <10 years 

old treated with HD-MTX during IM and with two weeks of dexamethasone during 

Induction, rather than 4 weeks of prednisone, had improved EFS.7 Consequently, 

AALL08P1 closed to new patient enrollment on 3/21/2011 and therapy was modified to 

incorporate HDMTX in IM for all patients with HR B-ALL who had not yet completed the 

first cycle of Maintenance therapy or received cranial radiation (see Figure, Supplemental 

Digital Content 1).

 Statistical Methods

Data frozen as of 9/30/2013 are included in this report. Accrual of 150 patients (45 HR-High 

and 105 HR-Avg) was originally planned; the results from 104 eligible patients are reported 

here. The study design defined I-PEG as feasible if ≥ 65% of the patients assigned to receive 

I-PEG tolerated at least 8 of the 12 (or 8 of the maximum 14 doses I-PEG) planned total 

doses of every other week pegaspargase therapy. Another a priori endpoint was completion 

of the intensive phases of therapy without unacceptable delays. The study design defined I-

PEG therapy as safe if ≥90% of patients required ≤49 weeks to complete the specified 

therapy from day 1 of Consolidation to day 1 of Maintenance. Descriptive statistics were 

calculated for baseline characteristics including frequencies and medians. Two-sided chi-

square tests were used to compare key frequencies and proportions between the risk groups. 

Two-sided Fisher’s exact tests were performed when expected sample sizes were inadequate. 

Statistical significance was defined as p<0.05. All analyses were performed using SAS® 

software v. 9.2.

 Results

 Patient population

AALL08P1 enrolled a total of 104 eligible patients between 2/23/09 and 3/21/11 at 18 COG 

member institutions. Characteristics of the patients at ALL diagnosis are summarized in 

Table 2. Three patients found to have Philadelphia chromosome positive ALL did not 

receive post-Induction therapy on AALL08P1. Factors such as gender, race, ethnicity, age 
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and total WBC were not significantly different between HR-Avg and HR-High arms (Table 

2).

 Outcome of Induction therapy

A single death occurred during Induction therapy on day 23 following a cerebrovascular 

accident and another death occurred eight days following completion of Induction therapy, 

prior to beginning Consolidation, due to respiratory failure (presumed fungal infection). 

Ninety-eight of the remaining 103 patients (95.1%) enrolled had day 29 bone marrow 

evaluation/response completed (Figure 2). Ninety-six of the 98 patients (98%) entered 

complete remission at end Induction with one patient having an M2 marrow and another 

with an M3 (≥25% blasts) marrow. Twenty patients came off protocol therapy prior to post-

Induction treatment of which 5 were due to adverse events (Figure 2). Thus, 84/104 (80.8%) 

subjects continued with post-Induction therapy with 54 HR-Avg assigned to S-PEG and 30 

HR-High assigned to I-PEG.

 Feasibility

The Consolidation, IM, and DI phases were each scheduled to take 8 weeks to complete; 

thus, HR-High patients on I-PEG should have received at least 4 doses of pegaspargase 

during each phase. However, this was found not to be feasible as defined in the protocol. 

Sixty percent (18/30) of HR-High patients starting Consolidation therapy received ≥ 4 doses 

of pegaspargase however 12/30 (40%) patients came off protocol therapy during this phase. 

During IM, 77.7% (14/18) and during DI, 61.1% (11/18) of patients completed ≥ 4 doses of 

pegaspargase (Table 3). Only 16/30 (53.3%) of those who started Consolidation on I-PEG 

and 14/15 (93.3%) of those completing DI received 8 or more total doses of pegaspargase. 

HR-High patients removed from study prior to completion of planned therapy (n=16) 

included: physician’s choice (n=2); parent refusal (n=1); second malignancy (n=2); death 

(n=1); non-compliance (n=1); relapsed (n=1) and adverse events (n=8) of which 6 were 

anaphylaxis-allergic reactions (5 in Consolidation and 1 in DI), 1 pancreatitis and 1 due to 

seizure/thromboembolic event. Fourteen HR-High patients (46.6%) completed planned 

protocol therapy. In summary, 53% of I-PEG patients were removed early from study with 

about half of this group (27%) secondary due to an adverse event. Nine of 54 (16.7%) 

patients in the S-PEG arm were removed prior to completion of planned therapy for the 

following reasons: physician’s choice (3); parent refusal (1); relapse (3); patient moved to 

non-participating facility (1) and therapy error (1). Comparison of percentage of patients 

coming off study was significantly higher in the I-PEG arm compared to the S-PEG arm 

(53% vs 17%, p<0.001).

The backbone hABFM regimen included two planned doses of pegaspargase during each of 

the 3 phases, which was received by 41/54 (75.9%) HR-Avg patients during Consolidation, 

36/54 (66.6%) during IM, and 34/54 (63%) during DI (one HR-Avg patient went off 

protocol therapy during DI) (Table 3).

 Safety

The primary determinant of safety was taking ≤49 weeks from start of Consolidation to 

initiation of Maintenance. This was achieved by 15/30 HR-High (50%) patients. Fourteen of 
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these patients completed planned protocol therapy. No patients took longer than 49 weeks to 

reach Maintenance. The time from beginning of Consolidation to coming off therapy for the 

patients on I-PEG ranged from 1 week to 30.9 weeks. As described previously, of the sixteen 

HR-High patients removed from protocol therapy eight were due to adverse events. The time 

period for successful completion of the specified therapy (Consolidation to initiation of 

Maintenance) varied between 25.6 and 39.6 weeks (see Figure, Supplemental Digital 

Content 2). The average time for completion of therapy from beginning Consolidation to 

first Maintenance for 53 HR-Avg was 30.0 weeks (sd=1.98) and for the 15 HR-High patients 

31.2 weeks (sd=3.9).

 Toxicity

Post-Induction targeted toxicities are summarized in Table 4. Anaphylaxis and CNS 

toxicities were the most frequently reported targeted toxicities and were comparable among 

the S-PEG and I-PEG arms.

Post-Induction Grade 2–5 non-targeted/non-hematologic toxicities for each phase are 

described below. During Consolidation there were 30 evaluable patients on the I-PEG arm 

and 54 on the S-PEG arm with toxicities as follows: typhlitis: S-PEG (4%) and I-PEG (0%); 

hyperbilirubinemia: S-PEG (4%) and I-PEG (17%) (Fisher’s exact test 2- sided p=0.092). 

Hypoalbuminemia was observed on I-PEG only (3%).

During IM there were 18 evaluable patients on I-PEG and 54 on S-PEG. Grade 2–5 

toxicities as described above included: ALT elevation-S-PEG (13%) and I-PEG (6%); AST 

elevations-S-PEG (7%) and I-PEG (0%): hyperbilirubinemia S-PEG (4%), I-PEG (11%).

Seventy-two patients were evaluable for DI with 18 on I-PEG and 54 on S-PEG. Grade 2–5 

toxicities included: ALT elevation S-PEG (9%), I-PEG (33%) (Fisher’s exact test 2-sided 

p=0.023); AST elevation in 1 patient on S-PEG (2%) and 2(11%) on the I-PEG (Fisher’s 

exact test 2-sided p=0.19); hyperbilirubinemia: S-PEG (4%) and I-PEG (17%) (Fisher’s 

exact test 2-sided p=0.10). Pancreatitis occurred in two patients on S-PEG (4%) and 1 

patient (6%) on I-PEG.

There were 68 evaluable patients who entered at Maintenance Cycle 1 including only half 

(15/30) of patients on I-PEG and 53/54 (98%) on S-PEG. Of those, the following non-

hematologic toxicities were observed: ALT and AST elevations were rare though ALT 

elevations were slightly more common on S-PEG (9%) than I-PEG (7%); bilirubin 

elevations were rare on both arms: S-PEG (2%) and I-PEG (7%). Grade 2–4 osteonecrosis/

avascular necrosis (AVN) was reported in 8 patients throughout maintenance with all but one 

patient affected on S-PEG. Additionally, 2 patients on the I-PEG arm had 

osteonecrosis/AVN reported at 2 years follow-up (with none in follow-up on the S-PEG 

arm). A total of 9 patients received HDMTX as per study guidelines after the results of 

AALL 0232 became known: 6 HR-Avg and 3 HR-High.

Two post-induction deaths were reported on I-PEG: one death occurred during 

Consolidation (day 57) due to gram negative sepsis and multiorgan system failure and the 

other death occurred 44 days after last protocol therapy due to Candida tropicalis cerebral 
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microabscesses and Candida sepsis (off protocol therapy day 15 Consolidation). Neither 

death was attributed to the I-PEG therapy. There was one additional death 32 days after last 

protocol therapy (off protocol therapy day 30 Induction) due to respiratory failure. In 

summary, 5 deaths occurred during treatment or after completion of treatment: Induction 

(n=1), post-induction prior to Consolidation (n=1), Consolidation I-PEG (n=1), follow-up 

period (n=2) with one on I-PEG and one that was removed during Induction.

Three secondary malignancies were reported. One HR-High patient was diagnosed with 

secondary acute myeloid leukemia (AML) during Consolidation after receiving only 2 doses 

of pegaspargase. A second HR-High patient was diagnosed with therapy related 

myelodysplastic syndrome (MDS) during Maintenance cycle 9. A third patient was 

diagnosed with acute biphenotypic leukemia 2 years after completion of therapy though the 

patient was removed prior to post-induction therapy due to an adverse event and was not risk 

stratified.

Twenty-five osteonecrosis/AVN events were reported in 10 patients: 13% (7/54) HR-Avg 

and 10% (3/30) HR-High. The average age at diagnosis was: 16.0 years in HR-Avg and 14.2 

years in the HR-High patients. Two of the seven HR-Avg and one of 3 HR-High patients 

developing osteonecrosis/AVN were female. Most of the events were reported during the 

first few cycles of Maintenance therapy.

Although hematological toxicity was not the primary toxicity focus of the study, grade 2–5 

toxicities were similar between arms: I-PEG grade 3 (47%) and grade 4 (70%); S-PEG grade 

3 (61%) and grade 4 (74%). Myelosuppression grade 2–5 was comparable across the 

different phases in both I-PEG and S-PEG (see Table 6, Supplemental Digital Content 1). 

The overall grade 2–5 infection rate (febrile neutropenia and sepsis) was low with no 

differences between HR-Avg and HR-High arms. Infectious toxicity during DI in both 

treatment arms was not different: I-PEG 50% (9/18) vs S-PEG 41% (22/54) (p=0.49).

The 3-year overall survival (OS) (n=104) was 83.5 ± 4.2% and the 3-year event free survival 

for the entire cohort of patients was 75.1 ± 5.0%. The 3-year OS using the beginning of 

consolidation for the HR-Avg (n=50) was 100% and for the HR-High (n=34) 80 ± 8.2%. 

The 3-year EFS was 92.0 ± 4.5% for the HR-Avg and 69.0 ± 9.6% for the HR-High.

Adverse events reported to AdEERS include the following: six events Grade 5: I-PEG: 

encephalitis (n=1), infection NOS (n=1). S-PEG arm: no Grade 5 events. Induction: CNS 

cerebrovascular ischemia (n=1), pneumonitis (n=1), disseminated aspergillosis (n=1), death 

(n=1). Grade 4: twenty-six events total. I-PEG: hypotension (n=2), typhlitis (n=1), 

intracranial hemorrhage (n=2), adult respiratory distress syndrome (n=1), hypoxia (n=1), 

neutrophil count decreased (n=1), platelet count decreased (n=1), thromboembolic event 

(n=1), seizure (n=1). S-PEG: seizure (n=1), CNS ischemia (n=1). Induction: hypotension 

(n=1), bilirubin increased (n=1), posterior reversible encephalopathy (n=2), adult respiratory 

distress syndrome (n=1), hypoxia (n=1), neutrophil count decreased (n=1), disseminated 

intravascular coagulation (DIC) (n=1), thromboembolic (n=1), infection blood (n=1), 

infection paranasal (n=1), infection trachea (n=1), sepsis (n=1). Grade 3: eight events: I-

PEG: colitis (n=1), fibrinogen (n=1). S-PEG: none. Induction: infection blood (n=1), seizure 
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(n=2), hypertension (n=1), infection blood (n=1), lower gastrointestinal bleed (n=1); Grade 

2: Induction: hypertension (n=1).

 Discussion

Several previous pediatric ALL studies have investigated intensification of asparaginase 

therapy.1–4, 8–13 Protocol 77-01 (DFCI study) used an intensified asparaginase approach in 

pre-B ALL. Patients received asparaginase during consolidation (50,000 IU/m2 IV every 

other day children < 6 years old and 25,000 IU/m2 IV every other day for children > 6 years 

old 5 doses total). All patients received prolonged intensification with vincristine, 

prednisone and doxorubicin and half were randomized to receive weekly high-dose 

asparaginase versus no asparaginase. There were fewer treatment failures in the asparaginase 

treatment arm (2-sided p=0.04). Asparaginase toxicity occurred in 8% of the patients and 

was self-limited but precluded further asparaginase use in these patients. The major toxicity 

encountered was cardiomyopathy in 14% of the patients related to doxorubicin use.10 DFCI 

91-01 compared L-asparaginase 25,000 IU/m2 weekly for 30 consecutive doses to 

pegaspargase 2500 IU/m2 every other week for 15 doses with a backbone chemotherapy 

consisting of vincristine, steroids (prednisone or dexamethasone), doxorubicin, 

mercaptopurine and methotrexate.3 The 5-year EFS for all patients (standard and high risk 

ALL) was 83% ± 2 % which was superior to their predecessor studies (p=0.03). In 

multivariate analysis, patients receiving at least 26 weeks of asparaginase therapy 

(pegaspargase or E coli asparaginase) had improved survival compared to those receiving 

less therapy (<26 weeks) (p<0.01).3 The Pediatric Oncology Group (POG) study 8704 had a 

backbone with alternating combinations of vincristine, doxorubicin, cyclophosphamide, 

prednisone, cytarabine, mercaptopurine, teniposide and a randomization with native 

asparaginase (25000 IU/m2 for 20 weeks) during Consolidation.9 The 4-year EFS for 

patients with T cell- ALL treated in the intensified asparaginase arm was 68% compared to 

55% in the standard arm (p=0.002). Allergic reactions and pancreatitis were more common 

in the intensified arm but with no significant difference in the reported incidence of 

neutropenia or sepsis. However, there was an overall incidence of secondary MDS/AML in 

3.3% of patients with a fourfold increase for those in the intensified arm, suggesting that 

intensified asparaginase might augment the leukemogenic potential of 

epipodophyllotoxins.9,14 POG 9296 attempted to use prolonged asparaginase depletion like 

POG 8704 but using methotrexate and mercaptopurine to replace teniposide and cytarabine 

in order to reduce the risk for a secondary malignancy.15 Pegaspargase dosing was modified 

from the originally planned 20 weeks (Pegaspargase × 10 doses every 2 weeks) to monthly 

dosing for 5 doses over 20 weeks due to concerns of excessive toxicity with the biweekly 

schedule (particularly pancreatitis and severe malnutrition). The incidence of allergic 

reactions was 2.3% and pancreatitis 0.7%. Of note, no patients developed secondary MDS/

AML. The 5-year EFS was 68% for patients with T-cell ALL and 81% for patients with non-

Hodgkin’s lymphoma.

The POG 9203 pilot study (n=34) investigated a combined biweekly intensified 

pegaspargase with IV methotrexate (1 gm/m2 over 24 hours) plus IV mercaptopurine 

(1gm/m2 over 6 hours) and cytarabine IV (1 gm/m2 over 24 hours) alternating every 2 weeks 

in HR ALL patients. Excessive toxicities attributed to pegaspargase and cytarabine due to 
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associated myelosuppression resulted in early closure of the study.8 Asparaginase-associated 

myelosuppression independent of the type of asparaginase product (E. coli vs pegaspargase) 

was described in the DFCI ALL Consortium Protocol 05-01.16 Intensified asparaginase had 

also demonstrated its efficacy in relapse ALL. POG 9310 was designed for patients with pre-

B ALL with first bone marrow relapse or extramedullary relapse.11 Patients were reinduced 

with doxorubicin (day 1), prednisone (28 days), vincristine (weekly × 4) and PEG-aspargase 

weekly or biweekly by randomization. Asparaginase levels and antibodies were measured 

weekly and before asparaginase administration. Complete remissions were significantly 

higher in the weekly arm (97%) versus biweekly (82%) (p=0.003) and responses were also 

significantly higher in those patients with higher asparaginase levels (p=0.012). Grade 3–4 

infectious toxicities were common (50%) with 4 deaths related to sepsis during induction. 

Hypersensitivity to asparaginase was rare (4%).

Other groups such as the International Berlin-Frankfurt-Muenster Study Group (I-BFM-SG) 

and the Italian group (Associazone Italiana Ematologia Pediatrica (AEIOP) had reported 

their experience with asparaginase intensification in pediatric ALL.12,13 The I-BFM-SG 

showed an improved DFS at 10 years using a prolonged high-dose asparaginase approach 

during continuation (20 weekly Erwinia asparaginase 25,000 IU/m2) with a reduced BFM 

type therapy in children with standard risk ALL (DFS 87.5% high dose asparaginase versus 

78.7% no high dose asparaginase).12 The Italian group in contrast did not show a significant 

difference in DFS for intermediate risk ALL treated with high dose asparaginase (25,000 

IU/m2 total 20 weeks) versus standard asparaginase (4 standard doses 10,000 IU/m2) 

(75.7% vs 72.4% respectively, p=0.64).13

Asparaginase intensification has also been tested in adult ALL patients (ages 18–50 years) 

using the DFCI Pediatric ALL consortium regimen which utilized a 30-week course of 

pharmacokinetically dose-adjusted E. coli L-asparaginase during Consolidation.17 The 

primary focus of their study was to determine the feasibility of administering weekly IM 

E.coli asparaginase during the 30 week intensification phase. Sixty-three percent of the 

patients (36/57) completed all 30 doses of asparaginase. Asparaginase-related toxicities 

included allergic reactions (5%), thrombosis (17%) and pancreatitis (11%). The 4-year DFS 

was 71% (95% CI 58–81%) demonstrating that a pediatric based regimen for teens and 

adults was feasible and associated with tolerable toxicity with improved outcomes compared 

to historical regimens in young adults with ALL.17

These data suggested that intensification of pegaspargase therapy on the COG hABFM 

backbone might improve outcome, and AALL 08P1 was designed as a safety and feasibility 

pilot for this approach with I-PEG designed to be given every two weeks from the start of 

Consolidation until the end of DI (maximum 14 doses) regardless of blood count recovery in 

HR-High patients. While I-PEG did not significantly increase the likelihood of the targeted 

toxicities (allergic reactions, anaphylaxis, pancreatitis, thromboembolic events or sepsis) 

when compared to S-PEG, eight of the 16 patients coming off study were due adverse events 

of which 6 were anaphylaxis-allergic reactions in the HR-High arm. In contrast to some of 

the above referenced studies, AALL08P1 showed comparable grade 2–5 hematological and 

infectious toxicities between I-PEG and S-PEG. Myelosuppression was similar among the I-

PEG and S-PEG arms, perhaps explaining the low and similar proportion of patients that 
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developed sepsis/infectious complications. Despite the similar toxicity profiles, 53% of the 

patients receiving therapy on the I-PEG arm came off study due to an adverse event or 

physician/patient choice prior to starting Maintenance therapy in contrast to only 17% in the 

S-PEG arm. Only 16/30 patients on the I-PEG arm completed at least 8 doses of 

pegaspargase and only 15/30 reached Maintenance therapy in ≤49 weeks from the start of 

Consolidation. Perhaps, pharmacokinetically dose-adjusted asparaginase as tested in 

previous DFCI studies, could have helped with asparaginase dosing and administration and 

at the same time, limiting the amount of toxicity while allowing ongoing therapy. However, 

pharmacokinetics and pharmacodynamics were not part of this pilot study. These findings 

suggest that the addition of I-PEG to hABFM regimen was not feasible or safe as defined by 

the parameters of this study.

Although not a targeted toxicity, a non-significant increase in grade 2–4 hyperbilirubinemia 

and ALT elevation was more frequent in the I-PEG in contrast to the S-PEG. Similar to other 

reports, hyperbilirubinemia was more frequent in older patients (>13 years old). Older 

patients seemed to have more asparaginase induced toxicity compared to younger patients as 

demonstrated by the DFCI results.3,4, 17

Abnormalities in liver function have been previously reported in patients receiving 

asparaginase for ALL.17–24 Older patients (> 18 years) treated with asparaginase are more 

susceptible to liver toxicity when compared to children less than 18 years of age (3% versus 

14%) though liver function test abnormalities were typically reversible within 2–3 weeks 

after administration of the drug.18–21 However, hepatic steatosis was observed up to 87% of 

patients for greater than 8 months after cessation of asparaginase therapy.20–24

Thrombosis and pancreatitis are potentially life-threatening toxicities encountered with 

asparaginase therapy, most commonly described in older patients.3,4,17,25–27 Despite 

reported incidences of thromboembolism in children with ALL of about 3.2% (range 1.1–

36.7%), thromboembolic events were rare on AALL08P1.25–27 The concomitant 

administration of asparaginase and corticosteroids can increase the risk of 

thromboembolism.26,27 On AALL08P1, patients were rarely exposed to the concomitant use 

of corticosteroids except for two weeks during DI. This limited exposure may explain the 

rare occurrence of thromboembolic events observed on AALL08P1.

Early closure of the study and the high drop-out rate for patients on the HR-High arm limit 

our complete assessment of the I-PEG regimen. I-PEG with hABFM backbone 

demonstrated similar targeted toxicity rates when compared to S-PEG. However, a 

remarkably higher percentage (53% vs 17%) of patients came off study in the I-PEG arm in 

contrast to the S-PEG, suggesting that I-PEG with hABFM is not clinically feasible. Similar 

to previous studies, hepatic toxicity reflected as hyperbilirubinemia and liver transaminases 

elevation were more common in older children receiving I-PEG asparaginase. Given the 

superior EFS for high risk patients receiving HD MTX compared to Capizzi methotrexate 

during IM on the PC arm of AALL0232, AALL08P1 was closed to allow subsequent 

patients to be treated on the successor study, AALL1131, in which all patients received HD 

MTX. No meaningful analysis can be performed at this time for the patients switching to 
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Erwinia asparaginase or IM HDMTX. The COG is not currently planning to test this 

schedule of intensified pegaspargase therapy in successor high risk ALL trials.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. Treatment Schema Overview (includes prophylactic cranial radiation for HR-High 
and therapeutic cranial radiation for CNS 3)
**HR-High patients with pegaspargase allergy during post-induction therapy were taken off 

protocol therapy and treated with best available therapy
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FIGURE 2. Consort Flowchart
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TABLE 1

Treatment Summary for HR-High ** and HR-Avg Patients

Induction (35 days)

Vincristine 1.5 mg/m2 (max 2 mg) days 1, 8, 15, 22

Prednisone 30 mg/m2/dose bid days 1–28

Daunorubicin 25 mg/m2/dose days 1, 8, 15, 22

PEG asparaginase 2,500 IU/m2/dose IV day 4

Intrathecal Methotrexate (age adjusted) Day 8, 29; days 15 and 22 for CNS3

Consolidation (56 days or 8 weeks)*

Cyclophosphamide 1000 mg/m2/dose days 1 and 29

Cytarabine 75 mg/m2/dose days 1–4, 8–11, 29–32, 36–39

Mercaptopurine 60 mg/m2/dose days 1–14 and 29–42

Vincristine 1.5 mg/m2/dose days 15, 22, 43, 50

PEG asparaginase 2500 IU/m2/dose IV days 15 and 43 (HR-high: *** Intensified PEG days 1 and every 14 days thereafter)

Intrathecal Methotrexate (age adjusted) days 1, 8, 15 and 22

Interim Maintenance (56 days or 8 weeks)

Vincristine 1.5 mg/m2/dose days 1, 11, 21, 31 and 41.

Methotrexate starting dose 100 mg/m2/dose escalate by 50 mg/m2/dose days 1, 11, 21, 31 and 41.

PEG asparaginase 2500 IU/m2/dose IV days 2 and 22 (HR-high: Intensified PEG every 14 days)

Intrathecal Methotrexate (age adjusted) days 1 and 31

Delayed Intensification (56 days or 8 weeks)

Vincristine 1.5 mg/m2/dose days 1, 8, 15, 43, 50

Dexamethasone 5 mg/m2/dose bid days 1–7 and 15–21

Doxorubicin 25 mg/m2/dose days 1, 8 and 15

PEG asparaginase 2500 IU/m2/dose IV days 4 and 43 (Intensified PEG every 14 days)

Cyclophosphamide 1000 mg/m2/dose day 29

Thioguanine 60 mg/m2/dose days 29–42

Intrathecal Methotrexate (age adjusted) days 1, 29 and 36

Maintenance (each cycle 84 days or 12 weeks)

Vincristine 1.5 mg/m2/dose days 1, 29, 57

Prednisone 20 mg/m2/dose bid × 5 days every 4 weeks

Mercaptopurine 75 mg/m2/dose days 1–84

Intrathecal methotrexate (age adjusted) Days 1 and 29 Cycle 1–4; then Day 1 only in subsequent cycles)

Methotrexate 20 mg/m2/dose PO weekly (omit days of intrathecal Methotrexate)

*
Patients with CNS3 disease would receive cranial XRT (1800 cGy) during Consolidation. Patients with testicular disease would receive testicular 

XRT during Consolidation (2400 cGy)

**
Patients HR-High (except for CNS3) would receive cranial prophylactic XRT (1200 cGy) during the first four weeks of Maintenance

***
A maximum of 14 doses of I-PEG was allowed if patients did not encounter delays in therapy
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TABLE 2

Patient Characteristics for HR-Avg and HR-High ALL#

Total*
(n=104)

HR-Avg
(n=54)

HR-High
(n=30)

* P values

Gender 0.41

Male 62 (60%) 31 (57%) 20 (67%)

Female 42 (40%) 23 (43%) 10 (33%)

Race 0.53

White 68 (65%) 36 (67%) 22 (73%)

African American 7 (7%) 3 (6%) 2 (7%)

Asian Indian 2 (2%) 1 (2%) 1 (3%)

Vietnamese 1 (1%) 0 (0%) 1 (3%)

Other Asian 3 (3%) 2 (4%) 1 (3%)

Pacific Islander 2 (2%) 0 (0%) 0 (0%)

Other 15 (14%) 9 (17%) 2 (7%)

Unknown 6 (6%) 3 (6%) 1 (3%)

Ethnicity 0.08

Non Hispanic 67 (64%) 39 (72%) 16 (53%)

Hispanic 37 (36%) 15 (28%) 14 (47%)

Age 0.61

10+ years 69 (66%) 33 (61%) 20 (67%)

< 10 years 35 (34%) 21 (39%) 10 (33%)

WBC (per μl) 0.95

<50,000 60 (58%) 31 (57%) 17 (57%)

≥50,000 44 (42%) 23 (43%) 13 (43%)

CNS Status

1 87 (84%) 47 (87%) 22 (73%)

2 13 (13%) 7 (13) 6 (20%)

3 4 (4%) 0 (0%) 2 (7%)

Testicular

Yes 0 (0%) 0 (0%) 0 (0%)

No 62 (60%) 31 (57%) 19 (63%)

N/A 42 (40%) 23 (43%) 9 (37%)

Steroid Pre-treated

Yes 5 (5%) 0 (0%) 5 (17%)

No 99 (95%) 54 (100%) 25 (83%)

Hypodiploidy

Yes 3 (3%) 0 (0%) 2 (7%)

No 101 (97%) 54 (100%) 28 (93%)

MLL-Rearrangement
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Total*
(n=104)

HR-Avg
(n=54)

HR-High
(n=30)

* P values

Yes 4 (4%) 0 (0%) 4 (13%)

No 100 (96%) 54 (100%) 26 (87%)

Age

10+ years 69 (66%) 33 (61%) 20 (67%)

< 10 years 35 (34%) 21 (39%) 10 (33%)

#
No between risk-group comparisons for patient characteristic distributions were statistically significant. Risk group assignment variables 

including CNS Status, Testicular, Steroid, Hypodiploidy, and MLL-R were not tested.

*
104 patients enrolled, 20 patients off protocol therapy post-induction, thus 84 proceeded to post-induction therapy.

*
P values comparison among HR-Avg and HR-High groups.
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TABLE 4

Summary Targeted Toxicities Grade 2–5 During Each Reporting Phase*

Reporting Period S-PEG I-PEG

Consolidation N=54 N=30

Anaphylaxis 9 (17%) 5 (17%)**

Allergy 4 (7%) 2 (6%)**

Pancreatitis 1 (2%) 1 (3%)

Thrombosis 2 (4%) 1 (3%)

Bleeding 0 (0%) 1 (3%)

CNS 1 (2%) 2 (7%)

Sepsis 0 (0%) 0 (0%)

Interim Maintenance N=54 N=18

Anaphylaxis 0 (0%) 0 (0%)

Allergy 2 (4%) 0 (0%)

Pancreatitis 0 (0%) 0 (0%)

Thrombosis 0 (0%) 0 (0%)

Bleeding 0 (0%) 0 (0%)

CNS 1 (2%) 1 (6%)

Sepsis 0 (0%) 0 (0%)

Delayed Intensification N=54 N=18

Anaphylaxis 1 (2%) 0 (0%)

Allergy 1 (2%) 1 (3%)**

Pancreatitis 2 (4%) 1 (6%)

Thrombosis 0 (0%) 0 (0%)

Bleeding 0 (0%) 0 (0%)

CNS 1 (2%) 1 (6%)

Sepsis 0 (0%) 1 (6%)

*
No comparisons were statistically significant P>0.05

**
Four of five patients with anaphylaxis in Consolidation were removed from study. One was not removed as it was felt to be unrelated to 

treatment. One grade 3 allergic adverse event during Consolidation was also removed from study. One grade 2 allergy adverse event during DI, 
patient was removed from study.
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