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Objectives: Asparaginase (ASP) is an anticancer drug which is especially important for acute lymphoblastic 

leukemia (ALL) [1-9]. It’s mechanism of action is to reduce levels of asparagine by hydrolyzing it to aspartic acid 

and ammonia. Since leukemic cells do not synthesize adequate asparagine, they rely on serum asparagine for 

protein synthesis. Therefore, ASP selectively starves leukemia cells. There are currently three preparations of 

ASP available: E-coli (Elspar); PEG (Oncospar); and Erwinia (Erwinase). The goal of this study is to 

assess the pharmacokinetics and pharmacodynamics of ASP using both descriptive and mechanistic models. 

Methods: A cohort of 38 patients enrolled on St. Jude R16 protocol for relapsed ALL was used in this study. 

Patients were randomly assigned to receive either Elspar (10,000 IU/m
2
, thrice weekly for 12 doses over 26 days) 

or Oncospar (2,500 IU/m
2
 weekly for 4 doses over 21 days) during induction therapy. Five patients who had a 

hypersensitivity reaction to these preparations were switched to Erwinase. ASP pharmacokinetic samples were 

collected on days 8 and 29 of induction therapy. Additionally, serial plasma and CSF asparagine samples, serum 

samples for anti-ASP antibodies, and toxicity data (hypersensitivity to ASP) were collected over the 29 day 

treatment period. A mechanistic pharmacokinetic/pharmacodynamic model was developed which describes the 

plasma disposition of ASP and the enzymatic reaction between ASP and asparagine, including the endogenous 

formation of asparagine. This model was used to quantitatively describe the current data set, and to simulate the 

effects of variations to ASP dose, schedule, and preparation, along with other relevant model parameters on 

asparagine depletion. 

Results: The clearance of ASP was significantly higher (p=0.001) for Elspar compared to Oncospar validating the 

dosing of Elspar every 2 to 3 days compared to the dosing of Oncospar every 7 days. Furthermore, there was 

significantly higher clearance of Oncospar (p=0.004) in patients that were positive for antibodies to Oncospar. 

Next, the pharmacodynamic effects of ASP on asparagine were assessed. We observed differences in CSF 

asparagine depletion according to ASP preparation and anti-ASP status. Specifically, patients who were positive 

for antibodies had attenuated depletion of plasma and CSF asparagine compared to those who were negative for 

antibodies (p=0.01 and p=0.04 respectively). Additionally, there was a trend to greater depletion (p=0.1) in CSF 

asparagine due to Elspar compared to Oncospar. Patients with hypersensitivity reactions to either Elspar or 

Oncospar and were switched to Erwinase had no significant reduction in their CSF asparagine from day 8 to day 

29 (p=0.25). Our mechanistic model showed that the two factors which most influenced plasma asparagine levels 

were the maximum inhibitory effect parameter (VMAX) and the rate of endogenous asparagine production. The 

model also showed that changes in ASP pharmacokinetics or dose (over the clinically relevant range) had little 

effect on the CSF asparagine dynamics. Instead, the transport of asparagine between the plasma and CSF has the 

highest impact on CSF asparagine levels. 

Conclusions: The data shows that there are significant pharmacokinetic differences between the two preparations 

of ASP. Additionally, the ASP preparation along with antibody status affects the pharmacodynamics of 

asparagine. The mechanistic model developed helps us understand these differences and simulate the effects of 

various changes in the treatment. 

References: 

 

 [1]  V.I.Avramis, S.Sencer, A.P.Periclou, H.Sather, B.C.Bostrom, L.J.Cohen, A.G.Ettinger, L.J.Ettinger, 

J.Franklin, P.S.Gaynon, J.M.Hilden, B.Lange, F.Majlessipour, P.Mathew, M.Needle, J.Neglia, G.Reaman, 

J.S.Holcenberg, and L.Stork, A randomized comparison of native Escherichia coli asparaginase and 

polyethylene glycol conjugated asparaginase for treatment of children with newly diagnosed standard-risk 

acute lymphoblastic leukemia: a Children's Cancer Group study. Blood 99 (2002) 1986-1994. 



 [2]  V.I.Avramis and E.H.Panosyan, Pharmacokinetic/pharmacodynamic relationships of asparaginase 

formulations: the past, the present and recommendations for the future. Clin.Pharmacokinet. 44 (2005) 367-

393. 

 [3]  V.I.Avramis and S.A.Spence, Clinical pharmacology of asparaginases in the United States: asparaginase 

population pharmacokinetic and pharmacodynamic (PK-PD) models (NONMEM) in adult and pediatric 

ALL patients. J.Pediatr.Hematol.Oncol. 29 (2007) 239-247. 

 [4]  D.S.Hawkins, J.R.Park, B.G.Thomson, J.L.Felgenhauer, J.S.Holcenberg, E.H.Panosyan, and V.I.Avramis, 

Asparaginase pharmacokinetics after intensive polyethylene glycol-conjugated L-asparaginase therapy for 

children with relapsed acute lymphoblastic leukemia. Clin.Cancer Res. 10 (2004) 5335-5341. 

 [5]  M.Jarrar, P.S.Gaynon, A.P.Periclou, C.Fu, R.E.Harris, D.Stram, A.Altman, B.Bostrom, J.Breneman, 

D.Steele, M.Trigg, T.Zipf, and V.I.Avramis, Asparagine depletion after pegylated E. coli asparaginase 

treatment and induction outcome in children with acute lymphoblastic leukemia in first bone marrow 

relapse: a Children's Oncology Group study (CCG-1941). Pediatr.Blood Cancer 47 (2006) 141-146. 

 [6]  E.H.Panosyan, N.L.Seibel, S.Martin-Aragon, P.S.Gaynon, I.A.Avramis, H.Sather, J.Franklin, J.Nachman, 

L.J.Ettinger, M.La, P.Steinherz, L.J.Cohen, S.E.Siegel, and V.I.Avramis, Asparaginase antibody and 

asparaginase activity in children with higher-risk acute lymphoblastic leukemia: Children's Cancer Group 

Study CCG-1961. J.Pediatr.Hematol.Oncol. 26 (2004) 217-226. 

 [7]  L.J.Hak, M.V.Relling, C.Cheng, D.Pei, B.Wang, J.T.Sandlund, J.Rubnitz, and C.H.Pui, Asparaginase 

pharmacodynamics differ by formulation among children with newly diagnosed acute lymphoblastic 

leukemia. Leukemia 18 (2004) 1072-1077. 

 [8]  M.H.Woo, L.J.Hak, M.C.Storm, J.T.Sandlund, R.C.Ribeiro, G.K.Rivera, J.E.Rubnitz, P.L.Harrison, 

B.Wang, W.E.Evans, C.H.Pui, and M.V.Relling, Hypersensitivity or development of antibodies to 

asparaginase does not impact treatment outcome of childhood acute lymphoblastic leukemia. J.Clin.Oncol. 

18 (2000) 1525-1532. 

 [9]  M.H.Woo, L.J.Hak, M.C.Storm, A.J.Gajjar, J.T.Sandlund, P.L.Harrison, B.Wang, C.H.Pui, and 

M.V.Relling, Cerebrospinal fluid asparagine concentrations after Escherichia coli asparaginase in children 

with acute lymphoblastic leukemia. J.Clin.Oncol. 17 (1999) 1568-1573. 

 

 


