Study Summary

Study Title: A Multicenter Asparaginase Monitoring Study in patients with newly diagnosed
Acute Lymphoblastic Leukemia (ALL)

Study Design:

A prospective, multi-centre, observational study to assess the pharmacokinetic
characteristics of different pegylated E.coli asparaginase biogenerics in newly diagnosed
patients with acute lymphoblastic leukemia (ALL) in India during the entire intensive phase of

chemotherapy.
Study Drug: Polyethylene glycol (PEG)-conjugated E. coli L-Asparaginase
Nodal Study Site: Tata Medical Center, Kolkata, India (TMC)

Participating Study Centres:

Government Medical College, Jammu

IRCH, All India Institute of Medical Sciences (AlIMS), New Delhi

All India Institute of Medical Sciences (AlIMS), Bhubaneswar

VMMC and Safdarjung Hospital, New Delhi

Homi Bhabha Cancer Hospital and Research Center, Visakhapatnam
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Background and rationale:

Asparaginase is a critical component of the multidrug treatment of acute lymphoblastic
leukemia (ALL), the most common pediatric cancer worldwide [1]. Every year, approximately
25,000 cases of pediatric ALL are reported from India. ALL is curable with conventional
chemotherapy, and over 90% cure rates are achieved in the West with the combination
therapy. However, the survival outcomes in India are stagnated at 60-65% due to substantial
treatment-related mortality and high relapse rates [1,2].

Polyethylene glycol (PEG)-conjugated formulations of Escherichia coli Asparaginases
(Ec-ASNase) (Oncaspar, Asparlas) are the standard of care in higher-income countries. Most
of the low-middle income countries (LMICs) cannot access these drugs due to its high cost
and depends on the biogeneric substitutes marketed in these regions. Unfortunately, the
quality of these biogeneric E. coli asparaginases marketed in India is variable [3]. Many

generic asparaginases demonstrate shortfalls in critical quality attributes and have variable
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asparaginase amino acid sequences. These variabilities likely contribute to inferior therapeutic
drug activity and higher rates of drug-related hypersensitivity observed with these products
[1,4]. Along with native asparaginase products, a number of polyethylene glycol-conjugated
(PEG) Ec-ASNases are also available on the market. The mean trough levels of one such
Indian PEG-ASNase is lower [5,6], than that reported for the main competitor brand
(Oncaspar) [7,8]. For another Indian PEG-ASNase product, trough levels were lower and there
was an increase in allergic reactions [9]. To address this problem, we propose establishing an
ASNase monitoring program by collaborating with multiple cancer care centers to
systematically evaluate their ASNase products. The primary objective is to identify clinically
suitable, locally accessible biogeneric ASNases and establish their optimal dosage and
administration schedule. This can be accomplished through systematic clinical and
pharmacological monitoring within a standardized, risk stratified ALL treatment protocol.

The clinical use of generic native and PEG EcASNases therefore requires systematic
pharmacological and clinical monitoring to (a) identify generic products suitable for clinical use
and its association with toxicity (b) distinguish between clinical and subclinical hypersensitivity
also known as silent inactivation and (c) determine the appropriate dose and dosing schedule

of each product.

Primary Objectives:
e To evaluate the pharmacological efficacy of different PEG Asparaginase biogenerics
administered to patients with ALL across India, determined by therapeutic drug
monitoring of plasma asparaginase activity levels serially post each dose of PEG

Asparaginase till the end of treatment.

Secondary Objectives:.
o To assess the presence of anti-asparaginase antibodies in patients showing silent

inactivation.

Study Outcomes:
o Efficacy of Biogeneric Formulations:
Assessment of the pharmacokinetic efficacy of different PEG-asparaginase
biogenerics by evaluating trough activity levels and capturing instances of silent
inactivation—defined as a trough plasma asparaginase activity level <100 IU/L at
Day 14 + 2 post-dose in the absolute absence of clinical hypersensitivity.
e Pharmacokinetic (PK) Outcome:
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Trough Serum Asparaginase Activity: The mean or median asparaginase activity
level measured at the trough time-point (Day 14 + 2 post-dose) during the entire
treatment phase.

e Therapeutic drug monitoring platform:
Developing a systematic drug monitoring platform in the participating centers by
providing the knowledge base.

Eligibility Criteria for enroliment of patients:
e Patients newly diagnosed with B-cell ALL, T-cell ALL/T-cell Lymphoblastic Lymphoma
being treated in ICiCLe-ALL protocol and subjected to receive PEG Asparaginase.

e Age: Between 1 to 18 years

Study duration:

¢ Induction therapy till the end of delayed intensification for a time frame of 12 months,

inclusive of the study analysis.

Sample Size:

¢ 50 patients in total diagnosed with ALL.

Drug Administration:

e PEG Asparaginase administered according to the institutional protocol (ICiCLe-ALL).

Methodology:
Sample collection and processing:

e At each specified time point, 2-4mL of venous blood will be collected in vials labeled
with the specific ID of the patient, and the date and time of collection.

e The date and time of collection are also recorded in the patient's handout sheet by the
nursing staff or a patient relative.

e Blood samples are to be processed following the guidelines outlined in study protocol
(attached with this proposal).

e Collected samples will be shipped to the central laboratory Tata Translational Cancer
Research Centre (TTCRC), TMC for asparaginase activity analysis.
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Sampling schedule:
As per the ICICLE protocol.

Statistical Analysis:

Demographic and Baseline Characteristics will be presented as means, medians,
standard deviations, interquartile ranges (IQRs), minimums, and maximums for all

continuous variables, and as numbers and proportions for the categorical variables.

To compare pharmacokinetic outcomes (e.g., proportion of patients achieving
therapeutic trough levels =100 IU/L) across different groups, a chi-square test or
Fisher's exact test will be utilized for categorical outcomes, and ANOVA or Kruskal-
Wallis tests for continuous asparaginase activity levels.

References:

Sidhu J, Gogoi MP, Agarwal P, Mukherjee T, Saha D, Bose P, Roy P, Phadke Y, Sonawane B,
Paul P, Saha V, Krishnan S. Unsatisfactory quality of E. coli asparaginase biogenerics in India:
Implications for clinical outcomes in acute lymphoblastic leukaemia. Pediatr Blood Cancer.
2021 Nov;68(11):€29046. doi: 10.1002/pbc.29046. Epub 2021 May 3. PMID: 33939263;
PMCID: PMC7613163.

Gogoi MP, Das P, Das N, Das S, Narula G, Trehan A, Bakhshi S, Radhakrishnan V, Seth R,
Tembhare P, Singh Sachdeva MU, Chopra A, Sundersingh S, Parihar M, Bhattacharya R,
Banavali S, Saha V, Krishnan S. Risk stratified treatment for childhood acute lymphoblastic
leukaemia: a multicentre observational study from India. Lancet Reg Health Southeast Asia.
2025 May 13;37:100593. doi: 10.1016/j.lansea.2025.100593. PMID: 40487914; PMCID:
PMC12142348.

Datta N, Jana B, Goswami S, Roy A, Samaddar S, Kundu S, Gogoi MP, Dasgupta B, Dutta T,
Das N, Saha V, Sidhu J, Krishnan S. Biogeneric Native and Polyethylene Glycol-conjugated
Escherichia coli Asparaginases for Treating Children with Acute Lymphoblastic Leukemia. Ther
Drug Monit. 2026 May 27. doi: 10.1097/FTD.0000000000001473. Epub ahead of print. PMID:

42200494.

Sankaran H, Sengupta S, Purohit V, Kotagere A, Moulik NR, Prasad M, Dhamne C, Narula G,
Banavali S, Gota V. A comparison of asparaginase activity in generic formulations of E.coli
derived L- asparaginase: In-vitro study and retrospective analysis of asparaginase monitoring
in pediatric patients with leukemia. Br J Clin Pharmacol. 2020 Jun;86(6):1081-1088. doi:

10.1111/bcp.14216. Epub 2020 Feb 18. PMID: 31925802; PMCID: PMC7256116.

Nookala Krishnamurthy M, Narula G, Gandhi K, Awase A, Pandit R, Raut S, Singh R, Gota V,
Banavali SD. Randomized, Parallel Group, Open-Label Bioequivalence Trial of Intramuscular
Pegaspargase in Patients With Relapsed Acute Lymphoblastic Leukemia. JCO Glob Oncol.
2020 Jul;6:1009-1016. doi: 10.1200/G0.20.00113. PMID: 32628582; PMCID: PMC7392740.

CONFIDENTIAL
Page 4 of 5



Multicenter Asparaginase Monitoring Study Version 1.0; Dated: 07/July/2026

6.

10.

Vyas C, Jain S, Kapoor G, Mehta A, Takkar Chugh P. Experience with generic pegylated L-
asparaginase in children with acute lymphoblastic leukemia and monitoring of serum
asparaginase activity. Pediatr Hematol Oncol. 2018 Aug-Sep;35(5-6):331-340. doi:
10.1080/08880018.2018.1538277. Epub 2018 Nov 29. PMID: 30488741.

Lynggaard LS, Rank CU, Hansen SN, Gottschalk Hgijfeldt S, Henriksen LT, Jarvis KB, Ranta
S, Niinimaki R, Harila-Saari A, Wolthers BO, Frandsen TL, Heyman M, Schmiegelow K,
Albertsen BK. Asparaginase enzyme activity levels and toxicity in childhood acute
lymphoblastic leukemia: a NOPHO ALL2008 study. Blood Adv. 2022 Jan 11;6(1):138-147. doi:

10.1182/bloodadvances.2021005631. PMID: 34625787; PMCID: PMC8753199.

Sidhu J, Masurekar AN, Gogoi MP, Fong C, loannou T, Lodhi T, Parker C, Liu J, Kirkwood AA,
Moorman AV, Das K, Goulden NJ, Vora A, Saha V, Krishnan S. Activity and toxicity of
intramuscular 1000 iu/m2 polyethylene glycol-E. coli L-asparaginase in the UKALL 2003 and
UKALL 2011 clinical trials. Br J Haematol. 2022 Jul;198(1):142-150. doi: 10.1111/bjh.18158.
Epub 2022 Mar 29. PMID: 35348200; PMCID: PMC9314843.

Matteo C, Colombini A, Bettini LR, Porcu L, Barzaghi S, Ceruti T, Silvestri D, Amoroso A,
DelllAcqua F, Gotti G, Nastasi C, Zucchetti M, Rizzari C. Pharmacological and clinical
monitoring in children with acute lymphoblastic leukemia treated with a biogeneric PEG-I-
asparaginase product. Pediatr Blood Cancer. 2022 Sep;69(9):e29753. doi: 10.1002/pbc.29753.
Epub 2022 May 13. PMID: 35561075.

Lanvers C, Vieira Pinheiro JP, Hempel G, Wuerthwein G, Boos J. Analytical validation of a
microplate reader-based method for the therapeutic drug monitoring of L-asparaginase in
human serum. Anal Biochem. 2002 Oct 1;309(1):117-26. doi: 10.1016/s0003-2697(02)00232-
4. PMID: 12381370.

CONFIDENTIAL
Page 5 of 5



