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A Randomized Phase I Study to Evaluate the Safety, 
Tolerability, and Pharmacokinetics of Recombinant 
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L- asparaginase has been an important component of acute lymphoblastic leukemia (ALL) therapy for over 40 years, and 
is standard therapy during ALL induction and consolidation treatment. L- asparaginases are immunogenic and can induce 
hypersensitivity reactions; inability to receive asparaginase has been associated with poor patient outcomes. There are L- 
asparaginases of varied bacterial origins, with the most commonly used being Escherichia coli (E. coli); therefore, to ensure 
that patients who develop hypersensitivity to E. coli- derived asparaginases receive an adequate therapeutic course, alterna-
tive preparations are warranted. JZP- 458 is a recombinant Erwinia asparaginase produced using a novel Pseudomonas fluo-
rescens expression platform that yields an enzyme with no immunologic cross- reactivity to E. coli- derived asparaginases. 
To evaluate the safety, tolerability, and pharmacokinetics (PK) of a single dose of JZP- 458, a randomized, single- center, 
open- label, phase I study was conducted with JZP- 458 given via i.m. injection or i.v. infusion to healthy adult volunteers. At 
the highest doses tested for each route of administration (i.e., 25 mg/m2 i.m. and 37.5 mg/m2 i.v.), JZP- 458 achieved serum 
asparaginase activity (SAA) levels ≥ 0.1 IU/mL at 72 hours postdose for 100% of volunteers. Bioavailability for i.m. JZP- 458 
was estimated at 36.8% based on SAA data. All dose levels were well- tolerated, with no unanticipated adverse events (AEs), 
no serious AEs, and no grade 3 or higher AEs. Based on PK and safety data, the recommended JZP- 458 starting dose for the 
pivotal phase II/III study in adult and pediatric patients is 25 mg/m2 i.m. and 37.5 mg/m2 i.v. on a Monday/Wednesday/Friday 
dosing schedule.

Acute lymphoblastic leukemia (ALL) is the most common 
cancer among children and the most frequent cause of 
death from cancer before 20 years of age. In the past sev-
eral decades, a substantial improvement in the survival of 
patients with ALL was achieved as a result of multi- agent 
chemotherapeutic regimens.1 L- asparaginase has been 

an important component of ALL therapy for over 40 years, 
and is standard therapy during ALL induction and consoli-
dation in all pediatric regimens and most adult protocols.2,3 
L- asparaginase hydrolyzes the amino acid asparagine to 
aspartic acid and ammonia. Leukemic blast cells express 
only limited amounts of asparagine synthetase and are 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
✔  Inability to receive asparaginase secondary to hypersen-
sitivity has been associated with poor patient outcomes, 
thus alternative asparaginase preparations are needed.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔  This study evaluated safety, tolerability, and pharma-
cokinetics of a single dose of i.m. or i.v. JZP- 458, a re-
combinant Erwinia asparaginase with no immunologic 
cross- reactivity to Escherichia coli (E. coli)- derived as-
paraginases in healthy adult volunteers.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
✔  At the highest doses tested (i.e., 25 mg/m2 for i.m. and 
37.5 mg/m2 for i.v.), JZP- 458 achieved serum asparaginase 

activity levels ≥ 0.1  IU/mL at 72 hours postdose in each 
route for 100% of the healthy volunteers with complete as-
paragine depletion and no unanticipated adverse events 
(AEs), serious AEs, or grade ≥ 3 AEs. The recommended 
pivotal phase II/III JZP- 458 starting dose for patients 
with acute lymphoblastic leukemia (ALL)/lymphoblastic 
lymphoma (LBL) who develop hypersensitivity to E. coli- 
derived asparaginases is 25 mg/m2 i.m. and 37.5 mg/m2 
i.v. on a Monday/Wednesday/Friday dosing schedule.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
✔  JZP- 458 may become a treatment alternative for pa-
tients with ALL/LBL who develop hypersensitivity to E. 
coli- derived asparaginases.
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dependent on the availability of extracellular asparagine 
for growth. These cells may be selectively killed when 
L- asparaginase depletes the circulating endogenous as-
paragine pool.2,3 The dependence of leukemic cells on 
exogenous asparagine supplies the rationale for aspara-
ginase treatment.

The pharmacodynamic (PD) goal of asparaginase ther-
apy is asparagine depletion. Asparagine levels are difficult 
to measure accurately when asparaginase is present in 
blood because the enzyme can continue to break down 
asparagine ex vivo if the sample is not immediately pro-
cessed and stored on ice. Therefore, monitoring of serum 
asparaginase levels is more reliable than measurement 
of asparagine itself. In clinical practice, serum asparagi-
nase activity (SAA) levels serve as a surrogate marker for 
asparagine depletion. Although the level of asparaginase 
activity required for complete asparagine depletion still re-
mains under debate, nadir SAA levels ≥  0.1  IU/mL have 
been used in various studies and treatment protocols and 
are the accepted threshold for demonstrating adequate 
asparagine depletion.4,5

Due to the short half- life, the administration schedule of 
some L- asparaginases is an important variable requiring 
dosing every 48– 72 hours, a schedule that in clinical prac-
tice translates to a dosing schedule of Monday/Wednesday/
Friday for 2 weeks, for a total of 6 doses. Clinical practice 
guidelines also recommend checking SAA levels after dos-
ing to make any necessary adjustments to maintain nadir 
SAA levels ≥ 0.1 IU/mL. If the 48-  or 72- hour postdose level 
is below the lower limit of quantification (LLOQ), this may in-
dicate a need for higher or more frequent dosing. The route 
of administration of L- asparaginases is also an important 
component; in clinical practice, both the i.m. and i.v. routes 
are used routinely, depending on the treating oncologist’s 
preference and/or institutional guidelines.4

L- asparaginases are immunogenic and can induce hyper-
sensitivity reactions with high titers of neutralizing antibodies 
that may limit their therapeutic effect.3,6 Previous studies re-
ported hypersensitivity reactions in up to 30% of patients 
treated with asparaginases, leading to early discontinuation 
of asparaginase treatment in some of those patients.7– 9 
Unfortunately, the inability to receive asparaginase due 
to hypersensitivity reactions is associated with poor pa-
tient outcomes.10,11 High- risk and slow early responding 
standard- risk patients with ALL who do not complete their 
prescribed asparaginase course have a significantly inferior 
event- free survival (EFS) compared with patients who com-
plete their prescribed course.10,11 Additionally, some patients 
may develop antibodies to asparaginases that neutralize the 
asparaginase without leading to clinical hypersensitivity; this 
is known as silent inactivation.3

Alternative asparaginase preparations are needed 
to ensure that patients who develop hypersensitivity to 
Escherichia coli (E. coli)- derived asparaginases are able to 
complete their full treatment course. Asparaginase Erwinia 
chrysanthemi (ERW; crisantaspase) is an effective treatment 
option for patients with ALL who have developed hyper-
sensitivity to E. coli- derived asparaginase.3,12 However, 
since 2016, there has been a worldwide shortage of ERW 
due to ongoing manufacturing issues, which have resulted 

in disruptions in the ability to make the product available 
on a consistent basis.13 Both JZP- 458 and ERW are forms 
of Erwinia asparaginase or crisantaspase. JZP- 458 is a 
recombinant Erwinia asparaginase derived from a novel 
Pseudomonas fluorescens expression platform. The primary 
amino acid sequence of JZP- 458 is the same as Erwinia as-
paraginase, and the activity is comparable based on a broad 
range of in vitro measurements (Jazz Pharmaceuticals data 
on file). Therefore, similar to Erwinia asparaginase, JZP- 458 
is also expected to have no immunologic cross- reactivity 
to E. coli- derived asparaginases.14 JZP- 458 is being devel-
oped as a component of a multi- agent chemotherapeutic 
regimen to treat patients with ALL or lymphoblastic lym-
phoma (LBL) who develop hypersensitivity to E. coli- derived 
asparaginases.

JZP- 458 was evaluated in a randomized, single- center, 
open- label phase I study. The study was designed to eval-
uate the safety, tolerability, and pharmacokinetics (PK) of a 
single dose of JZP- 458 in healthy adult volunteers follow-
ing either an i.m. injection or a 2- hour i.v. infusion. Data 
from this study will facilitate the selection of an appropriate 
starting dose and dosing regimen of JZP- 458 for use in a 
pivotal phase II/III study in adult and pediatric patients with 
ALL or LBL who develop hypersensitivity to E. coli- derived 
asparaginases.

METHODS

This phase I, randomized, single- center, open- label study 
was conducted in the United States between November 
19, 2018, and May 20, 2019. This study was approved 
by the IntegReview Institutional Review Board in Austin, 
Texas, and conducted at QPS Miami Research Associates 
(Miami Clinical Research) in Miami, Florida, in accordance 
with the Declaration of Helsinki and Good Clinical Practice 
guidelines. All healthy volunteers provided written informed 
consent prior to enrollment.

Eligibility criteria
Eligible volunteers were men and nonpregnant, nonlac-
tating women between the ages of 18 and 55 years with a 
normal body mass index (i.e., 19.0– 30.0 kg/m2) who were 
in good general health as determined by the investiga-
tor at screening and day −1 and were able to understand 
and comply with study- specific requirements. Main ex-
clusions from the study included the history or presence 
of any illness, physical finding, laboratory examination, 
or electrocardiogram finding that, in the opinion of Jazz 
Pharmaceuticals and/or the investigator, might confound 
the results or conduct of the study or pose a risk to the 
healthy volunteer. This included any condition that might 
interfere with the distribution, metabolism, or excretion of 
drugs.

Study design
This study screened healthy adult volunteers for eligibility 
between 2 and 28 days prior to dosing (Figure S1). Eligible 
healthy volunteers checked in at the study center on day 
−1 for baseline assessments, then were admitted to the in-
patient clinic and received a single dose of the study drug 
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on day 1. All volunteers remained in the inpatient clinic for 
PK and safety assessments until they were discharged on 
day 5. Safety follow- up telephone calls regarding adverse 
events (AEs) occurred on days 6 and 30.

This was an open- label study with a total enrollment of 
30 healthy adult volunteers. There were 3 cohorts in the 
study: JZP- 458 dose cohort 1, JZP- 458 dose cohort 2, 
and ERW dose cohort. The study used an adaptive de-
sign for JZP- 458, where the starting dose for cohort 1 
was 25 mg/m2, and the dose selection for cohort 2 was 
based on safety, tolerability, and PK data from cohort 
1. An ERW dose cohort was also included in the study. 
Based on the enzymatic activity assay developed by Jazz 
Pharmaceuticals for JZP- 458 that was used in an analyti-
cal comparability assessment, the starting dose of 25 mg/
m2 was expected to provide similar asparaginase activity 
to the approved dose of ERW at 25,000 IU/m2, which was 
also administered in this study.12 A sentinel dosing ap-
proach was followed for JZP- 458 for the first 2 volunteers 
dosed in the study, who were randomized to the JZP- 458 
dose cohort 1 only. These 2 volunteers were randomized 
to either i.m. or i.v. JZP- 458, 1 to each route of administra-
tion. One week separated the sentinel dosing volunteers 
from the dosing of the remaining volunteers in the initial 
cohorts (JZP- 458 dose cohort 1 and ERW dose cohort), 
which was permitted by the protocol, as the safety and tol-
erability for the first 2 volunteers were deemed acceptable 
by the investigator and sponsor (no study- drug related 
AE ≥ grade 3).

Once the safety and tolerability were considered ac-
ceptable, the next 16 volunteers were randomized to 
JZP- 458 dose cohort 1 and ERW dose cohort with 10 vol-
unteers randomized to the JZP- 458 dose cohort 1 and 6 
volunteers to the ERW dose cohort. Within the JZP- 458 
dose cohort 1 and ERW dose cohort, the volunteers were 
randomized to i.m. or i.v. treatment groups in a 1:1 ratio. 
This randomization schema is equivalent to randomizing 
all 18 volunteers to i.m. JZP- 458, i.v. JZP- 458, i.m. ERW, 
or i.v. ERW in a 2:2:1:1 ratio, while ensuring that the first 
2 randomized volunteers received i.m. JZP- 458 and i.v. 
JZP- 458 following the sentinel dosing approach. The vol-
unteers were administered either a single i.m. injection or 
a single i.v. infusion over 2 hours.

The safety, tolerability, and PK data for all volunteers in the 
JZP- 458 dose cohort 1 were evaluated by the investigator 
and sponsor, and it was determined to enroll additional vol-
unteers in a second cohort. For JZP- 458 dose cohort 2, 12 
additional volunteers were randomized to i.m. or i.v. treatment 
groups in a 1:1 ratio; the dose levels were selected based on 
the JZP- 458 cohort 1 safety, tolerability, and PK data.

Objectives
The primary objective was to assess the safety and toler-
ability of a single dose of JZP- 458 (i.m. or i.v.) in healthy 
adult volunteers, assessed by the occurrence of treatment- 
emergent AEs and clinically significant changes in vital 
signs and laboratory tests. The secondary objective was to 
characterize the PK of a single dose of JZP- 458 (i.m. or i.v.) 
in healthy adult volunteers, based on SAA data. Additional 
assessments included serum asparaginase concentration 

(SAC) determinations for JZP- 458, and the measurement of 
L- asparagine and L- glutamine levels to assess the PD effect 
of JZP- 458 in healthy adults.

Pharmacokinetic/pharmacodynamic sample 
collection and bioanalytical method
Serial blood samples for PK/PD evaluation were collected 
from all healthy volunteers at prespecified timepoints up to 
96  hours postdose. For i.m. dosing, samples were taken 
predose and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24, 36, 48, 
72, and 96 hours after dosing. For i.v. dosing, samples were 
taken predose and at 2, 2.5, 3, 3.5, 4, 5, 6, 8, 10, 12, 24, 36, 
48, 72, and 96 hours after the start of the 2- hour infusion. 
Blood samples for PK analysis were collected into labeled 
4 mL serum separator tubes and allowed to clot. Samples 
were centrifuged and supernatant serum was stored at 
−80°C. Blood samples for PD analysis were collected into 
4  mL lithium heparin tubes. Samples were immediately 
centrifuged and supernatant plasma was stored at −80°C 
within 30 minutes.

The bioanalytical analysis for PK samples was performed 
by Charles River Laboratories (Skokie, IL). PK samples 
were assayed for SAA levels using a validated enzyme ac-
tivity method in human serum over the range of 0.025  IU/
mL to 0.15  IU/mL. In addition, PK samples were also as-
sayed for SAC using a validated electrochemiluminescence 
immunoassay method in human serum over the range of 
1.0  ng/mL to 128  ng/mL. PD samples were assayed for 
L- asparagine and L- glutamine concentrations by Syneos 
Health (Princeton, NJ), using a validated liquid chromatog-
raphy tandem mass spectrometry method over the range of 
0.025 µg/mL to 10.0 µg/mL for L- asparagine and 0.250 to 
100 µg/mL for L- glutamine.

Pharmacokinetic and statistical analyses
PK of JZP- 458 were primarily evaluated based on SAA 
data. The following PK parameters were evaluated using 
noncompartmental analysis in Phoenix WinNonlin version 
6.3: Cmax = maximum SAA; C48h = SAA value at 48 hours; 
C72h = SAA value at 72 hours; Tmax =  time to reach Cmax; 
AUC0– t  =  area under the SAA- time curve from time zero 
to time of last quantifiable SAA; AUC0– inf  =  area under 
the SAA- time curve from time zero to infinity; CL = clear-
ance; CL/F  =  apparent clearance; Vss  =  estimate of the 
volume of distribution at steady state following i.v. dosing; 
Vz/F = apparent volume of distribution following i.m. dosing; 
t1/2 = terminal elimination half- life; and F = bioavailability for 
the i.m. route, calculated as the arithmetic mean dose nor-
malized AUCinf(i.m.)/AUCinf(i.v.) × 100.

Descriptive statistics (n, mean, SD, median, minimum, 
and maximum) were used to summarize continuous data, 
whereas counts and percentages were used to summarize 
categorical data. Post hoc analyses were performed to as-
sess the relationship between SAA and SAC. Correlation 
and linear regression analyses were performed by study 
drug and across routes of administration, as well as by 
route of administration. In the linear regression modeling, 
SAC was the dependent variable and SAA was the inde-
pendent variable. Last, no formal hypothesis testing was 
performed.
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RESULTS
Baseline demographics
In total, 30 healthy adult volunteers were enrolled and randomized 
in the study. Of the 30 volunteers enrolled, all 30 completed the 
study, including the final scheduled safety follow- up telephone 
call on day 30. The overall baseline demographics included a 
mean ± SD age of 38.4 ± 8.30 years, weight of 77.04 ± 9.998 kg, 

and body surface area of 1.91 ± 0.150 m2 (Table S1). In addition, 
63% were men, 97% were Hispanic or Latino ethnicity, 83% 
were White, and 17% were Black/African American.

Pharmacokinetics analysis
The PK analysis set consisted of all 30 healthy volunteers 
(100%) enrolled in the study.

Figure 1 Individual SAA- time profiles. ERW, asparaginase Erwinia chrysanthemi; SAA, serum asparaginase activity. Note: Different 
colored lines represent individual healthy volunteers (N = 6 for each dosing cohort). Numbers in purple boxes represent SAA ranges 
at 72 hours postdose.
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Serum asparaginase activity data. In this study, the 
starting dose for JZP- 458 dose cohort 1 was 25  mg/m2 
for both i.m. and i.v. administrations. Individual SAA- time 
profiles were generated for all treatment groups (Figure 1). 
Predose SAA values were below the limit of quantitation 
for all volunteers and all treatments. The number and 
proportion of volunteers with SAA levels ≥ 0.1 IU/mL at 48 
and 72 hours postdose are presented in Table 1.

The dose level of cohort 2 was determined based on the 
safety, tolerability, and PK SAA data from cohort 1. There were 
no unanticipated AEs, no reported serious AEs, and no grade 
3 or higher AEs observed in cohort 1. The PK SAA data for 
JZP- 458 in cohort 1 at 25 mg/m2 is shown in Figure 1. For 
the i.m. dose of 25 mg/m2, SAA values at 72 hours postdose 
were ≥ 0.1 IU/mL in 6 of 6 (100%) healthy volunteers. This sug-
gested that an i.m. dose of 25 mg/m2 is expected to maintain 
SAA levels ≥ 0.1 IU/mL throughout the treatment duration on 
a Monday/Wednesday/Friday dosing schedule in the pivotal 
phase II/III study. Therefore, in cohort 2, the i.m. dose level was 
decreased by 50% to 12.5 mg/m2 to study the dose proportion-
ality and safety profile at this dose. Alternatively, for an i.v. dose 
of 25 mg/m2, SAA values at 72 hours postdose were ≥ 0.1 IU/
mL in only 4 of 6 (67%) healthy volunteers. This suggested that 
the i.v. dose of 25 mg/m2 was inadequate for maintaining SAA 
levels ≥ 0.1 IU/mL for 72 hours. Therefore, in cohort 2, the i.v. 
dose level was increased by 50% to 37.5 mg/m2.

Following i.m. administration of JZP- 458, SAA levels 
achieved ≥ 0.1  IU/mL in 6 of 6 (100%) healthy volunteers 
at 48 and 72 hours postdose for both the 12.5 mg/m2 and 
25 mg/m2 dose levels. After i.v. administration of JZP- 458, 
SAA levels achieved ≥ 0.1  IU/mL in 6 of 6 (100%) healthy 
volunteers at 48 hours and in 4 of 6 (67%) healthy volun-
teers at 72 hours postdose at the dose level of 25 mg/m2, 
whereas SAA levels achieved ≥ 0.1 IU/mL in 6 of 6 (100%) 
healthy volunteers at both 48 and 72 hours postdose at the 
dose level of 37.5 mg/m2. Data suggested that at the same 
dose level, i.m. route of administration was able to maintain 
higher levels of SAA when compared with i.v. administration. 
SAA data for healthy volunteers who received ERW are also 
presented in Figure 1 and Table 1.

Mean and 95% confidence interval (CI) curves for SAA 
were also generated for JZP- 458 for i.m. administration at 
25 mg/m2 and i.v. administration at 37.5 mg/m2 based on 
observed data (N = 6 each; Figure 2). Data indicated that 
the lower bound of 95% CI achieved ≥ 0.1 IU/mL at 72 hours 
postdose for both i.m. administration at 25 mg/m2 and i.v. 
administration at 37.5 mg/m2 for JZP- 458 (lower bound of 
95% CI for i.m. and i.v. were 0.31107 IU/mL and 0.09476 IU/
mL, respectively). These data facilitated dose recommenda-
tions for the pivotal phase II/III study.

PK parameters based on SAA were summarized for all treat-
ment groups (Table 2). When administered i.m., JZP- 458 was 
slowly absorbed based on SAA, with median Tmax of 24 hours 
and 36 hours following administration of 12.5 mg/m2 and 25 mg/
m2 doses, respectively. Mean t1/2 values of 23.4  hours and 
19.1 hours were estimated following administration of 12.5 mg/
m2 and 25 mg/m2, respectively. When administered i.v., JZP- 458 
SAA levels declined with mean t1/2 of 11.5 hours and 12.6 hours 
following administration of 25  mg/m2 and 37.5  mg/m2 doses, 
respectively. As expected, the t1/2 of JZP- 458 after i.m. adminis-
tration was longer than i.v. infusion due to absorption rate- limited 
elimination kinetics. Furthermore, JZP- 458 volume of distribution 
was approximately the same as the plasma volume following 
both i.m. and i.v. administrations, suggesting that JZP- 458 was 
mostly confined to the central vascular compartment.

Dose proportionality assessment based on SAA showed 
that JZP- 458 exposures increased with increasing doses 
based on SAA (Table S2). For both i.m. and i.v. adminis-
tration, the increases in JZP- 458 SAA exposures (Cmax and 
AUC) were approximately dose- proportional for the dose 
ranges studied. The bioavailability for JZP- 458 for the i.m. 
route of administration was also calculated and estimated at 
36.8% for JZP- 458 based on SAA data.

Serum asparaginase concentration data. Historically, 
asparaginase PK has been evaluated based on the SAA 
data. However, SAA is not considered a true measurement 
of the drug levels; therefore, an enzyme content assay 
was developed to measure JZP- 458 drug levels (i.e., 
asparaginase concentrations) in human serum.

Mean SAC- time profiles were generated for all treatment 
groups (Figure 3a,b), and PK parameters based on SAC are 
summarized in Table S3. When administered i.m., JZP- 458 
was slowly absorbed based on SAC, with median Tmax values 
of 30 hours for both 12.5 mg/m2 and 25 mg/m2 doses. Mean 
t1/2 values of 28.9 hours and 25.4 hours were estimated for 
JZP- 458 at 12.5 mg/m2 and 25 mg/m2, respectively. Following 
i.v. administration of JZP- 458, SAC levels declined with mean 
t1/2 of 12.0 hours and 12.7 hours following administration of 
25 mg/m2 and 37.5 mg/m2 doses, respectively.

Dose proportionality and bioavailability were also assessed 
for JZP- 458 based on SAC (Table S4). JZP- 458 exposures 
increased with increasing dose based on SAC. For both i.m. 
and i.v. administration, the increases in JZP- 458 exposures 
based on SAC (Cmax and AUC) were approximately dose- 
proportional for the dose ranges studied. For the i.m. route 
of administration, bioavailability was estimated at 43.9% for 
JZP- 458 based on SAC data.

The relationship between SAA and SAC was further ex-
plored for JZP- 458 (Figure 3c). When assessed across routes 

Table 1 Proportion of healthy volunteers with SAA levels at 48 and 72 hours postdose

Category SAA level

JZP- 458
12.5 mg/m2 i.m.

(N = 6)

JZP- 458
25 mg/m2 i.m.

(N = 6)

JZP- 458
25 mg/m2 i.v.

(N = 6)

JZP- 458
37.5 mg/m2 i.v.

(N = 6)

ERW
25,000 IU/m2 i.m.

(N = 3)

ERW
25,000 IU/m2 i.v.

(N = 3)

≥ 0.1 IU/mL, 
n (%)

SAA at 48 hours 6 (100) 6 (100) 6 (100) 6 (100) 3 (100) 3 (100)

SAA at 72 hours 6 (100) 6 (100) 4 (67) 6 (100) 3 (100) 3 (100)

ERW, asparaginase Erwinia chrysanthemi; SAA, serum asparaginase activity.
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of administration for JZP- 458, a strong positive association 
was observed between SAA and SAC with a correlation co-
efficient greater than 0.95. Additionally, the equation from 
the linear regression model was SAC = 1407.9 × SAA. These 
data suggest that when SAA levels are at 0.1 IU/mL, the cor-
responding SAC would be ~ 141 ng/mL in this healthy adult 
population.

Pharmacodynamic data
Asparaginase hydrolyzes the amino acid asparagine into 
aspartic acid and ammonia. Plasma levels of asparagine 
were monitored throughout the treatment duration. Mean 
SAA vs. mean plasma asparagine concentration over time 
profiles are provided in Figure 4. Baseline (predose) mean 
plasma asparagine concentrations were similar for i.m. and 
i.v. groups; individual asparagine concentrations ranged 
from 5.09  µg/mL to 13.8  µg/mL for all volunteers, which 
is consistent with literature- reported values.15 After JZP- 
458 administration (i.m. and i.v.), mean plasma asparagine 

levels were rapidly depleted from the predose concentra-
tions (cohort 1: 8.62  µg/mL and 8.96  µg/mL for i.m. and 
i.v., respectively; cohort 2: 6.42 µg/mL and 5.89 µg/mL for 
i.m. and i.v., respectively) to levels below the assay LLOQ 
(0.025 µg/mL) for both routes, and remained undetectable 
through the final sample collection time point at 96 hours. 
Data indicated that there was direct correlation between 
SAA and the reduction in plasma asparagine levels. At all 
JZP- 458 dose levels, plasma asparagine levels were com-
pletely depleted with JZP- 458 administration. At the highest 
JZP- 458 doses tested (i.e., 25 mg/m2 for i.m. and 37.5 mg/
m2 for i.v.) in this phase I healthy volunteer study, JZP- 458 
achieved SAA levels ≥ 0.1 IU/mL at 72 hours postdose for 
100% of the healthy volunteers for each route, and resulted 
in a complete depletion of plasma asparagine levels through 
96 hours postdose, the last time evaluated.

In addition to asparagine, asparaginase is also capable 
of hydrolyzing glutamine to glutamic acid and ammonia, but 
with much less efficiency. Due to this, glutamine plasma levels 

Figure 2 Mean (95% CI) SAA- time profiles. CI, confidence interval; SAA, serum asparaginase activity. Note: Gray lines represent 95% 
CIs (N = 6 for each dosing cohort).
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Table 2 PK summary based on SAA

Treatment, mean (CV%)
Cmax

(IU/mL)
C48h

(IU/mL)
C72h

(IU/mL)
Tmax
(h)

t1/2
(h)

AUC0– t
(IU•h/mL)

AUC0– inf
(IU•h/mL)

CLa

(L/h)
Va

(L)

JZP- 458  
12.5 mg/m2 i.m. (N = 6)

0.6 (13.2) 0.4 (18.7) 0.2 (32.9) 24.0 (24.0– 36.0) 23.4 (23.6) 33.3 (15.1) 36.9 (18.4) 0.4 (27.3) 14.1 (25.1)

JZP- 458  
25 mg/m2 i.m. (N = 6)b

1.2 (18.8) 0.9 (17.3) 0.5 (33.6) 36.0 (24.0– 48.0) 19.1 (21.8) 66.3 (15.6) 67.4 (9.0) 0.4 (11.1) 11.7 (20.9)

JZP- 458  
25 mg/m2 i.v. (N = 6)

10.9 (10.2) 0.5 (37.7) 0.1 (52.3) 2.3 (2.0– 3.5) 11.5 (12.8) 181 (20.5) 182 (20.4) 0.2 (25.7) 2.7 (22.4)

JZP- 458  
37.5 mg/m2 i.v. (N = 6)

16.8 (18.1) 1.2 (66.3) 0.3 (63.8) 2.3 (2.0– 3.5) 12.6 (11.2) 315 (29.1) 317 (29.5) 0.1 (25.0) 2.5 (16.6)

ERW  
25,000 IU/m2 i.m. (N = 3)

1.3 (25.7) 0.9 (11.6) 0.4 (14.3) 24.0 (24.0– 36.0) 20.6 (26.1) 70.5 (15.3) 75.8 (11.7) 0.4 (20.8) 13.0 (32.2)

ERW  
25,000 IU/m2 i.v. (N = 3)

9.0 (21.0) 0.8 (31.1) 0.3 (37.6) 2.0 (2.0– 2.5) 14.9 (12.0) 180 (14.6) 183 (15.1) 0.2 (13.9) 3.5 (8.1)

N is the number of healthy volunteers exposed. Mean (CV%) presented for all parameters except for Tmax values, which are reported as median and range.
AUC0– inf, area under the curve from time 0 extrapolated to infinity; AUC0– t, area under the curve from time 0 to the time of last quantifiable SAA; C48h, SAA at 
48 hours; C72h, SAA at 72 hours; CL, clearance; Cmax, maximum SAA; CV, coefficient of variation; ERW, asparaginase Erwinia chrysanthemi; PK, pharmacoki-
netics; SAA, serum asparaginase activity; Tmax, time at which Cmax is observed; t1/2, terminal elimination half- life; V, volume of distribution.
aFor i.m. treatments, CL = CL/F (apparent clearance) and V = Vz/F (apparent volume of distribution). For i.v. treatments, CL = CL and V = Vss (estimate of the 
volume of distribution at steady state).
bn = 5 for t1/2, AUC0– inf, CL, and V.
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were monitored as well (Figure S2). Baseline (predose) mean 
plasma glutamine concentrations were similar for i.m. and i.v. 
groups; individual glutamine predose concentrations ranged 
from 60.4 µg/mL to 146 µg/mL for all volunteers, which is 
consistent with literature- reported values.15 Data showed 
that mean plasma glutamine levels fell quickly following 
JZP- 458 i.v. administration from the predose concentrations 
of 106.5 and 74.0  µg/mL for cohort 1 (25  mg/m2 i.v.) and 
cohort 2 (37.5 mg/m2 i.v.), respectively, to levels below the 
assay LLOQ (0.25 µg/mL) for ~ 12 hours, after which gluta-
mine levels recover to approximately predose levels at the 

final sample collection timepoint at 96 hours postdose. For 
the i.m. route, mean plasma glutamine levels declined follow-
ing i.m. administration of JZP- 458, with the lowest glutamine 
level observed at 36 hours postdose with 79% and 47% glu-
tamine depletion at 25 mg/m2 and 12.5 mg/m2, respectively, 
after which glutamine levels recovered to levels similar to 
predose at the last sample collection timepoint of 96 hours 
postdose. Complete depletion of L- glutamine was not ob-
served; glutamine levels were moderately affected to only 
partial depletion, and data were more variable than those ob-
served for L- asparagine.

Figure 3 Mean SAC- time profiles and the correlation between SAC and SAA for JZP- 458. (a) Mean SAC- time profiles for JZP- 458 i.m. 
Note: LLOQ = 1.00 ng/mL. Values below the LLOQ were set to zero. (b) Mean SAC- time profiles for JZP- 458 i.v. Note: LLOQ = 1.00 ng/
mL. Values below the LLOQ were set to zero. (c) Correlation between SAC and SAA for JZP- 458 i.m. and i.v. administration. Note: 
Regression line equation: SAC = 1407.9 × SAA; Pearson correlation coefficient = 0.9779. ERW, asparaginase Erwinia chrysanthemi; 
LLOQ, lower limit of quantitation; SAA, serum asparaginase activity; SAC, serum asparaginase concentration.
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Safety and tolerability
The safety profile observed for JZP- 458 in this phase I study 
was consistent with profiles of other asparaginases.12,16– 19 
All dose levels of JZP- 458 were well- tolerated; there were 
no unanticipated AEs, no serious AEs, and no grade 3 or 
higher AEs. The most common treatment- emergent AE oc-
curring in ≥ 2 healthy volunteers in each dosing cohort was 
nausea (Table 3).

DISCUSSION

JZP- 458, a recombinant Erwinia asparaginase with no 
expected immunologic cross- reactivity to E. coli- derived 
asparaginases, is being developed to ensure the availabil-
ity of asparaginase therapy for patients with ALL or LBL 
who develop hypersensitivity to E. coli- derived aspara-
ginases. In this randomized, single- center, open- label, 
phase I study, at the highest doses tested for each route of 
administration (i.e., 25 mg/m2 for i.m. and 37.5 mg/m2 for 
i.v.), JZP- 458 achieved SAA levels ≥ 0.1 IU/mL at 72 hours 
postdose for 100% of the healthy adult volunteers in each 
route. The SAA levels observed in this study also indicated 
that JZP- 458 is capable of complete depletion of plasma 
asparagine levels, which was confirmed by asparagine 
concentrations measured from this study. At all JZP- 458 
dose levels, plasma asparagine levels were completely 
depleted with JZP- 458 treatment with both i.m. and i.v. 
routes of administration. Additionally, the safety profile 
for JZP- 458 in this study was consistent with the profiles 
of other asparaginases.12,16– 19 All dose levels of JZP- 458 

were well- tolerated; there were no unanticipated AEs, no 
reported serious AEs, and no grade 3 or higher AEs.

Based on the cumulative PK and safety data, the recom-
mended pivotal phase II/III JZP- 458 starting dose is 25 mg/
m2 for the i.m. route of administration and 37.5 mg/m2 for the 
i.v. route of administration on a Monday/Wednesday/Friday 
dosing schedule. These doses achieved SAA levels ≥ 0.1 IU/
mL at 72 hours postdose for 6 of 6 (100%) healthy volun-
teers in this phase I study, and suggested that these doses 
are expected to maintain SAA levels ≥ 0.1 IU/mL throughout 
the treatment duration in the pivotal phase II/III study.

Completing asparaginase therapy is important for im-
proved patient outcomes, as shown in previous studies. In 
the Dana- Farber Cancer Institute ALL Consortium Protocol 
91- 01 study, patients with asparaginase intolerance, de-
fined as completion of ≤  25  weeks of a planned total of 
30 weeks of asparaginase therapy, had a significantly lower 
5- year EFS when compared with patients who received 
≥  26  weeks of asparaginase therapy (73% vs. 90%, re-
spectively; P < 0.01).10 A recent Children’s Oncology Group 
study demonstrated that high- risk and slow early respond-
ing standard- risk patients with ALL who did not complete 
their prescribed asparaginase doses had a significantly infe-
rior EFS compared with patients who received all prescribed 
asparaginase doses.11 Notably, patients with hypersensi-
tivity reactions who completed their course of therapy with 
Erwinia asparaginase substitution showed similar EFS as 
those who completed their course of first- line asparagi-
nase therapy.11 These studies suggest that patients who 
complete their prescribed asparaginase doses, whether on 

Figure 4 Mean SAA- time profiles and corresponding mean plasma L- asparagine levels. Note: LLOQ: asparaginase activity = 0.0250 IU/
mL; L- asparagine = 0.0250 µg/mL. Values below the LLOQ were set to zero. ERW, asparaginase Erwinia chrysanthemi; LLOQ, lower 
limit of quantitation; SAA, serum asparaginase activity.
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first- line or second- line asparaginase, have better outcomes 
than those who discontinue early. These results highlight the 
need for alternative asparaginase preparations to ensure that 
patients who develop hypersensitivity to E. coli- derived as-
paraginases are able to complete their full treatment course.

CONCLUSIONS

At the highest doses tested for each route of administra-
tion (i.e., 25 mg/m2 for i.m. and 37.5 mg/m2 for i.v.), JZP- 458 
achieved SAA levels ≥ 0.1  IU/mL at 72 hours postdose in 
each route for 100% of the healthy adult volunteers in this 
phase I study, and resulted in complete asparagine deple-
tion with no unanticipated AEs, serious AEs, or grade ≥ 3 
AEs. Based on the cumulative PK and safety data from 
this study, the recommended phase II/III JZP- 458 starting 
dose is 25 mg/m2 for the i.m. route of administration and 
37.5 mg/m2 for the i.v. route of administration on a Monday/
Wednesday/Friday dosing schedule.

Supporting Information. Supplementary information accompa-
nies this paper on the Clinical and Translational Science website (www.
cts-journal.com).
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