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Tertiary Pharmacology/Toxicology Review

From: Timothy J. McGovern, Ph.D., ODE Associate Director for Pharmacology and 
Toxicology, OND IO

BLA:  761092
Agency receipt date:  October 24, 2017
Drug:  Revcovi (elapegademase [SC-PEG rADA])
Sponsor:  Leadiant Biosciences, Inc.

Indication: Treatment of adenosine deaminase severe combined immune deficiency 
(ADA-SCID)

Reviewing Division: Division of Transplant and Ophthalmology Products
 
The pharmacology/toxicology reviewer and supervisor concluded that the nonclinical 
data support approval of Revcovi for the indication listed above.

Revcovi (elapegademase [SC-PEG rADA]) is a PEGylated recombinant adenosine 
deaminase. The only previously approved enzyme replacement therapy for the treatment 
of ADA-SCID is Adagen, approved in 1990, also owned by the applicant. Revcovi was 
developed  with the key differences being the replacement of bovine 
intestinal adenosine deaminase with a recombinant product and the succinimidyl 
succinate linker with  succinimidyl carbamate (SC) linker. Each vial of drug 
product contains 1.5 mL of a 1.6 mg/mL solution that is intended for intramuscular 
injection.

The nonclinical program for Revcovi consisted of a bridging program to Adagen given 
the structural and pharmacological comparability with Adagen, the use of  PEG 
SC linker in FDA approved products, and the extensive clinical experience with Adagen. 
Pharmacokinetic studies demonstrated a longer terminal half-life and higher systemic 
exposure with SC-PEG rADA compared to Adagen. However, the toxicity profiles in 4-
week studies were comparable; the primary finding was a slight increase in APTT at 
doses that resulted in systemic exposures that were 0.5 to 1.9 times the anticipated 
clinical exposure.

Conclusion:
I agree with the Division pharmacology/toxicology conclusion that Revcovi can be 
approved from the nonclinical perspective. I have reviewed the proposed text for the 
nonclinical sections of the product label and have discussed them with the Division 
review team.
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1 Executive Summary
1.1 Introduction

Leadiant Biosciences, Inc. (Leadiant) has developed a PEGylated recombinant 
adenosine deaminase (SC-PEG rADA) for the treatment of adenosine deaminase severe 
combined immune deficiency (ADA-SCID). This proposed indication is the same as that 
of Leadiant’s Adagen® drug product (NDA 19-818; approved in 1990). The key differences 
between SC-PEG rADA and Adagen® are the replacement of bovine intestinal adenosine 
deaminase (ADA) with a recombinant product (manufactured in E. coli) and the 
succinimidyl succinate (SS) linker by  succinimidyl carbamate (SC) linker. 

Leadiant received Orphan Drug Designation for SC-PEG rADA for this indication 
on March 19, 2015 (Orphan Drug Application 14-4675). The application also received 
Priority review classification (correspondence filed 7-27-2018). 
 

1.2 Brief Discussion of Nonclinical Findings
A pharmacokinetic (PK) and pharmacodynamic (PD) bridging toxicology strategy 

was used in the nonclinical evaluations given (1) the 25-year successful clinical history 
with Adagen®, (2) the structural and pharmacological comparability of Adagen® and SC-
PEG rADA and (3) the safe use of the stable PEG SC linker in other FDA approved 
biologics.

The nonclinical PK studies showed a longer terminal half-life (t1/2) and systemic 
exposure (AUC), as measured by ADA enzymatic activity, for SC-PEG rADA compared 
to Adagen®. These PK differences did not result in increased toxicity in the 4-week 
general toxicology studies (see below). Moreover, SC-PEG rADA was slightly more 
efficacious than Adagen® in the ADA-deficient mouse model, i.e., ADA-deficient mice 
treated with SC rPEG-ADA showed a longer life span than those treated with Adagen®. 
These results likely reflect SC-PEG rADA more favorable PK.

Early nonclinical studies were not conducted with the to-be-marketed formulation. 
These early lots of SC-PEG rADA were well-tolerated in repeat-dose toxicity studies in 
rats and dogs when given every 3 to 4 days for 4 weeks (nine doses total). Drug-related 
findings in rats and dogs were limited to a slight increase in APTT that was reversible or 
partially reversible during a 4-week recovery period. The NOAEL in both rats and dogs 
was the highest dose, 300 U/kg 2x/week (equivalent to 1.92 mg/kg) SC-PEG rADA. These 
doses resulted in exposure margins of 0.54-fold (rat) and 1.86-fold (dogs) the mean 
human AUC normalized to the dose of SC-PEG rADA administered per patient. 

The to-be-marketed formulation given every 3 or 4 days for 4 weeks (eight doses 
total) at a dose of 500 U/kg to rats did not result in drug related adverse effects. As noted 
in earlier studies, a slight prolongation of APTT was observed. This study also included 
an arm with SC-PEG rADA spiked with %  impurity excess. A %  

 excess of impurity was used to give an adequate exposure margin for establishing 

Reference ID: 4306543

(b) 
(4)

(b) 
(4)

(b) (4) (b) (4)

(b) (4)

(b) (4)











NDA/BLA # 761092 Reviewer: María I. Rivera, PhD

10

Figure 1: Amino Acid Sequence of Recombinant Adenosine Deaminase (rADA)

SC-PEG rADA (elapegademase) is produced by E. coli and is covalently 
conjugated to monomethoxypolyethylene glycol (mPEG) using a succinimidyl carbonate 
(SC) linker. See schematic formula in Figure 2.

Figure 2: Structure of SC-PEG rADA
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Nonclinical studies of 4-week duration were conducted with SC-PEG rADA. No 
significant toxicities were observed. Comparability of the structure and function of 
pegylated adenosine deaminase has been demonstrated for Adagen®, SC-PEG rADA 
(old plasmid/old process), and SC-PEG rADA (current plasmid/current process) (see 
Pharmacology Section below and CMC review). Therefore, the overall data provide 
support for the safety of the SC linker. 

2.5 Comments on Impurities/Degradants of Concern
Pending Product Quality team ew.

2.6 Proposed Clinical Population and Dosing Regimen
The proposed clinical population is patients with ADA-SCID. The intended dosing 

regimens are the following:

 Patients currently receiving treatment with Adagen®: The starting weekly 
intramuscular (IM) dose is 0.2 mg/kg. The dose may be increased by increments 
of 0.033 mg/kg weekly if trough ADA activity is under 30 mmol/hr/L, 
deoxyadenosine nucleotides (dAXP) is above 0.02 mmol/L, and/or the immune 
reconstitution is judged as inadequate by the treating physician’s medical 
assessment of the patients’ clinical status. Total weekly dose administration may 
be divided in multiple IM administrations.

 Adagen-naïve patients: The starting weekly IM dose is 0.4 mg/kg of ideal body 
weight (divided into twice a week) for a minimum of 12 to 24 weeks  

 Once immune reconstitution 
is achieved, the dose may be gradually adjusted down to maintain trough ADA 
activity over 30 mmol/hr/L, dAXP under 0.02 mmol/L, and to maintain adequate 
immune reconstitution as judged the treating physician. 

2.7 Regulatory Background

A Pre-IND meeting was held on July 10, 2007. The briefing package was submitted 
on June 8, 2007. The nonclinical plan for IND submission was found acceptable. The 
applicant was asked to provide a justification as to why they considered that nonclinical 
reproductive studies were not needed (see meeting minutes filed in DARRTS on August 
9, 2007). 

The IND was submitted on November 3, 2009. The nonclinical team found the 
nonclinical data provided adequate safety information for the proposed clinical trial to 
proceed (see 30-day safety memo filed in DARRTS on December 7, 2009). 

A pre-BLA briefing package was submitted on September 21, 2016. The FDA 
concurred with the overall nonclinical program for the BLA (see meeting minutes filed in 
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DARRTS on October 21, 2016; SD # 52 nonclinical review filed in DARRTS on October 
10, 2016), pending there we no outstanding CMC issues that require nonclinical 
qualification. The following recommendations were conveyed:

 The adequacy of the ongoing dose-finding embryofetal toxicity study to support 
this application, in conjunction with other supporting data, will be a review issue.

 In addition to the justification for not conducting the full battery of reproductive 
toxicology studies, the BLA should include pharmacovigilance evidence of 
successful pregnancies and lack of infertility in ADA-SCID patients treated with 
Adagen®.

 Provide all available information to support safety of the PEG SC linker.

The pre-BLA meeting scheduled for on October 18, 2018 was canceled after the 
applicant received the preliminary comments. Instead, a teleconference was held with the 
Project Manager and Division Director to further clarify the Division’s requests for 
information on successful pregnancies and effects on fertility and CMC information 
regarding the safety of the SC linker (see meeting minutes filed in DARRTS on October 
21, 2016). 
 

3 Studies Submitted
3.1 Studies Reviewed 

Primary Pharmacology
 Pharmacodynamics of SS nPEG-ADA, SS rPEG-ADA and SC rPEG-ADA in 

Adenosine Deaminase-Deficient Mice: Survival Study (Study # 0007330)
 Analysis of Recombinant Bovine PEG-ADA in Adenosine Deaminase Deficient 

Mice (Study # AD09005)

PK/ADME
 Comparative Pharmacokinetic (PK) Study of Pegylated Adenosine Deaminase in 

Rats (non-GLP) (Study # AN07001)
 SC-rBADA-cys75-Mut (Single mutant) and Adagen® Comparative 

Pharmacokinetic (PK) Study of Pegylated Adenosine Deaminase in Rats (non-
GLP) (Study # AN07016)

 Plasma Stability of PEGylated Recombinant Human ADA and PEGylated Native 
Bovine ADA (Study # E1402-100)

 EZN-2242 (Adagen®), EZN-2279 (SC-PEG rADA), and PEG-SS-rADA Single-
Dose Comparative Pharmacokinetic Study in Rats via Intramuscular 
Administration with a 14-Day Observation Period (Study # AD09004) (non-GLP)

 EZN-2242 (ADAGEN®) and EZN-2279 (PEG-SC-rADA): A Single-Dose 
Comparative Pharmacokinetic Study in Rats via Intramuscular Administration 
with a 14-Day Observation Period (Study # 07-2018/AD07027) (non-GLP)

Reference ID: 4306543



NDA/BLA # 761092 Reviewer: María I. Rivera, PhD

16

 EZN-2242 (Adagen®) and EZN-2279 (PEG-SC-rADA): A Single-Dose 
Comparative Pharmacokinetic Study in Dogs via Intramuscular Administration 
with a 14-Day Observation Period (Study # 07-3265/AD07026) (non-GLP)

General Toxicology
 EZN-2242 (ADAGEN®) and EZN-2279 (PEG-SC-rADA): A Single-Dose 

Comparative Pharmacokinetic Study in Rats via Intramuscular Administration 
with a 14-Day Observation Period (Study # 07-2018/AD07027) (non-GLP)

 EZN-2242 (Adagen®) and EZN-2279 (PEG-SC-rADA): A Single-Dose 
Comparative Pharmacokinetic Study in Dogs via Intramuscular Administration 
with a 14-Day Observation Period (Study # 07-3265/AD07026) (non-GLP)

 EZN-2279: A Toxicity and Toxicokinetic Study in Rats Following 4-Week 
Intramuscular Injections with a 4-Week Recovery Period (Study # 15-
2483/STPI130260A) (GLP)

 Contributing Report: EZN-2279: A Local Toxicity/Pathology Study in Rats 
Following 4 Weeks of Intramuscular Injections with a 4-Week Recovery Period 
(Study # JF96NG) (GLP)

 EZN-2279: A 4-Week Intramuscular Toxicity/Toxicokinetic Study in Rats with A 4-
Week Recovery Period (Study # 07-2030/AD07028) (GLP)

 EZN-2242 (Adagen®) and EZN-2279: A Comparative 4-Week Intramuscular 
Pharmacokinetic and Immunogenicity Study in Rats (Study # 08-2060/AD08001) 
(GLP)

 EZN-2279: A 4-Week Intramuscular Toxicity/Toxicokinetic Study in Dogs with A 
4-Week Recovery Period (Study # 07-3280/AD07029) (GLP)

Embryofetal Development
 A Dose Range-Finding Embryo-Fetal Development Study of EZN-2279 by 

Intramuscular Injection in Rats (Study # 20098870/STPI20098870) (GLP)

Special Toxicology 
 Nociceptive Effects by Test Items following Intra-plantar Injection in Mouse 

(Study # 5900166) (non-GLP)

3.2 Studies Not Reviewed 
Studies under Module 4.2.2.1. Analytical Methods and Validation Report

3.3 Previous Reviews Referenced
 IND 100687 30-Day Safety Memo (Ying Mu, MD, PhD; filed in DARRTS on 12-7-

2009)
 IND 100687 SD # 52 (Pre-BLA) nonclinical review (María I Rivera, PhD; filed in 

DARRTS on 10-12-2016
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4 Pharmacology
4.1 Primary Pharmacology

Brief summaries of these studies are given below. For further details, see 
Microbiology/Immunology review by Shukal Bala, PhD.

Pharmacodynamics of SS nPEG-ADA, SS rPEG-ADA and SC rPEG-ADA in 
Adenosine Deaminase-Deficient Mice: Survival Study (Study # 0007330)
 

ADA-deficient mice were injected intraperitoneally (IP) with varying dosages (0.1, 
1, and 5 units) of Adagen® (SS nPEG-ADA), SS rPEG-ADA and SC rPEG-ADA (clinical 
form) on postnatal day 18, and survival was monitored. Results were compared to the 
survival of untreated ADA-deficient mice.

 ADA-deficient mice treated with SC rPEG-ADA (clinical form) showed a longer life 
span than Adagen® (SS nPEG-ADA) or SS rPEG-ADA. This data is consistent with the 
extended half-life of SC rPEG-ADA relative to SS nPEG-ADA and SS rPEG-ADA. The 
relative differences in survival between all 3 ADA compounds were best noted at the 
lowest (0.5 Unit) dosage used.

Analysis of Recombinant Bovine PEG-ADA in Adenosine Deaminase Deficient Mice 
(Study # AD09005) 

Single Dose Treatment: On postnatal day 18 mice were injected IP with 5 Units of 
Adagen® or recombinant bovine PEG-ADA (clinical form). Untreated ADA+/+ and ADA-/- 
mice were sacrificed on postnatal day 18, while mice treated with PEG-ADA were 
sacrificed 72 hours (day 21) following PEG-ADA injection. ADA levels in bronchial 
alveolar lavage fluid (BALF) and ADA enzymatic activity in the blood were measured.  

The main results (listed below) indicate that both recombinant bovine PEG-ADA 
behaved similarly in ADA-/- mice. 

 The blood concentration of PEG-ADA in the form of either Adagen® or recombinant 
bovine PEG-ADA was comparable in both ADA+/+ and ADA-/- mice at 72 hours post 
injection. 

 Adenosine concentrations in the BALF fluid of ADA-/- mice were more than 7 times 
higher than those measured in the BALF of age matched ADA+/+ littermates. 
Adagen® and recombinant bovine PEG-ADA worked comparably well in lowering 
the lung levels of endogenous adenosine in ADA+/+ mice and adenosine elevations 
in ADA-/- mice.

 ADA-/- mice die between postnatal day 18 and 21. Per summary information, 
treatment of these mice with Adagen® or recombinant bovine PEG-ADA resulted 
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in the improvement of outward signs of respiratory distress, and all mice were still 
alive on postnatal day 21 when they were sacrificed for the studies described 
above.

Multiple Dose Treatment: ADA-/- and ADA+/+ mice were administered 5 Units of Adagen® 
or PEG-rADA, intramuscularly (IM), every 4 days until postnatal Day 21, when the mice 
were sacrificed and tissues were harvested. Parameters evaluated consisted of body 
weights, thymus and spleen weights, thymocyte and splenocyte counts, thymus 
adenosine and deoxyadenosine levels, spleen adenosine and deoxyadenosine levels, 
and plasma ADA specific activity.

 Higher plasma levels of ADA activity in PEG ADA-treated ADA-/- mice correlated 
with statistically lower adenosine levels in the thymus compared with Adagen®, as 
well as a consistent trend toward a greater degree of improvement of most 
endpoints (body weight, survival, thymocyte and splenocyte cell number, 
adenosine levels in spleen) when compared with Adagen®-treated ADA-/- mice.

4.2 Secondary Pharmacology
No studies were conducted. 

4.3 Safety Pharmacology

Safety pharmacology studies were not considered necessary based on the 
following observations:

 The lack of significant toxicological findings in the 4-week repeated-dose 
toxicity studies

 The structural, pharmacological, and toxicological similarity of SC-PEG rADA 
to Adagen® 

 The 25-year successful clinical use history with Adagen®

 The safe use of the stable SC-PEG linker in chronic use medications  

5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME

Comparative Pharmacokinetic (PK) Study of Pegylated Adenosine Deaminase in 
Rats (non-GLP) (Study # AN07001) – A single intravenous (IV) dose (126 U/kg) of 
various unpegylated and pegylated glutathione and recombinant adenosine compounds 
was administered to female Sprague-Dawley rats (5/group). Blood was collected at 
various timepoints up to 168 hours postdose. 
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Unpegylated glutathione and mutated recombinant ADA had a terminal elimination 
half-life (tl/2) of 14 and 17 minutes, respectively. Pegylation of recombinant bovine ADA 
resulted in significant increase of their half-lives (Table 2). ANOVA analysis of the PK 
estimates for all pegylated conjugates and Adagen® indicated a significant difference 
between the tl/2 of PEG-rBADA-Mut [clinical form] vs PEG-rBADA-GS (p<0.05) and 
between PEG-rBADA-Mut vs. Adagen® (p<0.05). Further, significant difference was 
observed between the AUC of PEG-rBADA-Mut vs. Adagen® (p<0.001) and between 
PEG-rBADA-GS vs. Adagen® (p<0.001). 

Table 2: Pharmacokinetic Estimates of Pegylated Native and Recombinant Bovine 
ADA.

SC-rBADA-cys75-Mut (Single mutant) and Adagen® Comparative Pharmacokinetic 
(PK) Study of Pegylated Adenosine Deaminase in Rats (non-GLP) (Study # 
AN07016) 

The study compared the PK profiles of SC-rBADA-cys 75-Mut (clinical form) and 
Adagen®, when administered as a single IV dose (126 U/kg) to female Sprague Dawley 
Rats (4/group). Blood was collected at various timepoints up to 168 hours postdose. The 
pegylated conjugate SC-rBADA-cys75-Mut and Adagen® had similar plasma PK profile; 
none of the PK estimates were significantly different (Table 3). 

Table 3: Pharmacokinetic Estimates of SC-rBADA-cys 75-Mut [Clinical Candidate] 
and Adagen®

Reviewer Note: There was no explanation for the lack of a significant difference in t1/2 
values observed in this study, in contrast to the longer value observed for the clinical form 
in Study # AN07001 above. 
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Plasma Stability of PEGylated Recombinant Human ADA and PEGylated Native 
Bovine ADA (Study # E1402-100) –  The study was conducted to compare the stability 
of human recombinant form of ADA, which was PEGylated via the SC linker (SC-PEG-
rhADA), Adagen® (SS-PEG nADA), and native bovine ADA (nbADA) that was PEGylated 
via the SC linker (SC-PEG nbADA). The stability of each ADA sample at various time 
points over a 50-hour period was examined by determining the rate of depletion of the 
adenosine substrate in the enzymatic reaction mixture as a result of the residual ADA 
activity still present in each sample. 

Recombinant human SC-PEG ADA (PEG-SC-rhADA) exhibited inferior in vitro 
stability in human plasma compared to both bovine Adagen® and the bovine ADA enzyme 
with  succinimidyl carbamate linker (SC-PEG nbADA) (Figure 4). Based 
on these results, SC-PEG rADA was developed  

and was manufactured using recombinant bovine DNA. 

Figure 4: Plasma Stability of Recombinant Human ADA and Native Bovine ADA

EZN-2242 (Adagen®), EZN-2279 (SC-PEG rADA), and PEG-SS-rADA Single-Dose 
Comparative Pharmacokinetic Study in Rats via Intramuscular Administration with 
a 14-Day Observation Period (Study # AD09004; non-GLP) 
 

Three groups of male and female rats (6/sex/test article) received a single IM dose 
(150 U/kg) of EZN-2242, EZN-2279 (clinical compound; lot # 9167) and PEG-SS-rADA 
on Day 1. Blood samples were collected at pre-dose, 5 min and 4, 8, 24, 48, 72, 120, 192, 
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264 and 336 hours postdose. The 3 compounds with their associated properties are 
shown below:

The clinical compound (EZN-2279) showed prolonged t1/2 compared to Adagen® 
(EZN-2242), while the t1/2 of Adagen®

 and PEG-SS-rADA (both having the SS linker) was 
similar. The data support that the increase in t1/2 of EZN-2279 compared to EZN-2242 
and PEG-SS-rADA can be attributed to SC linker. The combined (male and female) mean 
PK parameters amongst the 3 compounds are listed in Table 4. No gender differences 
were observed.

Table 4: Overall Mean Pharmacokinetic Parameters Stratified by Compound

EZN-2242 (Adagen®) and EZN-2279 (PEG-SC-rADA): A Single-Dose Comparative 
Pharmacokinetic Study in Rats via Intramuscular Administration with a 14-Day 
Observation Period (Study # 07-2018/AD07027; non-GLP) 

Sprague-Dawley rats (10/sex/group) received single IM injections of either 
Adagen® or the clinical compound, SC-PEG rADA (batch # P-E-1490-30-050707; 99.9% 
pure), at doses of 30 or 150 U/kg. The vehicle was phosphate-buffered saline (PBS) with 
50 mM phosphate and 0.85% saline at pH 7.2 to 7.4. Blood samples for PK analyses of 
ADA activity were obtained at pre-dose, 5 minutes postdose, and 4, 8, 24, 48, 72, 120, 
192, 264, and 336 hours postdose. The plasma PK parameters for Adagen® (EZN-2242) 
and SC-PEG-rADA (EZN-2279) were estimated based on individual enzyme activity-time 
profiles.

Systemic exposures (AUClast and Cmax) increased approximately proportionally 
with dose, suggesting linear PK over the examined dose levels of Adagen® or SC-PEG-
rADA (Table 5). Based on the statistics report, SC-PEG rADA showed higher Cmax (12% 
to 23%), t1/2 (11% to 50%), and AUClast values compared to Adagen®. The calculated 
mean t1/2 varied from ~49 to 61 hours for SC-PEG-rADA and ~36 to 50 hours for Adagen®. 
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Mean PK parameters were generally slightly higher in males compared to females for 
both compounds.
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Table 5: Mean Plasma PK Parameters for ADA Activity in Rats Following Single 
Intramuscular Injection of Adagen® or SC-PEG rADA (Study # 07-
2018/AD07027)

EZN-2242 (Adagen®) and EZN-2279 (PEG-SC-rADA): A Single-Dose Comparative 
Pharmacokinetic Study in Dogs via Intramuscular Administration with a 14-Day 
Observation Period (Study # 07-3265/AD07026; non-GLP) – Beagle dogs 
(5/sex/group) received single IM injections of either Adagen® or the clinical compound, 
SC-PEG rADA (batch # P-E-1490-30-050707; 99.9% pure), at doses of 30 or 150 U/kg. 
The vehicle was PBS buffer with 50 mM phosphate and 0.85% saline at pH 7.2 to 7.4. 
Blood samples for PK analyses of ADA activity were obtained at predose, 5 minutes 
postdose, and 4, 8, 24, 48, 72, 120, 192, 264, and 336 hours postdose. The plasma PK 
parameters for Adagen® (EZN-2242) and SC-PEG-rADA (EZN-2279) were estimated 
based on individual enzyme activity-time profiles.

Systemic exposure (AUClast and Cmax) of ADA activity increased in proportion to 
dose for both compounds (Table 6). Longer t1/2 (1.7- to 2.1-fold) was observed for SC-
PEG rADA in comparison with Adagen®, resulting in significantly greater AUClast (25% to 
41%) and AUC0-∞ (51% to 57%) values. Cmax values were comparable between both 
compounds. The calculated mean terminal elimination t1/2 varied from ~128 to 154 hours 
for SC-PEG rADA and ~68 to 79 hours for Adagen®. There were no significant gender 
differences.
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Table 6: Mean Plasma PK Parameters for ADA Activity in Dogs Following Single 
Intramuscular Injection of Adagen or SC-PEG rADA (Study # 07-
3265/AD07026)

5.2 Toxicokinetics 
Studies submitted under Module 4.2.2.2 “Absorption” were reviewed below under 

each specific study. 

6 General Toxicology
6.1 Single-Dose Toxicity

EZN-2242 (ADAGEN®) and EZN-2279 (PEG-SC-rADA): A Single-Dose Comparative 
Pharmacokinetic Study in Rats via Intramuscular Administration with a 14-Day 
Observation Period (Study # 07-2018/AD07027; non-GLP)  

The study design is described under section 5.1 PK/ADME of this review. Note 
that the study did not include a vehicle control group as the main goal was to compare 
both ADA preparations. There were no mortalities, no test article-related clinical signs (as 
compared to predose), or differences in body weight/body weight gain and food 
consumption between Adagen® or SC-PEG-rADA-treated groups during the 14-day 
observation period following a single IM dose (30 or 150 U/kg). The NOAEL for both 
compounds was the high dose.   
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Recovery Recovery

It was stated in the study report: “Activated partial thromboplastin time (APTT) 
prolongations (both sexes) were not considered to be test article-related due to their small 
magnitude, lack of concordance with prothrombin times (PT) and because values were 
comparable to the study control range (values in control males and females at termination 
and recovery).” However, because APTT and PT measure different pathways in the 
coagulation cascade, this reviewer believes the increased in APTT could indicate a test-
article related effect. In addition, prolonged APTT was a common finding in both species 
used for toxicology studies, i.e., dogs and rats (see studies below). 

Clinical Chemistry (At termination and end of recovery period)
No test article-related findings

Urinalysis (At termination and end of recovery period)
No test article-related findings

Gross Pathology (At termination and end of recovery period)
No test article-related findings
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Organ Weights (Adrenals, brain, epididymides, heart, kidneys, liver, ovaries, 
pituitary, prostate, seminal vesicles, spleen, testes, thymus, thyroid/parathyroid, 
and uterus/cervix)

Statistically significant lower mean absolute (17% and 12%) and relative to body 
weight (16% and 11%) thyroid/parathyroid glands weights were observed in males treated 
with EZN-2279 with and without % excess of  impurity when compared to 
controls, respectively. No difference was observed in recovery sacrifice animals. There 
was no microscopic correlate for this finding. Its relationship to treatment is uncertain. 

Histopathology (Full battery - all main study animals) 
Adequate Battery - Yes
 
Peer Review - No

Histological Findings

At dosing sites, minimal to moderate chronic active inflammation and/or 
hemorrhage were present in all dose groups (controls, EZN-2279, and EZN-2279 spiked 
with % impurity), as shown in Table 8. 

Table 8: Dosing Site Histopathological Findings – Study # STPI130260A

These findings were suggestive of procedure-related focal trauma from 
intramuscular injection.  It was indicated in the Study Report that inconsistent sampling 
of intramuscular dosing sites precluded optimal examination and therefore test article-
relatedness could not be determined. A separate study was then conducted to address 
findings at the injection site (Study # JF96NG; Annex 9 of the current Study Report). The 
study confirmed the dosing site findings were IM injection procedure-related. 

Immunogenicity (Pretest, Day 28 [end of treatment] and Day 56 [Recovery Day 29]-
blood collected from TK animals)

Anti-therapeutic antibodies (ATA) were found pretest in 2 Group 3 (EZN-2279 
spiked with %  impurity) animals (#3556F and #3557F) with OD values of 
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Methods
Doses: 0 (vehicle), 30, 100, or 300 U/kg

(Nominal concentrations were 0, 25, 83 and 250 
U/mL, respectively, per study report.  Given 
specific activity is 156 U/mg, the concentration in 
mg/mL is 0.16, 0.5321 and 1.6 mg/mL at 
nominal concentrations).

The doses in mg/kg were not provided in the 
Study Report. Therefore, mg/kg were calculated 
by this reviewer as follows:

Per Analysis Report (page 129), specific activity 
is 156 U/mg (250U/mL divided by 1.6 mg/mL 
protein). 

 30 U/kg ÷ 156 U/mg = 0.192 mg/kg
 100 U/kg ÷ 156 U/mg = 0.641 mg/kg
 300 U/kg ÷ 156 U/mg = 1.92 mg/kg

Frequency of dosing: 2x/week for a total of 9 treatments (Days 1, 4, 7, 
11, 14, 18, 21, 25 and 29)

Route of administration: IM
Dose volume: 1.2 mL/kg

Note: Due to the large volume delivered, 
the test and control articles were administered to 
animals by splitting each dose into 2 IM 
injections (right and left caudal thigh).

Formulation/Vehicle: Phosphate buffered saline, pH 7.2-7.4
Species/Strain: Sprague-Dawley rats - Crl:CD® (SD) IGS BR

Number/Sex/Group: 15
(After 9 doses, 10 animals/sex/group were 
euthanized; the remaining 5 animals/sex/toxicity 
group were euthanized at the end of the 4-week 
recovery period)

Age: ~ 8 weeks old
Weight: 207-297 grams for males; 182-237 grams for 

females
Satellite groups: An additional 12 rats/sex/test article-treated 

group were used for TK analysis
Unique study design: None

Deviation from study protocol: None with an impact on the interpretation of the 
data 
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Observations and Results
Mortality (Daily)

One mid-dose TK male (# 3016) was moribund and sacrificed on Day 16. Per 
Study Report, this mortality was not considered test article-related. However, no further 
details were given in the Study Report. 

Clinical Signs (Daily; physical examination weekly)
None test article-related 

Body Weights (Weekly)
Lower mean body weights (11%-13%; non-statistically significant) were observed 

in high-dose males throughout the recovery period. The Study Report acknowledges that 
high-dose males demonstrated a decrease (non-statistically significant) in mean body 
weight gain during recovery, compared to controls. Per information in the Study Report, 
this effect was attributed to a particularly small male (# 4011) that skewed the data. At the 
end of the recovery period, mean body weight gain was 12.8%, 4.3%, and 21% lower 
than control group at the low, mid, and high-dose, respectively. This decrease is 
consistent with the observed decrease in mean food consumption (see below). 

Since the decrease was observed during the recovery period, did not show a dose 
relationship, was only observed in males (despite males having lower systemic exposure 
compared to females), and there were no other indications of systemic toxicity, the finding 
was not considered toxicologically relevant. In addition, test article exposure during the 
recovery period was in general below the lower limit of quantitation, further providing 
support for the lack of toxicological relevance for the finding.  
 
Feed Consumption (Weekly)

Mean food consumption showed a statistically significant decrease in males 
throughout recovery in all test article-treated groups compared to vehicle control. At the 
end of the recovery period (Days 22-28), mean food consumption was decreased by 
~19%, 12%, and 22% at the low, mid, and high-dose, respectively. It was stated in the 
Study Report that feed consumption in test article-treated animals was comparable to 
controls. 

Hematology and Coagulation (At termination and end of recovery period)
There was a slight but statistically significant increase in mean platelet volume 

(MPV) value (3% to 7%; non-dose dependent) for male rats at all dose levels. At the high-
dose, there was an approximately 6-second prolongation (p≤0.01) in APTT in both males 
(23.9 vs. 18.2 seconds in controls) and females (24.5 vs. 18.2 seconds in controls). The 
findings were not observed at recovery assessment. 
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The increased MPV and APTT values were considered by the applicant compound 
related, but not adverse, because of the small magnitude of the change and lack of 
correlative changes. The changes in MPV were still within physiological range and 
therefore, may not be test article related (7.4 to 7.6 fL in test article-treated males vs. 5.0 
to 8.5 fL in published historical control databases4, 5). 

Clinical Chemistry (At termination and end of recovery period)
No test article-related effects

Urinalysis (At termination and end of recovery period)
Mean urine volume was 2.3x higher (p≤0.05) in high dose females compared to 

control group. However, given the lack of any other indicator of kidney damage, this 
finding was not considered test article related. 

Gross Pathology (Main and recovery animals)
At the end of the dosing phase, 2 mid-dose males had red foci at the injection sites. 

Although not examined microscopically, per protocol, the red discolorations were 
presumed to be due to hemorrhages resulting from the injection procedure.

Organ Weights (Adrenals, brain, epididymides, heart, kidneys, liver, pituitary gland, 
prostate gland, spleen, testes, thymus, thyroid/parathyroid glands) 

No test article-related changes

Histopathology (Standard battery in main animals from control and high dose 
groups; only kidneys for recovery control and high-dose groups) 
Adequate Battery - Yes

Peer Review - No

Histological Findings – At the injection sites, findings included skin subacute (chronic 
active)/chronic inflammation, skin erosion, hemorrhage, skeletal/striated muscle 
atrophy/degeneration at the end of the dosing phase. These findings were observed in 
both control and high-dose groups and generally were of minimal to slight severity.  These 
findings were considered to be tissue responses to the trauma of the injection procedures. 

Immunogenicity (Day 29, predose, 2, 6, and 120 hours post last dose and at the end 
of recovery period) 

4 Han ZZ., Xu HD., Kim KH. et al., 2010, Reference data of the main physiological parameters in control 
Sprague-Dawley rats from pre-clinical toxicity studies, Lab. Anim. Res. 26(2), 153-164.
5 http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0189837
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In test-article-treated rats at end of treatment and end of recovery, all except one 
high-dose female (# 4513) were considered positive for an antibody response, and 26 of 
the 29 positive samples exceeded the cut point by more than 2 fold. 

Weak neutralization (< 2-fold the assay cut point) was evident at the end of the 
treatment period (120 hours postdose only) for one low-dose male rat (# 2016) and at the 
end of the recovery period for one high-dose female rat (# 4515). 

The applicant stated (Toxicology Written Summary, p. 15) that the substantially 
lower systemic exposure at Day 29 compared to Day 1 for male and female rats at the 
low dose and male rats at the mid dose (see Toxicokinetics below) may be secondary to 
the production of anti-therapeutic antibodies. Although average titer data was not 
presented, a quick look at the individual animal listings showed the levels of anti-
therapeutic antibodies at the lower doses were generally higher compared to those 
observed at the higher dose.  

A positive antibody response was observed in 4 of the 10 vehicle-treated rats. Two 
of these rats had ODs (optical density values) more than 2-fold higher than the negative 
cut point of the assay of 0.168. The actual ODs for these rats were 0.396 for one male (# 
1015) and 1.302 for one female (# 1513). It was indicated in the Study Report that the 
results suggest that a dosing or sample processing error may have occurred. However, 
a thorough investigation did not support this was the case. The impact of this finding on 
the interpretation of the data is unknown.

Toxicokinetics (Day 1 predose and at 2, 6, 24, 48 and 72 hours post dose and on 
Day 29 predose and at 2, 6, 24, 48, 72, 96, 120 and 144 hours, and 2 and 4 weeks 
post dose; levels of EZN-2279 measured by plasma ADA enzymatic activity, i.e., 
conversion of adenosine to inosine) 

On Day 1, all male and female rats were exposed to quantifiable enzyme activity 
at all test article dose levels. On Day 29, not all male rats at 30 and 100 U/kg and female 
rats at 30 U/kg had quantifiable plasma enzyme activity, whereas all males at 300 U/kg 
and all females at 100 and 300 U/kg had quantifiable plasma enzyme activity.

On Day 1, systemic exposures increased dose proportionately, whereas on Day 
29, exposures were generally greater than dose proportional.

On Day 1, no gender differences were observed whereas on Day 29, the systemic 
exposures in males were lower than females. 

Overall, systemic exposure (AUClast) at the low and mid-dose was reduced (93% 
and 67% for the low-dose males and females, respectively, and 80% for the mid-dose 
males) on Day 29 compared to Day 1, whereas higher exposures were noted at the 
highest dose.

On Day 29 of the recovery period (672 hours after the last [9th] IM injection), no 
quantifiable activity was observed.
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Toxicokinetic parameters (based on the mean enzyme activity data) are 
summarized in Table 12:

Table 12: Mean Plasma Toxicokinetic Parameters of ADA Enzyme Activity in Male 
and Female Rats following Repeated Intramuscular Injection of EZN-2279 
(Study # 07-2030/AD07028)

Dosing Solution Analysis
The test article was stable in the vehicle, under storage conditions used in this 

study, for at least 8 hours. Dosing solution concentrations were within % of nominal. 
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Methods
Doses: 30 U/kg for both test articles (see Table 13)

Frequency of dosing: Every 3 or 4 days (Groups 1 and 2) for 4 weeks 
(total of 9 doses*) or as a single dose (Groups 3 
and 4) (see Table 13).

*See “Note” under Table 13.
Route of administration: IM

Dose volume: 1.2 mL/kg

Note: Due to the large volume delivered, 
the test and control articles were administered to 
animals by splitting each dose into 2 IM 
injections (quadriceps, caudal thigh).

Formulation/Vehicle: Phosphate buffered saline
Species/Strain: Sprague-Dawley rats (Crl:CD®[SD] IGS BR)

Number/Sex/Group: 15 males/group (repeat dose); 10 males/group 
(single dose) (see Table 13)

Age: ~ 8 weeks old
Weight: 239-302 grams 

Satellite groups: 10 or 15 males/ group for TK analysis or 
immunogenicity analysis (see Table 13)

Unique study design: The study report indicates that only males were 
investigated in this study as no gender 
differences in ATA response were noted in 
Study # 07-2030/AD07028.

Deviation from study protocol: Upon completion of dosing, the applicant notified 
the Testing Facility that the purity of the EZN 
2279 lot used in this study was lower than 
expected (~85%), and a decision was made not 
to analyze plasma samples collected from EZN-
2279-treated rats. Accordingly, this report 
contains pharmacokinetic and immunogenicity 
data for EZN-2242 (Adagen®) and in-life data for 
EZN-2242 (Adagen®) and EZN-2279.
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Table 13: Study Design – Comparative 4-Week Rat Study (Study # 08-
2060/AD08001)

Note: For Groups 1 and 2, as shown in the scheduling table below, all the animals in 
each group received the first 8 doses of the test article listed for that group. For the last 
dose on Day 29, the first 10 rats were administered the same respective test article as for 
the previous 8 doses. The remaining 5 rats received the opposite test article on the last 
day at the same dose (i.e. EZN-2242 Group 1 received EZN-2279 and EZN-2279 Group 
2 received EZN-2242.).

Observations and Results
Mortality (Daily)

None
Clinical Signs (5-35 minutes after dosing; physical examination weekly)

No test article-related findings  

Body Weights (Pretest, prior to each dose during the study, and at the completion 
of the PK blood collections)
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There were no differences in the body weights or body weight changes in animals 
dosed with EZN-2242 (Adagen®) or EZN-2279 (SC-PEG rADA).

Feed Consumption (Weekly; Groups 1 and 2 only)
There were no differences in food consumption in animals dosed with EZN-2242 

or EZN-2279.

Immunogenicity (Same timepoints as TK below)
As noted under TK below, only samples from animals treated with EZN-2242 

(Adagen®) were evaluated.

Rats given 30 U/kg EZN-2242 (Adagen®) exhibited ATAs starting on Day 7 and 
continuing through each of the weekly blood collection time points during the 29-day 
dosing phase (Table 14). The incidence ranged from 10-14 rats at each time point out of 
a total of 15 rats/time point. By Day 60 (31 days after the last dose), ATAs were present 
in 5 of 10 rats.

Neutralization of adenosine deaminase activity was evident for 2 of 10 rats on Day 
60 (31 days after the last EZN-2242 dose).

The testing facility was Enzon Pharmaceuticals, Inc. 

Reference ID: 4306543



NDA/BLA # 761092 Reviewer: María I. Rivera, PhD

44

Table 14: Incidence of Anti-Drug Antibodies after Treatment with Adagen® in Rats 
(Study # 08-2060/AD08001)

Toxicokinetics (Single dose: Pre-dose, and on Day 1 at 5 minutes postdose and 2, 
6, 24, 48, 72, 120, 168, 216, 264, and 336 hours postdose; Repeat dose: Predose on 
Days 1, 7, 14, 21 and 28, and on Day 29 at 5 minutes postdose and 2, 6, 24, 48, 72, 
120, 168, 216, 264, and 336 hours postdose; levels of EZN-2242 measured by 
plasma ADA enzymatic activity)
Note: The purity of the SC-PEG rADA (EZN-2279) lot used in this study was substantially 
lower than expected (~85%). It was presumed that PK/immunogenicity results generated 
from the plasma samples may not reflect EZN-2279-associated effects. The decision was 
made to not analyze plasma samples collected from SC-PEG rADA treated rats. There 
are no TK/immunogenicity results for SC-PEG rADA. 

Reference ID: 4306543



NDA/BLA # 761092 Reviewer: María I. Rivera, PhD

45

Following 9 repeated doses (Day 29) and afterwards, plasma adenosine 
deaminase activity in 3 out of 10 Group 1 animals was below the level of quantification 
(50 mU/mL). Plasma adenosine deaminase activity levels in 2 additional animals were 
low. The effects on plasma adenosine activity in these 5 rats were likely the result of ATAs 
and/or neutralization. 

Mean values of selected PK parameters for plasma adenosine deaminase activity 
for the other 5 of 10 repeat-dose rats (Group 1) from which these parameters could be 
evaluated and all 10 single-dose rats (Group 3) are summarized below:

Table 15: Mean Plasma Pharmacokinetic Parameters of Enzyme Activity in Male 
Rats following IM Injection of 30 U/kg of EZN-2242 (Adagen®)- (Study # 08-
2060/AD08001)

The AUC values indicate some degree of accumulation was observed with 
repeated dosing. The finding is consistent with the accumulation observed with repeated 
dosing of EZN-2279 (SC-PEG-rADA) in separate studies reviewed herein. 

Dosing Solution Analysis
Samples for concentration analysis were collected from dosing solutions following 

completion of dosing on Days 1 and 29. All dose preparations of EZN-2242 or EZN-2279 
were within % of nominal except the sample from Group 2 (EZN-2279) on Day 29. The 
purity of this sample was 80% (note that in all other areas of the Study Report it is noted 
that the purity of the sample was ~85%).  
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Methods
Doses: 0 (vehicle), 30, 100, or 300 U/kg

(Nominal concentrations were 0, 75, 250 and 
750 U/mL, respectively, per study report. Given 
specific activity is 156 U/mg, the concentration in 
mg/mL is 0.48, 1.6 and 4.8 mg/mL at nominal 
concentrations).

The doses in mg/kg were not provided in the 
Study Report. Therefore, mg/kg were calculated 
by this reviewer as follows:

Per Analysis Report (page 153), specific activity 
is 156 U/mg (250 U/mL divided by 1.6 mg/mL 
protein = 156.25). 

 30 U/kg ÷ 156 U/mg = 0.192 mg/kg
 100 U/kg ÷ 156 U/mg = 0.641 mg/kg
 300 U/kg ÷ 156 U/mg = 1.92 mg/kg 

Frequency of dosing: 2x/week for a total of 9 treatments (Days 1, 4, 7, 
11, 14, 18, 21, 25 and 29)

Route of administration: IM
Dose volume: 0.4 mL/kg 

Formulation/Vehicle: Phosphate buffered saline, pH 7.3
Species/Strain: Beagle dogs

Number/Sex/Group: 5

After 9 doses, 3 animals/sex/group were 
euthanized; the remaining 2 animals/sex/toxicity 
group were euthanized at the end of the 4-week 
recovery period.

Age: ~5 to 6 months old
Weight: 6.8 to 87 kg for males; 4.9 to 7.0 kg for females

Satellite groups: None
Unique study design: None

Deviation from study protocol: None with an impact in the interpretation of the 
study

Observations and Results
Mortality (2x/day)

None

Clinical Signs (2/day; physical examination weekly)
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None test article-related findings

Body Weights (Weekly) 
No test article-related effects

Feed Consumption (Weekly; qualitative)
No test article-related effects

Electrocardiography (ECG) (Pretest, at study termination and end of the recovery 
period) 

Only the Summary ECG Report was included (i.e., no summary data or individual 
animal listing were included). Per the Summary Report, there were no test article-related 
findings. 

Hematology and Coagulation (Pretest, at termination, and at recovery)
At all test article-treated groups, there was a prolongation in APTT in both males 

and females (Table 16). At the end of the 4-week recovery period, complete reversibility 
was observed at the low and mid-dose and partial reversibility was observed at the high 
dose.  

Table 16: Effects on Coagulation Parameters in Dogs – Study # 07-3280/AD07029
Males Females

Dosing Dosing 

Reference ID: 4306543



NDA/BLA # 761092 Reviewer: María I. Rivera, PhD

49

Recovery Recovery

**p≤0.01

These changes in APPT values are consistent with findings observed in rats. 
Therefore, they appear to be related to the test article. As noted in the Study Report, there 
was no clinical evidence of bleeding and no signs of hemorrhage at necropsy. Therefore, 
the magnitude of the change was not considered adverse. 

Clinical Chemistry (Pretest, at termination, and end of recovery period)
There was a non-dose related, statistically significant decrease in mean serum 

bicarbonate values at termination of dosing for females. The Study Report indicates the 
decrease was attributed to slightly low values in a few individual animals. The decrease 
was not observed at the end of the recovery period. Based on the lack of any other sign 
of toxicity and lack of a similar effect in males, this toxicological relevance of the finding 
is unclear. 

Urinalysis (Pretest, at termination, and end of recovery period)
No test article-related effects

Gross Pathology (Main and recovery animals)
No test article-related findings

Organ Weights (Adrenals, brain, heart, kidneys, liver, pituitary gland, prostate 
gland, spleen, testes, thyroid/parathyroid glands) 

No test article-related changes
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Histopathology (Standard battery in main animals from control and high dose 
groups; kidneys for recovery control and high-dose groups) 
Adequate Battery - Yes

Peer Review - No

Histological Findings – At the injection sites, findings included dermis/subcutaneous 
tissue subacute inflammation with eosinophils and skeletal muscle acute/subacute 
inflammation. These findings were observed in both control and high-dose groups and 
generally were of minimal to slight severity.  These findings were considered to be tissue 
responses to the trauma caused by the injection procedures. 

Immunogenicity (End of dosing [Day 29] and at the end of the recovery period) 
At the end of the 4-week treatment period, ATAs were present in the plasma of 3/6 

dogs at 30 U/kg, 4/6 in dogs at 100 U/kg, and 6/6 dogs at 300 U/kg. 

By the end of the recovery phase, ATAs were present in 1/4 dogs at 30 U/kg, 2/4 
dogs at 100 U/kg, and 3/4 dogs at 300 U/kg. 

Anti-therapeutic antibodies were detected in both dogs (the 30 U/kg male [# 
2152M] and 100 U/kg female [# 3654F]) that had markedly decreased systemic 
exposures following the final EZN-2279 (SC-PEG rADA) dose (see Toxicokinetics below). 
However, neutralizing antibodies were only detected for the 100 U/kg female (55.6% 
neutralization on Day 29; 60.8% neutralization at end of recovery period). This female 
showed no plasma ADA activity after the 2-hour collection time point.

Regarding the neutralization assay, the Study Report warns (page 498) that the 
negative results may be due to interference by the high levels of ADA activity (>1000 
mU/mL) in most samples at the mid and high doses on Day 29.  The testing facility was 
Hungtingdon Life Sciences, Inc. 

Toxicokinetics (Day 1 predose and at 2, 6, 24, 48 and 72 hours after the 1st dose 
and on Day 29 predose and at 2, 6, and 24 hours for all animals and 48, 72, 96, 120 
and 144 hours post last dose and 14 and 28 days post last dose for recovery 
animals; levels of EZN-2279 measured by plasma ADA enzymatic activity, i.e., 
conversion of adenosine to inosine) 

In general, animals were exposed to quantifiable enzyme activity after twice weekly 
IM administrations of 30, 100 and 300 U/kg of EZN-2279. With few exceptions, plasma 
enzyme activity was also quantifiable in pre-dose samples on Day 29, indicating that 
animals were continuously exposed to quantifiable enzyme activity over the examined 
dose levels of EZN 2279.

Exposure generally increased proportional to the dose from 100 to 300 U/kg, but 
it was higher that dose proportional from 30 to 100 U/kg (Table 17).
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At all dose levels, the systemic exposure on Day 29 was greater than that on Day 
1, suggesting test article accumulation after twice weekly administration.

In general, the plasma enzyme activity was quantifiable in all designated recovery 
animals 672 hours after the last intramuscular injection of 30, 100 and 300 U/kg of EZN-
2279. The calculated mean terminal elimination half-life across groups ranged from 113 
to 173 hours following the first dose and from 122-227 following repeated dosing (Day 
29).

No gender differences were observed.

One male at 30 U/kg (# 2152M) showed markedly reduced plasma ADA activity 
after the last dose on Day 29. One female at 100 U/kg (# 3654F) had no detectable 
plasma ADA activity after the 2-hour collection timepoint in Day 29. As noted above, the 
decreased activity may be related to the formation of ATAs. 

Table 17: Mean (± SD) Plasma Toxicokinetic Parameters (Enzyme Activity) in Dogs 
– Study # 07-3280/AD07029

Dosing Solution Analysis
Samples for concentration analysis were collected from dosing solutions following 

completion of dosing on Days 1 and 29. Dose preparations for Groups 2 and 4 on Day 1 
were slightly lower than the % of nominal. All other solutions that were evaluated 
were within acceptable limits of nominal ( % to %).
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correspond to ULOQ of 15 μmol/hr/mL and LLOQ of 0.9 μmol/hr/mL. Accordingly, there 
are 16.7 mU/mL per 1 μmol/hr/mL. 

Therefore, a human mean AUC0-168hr of 31272.5 (hr*µmol/hr/mL)/(mg/kg) is 
equivalent to:  

31272.5 (hr*µmol/hr/mL)/(mg/kg) X 16.7 (mU/mL)/(μmol/hr/mL) = 
522250 (mUhr/mL)/(mg/kg)

Exposure margin = 183000 (GD7 AUC) ÷ 522250 (human mean AUC, as 
calculated above) 

= 0.35-fold the mean human AUC, normalized to the dose of 
SC-PEG rADA administered per patient

 It is uncertain if the lack of embryofetal development findings were related to the 
low power of the study and/or low doses used. Therefore, the study is not 
considered adequate for risk assessment. 

Methods
Doses: Dose measured via RP-HPLC (dose measured via 

spectrophotometric assay in parentheses): 0, 100 
(48), 300 (143), and 500 (238) U/kg/day

Reviewer’s note:  The study report states that 
protein concentration from all dose groups exceeded 
the acceptable limits of % of the nominal 
concentrations (0.33, 0.97, or 1.65 mg/mL) by 
approximately 20%.   As such, actual concentrations* 
were 0.40, 1.16, or 1.96 mg/mL, respectively).

The doses in mg/kg were not provided in the Study 
Report. Therefore, mg/kg were calculated by this 
reviewer as follows:

Per Section 4.1.1 in Study Report (page 15), the 
specific activity is 339 U/mg protein (556 U/mL divided 
by 1.64 mg/mL protein).

100 U/kg ÷ 339 U/mg = 0.29 mg/kg (or 0.36 mg/kg 
using actual protein concentration*)
300 U/kg ÷ 339 U/mg = 0.88 mg/kg (or 1.04 mg/kg 
using actual concentration*)
500 U/kg ÷ 339 U/mg = 1.48 mg/kg (or 1.76 mg/kg 
using actual protein concentration*)

Frequency of dosing: Once every 3 days (GDs 7, 10, 13 and 16)
Dose volume: 0.9 mL/kg
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Route of administration: IM injection into the forelimb or hindlimb
Formulation/Vehicle: Phosphate Buffered Saline, pH 6.9

Species/Strain: Sprague Dawley (Crl:CD[SD]) female rats
Number/Sex/Group: 8

Satellite groups: TK animals: 3 females in control group; 6 females in 
all EZN-2279-treated groups

Study design: Animals were dosed from gestation day (GD) 7 
through 16. The injection site was rotated on each day 
of dosing (i.e., DG 7: right hindlimb, DG 10: left 
hindlimb, DG 13: right forelimb and DG 16: left 
forelimb). Animals assigned to the main study and TK 
study were euthanized on GD 21 and GD 19, 
respectively. 

Note: The applicant stated that the number of animals 
chosen for this study was the smallest number 
considered necessary to provide the minimum 
number of pregnancies recommended by the 
applicable guidelines (not specified). However, per 
ICH Guidance S5A, evaluation between 16-20 litters 
is recommended.  The design of this study 
(insufficiently powered) is a major study limitation, and 
precludes inclusion of these data in the labeling.

Deviation from study protocol: None with an impact on the interpretation of the data

Observations and Results
Mortality (2x/day) 

None
Clinical Signs (Daily)

None test article related
Body Weight (Daily)

A slight decrease in maternal mean body weight was observed at the high dose 
throughout the study (daily decrease ranged from 2.4 to 4.2%). On Day 21, mean body 
weight was 4.2% lower than controls. 

The decreased mean body weight was related to a decreased mean body weight 
gain at the GD 7 to GD 8 interval (gain of 0.9 g vs 2.5 g in controls). Afterwards, mean 
body weight gain in high-dose females was comparable to controls. The overall decrease, 
GD 7 to 21, was 6.8%.  

Feed Consumption (GDs 7, 10, 13, 16, 19, and 21)
No test article-related effects.
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Toxicokinetics (GDs 7 and 16 at 0, 2, 6, 24, 48, and 72 hours postdose)
Absorption of EZN-2279 was delayed with Tmax observed at 24 hours postdose 

(Table 18). Exposure increased with increasing dose. Overall, AUC(0-t) and Cmax increased 
in a dose proportional manner on GD 7. On GD 16, AUC(0-t) increased in a slightly greater 
than dose proportional manner (7-fold across a 5-fold dose range) from 100 to 500 
U/kg/day, while Cmax increased in a dose proportional manner.

It was indicated in the Study Report (page 501), that AUCinf and t1/2 were not 
calculable due to limited data in the terminal elimination phase (i.e., there were < 3 
measurable concentrations following Cmax); however, t1/2 estimates based on the last 2 
measurable concentrations after Cmax ranged from approximately 35 to 44 hours on GD 
7 and from approximately 18 to 34 hours on GD 16.

Accumulation was not observed. 

Table 18: Toxicokinetic Parameters – Rat Dose-Range Embryofetal Development 
Study

Immunogenicity analysis showed that there were no gravid rats that were positive 
for anti-EZN-2279 or anti-PEG antibodies. 

Dosing Solution Analysis
It was stated in the study report that dose formulation samples were collected for 

analysis after the 1st preparation and last preparation at all dose levels. Certificate of 
Analysis (CoA) dated  and  indicate the dosing solutions 
were within specifications for enzymatic activity. Protein concertation from all dose groups 
exceeded the acceptable limits of % of the nominal concentration. The percent mean 
bias for the 0.33, 0.97, or 1.65 mg/mL were 20%, 19% or 19% following the analysis (the 
actual concentration was 0.40, 1.16, or 1.96 mg/mL, respectively). 

Necropsy (Main animals on GD 21 and TK animals on GD 19)
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No test article-related findings

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
There were no statistically significant changes in any test article-treated group 

compared to controls. There was a slight decrease/increase in the mean value of the 
following parameters at the high dose (Table 19). However, as the values were within 
historical control range (  June 2011- January 2015; Appendix 13 in the 
Study Report), the findings were considered of no toxicological relevance. 

Table 19: Summary of Selected C-Section Findings

Offspring (Malformations, Variations, etc.)
Fetal evaluations were based on 99, 97, 93 and 86 viable DG 21 Caesarean-

delivered fetuses in 8, 8, 8, and 8 animals, in the 0, 100, 300, and 500 U/kg/day dose 
groups, respectively. All fetuses in each litter were examined for soft tissue abnormalities, 
skeletal abnormalities, and fetal ossification site means.

There were no EZN-2279-related fetal external, soft tissue, and skeletal 
malformations or variations observed at any dose level. All ossification site averages were 
comparable across all dose groups.

At the high dose, one fetus had small eyes. It was stated in the study report that 
this finding was considered unrelated to EZN-2279 because it was limited to a single 
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11 Integrated Summary and Safety Evaluation

SC-PEG rADA has been developed to replace the native bovine ADA used in the 
manufacture of Adagen® for the treatment of ADA-SCID.  The key differences between 
SC-PEG rADA and Adagen® are the replacement of native bovine sourced ADA with a 
recombinant product and the use of  SC linker for PEGylation. Given the 
25-year successful clinical history with Adagen®, the structural and pharmacological 
comparability of Adagen® and SC-PEG rADA and the safe use of the stable PEG SC 
linker in other FDA approved biologics, a PK and PD bridging toxicology strategy was 
used in the nonclinical evaluations.

The nonclinical PK studies showed a longer terminal half-life and systemic 
exposure (AUC), as measured by ADA enzymatic activity, for SC-PEG rADA compared 
to Adagen®. These PK differences did not result in increased toxicity in the 4-week 
general toxicology studies (see below). Per applicant’s statements, an approximate 2-fold 
higher exposure with SC-PEG rADA as compared to Adagen® was observed in primary 
Phase 3 clinical Study STP-2279-002, and it was not associated with additional adverse 
findings. SC-PEG rADA was slightly more efficacious than Adagen® in the ADA-deficient 
mouse model, i.e., ADA-deficient mice treated with SC rPEG-ADA showed a longer life 
span than those treated with Adagen®. These results likely reflect SC-PEG rADA more 
favorable PK. 

Early nonclinical studies were not conducted with the to-be-marketed formulation. 
These early lots of SC-PEG rADA were well-tolerated in repeat-dose toxicity studies in 
rats and dogs when given every 3 to 4 days for 4 weeks (nine doses total). Drug-related 
findings in rats and dogs were limited to a slight increase in APTT that was reversible or 
partially reversible during a 4-week recovery period. The increased APTT was not 
associated with clinical evidence of bleeding and no signs of hemorrhage at necropsy. 
Therefore, the magnitude of the change was not considered adverse. The NOAEL in both 
rats and dogs was the highest dose, 300 U/kg 2x/week (1.92 mg/kg 2x/week) SC-PEG 
rADA. The NOAEL is 0.54-fold (rat) and 1.86-fold (dog) the mean human AUC normalized 
to the dose of SC-PEG rADA administered per patient (See Table 20).

The applicant included as reference two study reports conducted with Adagen®: 2-
week study in mice (200 U/kg 2x/week, IP) and 2-month study in rats (0, 150 and 500 
U/kg 1x/week, IM).  No adverse findings were reported in these studies. APPT was not 
measured in these studies. Therefore, it is not known if Adagen® could have a similar 
effect on APTT in nonclinical species. However, per Adagen® label, abnormal blood 
clotting (thrombocythemia, thrombocytopenia, autoimmune thrombocytopenia) have 
been identified as adverse reactions post-marketing.  These adverse reactions have not 
been observed in the interim clinical trial results with SC-PEG rADA, but the applicant 
acknowledges that these reactions were reported from pharmacovigilance over a long 
post-marketing period, which is not directly comparable with clinical trial experience.

Repeat doses in both species resulted in the formation of anti-therapeutic 
antibodies (ATAs), including neutralizing antibodies (Nabs), that could potentially reduce 
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relative to most other tissues, including the developing embryo itself which has low 
ADA activity6.

 The high ADA activity in the decidua and trophoblast reflect a physiological role for 
adenosine in the vascular changes that are associated with establishing the 
embryo in the uterus. Inhibition of ADA activity with pentostatin in mice on days 7 
and 8 of pregnancy resulted in increased incidence of postimplantation resorptions 
(61% and 78% resorptions, respectively)7.

 There were no adverse effects in organ weight, macroscopic, and/or microscopic 
evaluations on male or female reproductive organs in the 4-week repeat-dose 
toxicity studies conducted in the rat and dogs by Leadiant.

 No reports of infertility have been received in the over 25 years of 
pharmacovigilance data from Adagen® patients. Two reports of successful 
pregnancies have been received. 

The applicant conducted a dose-ranging embryofetal development study. There 
were no adverse maternal or embryofetal findings. The no effect level for the study was 
500 U/kg/day (3.70 mg/kg/week ; 1.48 mg/kg/day [2.96 mg/kg/week] 
nominal dose or 1.76 mg/kg/day [3.52 mg/kg/week] using actual protein concentration, 
per this reviewer’s calculations; see note). The study, however, has the following 
limitations: 

 Evaluation of between 16 to 20 litters per group is recommended for rodents per 
ICH S5A guidance. Therefore, an n number of 8 litters/group is below guidance 
recommendations.  The study was insufficiently powered to detect rare events, and 
a reliable NOAEL could not be calculated.  

 The safety margin is below the optimal 10-fold (i.e., 0.35-fold the mean human 
AUC normalized to the dose of SC-PEG rADA administered per patient).

It is uncertain if the lack of embryofetal development findings were related to study 
design (insufficiently powered) and/or low doses used. Therefore, the study is not 
considered adequate for risk assessment. As such, the study results will not be included 
in labeling, due to concern that they may be more misleading than informative.

Reviewer’s note: There is a discrepancy between this reviewer’s dose calculations and 
those of the applicant.  doses up to 3.70 mg/kg/week 
[1.85 mg/kg/day at a 2x/week dosing frequency] were administered in the dose-ranging 
embryo-fetal development study. This reviewer calculated a high nominal dose of 1.48 
mg/kg/day and actual dose of 1.76 mg/kg/day (see calculations under Study # 
STPI20098870/20098870). The applicant indicated that the doses were converted from 
U/kg to mg/kg using the formula described in Module 5.3.5.2 Study STP-2279-002, 
Section 9.4.5.2. However, the formula found in the referred section is to convert Adagen® 

6 Knudsen T.B., Blackburn M.R., Chinsky J.M., et al., 1991, Ontogeny of adenosine deaminase in the 
mouse decidua and placenta: immunolocalization and embryo transfer studies, Biol Reprod. 44(1): 171-
184.

7 Knudsen T.B., Gray M.K., Church J.K., et al., 1989, Early postimplantation embryolethality in mice 
following in utero inhibition of adenosine deaminase with 2'-deoxycoformycin, Teratology 40(6): 615-626.

Reference ID: 4306543

(b) (4)

(b) (4)



NDA/BLA # 761092 Reviewer: María I. Rivera, PhD

62

dose to the equivalent SC-PEG rADA dose, and thus, it is not considered applicable to 
convert SC-PEG rADA animal doses in U/kg to mg/kg.  

As noted above, two reports of successful pregnancies have been received from 
pharmacovigilance data with Adagen®. Given the structural and pharmacological 
comparability and similar toxicological profile between Adagen® and SC-PEG rADA, 
additional reproductive nonclinical studies are not considered necessary for approval. 
Pharmacovigilance data can be monitored for potential drug-related effects post-
marketing.

The nonclinical studies did not include chronic dosing. The sponsor justification 
included the following observations, which were considered acceptable:

 EZN-2279 is structurally similar to Adagen®. Adagen® was evaluated in studies of 
2-weeks in mice (200 U/kg IM) and 2 months in rats (0, 150, and 500 U/kg IM; 4-
week interim). No adverse effects were observed. Extending adenosine 
deaminase parenteral dosing from 2 weeks to 8 weeks did not produce any 
additional or cumulative toxicological effects. Thus, considering the similarity 
between Adagen® and SC-PEG rADA, study durations of 4 weeks were considered 
sufficient to assess the potential toxicity of SC-PEG rADA.

 No significant adverse effects were observed in 4-week, repeat dose toxicology 
studies in both rats and dogs.

Reviewer’s note: SC-PEG rADA doses evaluated were up to 6.44 mg/kg/week in rats 
and 3.84 mg/kg/week in dogs, which are 0.71-fold and 1.86-fold, the mean human AUC 
normalized to the dose of SC-PEG rADA administered per patient (See Table 20).

There is a discrepancy between this reviewer’s dose calculations and those of the 
applicant.  doses up to 6.67 mg/kg/week were 
administered in the 4-week repeat-dose studies. This reviewer calculated a value of 6.44 
mg/kg/week for the highest dose evaluated in the rat (see calculation under Study # 
STPI130260A/15-2483). 

 Extensive data is available from worldwide Adagen® use in patients from varied 
age groups for 25 years. SC-PEG rADA has been developed  

 with recombinant bovine 
adenosine deaminase in SC-PEG rADA. Given that these enzyme replacement 
products are highly similar, both structurally and functionally, the abundant clinical 
safety data available for Adagen® can also be extended to SC-PEG rADA.

In addition, dosing for 4 weeks resulted in the development of ATAs in both rats 
and dogs. Longer treatments are expected to increase the occurrence of these 
antibodies. This might result in insufficient drug exposure and failure in gaining any useful 
safety information with longer treatment. 
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