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1 Executive Summary

1.1 Introduction

Sebelipase alfa (Kanuma™) is a recombinant human Lysosomal Acid Lipase (rhLAL) 
enzyme, purified from egg white of transgenic Gallus, with the same amino acid 
sequence as the native human enzyme. Under BLA 125561, the Applicant is seeking 
approval of sebelipase alfa for the treatment of Lysosomal Acid Lipase (LAL) deficiency. 
Sebelipase alfa has been granted Orphan Drug designation and Fast Track designation
by the US Food and Drug Administration (FDA). The FDA has also granted sebelipase 
alfa Breakthrough Therapy designation for the treatment of infants with LAL deficiency.

In pediatric and adult patients with LAL deficiency, the recommended dose is 1 mg/kg
administered as an intravenous (IV) infusion once every other week. In patients with 
rapidly progressive LAL deficiency within the first 6 months of life, the recommended 
dosage is 1 mg/kg as an IV infusion once weekly as an initial dose followed by 
escalation to 3 mg/kg once weekly.

1.2 Brief Discussion of Nonclinical Findings

In vivo primary pharmacology studies were conducted in the Donryu rat (“Yoshida”) 
model of LAL deficiency at IV doses ranging from 0.2 to 5 mg/kg. Sebelipase alfa 
caused improvements in several disease related parameters in this rat disease model, 
e.g., body weight gain, reduction in organomegaly, reduction in cholesteryl esters and 
triglycerides in the liver and spleen, and in serum transaminase levels. Results also 
indicated that the benefits of sebelipase alfa require maintenance of regular dosing, as 
the animals showed general decline in the health associated with a progressive 
decrease in growth velocity and subsequent body weight loss following cessation of 
sebelipase alfa treatment.

Intravenous repeated dose toxicology studies have been conducted with sebelipase alfa 
in rats (4-week) and in Cynomolgus monkeys (4-week and 6-month). The No Observed 
Adverse Effect Levels (NOAELs) in 4-week intravenous toxicology studies in rats and 
Cynomolgus monkeys were 50 mg/kg/day in both species. The NOAEL in the 6-month 
intravenous toxicity study in Cynomolgus monkeys was 30 mg/kg/day. No significant 
organ toxicities were identified in these studies.

Sebelipase alfa at intravenous doses up to 60 mg/kg did not cause any adverse effect 
on fertility and reproductive performance of male and female rats. In embryofetal 
development studies in rats and rabbits at intravenous doses up to 60 and 50 mg/kg, 
respectively, sebelipase alfa did not cause any adverse effects on embryofetal 
development. A pre and postnatal development study in rats showed no evidence of 
any adverse effect on pre and postnatal development at intravenous doses of 
sebelipase alfa up to 60 mg/kg.
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1.3 Recommendations

1.3.1 Approvability

From a nonclinical perspective, this BLA is recommended for approval for its proposed 
use as indicated in the label.

1.3.2 Additional Non Clinical Recommendations

None

1.3.3 Labeling

The proposed labeling of Kanuma™ appears to conform to the specific requirements on 
content and format of relevant nonclinical sections of the label for human prescription 
drugs under 21CFR 201.57. However, the following labeling changes are 
recommended.

8.1 Pregnancy

Animal Data

Sebelipase alfa administered during the period of organogenesis to rats (on gestation 
days 6, 9, 12, 15 and 17) and rabbits (on gestation days 7, 10, 13, 16 and 19) at 
intravenous doses up to 60 and 50 mg/kg, respectively, (approximately 164 and 526
times the human AUC of 1387 ng.h/mL at 1 mg/kg dose administered once every other 
week, respectively) did not cause any adverse effects on embryofetal development. A 
pre and postnatal development study in rats showed no evidence of any adverse effects
on pre and postnatal development at intravenous doses (administered on gestation 
days 6, 9, 12, 15, 18, and 20 and days 4, 7, 10, 14, and 17 postpartum) of sebelipase 
alfa up to 60 mg/kg/day (approximately 164 times the human AUC of 1387 ng.h/mL at 1
mg/kg dose administered once every other week). 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Long-term studies in animals to evaluate carcinogenic potential or studies to evaluate 
mutagenic potential have not been performed with sebelipase alfa.

Sebelipase alfa at intravenous doses up to 60 mg/kg administered twice weekly 
(approximately 164 times the human AUC of 1387 ng.h/mL at 1 mg/kg dose 
administered once every other week) was found to have no adverse effect on fertility 
and reproductive performance of male and female rats.

13.2 Animal Toxicology and/or Pharmacology

In a rat disease model of LAL deficiency that exhibits several abnormalities analogous 
to the human disease, sebelipase alfa administered intravenously once weekly at 3 
mg/kg showed improvements in survival, body weight gain, organ weight reduction, 
reduction in serum transaminases (ALT and AST), reduction in serum and hepatic 
lipids, and improvement in liver histopathology.
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2 Drug Information

2.1 Drug

CAS Registry Number: 1276027-63-4

Generic Name: Sebelipase alfa

Code Name: SBC-102

Chemical Name: Recombinant human lysosomal acid lipase (rhLAL)

Molecular Formula/Molecular Weight: 55 kDa 

Structure or Biochemical Description: Sebelipase alfa is a recombinant human 
lysosomal acid lipase (rhLAL) enzyme, purified from egg white of transgenic Gallus, with 
the same amino acid sequence as the native human enzyme. Purified sebelipase alfa is 
a glycoprotein with a molecular weight of approximately 55 kDa with 6 N-linked 
glycosylation sites. Structural and compositional analyses demonstrated that sebelipase 
alfa glycans consist of predominately N-acetylglucosamine (GlcNAc) and mannose 
terminated N-linked structures, as well as mannose-6-phosphate moieties. These 
glycans target uptake via receptors expressed on a number of cell types including 
Kupffer cells and hepatocytes in which substrate accumulation leads to disease 
pathogenesis. The described N-glycan structures are common to those found in human 
proteins and have been shown to facilitate protein uptake into cells via the macrophage 
mannose or mannose-6-phosphate receptors (Stahl, PD et al., 1978, Proc Natl Acad Sci 
USA, 75:1399-403; Coutinho MF et al., 2012, Mol Genet Metab, 105:542). 

The primary amino acid sequence (Figure 1 from page 2 of Section 3.2.S.1.2 SDN 004 
dated November 21, 2014) contains 378 amino acids and is identical to the Genbank 
reference sequence (Genbank Refseq, NM_000235.2) for human Lysosomal Acid 
Lipase (hLAL, EC 3.1.1.13) and is preceded by a 21 amino acid leader sequence. In the 
lyososmal compartment, LAL catalyzes the hydrolysis of cholesteryl esters and 
triglycerides to free cholesterol, glycerol and free fatty acids.
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The derivation of ADE assumed daily exposure for a lifetime. If the intended use of the 
drug product is expected to be for a period significantly less than a lifetime, then the 
ADEs may be adjusted, based on intended use pattern, to higher values. The ADE 
values were used to determine whether the concentration of the extractable or potential 
leachable would be considered “acceptable” by comparing the ADE values against the 
concentration in the solution (expressed as mg/L) and based on the maximum amount 
of drug product administered to the patient averaged over the treatment period. The 
ADEs were compared to anticipated exposures at maximum daily doses of the drug 
product for an adult, child and infant using body weights of 50, 10, and 3 kg, 
respectively.
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3 Studies Submitted

3.1 Studies Reviewed 

The following table shows the list of studies reviewed.

STUDY TITLE REPORT NO/STUDY NO PAGE

PHARMACOLOGY 27

PHARMACOKINETICS 68

Single Dose Intravenous Pharmacokinetics of SBC-102 in 
Sprague-Dawley Rats

SBC-102-POO2 69

TOXICOLOGY 73

Acute 73

Cynomolgus Monkey 73

Intravenous SBC-102-T003/8234874 73

Subacute/Subchronic/Chronic 73

Rat 74

Four-Week Toxicity and Toxicokinetic Intravenous Infusion 
Study in Rats with SBC-102 with a 2-Week Recovery Phase

SBC-102-T002/8232384 74

Monkey 85

Four-Week Toxicity and Toxicokinetic Intravenous Infusion 
Study in Cynomolgus Monkeys with SBC-102 with a 2-Week 
Recovery Phase

SBC-102-T001/8232455 85

Six-Month Toxicity and Toxicokinetic Study of SBC-102 by
Intravenous Infusion in Cynomolgus Monkeys with a 2-Week 
Recovery Period

SBC-102-T006/20006580 94

REPRODUCTIVE TOXICOLOGY 102

Rat 102

Fertility and Early Embryonic Development to Implantation of 
SBC-102 by Intravenous Infusion in Male Rats

SBC-102-T009/902526 102

Fertility and Early Embryonic Development Study of SBC-102 in 
the Female Rat by Intravenous Infusion

SBC-102-T010/902528 108

Range-Finding Embryo-Fetal Development Study in the Albino 
Rat by Intravenous Infusion

SBC102-T007/902522 114

Embryo-Fetal Development Study in the A bino Rat by 
Intravenous Infusion

SBC102-T011/902524 115

Pre and Postnatal Study of SBC-102 in the Rat by Intravenous 
Infusion

SBC102-T013/902527 131

Rabbit 121

Embryo-Fetal Development Dose Range-finding Study in the 
Rabbit by Intravenous Infusion

SBC102-T008/902523 121

An Embryo-fetal Development Study of SBC-102 in the Rabbit 
by Intravenous Infusion

SBC102-T012/902525 125

3.2 Studies Not Reviewed 

 Analytical method validation study reports submitted in Section 4.2.2.1 are not 
reviewed.

 The study report entitled “Description of the LAL-Deficient and Wild Type 
Phenotypes-Overt Clinical Observations (SBC-102-P006)” is not reviewed.

3.3 Previous Reviews Referenced

 Pharmacology review of IND 108460 dated April 17, 2012 by Dr. Babatunde E 
Akinshola
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maintained under standard conditions. Animals were surveyed daily and deaths were 
recorded. Survival analysis was performed using data from the first 20 LAL-/- (10/sex) 
and first 20 LAL+/+ (10/sex) progeny.

Results: LAL-/- rats showed a biphasic survival curve with an increase in mortality 
around the time of weaning and a second sharp increase beginning at 11 weeks of age. 
Fifty percent of LAL-/- rats survived to 12 weeks of age and all 20 had died by 14 
weeks. LAL+/+ rats all survived to at least 200 days, indicating that the increased 
mortality seen in the LAL-/- rats is directly associated to the LAL deletion. This model of 
LAL-deficiency demonstrates increased mortality, which is very similar to the 
presentation of the disease in infants with LAL Deficiency/Wolman phenotype.  The 
following figure (from page 3 of the report) and table (from page 3 of the report) shows 
the survival curve and mortality data, respectively.
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Mean body weights at 3 mg/kg, QW dose demonstrated a maximal effect of sebelipase 
alfa with once per week dosing. Mean body weights of this dose group did not differ 
from the previously reported data from LAL-deficient rats administered sebelipase alfa 
at 5 mg/kg QW, through 56 days of age as shown in the figure below (from page 14 of 
the report).
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Clinical Pathology: Serum chemistry parameters were measured at approximately 12 
weeks of age (1 mg/kg, QOW) or 8 weeks of age (3 mg/kg, QW), approximately 2 
weeks or 1 week after the last dose, respectively. At 1 and 3 mg/kg, lower serum 
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were 
observed at the terminal sacrifice when compared to untreated LAL-deficient rats at 12-
13 weeks of age. Serum ALT levels in both dosage groups were comparable to those of 
the WT (wild-type) rat at 12-13 weeks of age. However, AST levels at 1 mg/kg, QOW 
was lower than the untreated LAL-deficient rats (12-13 weeks of age), but remained 
elevated relative to the WT rats. The following table (from page 15 of the report) and 
figure (from page 16 of the report) show the effects of sebelipase alfa on liver enzymes. 
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Serum lipid parameters are shown in the following table (from page 17 of the report) 
and figure (from page 18 of the report). Treatment with sebelipase alfa resulted in lower 
serum cholesterol, triglyceride, and low density lipoprotein (LDL) levels, while the serum 
high density lipoprotein (HDL) levels were increased, compared to untreated LAL-
deficient rats at 12-13 weeks of age.
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Organ Weights: Relative (as percentage of body weight) liver, spleen, duodenum, 
mesenteric lymph node, jejunum, ileum, and brain weights were decreased in the 
sebelipase alfa treated rats compared to vehicle-treated rats. Maximum reduction was 
seen in the liver as shown in the following table (from page 19 of the report). These 
decreases in relative organ weights indicated a remediation of the disease state; 
however, other than the brain, relative organ weights were slightly higher than the 
average relative organ weights of the WT Donryu rat.
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Substrate Concentrations: Total cholesterol, free cholesterol, cholesteryl ester, 
triglyceride (liver tissue) were measured in the liver and small intestine (cholesteryl ester 
was determined as the difference between total cholesterol and free cholesterol). 
Treatment with sebelipase alfa decreased hepatic and jejunal cholesterol content (total, 
free and esterified) including liver triglyceride when compared to the vehicle at 1 and 3 
mg/kg. The results are shown (from page 20-22 of the report) in the following tables and 
figures.
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Histopathology: Histopathological abnormalities in the liver were minimal (rare or 
occasional minute to small foci of lipid-laden macrophages) in the treated animals (3 
mg/kg, QW) and there was no excess lipid accumulation in the cytoplasm of 
hepatocytes. The small intestine exhibited less severe histologic alterations (expansion 
of the lamina propria due to accumulation of lipid-laden macrophages) in the treated (3 
mg/kg, QW) animals when compared to vehicle-treated homozygous control animals.
These effects were observed at 4 and 8 weeks postdose.
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Overall, in this rat model of LAL deficiency, sebelipase alfa demonstrated increased 
growth, decreased organomegaly, caused reductions in lipid accumulation in the liver, 
normalized both the serum lipid profile and serum transaminases, and minimal 
histopathological abnormalities in the liver and small intestine.

Efficacy of a Delayed Treatment Regimen with Sebelipase Alfa in a Rat Model of 
LAL Deficiency (SBC-102-P005)

Methods: Previous studies in LAL-deficient rats demonstrated that administration of 
sebelipase alfa once weekly (QW) or every other week (QOW) at 4 weeks of age 
caused dose related improvements in the phenotypic abnormalities of LAL deficiency.

In this study, the effectiveness of sebelipase alfa was examined in LAL-deficient rats at
8 weeks of age.  The initiation of treatment was delayed until the rats were 8 weeks of 
age, at which time there was a much greater burden of disease compared to rats of 4 
weeks of age. Prior to sebelipase alfa administration, rats were injected intraperitoneally 
with diphenhydramine at 5 mg/kg. Approximately 20 minutes after diphenhydramine 
pretreatment, rats (n = 3/sex/group) were administered sebelipase alfa or vehicle (0.9% 
NaCl) intravenously at 3 mg/kg, QW, for 19 weeks, beginning at 8 weeks of age, with 
final dose at 26 weeks of age.

Results: Sebelipase alfa treated rats showed long-term survival (scheduled sacrifice at 
27 weeks of age) compared to vehicle-treated rats, which were sacrificed moribund at 
9-12 weeks of age. Sebelipase alfa increased growth (body weight and body weight 
gain), decreased organomegaly, decreased serum AST and ALT (females), and caused 
reductions in lipid accumulation in the liver. Histologically, the appearance of the liver in 
the sebelipase alfa treated rats resembled that of the wild type (WT) rats. The following 
(from pages 15, 17, 18, 19, 20, 21 of the report) tables and figures show the results.
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of the treatment period, with marked fluctuation particularly after 13 weeks of age. 
Organomegaly and lipid accumulation in the liver were reduced, along with a 
normalization of both the serum lipid profile and serum transaminases. 
Histopathological changes in the liver (scattered, small foci of lipid-laden macrophages 
in the parenchyma, hepatocellular lipidosis) and jejunum (marked expansion of the 
lamina propria due to sheets of foamy macrophages) were observed at the completion 
of the treatment period. Thus, once monthly treatment did not appear to fully restore the 
normal hepatic architecture. The following tables (from pages 12, 15-18 of the report) 
show the results.
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Elimination and Re-Accumulation of Cholesterol and Triglyceride in the Liver of 
the LAL-Deficient Rat Following Sebelipase Alfa Treatment at 3 mg/kg, Once 
Weekly, for 4 Weeks (SBC-102-P012)

Methods: In this study, tissue content of cholesterol (total cholesterol, free cholesterol, 
and cholesterol ester) and triglyceride in the liver was determined during and following 
treatment with sebelipase alfa in LAL-deficient rats. The objective of this study was to 
demonstrate the efficacy of substrate reduction and the time course of re-accumulation 
of the abnormal tissue lipid. Sebelipase alfa was administered at 3 mg/kg once weekly
(QW) for 4 weeks starting at 4 weeks of age, and postdose assessments were 
conducted through 13 weeks postdose.

Results: The results indicated that the benefits of sebelipase alfa may require 
maintenance of regular dosing. A general decline in the health of these animals was 
observed by a progressive decrease in growth velocity and subsequent body weight 
loss beginning 5 weeks following cessation of the treatment. Liver weights increased 
beginning 3 weeks after the last sebelipase alfa dose, with concomitant increases in 
hepatic cholesterol, free cholesterol, cholesterol ester, and triglyceride tissue 
concentrations. Serum triglyceride and cholesterol levels were also increased following 
cessation of treatment, beginning 5 and 8 weeks after the last dose, respectively.
Serum high-density lipoprotein (HDL) progressively decreased beginning 3 weeks after 
cessation of treatment, while low-density lipoprotein (LDL) increased beginning 5 weeks 
after treatment cessation. In addition, histopathological lesions in the liver 
(accumulations of foamy macrophages replacing the parenchyma and microvesicular 
hepatic lipidosis) following cessation of treatment were similar to untreated LAL-
deficient rats. These histopathological changes were accompanied by progressive 
elevations of serum ALT and AST levels. This reversal of the beneficial effects of 
sebelipase alfa therapy following cessation of the treatment indicated that continuous 
enzyme replacement may be necessary to maintain benefit. The following figures (from 
pages 14, 16, 17, 19, 22, and 23 of the report) show the results.
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Serum Clinical Chemistry Parameters Following Single and Repeated Doses of 
Sebelipase Alfa in the LAL-Deficient Rat (SBC-102-P013)

Methods: In this study, routine serum chemistry parameters were measured following 
(i) a single IV injection, or (ii) 4 repeated IV injections of sebelipase alfa in the LAL-
deficient rats (n = 3/sex/group). Single IV injections were administered to male and 
female rats of 4, 8, and 12 weeks of age. In addition, male and female rats, at 4 weeks 
of age, received 4 weekly IV injections of sebelipase alfa. Sebelipase alfa was 
administered at a dose level of 3 mg/kg. Prior to sebelipase alfa administration, rats 
were injected intraperitoneally with diphenhydramine at 5 mg/kg. Whole blood was 
collected and serum was processed for clinical chemistry analyses at 24 hours following 
the single injections or 1 week following the final repeated injections.

Results: A single IV dose of sebelipase alfa at 3 mg/kg showed no apparent effect on 
serum ALT or AST levels at 24 hours postdose, as ALT and AST levels approximated 
the levels observed in age-matched, vehicle treated, and LAL-deficient rats. However, 
ALT and AST levels decreased following 4 weekly IV injections of sebelipase alfa at 3
mg/kg when compared to vehicle treated rats. The following table and figure (from page 
15 of the report) show the serum chemistry changes.
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4.3 Safety Pharmacology

The following reviews are incorporated below from the pharmacology review of IND 
108640 dated April 17, 2012 by Dr. Emmanuel Akinshola.
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5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

The following reviews are incorporated below from the pharmacology review of IND 
108640 dated April 17, 2012 by Dr. Emmanuel Akinshola.
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5.2 Toxicokinetics 

(Included in toxicity studies)
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Note: The Applicant submitted the following amendments to the study reports:

Final Report Amendment No. 1 dated July 18, 2012

 New Report Section (Inserted Between Pages 33 and 34 of the Final Report), 
Section 12.16. Anti-ovalbumin Antibody Analysis to reflect the results of the anti-
ovalbumin antibody analysis.

 Page 34, Section 13. Conclusion: The following (from page 8 of the amendment) 
new paragraph was inserted between paragraphs 3 and 4 to reflect the results of 
the anti-ovalbumin antibody analysis.

Final Report Amendment No. 2 dated June 5, 2013

 List of changes included addition of anti-ovalbumin antibody analysis final report 
amendment no. 1 to Appendix 19 (placed in front of the Final Anti-ovalbumin 
Antibody Analysis Report). Anti-ovalbumin Antibody Analysis Final Report 
Amendment No. 1 was issued to include results of the long term stability 
analysis. The Final Report for the Main Study was updated to include this report 
amendment in Appendix 19.

Final Report Amendment No. 3 dated March 6, 2014

 Compliance statement to include exceptions to GLPs: The compliance section of 
the Final Report was updated to identify additional GLP exceptions from this 
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study. There was no impact from the GLP exceptions on the integrity of the data 
obtained or on the results and conclusions of this study.

 The GLP compliance statement of the Dose Formulation Report was updated in 
the Dose Formulation Report Amendment.

 The GLP compliance statement of the Bioanalytical Report was updated in the 
Bioanalytical Report Amendment.

 The Final Main Study Report was updated to include the Anti-drug Antibody 
Detection Report Amendment in Appendix 17. The following is incorporated 
below from page 52 of the amendment.

7 Genetic Toxicology

Genotoxicity studies have not been performed with sebelipase alfa in accordance with 
the ICH S6 Guidance.

8 Carcinogenicity

Carcinogenicity studies have not been performed with sebelipase alfa in accordance 
with the ICH S6 Guidance.

9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development
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Doses: 6, 20, 60 mg/kg
Frequency of dosing: Twice weekly  

Dose volume: 10 mL/kg
Route of administration: 6-hour IV infusion

Formulation/Vehicle: Trisodium citrate dihydrate (13.7 mg/mL), citric 
acid monohydrate (1.57 mg/mL) and human 
serum albumin (10 mg/mL)) diluted 1:1 in 0.9% 
Sodium Chloride Injection, USP

Species/Strain: Sprague Dawley rats
Number/Sex/Group: 22/sex/group

Satellite groups: None
Study design: Study design is shown below (from page 17 of 

the report)
Deviation from study protocol: None of the protocol deviations were considered 

to have impacted the overall integrity of the 
study or the interpretation of the study results 
and conclusions.

Basis of dose selection: The IV route of exposure was selected because this is the 
intended route of human exposure. In addition, in the pharmacology study titled “A 
Study to Assess the Pharmacokinetics and Pharmacodynamic Effects of SBC-102 in a 
Rat Model of Lysosomal Acid Lipase Deficiency (Study No. SBC102-P002), the level of 
hepatic LAL enzymatic activity measured in the LAL-deficient rat at 1, 24 and 72 hours 
following a single 5 mg/kg dose of SBC-102 was 51.49, 7.79, and 2.70 mU/mg protein, 
respectively. At 3 days postdose, the enzymatic activity was comparable to that 
demonstrated in the wild type (WT) rat (2.47 mU/mg protein). The dose levels were 
selected based on the results of the following studies: 4-week toxicity and toxicokinetic 
study in rats with SBC-102 with a 2-week recovery phase (Study No. SBC102-T002), 
embryofetal dose range-finding study in rats (Study No. 902522) and anticipated clinical 
dose of 1 mg/kg.

Observations:

Mortality: Mortality was observed twice daily.

Clinical Signs: Clinical signs were observed twice weekly.
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Body Weight: Body weights were recorded twice weekly. 

Food Consumption: Food consumption was recorded twice weekly.

Toxicokinetics: Not conducted

Dosing Solution Analysis: Dose formulation samples were collected for analysis as 
shown in the following table (from page 14 of the report).

  

Results were considered acceptable if mean sample concentration results were within 
or equal to ± 10% of theoretical concentration. Each individual sample concentration 
result was considered acceptable if it was within or equal to ± 15%. 

Necropsy: Males were euthanized (Week 9) after administration of 14 doses of the test 
article/or the vehicle and were subjected to a complete necropsy examination. Male 
reproductive system evaluation included sperm motility, concentration and morphology. 

Fertility Parameters: Mated naive females were euthanized on Day 13 postcoitum. 
Ovaries and uterus were isolated from each female and examined for number and 
distribution of the following: corpora lutea, implantation sites, placentae (size, color or 
shape), and early resorptions, live and dead embryos.

Results:

Mortality: There was no treatment related mortality. Male No. 2014 at 6 mg/kg had a 
severe lesion on the scrotum and was euthanized for humane reasons on Day 43. 
Macroscopic examination revealed skin abrasion and/or scab at the urogenital and 
dorsal thoracic regions accompanied by enlargement of the lymph nodes draining these 
regions (iliac) as well as enlargement and firmness (abnormal consistency) of the 
mandibular salivary gland. These findings were considered likely incidental or related to 
experimental procedures.

Clinical Signs: Transient clinical signs included decreased activity, abnormal gait, 
hunched posture, animal lying on side or prostrate, decreased muscle tone, skin pallor, 
eyes partly closed (ptosis), labored/abnormal breathing and/or increased respiration. 
These signs were observed at ≥ 6 mg/kg following initiation of the infusion on Day 11 
and were considered to be indicative of hypersensitivity reaction. Four males (Nos. 
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4007, 4008, 4019, and 4021) at 60 mg/kg did not complete the 6-hour infusion on Day 
11 (received 5 to 9% of the intended dose), because of the severity of the clinical signs. 
Generally, the administration of diphenhydramine alleviated these symptoms on study 
Day 11 and on subsequent occasions. Ptosis and decreased activity were also 
observed in control males but appeared later on (Days 15 or 22). Additional transient 
signs were attributed to hypersensitivity reactions and were seen at all dose levels, 
including controls, which consisted of excessive scratching and swelling of the cranium 
and/or muzzle at ≥ 6 mg/kg.

Body Weight: Mean initial (Day-1) and final (Day 63) body weights of control males were 
358 and 586 g, respectively. In males, final body weights were 98%, 98% and 98% of 
control at 6, 20 and 60 mg/kg, respectively. The mean initial (Day 0) and final (Day 13) 
body weights of control females were 288 and 374 g, respectively. In females, final body 
weights were 98%, 97% and 96% of control at 6, 20 and 60 mg/kg, respectively. There 
were no significant treatment related changes in either sex.

Food Consumption: Mean initial (Day-1) and final (Day 63) food consumption of control 
males was 32 and 33.5 g/animal/day, respectively. In males, final food consumptions 
were 103%, 103% and 91% of control at 6, 20 and 60 mg/kg, respectively. There were 
no significant treatment related changes.

Toxicokinetics: Not conducted

Dosing Solution Analysis: Results of all samples were found to be within or equal to the 
acceptance criteria of ± 10% of their theoretical concentrations. The pH, density and 
osmolality of dosing formulation recorded on the first day of preparation are shown in 
the following table (from page 27 of the report).

Necropsy: There were no significant treatment related findings.

Fertility Parameters: In males, no significant treatment related changes were observed 
in any of the parameter evaluated including sperm motility, sperm morphology and 
sperm concentration. In females, the number of corpora lutea, implantation sites, live 
embryos and early resorptions and the pre and post implantation losses were 
unaffected by the treatment. The following table (from page 72-73 of the report) shows 
the uterine findings.

Reference ID: 3776267



BLA # 125561 Reviewer: Tamal Chakraborti, PhD

107

Reference ID: 3776267

        

        
          

       

          

     
     

     

       
     

     

       
     

     

      
     

     

                

        

        

          

    
      

    
    

    

    
    

    

    
    

    

     
    

    

                





BLA # 125561 Reviewer: Tamal Chakraborti, PhD

109

Doses: 6, 20, 60 mg/kg
Frequency of dosing: Twice weekly  

Dose volume: 10 mL/kg
Route of administration: 6-hour IV infusion

Formulation/Vehicle: Trisodium citrate dihydrate (13.7 mg/mL), citric 
acid monohydrate (1.57 mg/mL) and human 
serum albumin (10 mg/mL) diluted 1:1 in 0.9% 
sodium chloride injection, USP

Species/Strain: Sprague Dawley rats
Number/Sex/Group: 22/sex/group

Satellite groups: None
Study design: Study design is shown below 

Deviation from study protocol: None of the protocol deviations were considered 
to have impacted the overall integrity of the 
study or the interpretation of the study results 
and conclusions.

The following table (from page 19 of the report) shows the study design.

Basis of dose selection: The IV route of exposure was selected because this is the 
intended route of human exposure. In addition, in the pharmacology study titled “A 
Study to Assess the Pharmacokinetics and Pharmacodynamic Effects of SBC-102 in a 
Rat Model of Lysosomal Acid Lipase Deficiency (Study No. SBC102-P002), the level of 
hepatic LAL enzymatic activity measured in the LAL-deficient rat at 1, 24 and 72 hours 
following a single 5 mg/kg dose of SBC-102 was 51.49, 7.79, and 2.70 mU/mg protein, 
respectively. At 3 days postdose, the enzymatic activity was comparable to that 
demonstrated in the wild-type rat (2.47 mU/mg protein). Dose levels were selected 
based on the results of the following studies: 4-week toxicity and toxicokinetic study in 
rats with SBC-102 with a 2-week recovery phase (Study No. SBC102-T002), 
embryofetal dose range-finding study in rats (Study No. 902522) and anticipated clinical 
dose of 1 mg/kg.

Observations:

Mortality: Mortality was observed twice daily.

Clinical Signs: Clinical signs were observed twice weekly.
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Body Weight: Body weights were recorded twice weekly prior to mating, including the 
cohabitation period until mated, and on GD 0, 3, 7, 10, and 13.

Food Consumption: Food consumption was recorded twice weekly prior to mating, as 
well as on GD 0, 3, 7, 10, and 13. Food consumption was not measured during the 
mating period.

Toxicokinetics: Not conducted

Dosing Solution Analysis: Dose formulation samples were collected for analysis as 
shown in the following table (from page 16 of the report).

  

Results were considered acceptable if mean sample concentration results were within 
or equal to ± 10% of theoretical concentration. Each individual sample concentration 
result was considered acceptable if it was within or equal to ± 15%. 

Necropsy: Females were subjected to a complete necropsy examination on Day 13 
(scheduled euthanasia).

Fertility Parameters: Females were euthanized on Day 13 postcoitum. Each female was 
subjected to an ovarian/uterine examination. The reproductive tract was dissected from 
the abdominal cavity. The ovaries and uterus were examined for number and 
distribution of the following: corpora lutea, implantation sites, placentae (size, color or 
shape) including any abnormalities, early resorptions, live and dead embryos.

Results:

Mortality: On Study Day 5, Female No. 2618 at 6 mg/kg/day (Group 2) was euthanized
for humane reasons due to a skin lesion at the femoral surgical site.

Clinical Signs: Transient clinical signs included decreased activity, partly closed eyes 
(ptosis), excessive scratching, soft swollen muzzle and head (cranium), red skin of the 
periorbital region and/or red pinnae. These were seen on treatment days at a similar 
incidence in all groups, including controls. These clinical signs were generally seen after 
the first dose and persisted during the gestation period. At 60 mg/kg, transient swelling 
of the forepaws and hindlimbs and red pinnae were also noted, indicating 
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hypersensitivity reaction, which may have been exacerbated by SBC-102 treatment. 
These clinical signs were transient, were not life-threatening, and did not interfere with 
the completion of daily dosing.

In addition to the clinical signs listed above, following the 4th dose (Day 11), 
uncoordinated and/or lying on side, limited usage of hindlimbs, labored breathing and/or 
increased respiration rate were observed in animals at 6 and 20 mg/kg following 
initiation of the infusion period. These signs were considered to be indicative of severe 
hypersensitivity reaction. Animals at 20 mg/kg did not complete the 6-hour infusion on 
Day 11, receiving 9 to 24% of the intended dose, because of the severity of the clinical 
signs. Administration of diphenhydramine generally alleviated these hypersensitivity 
reactions.

These clinical signs were anticipated due to the presence of human serum albumin
(HSA) in the formulation, based on well-characterized response of the rat to 
polysaccharides and glycoproteins. Albino rats have been shown to react to 
intraperitoneal or IV injection of polysaccharides and glycoproteins with a resulting 
acute inflammatory response characterized as an anaphylactoid type reaction (e.g., 
hyperemia, itching, and edema of the extremities) (Parratt JR and West GB, 1958, 
Inhibition by Various Substances of Edema Formation in the Hind Paw
of the Rat Induced by 5-Hydroxytryptamine, Histamine, Dextran, Egg white and 
Compound 48/80, Br J Chemother, 13: 65-70; Harris JM et al., 1967, The Influence of 
Molecular Weight and Structure on the Vascular Permeability Responses Induced by 
Glucose Polymers in Rat Skin, Br J Pharmacol Chemother, 29:16-24; Ankier SI and 
West GB, 1968, Inhibition of the Anaphylactoid Reaction in Rats, Br J Pharmacol
Chemother, 33:304-11; West GB, 1981, Histamine Release by Sugar Polymers in the 
Rat, Agents Actions, 11:75-6; Moodley I, 1982, Histamine Release Induced by Dextran: 
the Nature of the Dextran Receptor, Eur J Pharmacol, 83:69-81). Signs, such as 
reddening of the skin and scabs in the axillary, dorsal, and ventral thoracic regions seen 
across all groups and were attributed to the infusion procedures.

Body Weight: The mean initial (Day 0) and final (Day 13) body weights of control 
females were 293 and 365 g, respectively. In females, final body weights were 108%, 
104% and 104% of control at 6, 20 and 60 mg/kg, respectively. There were no 
significant treatment related changes.

Food Consumption: The mean initial (Day 1) and final (Day 13) food consumption of 
control females were 24 and 26 g/animal/day, respectively. There were no significant 
treatment related changes.

Toxicokinetics: Not conducted

Dosing Solution Analysis: Results of all samples were found to be within or equal to the 
acceptance criteria of ± 10% of their theoretical concentrations. The pH, density and 
osmolality of dosing formulation recorded on the first day of preparation are shown in 
the following table (from page 27 of the report).
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Necropsy: There were no significant treatment related findings.

Fertility Parameters: There were no significant treatment related effects on mean 
number of days to mating, mating index, fertility index, and conception rate. Number of 
corpora lutea, implantation sites, live embryos and early resorptions and the pre and 
post implantation losses were unaffected by the treatment. One female in each of the 
SBC-102 treated groups had total resorption. This incidence was within the historical 
control range (0-1 females/group/study). The mean number of early resorptions (2.0) 
and the post-implantation loss (12.2%) at 20 mg/kg (when including the animal with total 
resorption) was above the historical control (0.4 to 1.6 and 2.6 to 10.9%, respectively). 
However this was not considered treatment related due to the lack of a dose response.
The following tables (from page 72-73 of the report) show the ovarian and uterine 
findings.
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9.2 Embryonic Fetal Development

An Intravenous Infusion Range-Finding Embryofetal Development Study in Rats 
(Study No. 902522, Report No. SBC-102-T007)

Methods: In this dose ranging study, pregnant female rats (n = 6/dose) were treated 
with SBC-102 daily by 6-hour IV infusion at 5, 15, 30, and 60 mg/kg on GD 6, 9, 12, 15, 
and 17. The following parameters were evaluated: maternal mortality and clinical signs, 
body weights, body weight changes, food consumption, gross necropsy findings, 
ovarian and uterine findings, fetal body weights and fetal external abnormalities.

Results: There were no mortalities. Treatment related clinical signs included swelling 
(paws, forelimbs/hindlimbs, muzzle, ventral and cervical region, head, etc.), which was 
observed on treatment days. There were no significant treatment related effects on 
body weight. A transient treatment related reduction in food consumption (< 10% of 
control) was seen ≥ 30 mg/kg/day between GD 6 and 9; however, food consumption 
was subsequently returned to control values. There was no significant treatment related 
effects on the numbers of corpora lutea, implantations, live and dead fetuses, 
resorptions or the sex ratio and pre- and post-implantation losses. SBC-102 
administration had no effect on fetal weights or external fetal abnormalities. There were 
no gross pathologic findings considered to be related to SBC-102. Based on these 
results, dose levels for the following embryofetal development study in rats was set at 6, 
20, and 60 mg/kg/day.
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impacted the overall integrity of the study or the 
interpretation of the study results.

The following tables (from page 11 and 18 of the report) show the study design.

Note: In response to severe clinical signs observed in animals in Groups 2, 3, and 4 
following treatment on GD Day 12 and 15, dosing was interrupted, animals were 
administered diphenhydramine (5 mg/kg) by SC injection and, following at least a 30 
minute waiting period, dosing was re-initiated. Diphenhydramine was also administered 
to control animals; however dosing was not interrupted as no severe clinical signs were 
observed. Subsequently, all females were administered diphenhydramine (5 mg/kg) by 
SC injection at least 30 minutes before each dosing.

Basis of route, frequency of dosing and dose selection: The IV route of exposure was 
selected because this is the intended route of human exposure. In addition, in the 
pharmacology study titled “A Study to Assess the Pharmacokinetics and 
Pharmacodynamic Effects of SBC-102 in a Rat Model of Lysosomal Acid Lipase 
Deficiency (Study No. SBC102-P002), the level of hepatic LAL enzymatic activity 
measured in the LAL-deficient rat at 1, 24 and 72 hours following a single 5 mg/kg dose 
of SBC-102 was 51.49, 7.79, and 2.70 mU/mg protein, respectively. At 3 days postdose, 
enzymatic activity was comparable to that demonstrated in the wild-type rat (2.47 
mU/mg protein). Dose levels were selected based on the results of the above dose 
ranging embryofetal development study (No. 902522; Report No. SBC-102-T007) in rats 
and anticipated clinical dose of 1 mg/kg.
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Observations:

Mortality: Mortality was observed twice daily.

Clinical Signs: Clinical signs were observed on GD 6, 9, 12, 15, 18, and 21.

Body Weight: Body weights were recorded on GD 0, 3, 6, 9, 12, 15, 18, and 21. 

Food Consumption: Food consumption was recorded between GD 3-6, 6-9, 9-12, 12-
15, 15-18, and 18-21.

Toxicokinetics (TK): Blood samples were collected from TK animals per the following 
(from page 22 of the report) schedule.

Antidrug Antibody Analysis (ADA): Blood samples were collected for ADA analysis from 
TK animals prior to treatment initiation and at termination on GD 18.

Dosing Solution Analysis: Dosing samples were collected from all groups for 
concentration, pH, osmolality and density. Concentration results were considered 
acceptable if mean sample concentration results were within or equal to ± 10% of 
theoretical concentration. Each individual sample concentration result was considered 
acceptable if it was within or equal to ± 10% of theoretical concentration. On the first 
formulation occasion, the pH, density and osmolality was measured from one sample of 
each dose formulation concentration. 

Necropsy: Main study animals were sacrificed on GD 21 and subjected to a complete 
necropsy examination.

Cesarean Section Data: Animals were examined for the number and distribution of 
corpora lutea, implantation sites, placental abnormalities, live and dead fetuses, early 
and late resorptions.

Offspring (Malformations, Variations, etc.): Fetuses were examined for external, visceral 
and skeletal abnormalities. 
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Results:

Mortality: There were no SBC-102-related mortalities.

Clinical Signs: Treatment related clinical signs included transient soft swelling of the 
forepaws, hindpaws, and muzzle, which were observed starting on GD 9 at 6 mg/kg, on 
GD 6 at 20 mg/kg, and on GD 6 at 60 mg/kg in all animals. In addition, following clinical 
signs were observed during dosing on GD 15 at 6, 20, and 60 mg/kg: decreased activity 
(4, 7, and 8 animals respectively), partly closed eyes (4, 4, and 2 animals respectively), 
animals lying on their side (1, 3, and 6 animals respectively) or prostrate (2, 0, and 2
animals, respectively). Labored breathing, increased respiration or abnormal breathing 
sounds were also observed in one animal in each treated group. These clinical signs 
were indicative of hypersensitivity reaction. As mentioned above, diphenhydramine was 
administered to alleviate these symptoms on GD 15 and 17. Signs such as reddening of 
the skin and scabs in the axillary, dorsal and ventral thoracic regions were seen across 
all groups, which were attributed to infusion procedures.

Body Weight: Mean initial (Day 0) and final (Day 21) body weights of control females 
were 233 and 428 g, respectively. Final body weights were 99%, 97% and 100% of 
control at 6, 20 and 60 mg/kg, respectively. There were no significant treatment related 
changes.

Food Consumption: Mean initial (Day 3-6) and final (Day 18-21) food consumption of 
control females was 26 and 102 g/animal/day, respectively. There were no significant 
treatment related changes.

Toxicokinetics: Peak SBC-102 serum concentrations were reached at 2 hours postdose. 
Systemic exposure was greater than dose proportional (104-fold increase for the 10-fold 
dose increase from 6 mg/kg to 60 mg/kg). The following table (from page 506 of the 
report) shows the TK data.

Antidrug Antibody Analysis (ADA): Five of 22 samples collected on GD 18 were 
confirmed positive to ADA. However, there was no apparent correlation between ADA 
status and SBC-102 systemic exposure. All ADA positive animals were from the 6 
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mg/kg and 20 mg/kg dose groups with a higher incidence of confirmed samples (4 of 4) 
in the 20 mg/kg group.

Dosing Solution Analysis: Results of all samples were found to be within or equal to the 
acceptance criteria of 10% of their theoretical concentrations, (individual values within 
or equal to 15% of their theoretical concentrations), except for Group 3 at 20 mg/kg/day 
(0.33 mg/mL) from the first occasion (mean recovery: 89.1%). The investigation 
demonstrated that Group 3 from the first occasion was within specification and the initial 
failed results were likely due to issues during the processing of the samples in the 
analytical chemistry laboratory. The pH, density and osmolality of dosing formulation 
recorded on the first day of preparation are shown in the table below (from page 29 of 
the report).

Necropsy: There were no significant treatment related findings.

Cesarean Section Data: There were no significant treatment related effects on the 
numbers of corpora lutea, implantation sites, live fetuses, dead fetuses, and early and 
late resorptions, on the sex ratio (% males), and pre- and post-implantation losses. The 
following table (from pages 53-55 of the report) shows the uterine data.
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Offspring (Malformations, Variations, etc.): The following malformations were observed: 

 Severe dilatation of the lateral ventricles (hydrocephaly) for control fetus No. 
1520-4 and an enlarged left eye for control fetus no. 1504-12. 

 At 6 mg/kg, abnormal flexure of the hindlimbs was noted for fetuse no. 2516-15 
and 2518-13. 

 At 20 mg/kg, situs inversus, absent aortic arch, absent descending arch, 
ventricular septum defect, absent accessory lung lobe and fused lung lobes were 
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noted for fetus no. 3508-16, anal atresia and thread-like tail for fetus no. 3520-8, 
abnormal flexure of the hindlimbs for fetus no. 3510-7, and absent digits of the 
forepaw, shortened digits of the hindpaw and fused digits of the hindpaws for 
fetus No. 3509-2. 

 At 60 mg/kg, misshapen lens was noted for fetus no. 4509-5.

Malformations were observed in fetuses of each group, including the control group. 
There was neither a dose-response in the incidence nor a pattern in the types of 
malformations indicative of a treatment related effect.

A statistically higher number of fetuses with incomplete supraoccipital bone ossification 
were seen at 6 and 60 mg/kg. This was not considered treatment related as the 
incidence remained within the historical control range (0-6.8%). A statistically 
significantly higher number of fetuses at 60 mg/kg with incomplete ossification of the 
hyoid bone (47%) fell outside the historical control range (0-30% fetuses affected);
however the number of affected fetuses in concurrent controls was also out of the 
historical control range (32%). Therefore the increased incidence was attributed to 
biological variation and not to the treatment.

Overall, there were no significant treatment related fetal external, visceral or skeletal 
malformations.

An Intravenous Infusion Embryo-fetal Development Dose Range-finding Study in 
the Rabbit (Study No. 902523, Report No. SBC-102-T008)

Methods: In this dose ranging study, pregnant New Zealand white rabbits (n = 5/dose) 
were treated with SBC-102 daily by 5-hour IV infusion at 3, 10, 25, and 50 mg/kg on GD 
7, 10, 13, 16, and 19. The following parameters were evaluated: maternal mortality and 
clinical signs, body weights, body weight changes, food consumption, gross necropsy 
findings, ovarian and uterine findings, fetal body weights, fetal external abnormalities, 
toxicokinetics (TK) and anti-drug antibody (ADA) formation.

Results: There were no treatment-related mortalities or clinical signs. There were no 
significant treatment related effects on body weight or food consumption. There were no 
gross pathologic findings considered to be related to SBC-102. At 50 mg/kg, number of 
late resorptions was increased; consequently, the number of live fetuses was decreased 
and the post-implantation loss was increased. This was mainly due to a litter (No. 5501) 
with a high number of late resorptions and a second litter (No. 5504) with total 
resorption (8 late resorptions). As a result, there was lower number of live fetuses and 
an increased post-implantation loss at 50 mg/kg compared to controls and to the 
historical control data from the test facility (late resorptions: 0 to 0.7 per litter; no. of live 
fetuses per litter: 5.8 to 8.9; post implantation loss: 2.5 to 29.1% per litter). This was 
seen for both “A” values (all litters, i.e., including No. 5504) and “B” values (litters with 
live fetuses, i.e., excluding No. 5504). The number of corpora lutea and implantation 
sites and the preimplantation loss were unaffected at each dose level. There were no 
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dead fetuses at any dose level. The following tables (from pages 52-54 of the report) 
show the ovarian and uterine data.
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Other uterine and ovarian parameters were unaffected by the treatment. There were no 
SBC-102-related effects on fetal weights and there were no significant treatment related 
fetal external malformations.

Fourteen of the 20 SBC-102 treated samples were positive for anti-drug antibodies 
(ADA); however, 12 of these animals were verified to be positive by the “confirmatory” 
assay. One sample from the 12 confirmed positive animals contained neutralizing 
antibodies. However, there was no notable effect of positive ADA on SBC-102 
exposure. The following table (from page 29 of the report) shows the ADA 
measurements on GD 20.

Peak SBC-102 concentrations occurred between 0.5 and 5 hours postdose. T1/2 ranged 
from 0.310 to 0.676 hours. Systemic exposure was not dose proportional except 
between 25 and 50 mg/kg. Exposure was markedly greater than dose proportional 
between 3 and 25 mg/kg. Exposure appeared to increase following repeated dosing for 
the 3 and 10 mg/kg groups but showed a decrease for the 25 and 50 mg/kg groups from 
GD 7 to 19. Accumulation ratios ranged from 0.52 to 5.19. The following table (from 
page 28 of the report) shows the TK parameters.
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Number/Sex/Group: 22/group
Satellite groups: Toxiokinetic (2-4/group)

Study design: Study design is shown below 
Deviation from study protocol: None of the deviations were considered to have 

impacted the overall integrity of the study or the 
interpretation of the study results.

The following tables (from page 21 of the report) show the study design.

Basis of route, frequency of dosing and dose selection: The IV route of exposure was 
selected because this is the intended route of human exposure. The dosing regimen of 
approximately every third day (i.e., twice weekly) was based on the anticipated clinical 
regimen of every other week dosing as discussed before. Dose levels were selected 
based on the results of the above dose ranging embryofetal development study (Study 
No. 902523, Report No. SBC-102-T008) and anticipated clinical dose of 1 mg/kg. 

Observations:

Mortality: Mortality was observed twice daily.

Clinical Signs: Clinical signs were observed on GD 0, 4, 7, 10, 13, 16, 20, 23, 26 and 
29.

Body Weight: Body weights were recorded on GD 0, 4, 7, 10, 13, 16, 20, 23, 26 and 29. 

Food Consumption: Food consumption was quantitatively measured daily starting on 
GD 0. 

Toxicokinetics (TK): Blood samples were collected from TK animals per the following 
(from page 23 of the report) schedule on GD 7 and 19.
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Antidrug Antibody Analysis (ADA):  Blood samples were collected for ADA analysis from 
TK animals prior to initiation of the treatment and on GD 20.

Dosing Solution Analysis: Dosing samples were collected from all groups for 
concentration, pH, osmolality and density. Concentration results were considered 
acceptable if mean sample concentration results were within or equal to ± 10% of 
theoretical concentration. Each individual sample concentration result was considered 
acceptable if it was within or equal to ± 15% of theoretical concentration. On the first 
formulation occasion, the pH, density and osmolality was measured from one sample of 
each dose formulation concentration. 

Necropsy: Main study animals were sacrificed on GD 29 and subjected to a complete 
necropsy examination.

Cesarean Section Data: Animals were examined for the number and distribution of 
corpora lutea, implantation sites, placental abnormalities, live and dead fetuses, early 
and late resorptions.

Offspring (Malformations, Variations, etc.): Fetuses were examined for external, visceral 
and skeletal abnormalities. 

Results:

Mortality: There were no treatment related deaths.

Clinical Signs: There were no significant treatment related clinical signs.

Body Weight: The mean initial (GD 0) and final (GD 23) body weights of control females 
were 3.37 and 3.56 kg, respectively. Final body weights were 101%, 101% and 99% of 
control at 10, 25 and 50 mg/kg, respectively. There were no significant treatment related 
changes.

Food Consumption: The mean initial (GD 0-1) and final (Day 28-29) food consumption 
of control females were 132 and 112 g/animal/day, respectively. Final food 
consumptions were 101%, 100%, and 89% of control at 10, 25 and 50 mg/kg, 
respectively. At the high dose, food consumption was reduced by 11%.

Toxicokinetics: Quantifiable levels of SBC-102 were observed in 2 of 4 samples (Animal 
Nos. 1523 and 1524) collected from the vehicle control group on GD 19 at predose. The 
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highest individual level of exposure (187.69 ng/mL) was < 98% of the mean SBC-102 
concentration observed in the serum at the low dose at the same sampling occasion. 
These concentrations observed in the control animals were slightly above the LOQ (125 
ng/mL) and were not considered to have an impact on the TK interpretation.

Tmax ranged from 0.5 to 6 hours. Terminal half-life (T1/2) ranged from 0.399 to 2.17 hr. 
Volume of distribution (Vd) and clearance (CL) ranged between 31.4 and 5210 mL/kg 
and between 46.2 and 1660 mL/hr/kg, respectively. SBC-102 systemic exposure (Cmax

and AUC0-t) increased with increasing dose levels in a greater than dose proportional 
manner on GD 7 but was dose proportional between 25 and 50 mg/kg on GD 19. For 
the 5-fold increase in dose from 10 mg/kg to 50 mg/kg, exposure increased 60-fold on 
GD 19. The exposure to SBC-102 on GD 19 did not change substantially when 
compared to GD 7 and accumulation ratios ranged from 0.642 to 2.06. The following 
table (from page 34 of the report) shows the TK parameters.

Antidrug Antibody Analysis (ADA): All control and pretreatment samples were negative 
for ADA. Samples collected from SBC-102-treated doe Nos. 2523 (10 mg/kg) and 3525 
(25 mg/kg) on GD 20 were confirmed positive for ADA. There was no notable 
correlation between ADA status and SBC-102 systemic exposure in the tested animals. 
The following table (from page 34 of the report) shows the ADA analysis results.

Dosing Solution Analysis: All dose formulations were within the specification. The pH, 
density and osmolality of dosing formulation recorded on the first day of preparation are 
shown in the table below (from page 31 of the report).
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Necropsy: There were no significant treatment related findings.

Cesarean Section Data: One control rabbit (No. 1521) and one rabbit (No. 4513) at 50 
mg/kg aborted. This was not considered SBC-102-related since the incidence of 
abortion at 50 mg/kg was within the historical control range (0 to 4 rabbits per control 
group). There were no significant treatment related effects on the numbers of corpora 
lutea, implantation sites, live fetuses, dead fetuses, and early and late resorptions, on 
the sex ratio (% males), and pre- and post-implantation losses. The following table (from 
pages 50-52 of the report) shows the uterine data.
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Offspring (Malformations, Variations, etc.): Overall incidence of malformations in each 
group was within the historical control range (litters affected 0 to 27.8%; fetuses affected 
0 to 6.1%). One fetus at 25 mg/kg (4.5% of litters; 0.53% of fetuses) and 3 fetuses from 
3 different litters at 50 mg/kg (14.3% of litters; 1.76% of fetuses) had malformations. 
These included a blunt tail and hydrocephaly for the fetus no. 3520-3 at 25 mg/kg; and 
hydrocephaly for the fetus no. 4509-4; small upper jaw (maxillary micrognathia), absent 
naris, teeth and philtrum, and misplaced, small eye bulges (microphthalmia) for the 
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Methods: The objective of this study was to examine the effects of SBC-102 
(sebelipase alfa) in female Sprague Dawley rats during gestation, parturition and 
lactation and the development of the pups and their survival, physical 
development, behavior and reproductive performance. 

Doses: 6, 20, and 60 mg/kg
Frequency of dosing: The time-mated female rats were administered 

vehicle control (placebo formulation buffer) or
SBC-102 by 6-hour IV infusion on GD 6, 9, 12, 
15, 18, and 20, and GD 4, 7, 10, 14, and 17

Dose volume: 10 mL/kg
Route of administration: Intravenous infusion

Formulation/Vehicle: Trisodium citrate dihydrate (13.7 mg/mL), citric 
acid monohydrate (1.57 mg/mL) and human 
serum albumin (10 mg/mL)

Species/Strain: Sprague Dawley (SD) rats
Number/Sex/Group: 23-24/group

Satellite groups: None
Study design: Shown in the table below

Deviation from study protocol: None of the deviations were considered to have
impacted the overall integrity of the study or the 
interpretation of the study results and 
conclusions.

The following table (from page 21 of the report) shows the study design.

Basis of dose selection: Dose levels were selected based on the results of an embryo 
fetal dose range finding study (Study No. 902522/SBC102-T007), and an anticipated 
clinical dose of 1 mg/kg. In the above dose ranging study, pregnant female rats were 
administered SBC-102 by IV infusion at 5, 15, 30, and 60 mg/kg on GD Days 6, 9, 12, 
15, and 17. There was significant treatment related effect on embryofetal development. 
Based on these, doses of 6, 20, and 60 mg/kg were selected for the current pre and 
postnatal development study.
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Observations:

F0 Dams:
Survival: Twice daily

Clinical signs: Once daily
Body weight: Animals were weighed on GD 0, 3, 6, 9, 12, 15, 18, 

and 20 and lactation days (LDs) 0, 4, 7, 10, 14, 17, 
and 21

Feed consumption: Food consumption was measured on GD 3 to 6, 6 
to 9, 9 to 12, 12 to 15, and 15 to 18

Uterine content: Dams were euthanized on LD 21 or 23 and the 
number of implantation sites were recorded

Necropsy observation: Necropsy was conducted on LD 21 or 23
Toxicokinetics: Not conducted

Dosing Solution Analysis: Dosing solutions were analyzed for concentration, 
pH, osmolality and density at first preparation, Week 
3 and 6
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F1 Generation:
Survival: Twice daily

Clinical signs: Once weekly 
Body weight: Days 0, 4, 7, 14, 17, and 21 post partum (pp).

Feed consumption: Not recorded
Physical development: Pinna unfolding was examined daily from Day 2 pp 

until all pups in the litter had a positive response. 
Eye opening was examined daily from Day 12 pp 
until the pup had a positive response. Starting from 
Day 26 pp (females) and from Day 35 pp (for males), 
vaginal opening and preputial separation were 
examined until development. 

Neurological assessment: Righting reflex was examined daily from Day 2 pp 
until all pups in the litter had a positive response. 
Auricular startle response was examined daily from 
Day 12 pp until the pup had a positive response.
Locomotor activity was assessed on Days 35 and 60 
pp. The startle habituation was measured on Day 55 
pp. Water maze tests were performed on Days 60 
and 70 pp.

Reproduction: Beginning at 85 days of age, 1 female was placed 
with 1 male for a maximum of 14 days. Females 
were examined for mating and estrus cycle by 
examination of the vaginal lavage for 
spermatozoa/cell types. The day of positive 
identification of spermatozoa or presence of a 
vaginal plug was termed GD 0. Reproductive tract of 
each F1 generation female euthanized on GD 13 
was dissected from the abdominal cavity. Uterus was 
opened and the contents examined for number and
distribution of corpora lutea, implantation sites, 
placentae (abnormalities in size, color or shape were 
recorded), early resorptions, and live and dead 
embryos.

Results:

F0 Dams: 

Survival: There were 8 unscheduled deaths, however, none of these deaths were 
considered SBC-102-related. The following table shows the mortalities.
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Animal No. Sex Dose Day of Death/Euthansia Cause of Death

1513 Female Control Not mentioned Euthanized due to cannibalization 
of their own litter at parturition3517 Female 20 mg/kg Not mentioned

3524 Female 20 mg/kg Not mentioned
4506 Female 60 mg/kg Not mentioned
4520 Female 60 mg/kg GD 24 Euthanized due to dystocia noted 

at parturition
2510 Female 6 mg/kg GD 7 Death/euthanasia was interpreted 

to be secondary to technical 
procedures at the infusion site, and 
unrelated to the administration of 
SBC-102

2524 Female 6 mg/kg GD 8
4516 Female 60 mg/kg GD 13

Females Nos. 1513 (control), 3517, 3524 (20 mg/kg), and 4506 (60 mg/kg) were 
euthanized due to cannibalization of their own litter at parturition. All gross and 
histopathological findings in those females were interpreted to be physiological changes 
secondary to the parturition (e.g. edema of the cervix with macroscopic correlate of 
thick) or due to technical procedures at the infusion site and unrelated to the 
administration of SBC-102.

Female No. 4520 (60 mg/kg) was euthanized on GD 24 due to dystocia noted at 
parturition. Marked vascular/perivascular inflammation at the infusion site (mass with 
abscess) was interpreted to be the most probable cause of the dystocia. This change 
was considered to be secondary to technical procedures and unrelated to the 
administration of SBC-102.

Female Nos. 2510, 2524 (6 mg/kg) and 4516 (60 mg/kg) were found dead or 
euthanized on GD 7, 8, and 13, respectively. For Female No. 2510, clinical signs 
included skin pallor, decreased activity, weak, irregular/increased heart rate, and 
increased respiratory rate, blue abdominal skin and blue gums. For Female No. 2524, 
clinical signs included blue, swollen soft inguinal region and limited usage of the right 
hindlimb. For Female No. 4516, clinical signs included decreased muscle tone, skin 
pallor and decreased activity. These clinical signs were considered to be unrelated to 
SBC-102. All three females showed gross and histopathological findings at the infusion 
site (vascular/perivascular inflammation, thrombosis, hemorrhage and/or intimal 
proliferation with a mass). The death of Female No. 2524 was attributable to marked 
hemorrhage at the infusion site (mass), while marked liver necrosis (with macroscopic 
correlates of pale foci and/or irregular surface) was considered the main cause of 
euthanasia in Female Nos. 2510 and 4516. Liver necrosis was considered to be likely 
induced by inflammation at the infusion site (probable emboli) seen in those females. 
For all three females, death/euthanasia was interpreted to be secondary to technical 
procedures at the infusion site, and unrelated to the administration of SBC-102.

Clinical signs: During the gestation period, transient clinical signs were seen at all dose 
levels on days of treatment following initiation of the 6-hour infusion periods, including 
controls. These signs consisted of excessive scratching and swelling of the cranium, 
forelimbs, forepaws, hindlimbs, hindpaws and/or muzzle. These signs were first being 
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observed starting on GD 6 at ≥ 6 mg/kg and on GD 9 for control animals. These 
transient clinical signs persisted during the lactation period, but at a lower incidence and 
severity. These observations were suggestive of a hypersensitivity reaction exacerbated 
by the administration of SBC-102. These clinical observations were anticipated due to 
the presence of human serum albumin (HSA) in the formulation, based on the well-
characterized response of the rat to polysaccharides and glycoproteins. As discussed 
before, albino rats have been shown to respond to the IP or IV injection of 
polysaccharides and glycoproteins with a resulting acute inflammatory response 
characterized as an anaphylactoid reaction (e.g., hyperemia, itching, and edema of the 
extremities).

Body weight: The mean initial (GD 0) and final (GD 20) gestational body weight of 
control animals were 242 and 399 g, respectively. There were no significant treatment 
related changes. 

Food consumption: The mean initial (GD 3-6) and final (GD 15-18) gestational food 
consumption of control animals were 24 and 30 g/animal/day, respectively. There were 
no significant treatment related changes.

Uterine content: There were no significant treatment related effects on the length of 
gestation, pregnancy rate, gestation index, sex ratio or number of live, dead or 
malformed pups. Higher number of dead pups (3, 3, 23, and 3 at 0, 6, 20, and 60 
mg/kg, respectively) were seen at 20 mg/kg when compared to the control group. This 
was largely due to the cannibalism of 2 litters (Nos. 3517 and 3524) that resulted in 22 
of these 23 pup deaths. Maternal cannibalism of pups was also noted in one control 
dam (No. 1513) and one dam at 60 mg/kg (No. 4506). This was not dose related. Based 
on this, this increase in the number of dead pups was not considered related to SBC-
102 administration. The number of implant scars was slightly lower (-8%) at 20 mg/kg 
than controls; this was not considered SBC-102 related as dose administration began 
following implantation. These factors both resulted, at least in part, in the lower number 
of live pups at birth and decreased live birth index at 20 mg/kg (-18% and -8% lower 
than controls, respectively). The following tables (from pages 71-72 of the report) show 
the uterine data.
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Necropsy: There were no significant treatment related findings.

Dosing Solution Analysis: The results of all samples were found to be within or equal to 
the acceptance criteria of ± 10% of their theoretical concentrations, (individual values 
within or equal to ± 15% of their theoretical concentrations).

F1 Generation:

Survival: Control Male No. 117 was found dead on Day 63 pp. The exact cause of the 
death remained undetermined upon gross and histopathological evaluation.
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Clinical signs: There were no significant treatment related clinical signs. 

Food consumption: Data not provided

Physical development: There were no significant differences in the day of preputial 
separation or of vaginal opening.

Neurological assessment: There were no significant treatment related effects on motor 
activity, auditory startle habituation, and water maze performance. 

Reproduction: There were no SBC-102 related effects on mean day to mating, mating 
index, fertility index or conception rate. There were no SBC-102 related effects on the 
numbers of corpora lutea, implantation sites, live embryos, dead embryos, early 
resorptions, or pre- and post-implantation loss for the F1 generation females. The 
following tables (from pages 154 and 155) show the reproductive performance and 
uterine data.
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10 Special Toxicology Studies

None

11 Integrated Summary and Safety Evaluation

Sebelipase alfa (Kanuma™) is a recombinant human lysosomal acid lipase (rhLAL) 
enzyme. Under BLA 125561, the Applicant is seeking approval of sebelipase alfa for the
treatment of Lysosomal Acid Lipase (LAL) deficiency. In pediatric and adult patients with 
LAL deficiency, the recommended dose is 1 mg/kg administered as an intravenous (IV) 
infusion once every other week. In patients with rapidly progressive LAL deficiency 
within the first 6 months of life, the recommended dosage is 1 mg/kg as an IV infusion 
once weekly as an initial dose followed by escalation to 3 mg/kg once weekly.

Sebelipase alfa has been evaluated in a comprehensive program of nonclinical studies 
which included pharmacology, safety pharmacology, pharmacokinetics, acute toxicology 
(Cynomolgus monkey), 4-week intravenous toxicology studies in rats and Cynomolgus 
monkeys and chronic toxicology (6-month) study in Cynomolgus monkeys, and 
reproductive toxicology studies (fertility and early embryonic development in male and 
female rats, embryofetal development in rats and rabbits and pre and postnatal 
development in rats).

Primary pharmacology of sebelipase alfa was evaluated in in vitro and in vivo studies in 
a rat (LAL-deficient rat) model of LAL deficiency (Yoshida rats). In vitro studies using 
fluorescent sebelipase alfa demonstrated MMR (macrophage mannose receptor)-
dependent endocytosis and lysosomal localization in a rat macrophage cell line that is
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known to express the MMR receptor. In vivo animal efficacy studies were conducted 
using a rat model of LAL deficiency. The “Yoshida” rat is a Donryu rat that contains a 
spontaneous 3ʹ deletion mutation in the LIPA (Lipase A) gene, which produces LAL 
deficiency (Yoshida H and Kuriyama M, 1990, Genetic Lipid Storage Disease with 
Lysosomal Acid Lipase Deficiency in Rat, Lab Anim Sci, 40:486-9). This homozygous 
LAL-deficient rat exhibits multiple abnormalities analogous to the human disease, 
including marked organomegaly such as hepatomegaly, elevated serum transaminases, 
growth failure, and a shortened life-span. Sebelipase alfa was evaluated in this rat 
model of LAL deficiency at IV doses ranging from 0.2 to 5 mg/kg. Sebelipase alfa 
administered once weekly or every other week caused improvements in several disease 
related parameters in this rat disease model, e.g., body weight gain, reduction in 
organomegaly, reduction in cholesteryl esters and triglycerides in the liver and spleen, 
and in serum transaminase levels. Results from these studies also indicated that the 
benefits of sebelipase alfa require maintenance of regular dosing, as the animals 
showed general decline in the health associated with a progressive decrease in growth 
velocity and subsequent body weight loss following cessation of sebelipase alfa 
treatment.

In safety pharmacology studies, sebelipase alfa did not show any significant CNS (rat), 
respiratory (rat) or cardiovascular (monkeys) effects up to 50 mg/kg, IV. 

The pharmacokinetics of sebelipase alfa was studied after a single intravenous bolus 
dose in rats at 1 and 5 mg/kg. The elimination half-life was 6 and 20 minutes at 1 and 5 
mg/kg, respectively. Sebelipase alfa was rapidly cleared from the circulation.

In acute intravenous toxicity study in Cynomolgus monkeys, maximum nonlethal dose 
was 40 mg/kg. Repeated dose intravenous toxicity studies have been conducted with 
sebelipase alfa in rats (4-week) and in Cynomolgus monkeys (1- and 6-month). The No
Observed Adverse Effect Levels (NOAELs) in 4-week intravenous toxicity studies in rats 
and monkeys were 50 mg/kg/day in both species (approximately 267 and 310 times the 
human AUC of 1387 ng.h/mL at 1 mg/kg dose administered once every other week, 
respectively). The NOAEL of 30 mg/kg/day (highest tested dose) in the 6-month 
intravenous toxicity study in Cynomolgus monkeys was approximately 766 times the 
human AUC of 1387 ng.h/mL at 1 mg/kg dose administered once every other week. No 
significant organ toxicities were identified in these studies.

Sebelipase alfa at intravenous doses up to 60 mg/kg administered twice weekly 
(approximately 164 times the human AUC of 1387 ng.h/mL at 1 mg/kg dose 
administered once every other week) was found to have no adverse effect on fertility 
and reproductive performance of male and female rats. In embryofetal development 
studies, sebelipase alfa administered during the period of organogenesis to rats (on 
gestation days 6, 9, 12, 15 and 17) and rabbits (on gestation days 7, 10, 13, 16 and 19) 
at intravenous doses up to 60 and 50 mg/kg, respectively, (approximately 164 and 526
times the human AUC of 1387 ng.h/mL at 1 mg/kg dose administered once every other 
week, respectively) did not cause any adverse effects on embryofetal development. A 
pre and postnatal development study in rats showed no evidence of any adverse effect 
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on pre and postnatal development at intravenous doses (administered on gestation 
days 6, 9, 12, 15, 18, and 20 and days 4, 7, 10, 14, and 17 postpartum) of sebelipase 
alfa up to 60 mg/kg/day (approximately 164 times the human AUC of 1387 ng.h/mL at 1
mg/kg dose administered once every other week).

In conclusion, this application contains adequate nonclinical studies and satisfies the 
criteria for marketing authorization of sebelipase alfa. From a nonclinical perspective, 
this BLA is recommended for approval for its proposed use as indicated in the label.

12 Appendix/Attachments

None
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Comments on BLA 125561 sebelipase alfa

From A. Jacobs AD

Date 5/8/15

1. I concur that there are no pharm-tox approval issues and that the non clinical labeling is 

appropriate

2. Other comments have been conveyed to the reviewer and they will be addressed as appropriate.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
010908

BLA Number: 125561 Applicant: Synegeva BioPharma 
Corp

Stamp Date: October 21, 2014

Drug Name: Sebilipase Alfa BLA Type:

On initial overview of the NDA/BLA application for filing:

Content Parameter Yes No Comment
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?  

x

2 Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin? 

x

3 Is the pharmacology/toxicology section 
legible so that substantive review can 
begin? 

x

4 Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)?

x

5 If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations? (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA).

x

6 Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route?

x

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations?

x

8 Has the applicant submitted all special
studies/data requested by the Division 
during pre-submission discussions?

x
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Content Parameter Yes No Comment
9 Are the proposed labeling sections relative 

to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57?

x

10 Have any impurity – etc. issues been 
addressed?   (New toxicity studies may not 
be needed.)

X

11 Has the applicant addressed any abuse 
potential issues in the submission? N/A

12 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted?

N/A

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? _Yes_______

If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

Sruthi Tallapragada King 12-17-14

Reviewing Pharmacologist Date

Sushanta Chakder 12-17-14

Team Leader/Supervisor Date
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