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MEMORANDUM 
 
Tbo-filgrastim (Code name XM02) 
 
Date: August 28, 2012 
To: File for BLA 125294 
From: John K. Leighton, PhD, DABT 
 Acting Director, Division of Hematology Oncology Toxicology 
 Office of Hematology and Oncology Products (OHOP) 
 
 
I have examined pharmacology/toxicology supporting review of Dr. Masson-
Henrichs and reproduction toxicology study review conducted by Drs. Khan and 
Saber, secondary review memoranda provided by Dr. Pilaro and Dr. Saber, and 
labeling provided by Dr. Saber.  I have also examined the consult review 
provided by the Maternal Health Team dated August 17, 2010.  The major 
scientific nonclinical issues are: using leukocyte growth factor as the Established 
Pharmacological Class (EPC), consistent with Neulasta; Pregnancy Category C 
based on the rabbit study; no carcinogenicity studies are needed for the 
proposed indication; and lack of genotoxicity studies, which are not needed for 
protein molecules such as tbo-filgrastim.  Nonclinical pharmacology and 
toxicology are described in the Executive Summary provided by Dr. Masson-
Henrichs. 
 
In her review dated November 30, 2009, Dr. Masson-Henrichs provided 
extensive review of available embryo-fetal reproduction toxicology data that she 
believed could have been used to support product approval, and concluded that 
this information was sufficient and that additional studies were not needed.  It 
was subsequently determined that this was not correct, and that the Applicant 
would need to provide an embryo-fetal development study.  This decision is 
based on the nature of the information submitted to this application.  I also note 
that several of the memoranda provided in support of approval of tbo-filgrastim 
discuss the possibility of a “class labeling” approach.  It should be noted that the 
use of the term “class labeling” does not appear to be appropriate in this case. 
The Division of Biological Products also consulted the Maternal Health Team 
(MHT), which concluded that the ICH Guidance S9: Nonclinical Evaluation for 
Anticancer Products, did not apply to tbo-filgrastim. Dr. Pilaro, in her supervisory 
memorandum dated September 20, 2010, refers to a requirement to conduct the 
complete battery of reproduction toxicology studies (fertility, embryo-fetal 
toxicology, and pre- and post-natal studies).  It should be noted that these 
conclusions were not consistent with the practice that then existed within the 
Office of Oncology Drug Products.  The Office practice was that for patients with 
advanced, life-threatening disease, a study examining embryo-fetal toxicity would 
be sufficient to fulfill reproduction toxicology requirements.  This remains current 
practice.   As a supportive care product, tbo-filgrastim does not fall within the 
Scope of ICH S9.  However, OHOP may apply the principles of ICH S9 to these 
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products if the patient population is as described in the Scope of ICH S9, as 
appropriate.  Thus, the conduct of an embryo-fetal toxicology study in a single 
species, if positive, would be sufficient to fulfill the requirements for assessment 
of reproduction toxicology and is consistent with OHOP practice, and FDA relied 
upon the embryofetal toxicity study conducted and submitted by Teva for its 
assessment of reproduction toxicology for tbo-filgrastim.   
 
The MHT memorandum referenced above refers to the lack of study data in the 
application at the time and thus shortcomings in information necessary for review 
of the Pregnancy and Nursing Mothers subsections of the product label.  The 
study usually submitted for oncology products related to these subsections (vide 
supra) has since been submitted and adequately reviewed and described in the 
labeling by Drs. Khan and Saber; thus no further consult is necessary. 
 
Dr. Masson-Henrichs’ review also discussed certain comparative nonclinical 
studies with a non-US-approved filgrastim product.  It should be noted that these 
studies already had been conducted prior to the pre-BLA meeting with FDA, and 
FDA reviewed the data provided, but the comparison to the non-US-approved 
filgrastim product was not necessary or relied upon to support the safety or 
pharmacology for tbo-filgrastim. 
 
I agree with Dr. Saber’s conclusion that tbo-filgrastim may be approved and that 
no additional nonclinical studies are needed for the proposed indication.  
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MEMORANDUM 
 
XM02 (Proprietary and non-proprietary names are not available) 
 
Date: July 27, 2012 
To: File for BLA 125294 
From: John K. Leighton, PhD, DABT 
 Acting Director, Division of Hematology Oncology Toxicology 
 Office of Hematology and Oncology Products 
 
 
I have examined pharmacology/toxicology supporting review of Dr. Masson-
Henrichs and reproduction toxicology study review conducted by Drs. Khan and 
Saber, secondary review memoranda provided by Dr. Pilaro and Dr. Saber, and 
labeling provided by Dr. Saber.  The major nonclinical issues are: using 
leukocyte growth factor as the Established Pharmacological Class, consistent 
with Neulasta; Pregnancy Category C based on the rabbit study; no 
carcinogenicity studies are needed for the proposed indication; and lack of 
genotoxicity studies, which are not needed for protein molecules such as XM02.  
Nonclinical pharmacology and toxicology are described in the Executive 
Summary provided by Dr Masson-Henrichs. 
 
I agree with Dr Saber’s conclusion that XM02 may be approved and that no 
additional nonclinical studies are needed for the proposed indication.  
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MEMORANDUM 
 
Date:  July 26, 2012 
From:  Haleh Saber, Ph.D. 
  Pharmacology/Toxicology Supervisor 

Division of Hematology Oncology Toxicology (DHOT) 
Office of Hematology Oncology Products (OHOP) 

Re:  Approvability for Pharmacology and Toxicology 
BLA:  125294 
Product: Trade name and non-proprietary name are not available  

XM02 is the code name 
Indication:  Reduction in the duration of severe neutropenia in patients with non 

myeloid malignancies receiving myelosuppressive anti-cancer drugs 
associated with a clinically significant incidence of febrile neutropenia 

Applicant: Teva Pharmaceuticals USA 
Submission:  Resubmission; 351(a) BLA 
  Original submission: 11/30/2009 
 
Teva Pharmaceuticals submitted an original 351(a) BLA in 2009 for their version of 
recombinant human G-CSF (granulocyte colony-stimulating factor).  A trade name 
Neutroval originally proposed by the Applicant was rejected by the Division of 
Medication Error Prevention and Analysis (DMEPA).  The proposed non-proprietary 
name of was not accepted either.  The code name is XM02.   
 
Nonclinical pharmacology and toxicology studies submitted in 2009 were reviewed by 
Mary Jane Masson-Hinrichs, Ph.D.  Except for the lack of an embryofetal developmental 
study, the nonclinical package was considered to be adequate.  On September 29, 2010, a 
Complete Response letter was issued for this application.   
 
The current submission contains results of an embryofetal developmental toxicology 
study in rabbits, conducted with XM02.  This study adequately addresses the nonclinical 
deficiency identified in 2010. 
 
In brief, pregnant rabbits were treated with XM02 during the period of organogenesis.  
The adverse embryofetal effects are consistent with those reported for approved products 
(e.g. Neupogen) and those reported in published articles for other G-CSF products. 
Findings in rabbits include:  spontaneous abortion, increased post-implantation loss, 
reduced fetal weight, reduced litter size, and malformations.  Adverse findings are most 
evident at the high dose of 100 μg/kg/day.  This dose resulted in significant increases in 
white blood cells (WBCs) and differentials. 
 
The adverse embryofetal findings occurred in animals at doses that caused maternal 
toxicity and significant increases in WBCs above the physiological levels.  Patients who 
will be treated with XM02 will be neutropenic.  Dosing in patients will stop when the 
neutrophil counts reach normal physiological values.  The adverse embryofetal findings 
in animals may not be relevant to patients.  In addition, adverse embryofetal effects in 
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rabbits occurred at exposures that are significantly higher than those reported in patients 
at the recommended dose of 5 μg/kg/day.  Therefore, a pregnancy Category C is 
proposed for XM02.  This is also consistent with labeling for drugs belonging to the same 
class, such as Neupogen and Neulasta. 
 
All nonclinical sections of the label have been updated in the current review cycle.  
Revisions to the label are based on nonclinical data reviewed in 2009-2010 and results of 
the toxicology study reviewed in the current review cycle.  The pharmacologic class 
assigned to XM02 is “leukocyte growth factor”.  This is based on the established 
pharmacologic class (EPC) for granulocyte colony-stimulating factors, as listed in the 
table available on the FDA website: 
http://www.fda.gov/ForIndustry/DataStandards/StructuredProductLabeling/ucm162549.h
tm 
 
Recommendation:  XM02 may be approved for the proposed indication.  No additional 
nonclinical studies are needed to support approval of XM02 for the proposed indication. 

Reference ID: 3165240



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

HALEH SABER
07/26/2012

Reference ID: 3165240



 
 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

 
 

PHARMACOLOGY/TOXICOLOGY BLA REVIEW AND EVALUATION 
 

Application number: BLA 125294 

Supporting documents: eCTD SN# 0033 

Response to Complete Response Letter 

Applicant’s letter date: 2/29/2012 

CDER stamp date: 2/29/2012 

Product: Trade name is not available  

Non-proprietary name is not available  

XM02 (code name) 

Indication: Reduction in the duration of severe neutropenia 

in patients with non myeloid malignancies 

receiving myelosuppressive anti-cancer drugs 

associated with a clinically significant incidence 

of febrile neutropenia 

Applicant: Teva Pharmaceuticals USA 

Review Division: Division of Hematology Oncology Toxicology 

Reviewers: Imran Khan, Ph.D. 

Haleh Saber, Ph.D. 

Supervisor/Team Leader: Haleh Saber, Ph.D. 

Division Director: John Leighton, Ph.D. 

Project Manager: Lara Akinsanya, MS  

 

Reference ID: 3165202



BLA 125294         Saber and Khan 

 2

TABLE OF CONTENTS 
 

1 EXECUTIVE SUMMARY...................................................................................... 3 

1.1  INTRODUCTION...................................................................................................................... 3 
1.2  BRIEF DISCUSSION OF NONCLINICAL FINDINGS .................................................................... 4 
1.3  RECOMMENDATIONS ............................................................................................................. 5 

2 DRUG INFORMATION......................................................................................... 5 

2.1 DRUG ..................................................................................................................................... 5 
2.2 RELEVANT INDS, NDAS, BLAS AND DMFS ......................................................................... 6 
2.3 DRUG FORMULATION............................................................................................................. 6 
2.4 COMMENTS ON NOVEL EXCIPIENTS ....................................................................................... 6 
2.5 COMMENTS ON IMPURITIES/DEGRADANTS OF CONCERN........................................................ 6 
2.6 PROPOSED CLINICAL POPULATION AND DOSING REGIMEN .................................................... 7 
2.7 REGULATORY BACKGROUND ................................................................................................. 7 

3 STUDIES SUBMITTED ........................................................................................ 7 

3.1 STUDIES REVIEWED ............................................................................................................... 7 

9 REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY............................... 7 

Reference ID: 3165202



BLA 125294         Haleh Saber, Ph.D. 
 

1 Executive Summary 

1.1  Introduction 

Teva Pharmaceuticals USA submitted an original 351 (a) BLA on 11/30/2009 for their 
version of recombinant, human G-CSF.  A trade name Neutroval™ originally proposed 
by the Applicant was recently rejected by the Division of Medication Error Prevention 
and Analysis (DMEPA).  The proposed non-proprietary name of  was not 
accepted (see the Complete Response letter of 9/29/2010 regarding the established 
name).  The code name is XM02.  The name XM02 will be used for this product in the 
current review. 
 
On September 29, 2010, a Complete Response letter was issued for this application.  
The Following nonclinical deficiency was included in the letter. 
 

 
 
In her Team Leader Memorandum, Dr. Anne Pilaro elaborated on this deficiency and 
the rationale for the use of the rabbit as the species for a reproduction toxicology study.  
The following is from Dr. Pilaro’s Memorandum dated Aug 6, 2010. 
 

There were no reproductive or developmental toxicity (DART) studies conducted 
with XM02 to support safe use of Neutroval™ in pregnancy.  The Sponsor’s 
original justification for the absence of DART studies with XM02 was based on 
the proposed indication, which limits use of Neutroval™ to patients receiving 
concomitant treatment with myelosuppressive chemotherapy agents with known 
developmental and reproductive toxicities.  Upon review and discussion with 
FDA/CDER senior management, FDA determined that it would not be ethical to 
omit communicating the potential developmental and reproductive risks 
associated with Neutroval™ in the labeling, since the two currently US-licensed 
recombinant G-CSF products contain this information in the label.  As a result of 
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this discussion, the Sponsor was requested to provide an assessment of the 
reproductive toxicities associated with Neutroval™ treatment. 
 
The Sponsor provided several published literature articles demonstrating that 
both filgrastim (i.e. Neupogen®) and lenograstim, a glycosylated G-CSF that is 
approved for marketing in Japan, have similar abortifacient effects when 
pregnant rabbits were dosed during the period of organogenesis.  Additionally, 
Dr. Masson-Hinrichs independently found two other published articles regarding 
another G-CSF product nartograstim, which demonstrated similar abortifacient 
effects in rabbits, and an article documenting comparable pharmacodynamic 
responses in cynomolgus monkeys dosed with filgrastim, lenograstim or 
nartograstim that serves to “bridge” the in vivo responses to G-CSF across all 
three products in this class.   

 
In brief, the rabbit is a pharmacologically relevant species and sensitive to detect 
reproductive toxicities associated with G-CSF products. 
 
To address the nonclinical deficiency, the Applicant conducted an embryofetal 
developmental toxicology study in rabbits.  
 

1.2  Brief Discussion of Nonclinical Findings 

Pharmacology, safety pharmacology, pharmacokinetic and general toxicology studies 
supporting the BLA were submitted in 2009 and reviewed by Dr. Masson-Hinrichs.  For 
nonclinical findings related to XM02, see review of the original BLA by Dr. Masson-
Hinrichs and the Team Leader Memorandum of Dr. Pilaro.   
 
Only the results of embryofetal toxicology study are discussed in this section. 
 
Reproductive Toxicology 
Pregnant rabbits were treated with 1, 10, or 100 μg/kg/day of XM02 during the period of 
organogenesis (gestation days 6 through 19) and sacrificed on gestation day 29 
(GD29).  Pharmacologic effect of the drug was observed in the animals.  There was a 
dose-dependent increase in white blood cells and differentials, with the highest increase 
in the absolute neutrophil counts.  The high dose of 100 μg/kg/day resulted in 
spontaneous abortion in 12 out of 20 females.  This high dose was maternally toxic as 
demonstrated by body weight (BW) loss during the dosing period (GD6 to GD19) and 
an overall reduced BW gain compared to control animals.  In addition, food 
consumption was significantly reduced at this dose.  A literature search indicates similar 
abortifacient effects with G-CSF products.  The dose of 100 μg/kg/day also resulted in 
the following uterine and embryofetal findings:  increased post-implantation loss (due to 
increased late resorption), reduced fetal weight, reduced litter size, malformations 
(including malformed hindlimbs and cleft palate).   
 
The exposure (AUC) values were larger on GD6 compared to GD19.  This reduction in 
the exposure may be due to anti-drug antibody (ADA) formation and increased drug 
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clearance (ADA formation was not measured in this study).  As XM02 is expected to be 
less immunogenic in humans, the GD6 values may be more relevant for the estimation 
of animal-to-human AUC ratios.  Using the AUC on GD6, the adverse embryofetal 
findings were observed at exposures that were 50-90 fold the exposures observed in 
patients at the recommended dose of 5 μg/kg/day. 
 
The adverse embryofetal findings occurred in healthy animals.  Patients who will be 
treated with XM02 will be neutropenic.  It is expected that dosing in patients will stop 
when the neutrophil counts reach normal physiological values.  Therefore, the adverse 
embryofetal findings in animals may not be relevant to humans.   
 
A pregnancy Category C is proposed for XM02.  This is also consistent with labeling for 
drugs belonging to the same class. 
 

1.3  Recommendations 

1.3.1 Approvability 

Recommending approval. 
 
The Applicant has adequately addressed the nonclinical deficiency described in the 
Complete Response Letter issued in 2010.  
 

1.3.2 Additional Non Clinical Recommendations 

None 

1.3.3 Labeling 

 Based on the data submitted and reviewed, a pregnancy Category C is 
recommended.  

 A separate labeling review will be provided if deemed necessary.   

2 Drug Information 

2.1 Drug 

 
CAS Registry Number:  121181-53-1 
         
Generic Name:  Not yet assigned 
 
Code Name:  XM02 
 
Chemical Name/ Other Names:  Recombinant N-methionyl human granulocyte colony-
stimulating factor (r-metHuGCSF) 
 
Molecular Formula/Molecular Weight:  175 amino acid single-chain 
polypeptide/approximately 18.8 KDa 
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Structure or Biochemical Description: see above for the number of amino acids and 
the molecular weight. 
   
XM02 is a nonglycosylated recombinant methionyl human granulocyte-colony 
stimulating growth factor (r-metHuG-CSF) manufactured by recombinant DNA 
technology using the bacterium strain E coli K802.  
 
 
Pharmacologic Class:  leukocyte growth factor 
 

2.2 Relevant INDs, NDAs, BLAs and DMFs 

103188 (preIND) 

2.3 Drug Formulation 

Dosage form and strength: 
• 300 μg/0.5 mL in single use prefilled syringe  
• 480 μg/0.8 mL in single use prefilled syringe  
 
The proposed routes of administration: subcutaneous    
 
The table below describes the constituents of the drug product (DP): 
 300 mcg/0.5 mL Syringe 480 mcg/0.8 mL Syringe 

Drug  300 mcg 480 mcg 

Glacial Acetic Acid 0.3 mg 0.48 mg 

Sorbitol 25 mg 40 mg 

Polysorbate 80 0.0275 mg 0.044 mg 

Sodium Hydroxide q.s. to pH 4.2 q.s. to pH 4.2 

Water for Injection q.s. to 0.5 mL q.s. to 0.8 mL 

 
[Tables excerpted from the proposed label Section 11 and slightly modified] 

2.4 Comments on Novel Excipients 

No novel excipients were identified. 

2.5 Comments on Impurities/Degradants of Concern 

None at this time.  
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loss during the dosing period (GD6 to GD19) and an overall reduced BW gain 
compared to control animals.  Reduced food consumption (FC) of 34% was also 
noted in this group. 

 The XM02 dose of 100 μg/kg/day also resulted in the following uterine and 
embryofetal findings:  increased post-implantation loss (due to increased late 
resorption), reduced fetal weight, reduced litter size, malformations (including 
malformed hindlimbs/ bone abnormalities, and cleft palate).   

 Increases in white blood cells and differentials were observed in all dose groups.  
Reduced RBCs and associated changes in the RBC indices were seen in mid-
dose (MD) and high-dose (HD) animals. 

 The NOAEL for maternal toxicity is 1 g/kg/day based on maternal health 
(reduced BW gain and FC).  The NOAEL for embryo-fetal toxicity is also 1 
g/kg/day based on effects on skeletal malformations.  

 Adverse embryofetal effects in animals were mostly evident at HD.  This dose 
results in AUCs that are 50-90 fold the AUCs reported in patients receiving the 
recommended dose of 5 μg/kg, when using animal AUCs from GD6.   

 
 

Methods 
Doses: 0, 1, 10, and 100 μg/kg/day  

Frequency of dosing: Daily from Day 6 to 19 of Gestation inclusive (GD 6-19) 
Animals were sacrificed on GD 29 

Dose volume: 0.16 mL/kg/day 
Route:: Subcutaneous 

Formulation/Vehicle: 10 mM sodium acetate pH 4.0, 5 % D-Sorbitol, 
0.0025 % polysorbate 80 solution in sterile water for injection. 

Species/Strain: New Zealand White rabbit, Crl: KBL (NZW) 

Weight: 3-4 kg 

Age: 17-19 weeks 

Number/Sex/Group: 20 females/group 
Satellite groups: 4 females/group 

Study design: 

Deviation from protocol:  NA 
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Observations and Results 

Mortality 

All animals were observed twice daily. 
 

 Compound-related effects on maternal health including abortion (red fluid in the 
cage prior to aborting) in majority of the pregnant rabbits in the high-dose group 
(100 μg/kg) resulted in unscheduled sacrifice of 12 out of 20 animals in the main 
study group and 2 out of 4 in the satellite (TK) group.  No other deaths were 
observed. 

 

Dose 
Unscheduled 

sacrifice 
Rationale for 
euthanizing 

Clinical Signs and Observations 

0.5 0 - - 
10 0 - - 

100 12/20 
Animals aborted  

(GD 19-27) 
BW loss, ↓FC, and red fluid in cage 

BW: body weight; FC: food consumption 
 

Clinical Signs 

All animals were observed once daily for clinical signs and local reactions to injection.  
In addition, during the treatment period animals were observed once before and after 
dosing for abnormal behavior/ reaction to treatment.  
 

 No toxicologically significant finding was observed. 
 

Body Weight  

Animals were weighed on days 0, 6, 9, 13, 16, 20, 24 and 29 of gestation. 
 

 While small, body weight loss was seen at high-dose, during the dosing period 
(GD 6-19): reduction in BW was 20 g or 0.5% of the BW at GD 6. 

 Reduced body weight gain was evident at high-dose from GD 0 through GD 29:  
BW gain was 6% at high-dose and 12% in the control. 
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Figure excerpted from the submission. 

Food Consumption 

Measured daily from the day of arrival of the animals to GD29.  Mean values reported 
for GDs 0-6, 6-9, 9-13, 13-16, 16-20, 20-24 and 24-29. 
 

 Reduced during treatment period (GDs 6-19): ↓18 % at 10 μg/kg/day and ↓34% 
at 100 μg/kg/day, when compared the control group. 

 Effect was reversible when dosing stopped (GD 20-29). 
 

Hematology and additional blood sampling and analysis: 

For hematology blood samples (0.5 mL) were collected via the ear artery from all 
manually restrained unanesthetized main study females on GD 1, 19 and 29 into tubes 
containing EDTA.  Another 1 ml volume of blood was collected similarly from the same 
animals on the above 3 specific days of treatment into tubes containing no 
anticoagulants. 
 

 In the 10 and 100 g/k/day groups a dose-related reduction in RBC counts and 
related changes in RBC indices were observed on GD19 as compared to control 
group and pre-test values.  Platelets were reduced in all dose groups. 

 
 There was also a dose-related increase in the mean total white blood cells in all 

dose groups as compared to controls and pre-test values on GD19 ((i.e. 
approximately 2-fold at 1 μg/kg/day, 4-fold at 10 μg/kg/day, and 6-fold at 100 
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μg/kg/day compared to the control group).  The effect was the result of increase 
in all white blood cells subsets in the treated groups as compared to controls and 
pretest values (see Tables below).  The highest increase was in the absolute 
neutrophil counts. 

 
 Findings were reversible during the non-dosing period (GD 20-29). 

 
 

 
RBC: red blood cell;  Hb: hemoglobin;  PCV: packed cell volume;  MCV: mean corpuscular volume;  
MCH: mean corpuscular hemoglobin;  MCHC: mean corpuscular hemoglobin concentration;   
Reti: reticulocytes; Plat: platelets. 

 
WBC: while blood cells;  N: neutrophils;  L: lymphocytes;  M: monocytes. 
E: eosinophils;  B: basophils;  LUC: large unstained cells. 
Abs: absolute count. 
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Although it was indicated in the report (methods and experimental design) that blood 
samples were collected for anti-drug antibody (ADA) analysis, the result was not 
reported.  In response to an information request for the missing results, the Sponsor 
indicated that analysis was not performed as they deemed that data from such ADA 
analysis would have no bearing on the interpretation of the results.  Although the ADA 
analysis would provide useful information and possible explanations for the decrease in 
AUC0-24h from GD6 to GD19, the Sponsor’s response is acceptable. 

 

Toxicokinetics 

Blood (0.5 ml) was collected from each of the 4 animals/group at predose, 0.5 (30 
minutes), 1, 2, 4, 8, 12 and 24 hours post-dose on the first and last treatment days (i.e. 
days 6 and 19 of gestation, respectively). 
 

 The maximum serum concentrations were generally observed between 2 and 4 
hours after dosing.  The increase in systemic exposure was linear and markedly 
more than dose-proportional between the low-dose (0.529 μg/kg) and 100 μg/kg 
on GD6, but non-linear and less than dose-proportional between the low-dose 
(0.498 μg/kg) and 100 μg/kg on GD19. 

 
 No accumulation of XM02 was observed; on the contrary, AUC0-24h was 3- to 42-

fold lower on GD19 than on GD6. 
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Animal-to-human AUC ratios 

 
 

Data in rabbits Animal:Human* AUCs 
Dose 
(μg/kg/day) 

AUC (ng/mL*h) 
GD6 

AUC (ng/mL*h) 
GD19 

Based on GD6 
data 

Based on GD19 
data 

1 31.6 4.0 NA NA 
10 970 107 3-5 0.4-0.5 
100 16345 406 50-90 1-2 
* AUC data in patients are used as they are deemed more relevant for the labeling. 
 

Dosing Solution Analysis 

Samples of 3 mL were taken from each daily preparation at all concentrations, including 
the control group, and were stored at room temperature until analysis or at 
approximately -20 °C, if not used, until completion of the study acceptance criteria for 
analytical results for each group are defined as follows: concentration results were 
considered acceptable if the difference between the actual mean value and the targeted 
concentration was 15 %. Results obtained outside of the criteria were considered Out of 
Specification. 
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 Although the actual intermediate and high dose groups concentration of XM02 
were in agreement with nominal concentrations, the nominal concentration for 
the 1 g/kg/day group deviated by approximately 50%  (-50.2% to -47.1%) from 
the actual concentration of 6.2 g/mL.  As a result, in the low-dose group, the 
actual doses on G6 and G19 were 0.529 g/kg/day and 0.4988 g/kg/day, 
respectively. 

 

Necropsy 

Any aborting animals (on the day of abortion) and all surviving animals were sacrificed 
by sodium pentobarbitone injection and exsanguination.  They were dissected and 
examined for macroscopic pathological changes to determine their pregnancy status, 
number of corpora lutea, numbers and types of implantations as well as the number and 
distribution of live fetuses, number and distribution of embryonic / fetal death, individual 
fetal weights and sex. 
 

 In the 100 g/kg/day XM02-treated group, two aborting females showed dark 
areas on the lungs and one of them also had uncollapsed lungs and kidney with 
mottled appearance. 

 
 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 

All fetuses were examined for external defects and sacrificed by sodium pentobarbitone 
(i.p.). The fetuses were examined viscerally.  Heads of approximately half of the fetuses 
were removed and placed in Harrison’s fluid for later examination following sectioning.  
Ossified fetus skeleton was stained with Alizarin red.  The skeletal and fixed visceral 
exams were performed under low power magnification. 
 

 Pregnancy indices and pre-implantation data were comparable among the 
various groups.  There were 18/20, 20/20, 19/20 and 5/8 pregnant females at 
terminal caesarean section (G29) in groups 1 to 4, respectively. All of these 
females had viable fetuses. The remaining 12 females in the 100 μg/kg/day 
group were pregnant, but aborted during the study. 
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Note:  females in all groups had viable fetuses.  However, 12 females in the 100 micg/kg/day group were 
pregnant but aborted during the study. 

 

 Post-implantation loss was approximately 50% in 100 μg/kg/day group, which 
also had a markedly lower litter size.  The post-implantation loss appears to be 
due to increased late resorption in the high-dose group.  In the 10 g/kg/day the 
post-implantation loss was slightly higher (8.9%) than the control (4.9%) but did 
not reach a statistically significant level.  In addition, the post-implantation loss in 
the historical control group was 9.5%.  Hence, the 8.9% post-implantation loss at 
MD is not considered drug-related. 
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Offspring (Malformations, Variations, etc.) 

 There was dose-dependent decrease in fetal body weight in all treatment groups; 
however, the decrease in the 1 and 10 g/kg/day groups were not significantly 
different from the historical control values.  The decrease in the 100 g/kg/day 
group was about 50% compared to the control group. 

 
 
 

 Malformations of the fetuses were evident for both external and visceral 
observations.  The malformations included open eyes, malformed hindlimbs 
associated with bone abnormalities and cleft palate in the 100 g/kg/day group.  
Malformations were not observed in the LD group; however, a fetus in the 10 
μg/kg/day group (0.78%) had major abnormalities including open eyes and 
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malformed hindlimbs consistent with findings in the high dose group; a statis
significance was not reached at MD.   

 

tical 

 The higher incidence of embryo-fetal death (average litter size of 5.4 fetuses 

 in 

 Consistent with low mean fetal weight and the severe skeletal malformations, a 

d 

compared with 8.9 in the control) in the surviving 5 females of the high dose 
group together with reduced fetal weight (21.9 g compared with 38.6 g in the 
control) and a high incidence of both major and less severe fetal abnormalities
the majority of fetuses appear to be consistent with the higher abortion rate in the 
treated animals. 

 

higher percentage of the fetuses in the 100 g/kg/day group showed reduced 
ossification of several bones affecting the skull, pelvis, sternum and paws as 
compared to the concurrent control and historical control data. Slightly reduce
ossification was also noted for a few bones in the 10 μg/kg/day group with no 
similar findings in the 1 μg/kg/day group. 

 

 17

Reference ID: 3165202



BLA 125294         Saber and Khan 

 
 

 18

Reference ID: 3165202



BLA 125294         Saber and Khan 

 19

 
 
 

Reference ID: 3165202



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

HALEH SABER
07/26/2012

Reference ID: 3165202



 

 

    
     

      
    

     

          
          
           

          
          







      

             
             

            
       

             

          
             

         
              

          
           

  

             
           

            
     

 
        

               
         

            
       

 



 

   

            
             

   

         
  

 

 

 

    

      
  

         
         

       
          

    

    

 

            
         

           
           

              
      

            
         

         
              

            
        

         
           

           
         
         

           



      

               
              

             
         

           
             

           
             

           
    

             
              

            
          

             
                 

        
            

           
      
           

             
          

             

          
             

        
            

            
           

   

             
           

        
          

     
 

        
  

 
       

 



      

              
          

            
       

 





       

   

     

    
        

     

     

    

     
     
     

    

    

     

     
     

     

    

       

      

        

    

 



       

   

              
              
           
            

       
              
        
        

 



       

   

         
               
        
              

   
             

     
              

   
            
      
             

            
   

             
   

 



       

   

  

  

            
               

              
         

   

                
          

 

     

              
          

                
            
    

           

           
               
           

            
           

           

              
            
          

    
 

           
              

       

 





       

            
            

          

          
            
             

          
              

          
          

           
              

            
           
          

            
           

         
               
              

           
 

   

  

     

 

   

   

            
    

   

 

 









       

     
 

 
           

     
           

     
  

             
   

           
    
           

   

    

 

    

 

  

   

            
          

            
          

            

            
           

               
             
           

         
          

            
             

           

 















       

                
            

              

            

        
    

       
     

       
     

       
     

       
     

       
     

       
     

            

        
    

       
     

       
     

       
     

       
     

       
     

       
     

 







       

      
        

      

   

               
          

               
          

        
            

          
      

        

 
         

    
    

    
       

        
  

   
  
    
       

        
   
      

    
          

  
         

   

 

            
            

 





       

  

          
            

       

  

          
           

       

 

   

 

  

 

   
        

         
     
     

       
     

     

         
            

    

             
            

  

            
    

            
             

      

 



       

 

   

  

   
         

           

          

          

          
  

  

          
            

    

 



       

 

  

 

  

 

  

   

        
        

  
          

 
         

         
         

  
          

          
          

 
          

           
  

         
 

          

          
 

                 
          

 

          
           

          
   

           
             
          

 







       

  
      

   
          

  
         

   

 

   

  

   

  

   

  

   

 

   

 

   

 

   
        

     
     
     

       
   

    
    

 



       

          
            

    

             
            

                
            

  

           
            

      

 

   

  

   
         

     

      

      

          
  

  

            
            

              
             

 

 



       

 

  

 

  

 

  

   

        
        

  
         

  
                

               

 
           

         
   

              

 
          

 
             

  
          

 
                

               

 
      

 
                 

          
 

           
            

               
          

    

 



       

           
              

               
            

       
           

            
     

           
      

  

 

 

                 
          

         
      

        
      

       
      

             
  

            
             

           

 





       

  

               
         

       
 

  

     

          
 

             
             

            
        

           
         

                
           

         
             

               
           
           

         
          

           
               

          

        
             

             
            

            
           

                 
  

          
             

              
           

             

 



       

            
              

          
       

    
  

    

    

 
     

    
 

     
   

 

      
 

   
        

 
   

     
 

   
      

  
    
     

          

          
             

             
           
            

           
 

           
           

            
          

               
              

            
            

              
            
          

            
           

 









       

      

      

    
   

       
    

       
    

       
    

         
    

           
    

         
    

  
           

  
          

      

 
           
    

         
           
              

 

 
          

    
          
           
            

      
               

       

 



       

  
             

               

    
              

                
         

          
      

          
          

      
         
                

              
           

           
           

          
           

  
               

              
                 
        

   
                

      
           

              
      

 
            

           
            

 

    
             

              
         

        

 



       

               
          

           
               

          
 

              
         

            
          

       
              

          
            

            
              

            
 

  

  

         
   

            
             

           
              

               
              

          
   

                 
             

     

              
          

      

 



       

             
          

          

               
               

        
 

               
           

  

                 
              
            
           

    

               
        

         
 

                
          

       

               
          

    

                
          

      

            
           

               
            

           

             
  

 



       

              
         

      

                  
           

          
  

             
          

        
  

                
         

      

               
          

 

                
          

            
   

           
           

          

             
             

      

    

          
           

   

               
               

        
 

 



       

               
          

    

            
         

 

               
           
          

  

            
           

            
           
  

               
             

         

           
 

             
             

     

                 
         

          
      

              
         

       

 



    
   

         

     

         

     

     
      

         

      
 

     
       

 
    

     
      

 
 

       
        

    
   

     

      
      

    

        
       

      
     
      

        
      

       

         
         

       
        

   

       
       
       
        

     

       
      

   

             
 







    

            
           

            
          

           
            

      

          
            

          
         

             
             

            
        

         
             

         
           

               
            

  

          
            
            

         
          
           

        
            

        

              
           

             
             

          
            

              
            

              
            
               

              
            



    

            
              

            
          

         
           

 

         
          
             

         
             

            
            

             
              

             
             

 




