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microbiology items from the CR letter and changes to the raxibacumab manufacturing and 
testing processes. Product quality microbiology information amendments 0012, 0013, and 0015 
are referenced in the cover letter of the BLA resubmission. Amendments reviewed during the 
first cycle and changes that do not require product quality microbiology review are not covered 
in this review memo. The product quality microbiology amendments covered in this review 
memo are listed in the table below. 
 
 

Product Quality Microbiology Amendments Reviewed 
 

 
Submission type 

 
Sequence number 

 
Sequence date 

BLA resubmission 0025 15-Jun-2012 

Response to BMAB information request 0032 17-Sep-2012 

Response to BMAB information request 0037 6-Nov-2012 

Response to BMAB information request 0039 20-Nov-2012 
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P.8 Stability 
 
The post-approval stability commitment was updated to replace annual sterility testing for 
stability samples with container closure integrity testing starting with lots placed on stability in 
2010. The drug product is intended for storage at 2-8°C protected from light with a 60 month 
expiry. There are currently five CGMP production lots made by the commercial scale M11 
process  included in the stability program. All of the stability samples tested for 
sterility or container closure integrity passed.  
 
Reviewer’s comment: 
 
The remainder of the stability data should be reviewed by OBP, and OBP should determine 
whether the expiry for the drug product is appropriate.  
 

SATISFACTORY 
 
 
 
 
CGMP Status 
 
Please refer to the TB-EER form submitted to DARRTS in response to the TB-EER request 
dated 8-Nov-2012. 
 
 
Conclusion 
 
I. The BLA was reviewed from a product quality microbiology perspective and is 

recommended for approval. There is one post-marketing commitment listed on the first 
page of this review. 

 
II. Product quality aspects other than microbiology should be reviewed by OBP. 
 
III. The pre-license inspection of the drug substance manufacturing site was conducted 

during the first review cycle in 2009. There were no CR letter items associated with the 
pre-license inspection and no manufacturing changes that would require repetition of the 
pre-license inspection. Because the site manufactures another licensed product 

, the site is inspected regularly by ORA. The pre-license inspection of the 
drug product manufacturing site was waived. Please refer to the TB-EER response and 
the inspection waiver memo for details.  
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Date Company Submitted:06/15/2012    
Date Received by CDER: 06//15/2012    
Date Assigned: 06/23/2012 
Reviewer: Lynette Y. Berkeley                                 
                                                                                   
APPLICANT 
Human Genome Sciences, Inc., 
14200 Shady Grove Road  
Rockville, Maryland 20850 
 
CONTACT PERSON   
Sally Bolmer,  
Senior Vice President of Regulatory Affairs 
14200 Shady Grove Rd,  
Rockville, MD 20850 
Telephone: (301) 309 8504 
 
DRUG PRODUCT NAME 
Proprietary: Not available 
Established: Raxibacumab; ABthrax , PamAb,  HGS 1021, BLA 125349. 
Chemical name: Immunoglobulin G1, anti-(anthrax protective antigen) (human monoclonal 
PA heavy chain), disulfide with human monoclonal PA λ–chain, dimer 
 
Chemical Structure : Not available 
 
Antibody Class/type: IgG1λ 
 
Molecular formula:  
Molecular weight Approximately 145 kDa 
 
PROPOSED INDICATION  
Treatment of Inhalational Anthrax  
 
PROPOSED DOSAGE FORM, STRENGTH, ROUTE OF ADMINISTRATION  
AND DURATION OF TREATMENT 
Dosage form: Liquid 
Route of Administration: Intravenous 
Dosage: 40 mg/kg 

  Pediatric patients  
              (1) Patients weighing >15 kg to ≤50kg = 60 mg/kg 
              (2) Patients weighing ≤15 kg = 80 mg/kg 
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Strength: 50 mg/mL 
Duration of treatment:  
 
DISPENSED 
Rx. 
 
RELATED DOCUMENTS 
IND 11, 069 
BLA 125349, Review Dr. Lynette Berkeley 07/13/2009 
BLA 125349, Review Dr. Maureen Davidson 10/14/2009 
 
REMARKS 
This is Part III of the review for BLA 125349.  Please see review by Dr. Lynette Berkeley 
07/13/2009 for performance characteristics of the assays and review by Dr. Maureen 
Davidson, 10/14/2009 for the proof of concept studies. These studies show that the 
presence of raxibacumab offered slightly greater protection than without it.  
 
CONCLUSIONS AND COMMENTS 
This is a review of raxibacumab a recombinant humanized immunoglobulin G1 lamda 
(IgG1λ) monoclonal antibody that was developed for the treatment of inhalation anthrax.  
The mechanism of action is to neutralize the anthrax toxins by binding to the unbound 
protective antigen (PA) the receptor binding moiety of edema factor (EF) and lethal factor 
(LF). Raxibacumab binds in the region where PA binds its cellular receptor causing a 
cessation of toxin formation. The dose of raxibacumab selected by the applicant for anthrax 
treatment was 40 mg/kg.  
 
The studies presented in this submission are a response to the Complete Response Letter 
(CRL) sent by FDA to Human Genome Sciences (HGS) 14, November 2009. The 
raxibacumab study is conducted under the animal rule (21 CFR601.90 (subpart H”“New 
Drug and Biological Drug Products; Evidence Needed to Demonstrate Effectiveness of 
New Drugs. When Human Efficacy Studies are not Ethical or Feasible”).  The two studies 
presented in this review are Study No. 1103-G923704 the “CNS study” Evaluation of 
Raxibacumab as a Therapeutic Treatment Against Inhalation Anthrax in the New Zealand 
White Rabbit Model and  Study No. 1141-CG920871 the  “Added Benefit Study.”  
   
The “CNS” 1103 study addressed the FDA identified inadequate necropsy data. The data in 
the previous study lacked specificity in that there was scant detail of the gross and 
microscopic lesions. It was also unclear whether all tissues that were likely to be affected 
by an anthrax infection were studied in every animal.  The purpose of the CNS study was 
to examine the brain pathology of New Zealand White rabbits (NWR) infected with 
anthrax spores.  
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Study 1103 was a randomized, blinded, placebo-controlled efficacy study designed to 
allow evaluation of the histopathology of surviving and non-surviving animals. It utilized 
48 Zealand White rabbits,  50% males and 50% females that were surgically implanted 
with vascular access ports (VAP). They were randomily divided into  two treatment arms  
(1) 40 mg/kg raxibacumab arm and (2) placebo arm comprising raxibacumab buffer. The 
rabbits were challenged by inhalation with 200 LD50 dose of Bacillus anthracis spores 
(Ames strain ). The trigger for intervention was a positive protective antigen (PA) result by 
electrochemiluminescence assay (ECL). The PA for the majority of animals was positive 
by 28 hours the deadline for initiation of treatment. One animal was negative but was still 
treated.  
 
All of the placebo treated animals died by Day 7 whereas 43% of the animals that were 
bacteremic prior to raxibacumab treatment survived. None of the 11 raxibacumab treated 
animals that survived were bacteremic at Day 28 but 4/5 of those that died prior to that date 
had B. anthracis in the CSF.  Lesions in the brain, inflammation, necrosis and hemorrhage  
were more common in raxibacumab treated animals than in placebo treated animals. 
Placebo treated animals tended to have more lesions and bacteria in organs other than the 
brain. In the lungs and liver the severity of bacterial involvement was higher in the 
placebo-treated animals than in the raxibacumab-treated animals and the raxibacumab 
treated animals that died late had little or no bacteria in these organs. The raxibacumab-
treated animals with greater severity of bacteria in the brain died later than the placebo-
treated animals. Thes results suggest that raxibacumab did offer some protection against 
infection with B. anthracis.  
 
Four sections of brain were examined by immunohistochemistry for endogenous IgG. 
Positive results were noted only in raxibacumab treated animals.  The rabbits that had the 
most severe brain lesions and highest concentration of bacteria tended to have strong 
staining for raxibacumab in neurons and neurophils.  It is felt that this reflected the breach 
in the blood-brain barrier but may not have been specific for raxibacimab.   
  
Study 1141 was the Raxibacumab with Levofloxacin vs. 
Levofloxacin as Post-exposure Treatment in the New Zealand White (NZW) Rabbit 
Inhalational Anthrax Model. The objective of the study was to evaluate the added benefit 
of raxibacumab combined with levofloxacin treatment compared with levofloxacin only 
treatment, when administered at a predetermined time-point following a uniformly lethal 
inhalational exposure to B. anthracis in NZW rabbits.  
 
This was a parallel-group, blinded, randomized, placebo-controlled Good Laboratory 
Practice (GLP) study. One hundred and eighty (180) healthy NZW rabbits were exposed to 
200 LD50 dose of B. anthracis spores (Ames strain ) via the inhalational route. At 
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approximately 84 hours post exposure 39 animals were treated with 50 mg/kg levofloxacin 
for three days and a single dose of 40 mg/kg raxibacumab  Another group of 37 animals 
were treated with a 50 mg/kg levofloxacin for three days  and a single IV dose of 0.8 
mL/kg raxibacumab buffer. 
  
All of the animals were PA positive and 75/76 were bacteremic prior to initiation of 
treatment. Of the 39 animals treated with levofloxacin and raxibacumab, 32 animals (82%) 
survived through Day 28 post-levofloxacin treatment and of the 37 animals treated with 
levofloxacin and raxibacumab buffer, 24 animals survived (65%) through Day 28 post-
levofloxacin treatment.  The difference in survival of 17% was not statistically significant 
(p-value = 0.0874) according to a 2-sided likelihood ratio chi-square test. Treatment with 
levofloxacin and raxibacumab did result in a higher percentage of survival than did the 
group without raxibacumab.  
Quantitative bacteremia measurements were made at 4 time points; 24 hours post median 
challenge time, immediately prior to treatment initiation, 24 hours post 1st levofloxacin 
dose, and 2 days following the last levofloxacin dose The correlation between plasma PA 
and quantitative bacteremia was evaluated prior to treatment for the treated animals and at 
24 hours post challenge for the untreated animals.  At 24 hours post treatment with 
levofloxacin, only 3/63 animals still alive at that time grew bacteria.  As such, there were 
too few bacteremic cases to make an accurate comparison  The correlation coefficient 
among the animals that were treated  with levofloxin  between bacteria counts and PA 
levels was 0.854 (p<0.0001). 
 
In all surviving animals, bacteremia was essentially cleared within 24 hours of the 1st 
levofloxacin administration, with or without raxibacumab, and PA persisted for 1-3 days 
after bacteremia resolved, suggesting that toxin continues to circulate even after the 
bacteria have been killed. PA levels returned to below the limit of detection in all surviving 
animals in both treatment groups between 96 and 120 hours after treatment initiation. 
None of the raxibacumab/levofloxacin-treated animals had brain lesion findings and none 
of the surviving animals in either treatment group had evidence of central nervous system 
(CNS) effects, either clinically or microscopically. These results suggest that raxibacumab 
does not exacerbate brain damage. In conclusion, this study achieved a survival rate  of 
65% (24/37) with the administration of both 50 mg/kg levofloxacin for three days and a 
single dose of 40 mg/kg raxibacumab. 
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I. INTRODUCTION 
The subject of this BLA is raxibacumab (ABthraxTM, PamAb, HGS1021), a humanized 
IgG1λ monoclonal antibody, for the treatment of inhalational anthrax. This antibody 
neutralizes the protective antigen (PA) produced by Bacillus anthracis and prevents PA 
from binding to its receptor. In the disease process PA binds to the cell surface receptor and 
is cleaved by a furin-like protease into two fragments.  The 63Da fragment remains bound 
to the cell, cleaves into a heptomeric barrel-like structure and exposes the site to which the 
lethal factor (LF) and edema factor (EF), also produced by B. anthracis, bind with high 
affinity.  LF is believed to be a protease that inactivates MAPKK1 and MAPKK2 resulting 
in inactivation of the MAPK signal transduction pathway. EF is a calcium-dependent 
adenylate cyclase. LF is the predominant cause of severe disease and death following 
inhalation spore exposure.  Binding of PA to either LF or EF forms a membrane-spanning 
pore through which the PA-LF, PA-EF complexes are translocated to the cytosol. This 
leads to a rapid progression of hemorrhagic pathology and death of the infected animal if 
intervention is not accomplished immediately. Inhibition of the binding of PA to its cell 
surface receptor is critical to the prevention of lethality by B. anthracis.  The detection of 
PA in addition to bacteremia may, therefore, be used as a marker of infection. 
 
1.1 Biology of B. anthracis 
One of the protective mechanisms of the immune system against the anthrax toxin is the 
production of an antitoxin against the protective antigen secreted by B. anthracis. This 
antitoxin is a neutralizing antibody. The binding of raxibacumab to PA blocks the binding 
of the lethal factor (LF) and the edema factor (EF) to PA and prevents the endocytosis of 
the toxin complexes lethal toxin and edema toxin (LeTx and EdTx) into susceptible host 
cells. Figure 1 is a depiction of the mechanism of the entry of the toxins into a susceptible 
cell resulting in cell death. One of the activities of the anthrax toxin is cytolysis. The B. 
anthracis lethal toxin that comprises the protective antigen and lethal toxin is cytolytic in 
some monocyte/macrophage cells.  This activity is the basis of the neutralizing antibody 
assay. 
Brachman (1980) described inhalational anthrax as a biphasic clinical disease. Initially 
there is a 1 to 4-day phase of malaise, fatigue, fever, myalgias, and nonproductive cough, 
followed by a fulminant phase of respiratory distress, cyanosis, and diaphoresis. 
There are 3 routes of entry for the B. anthracis the cutaneous, gastrointestinal and 
inhalation. Of these the most deadly is the inhalation route. When the spores are inhaled 
they germinate in the macrophage and are hidden from the immune system. The 
macrophages travel to the medistinal lymph nodes and then to the blood causing 
bacteremia.  The bacteria also elaborate very potent toxins that bind irreversibly to the 
macrophages leading to septicemia.  Bacillus anthracis can be treated with antibiotics but 
the toxin which causes high mortality needs to be eliminated.  
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     Figure 1. Mechanism of action of anthrax toxins and the inhibition 

                                   by raxibacumab 
 

 
 

 
In pivotal efficacy studies in rabbits and monkeys the applicant has used  
(1) electrochemiluminescence bridging assay (ECL) for detection of PA antigen  
(2) polymerase chain reaction (PCR) and culture for detection of bacteremia,    
(3) toxin neutralization assays (TNA) for detection of anti-toxin antibodies,  
(4) enzyme-linked immunosorbent assays (ELISA) for detection of anti-PA antibodies and 
(5) ECL assay to detect the production of anti-raxibacumab antibodies. Many of the assays are 
experimental and the methods and the performance characteristics of the assays are discussed in 
this review by Dr. Lynette Berkeley in BLA 125349 submitted in 07/13/2009. 
 
The studies presented in this submission are a response to the Complete Response Letter 
(CRL) sent by FDA to Human Genome Sciences (HGS) 14 November 2009. the 
communication indicated that the study should provide 

• greater detail of the effect of treatment with raxibacumab such as the gross 
necropsy and gross and microscopic histological findings on the brain and other 
tissues of the body and  

• evidence that the concomitant use of raxibacumab and the antibiotic should result in 
an increase in the survival rate.  

 
Previous studies that showed a 100% survival rate in cynomolgus monkeys and 95% rate in 
NZW rabbits did not leave room to show the added benefit in the use of raxibacumab. They 
also indicated that antimicrobial treatment intervention might have been too early after 
exposure. In the 2001 inhalation anthrax disease the survival rate was approximately 50% 
of infected individuals. In anthrax spore challenged cynomolgus monkeys and New 
Zealand White (NZW) rabbits the gross necropsy and gross and microscopic histological 
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findings of the animals that died or were euthanized were the same as previously reported 
in other studies (Fritz et al., 1995 and Twenhafel et al., 2007). See reports by Dr. Maureen 
Davidson. The severity of histological findings was similar or greater in the placebo treated 
animals except in the brain where the incidence of bacteremia and hemorrhage was greater 
in the raxibacumab treated animals. A comparison between the 40 and 20 mg/kg doses 
indicated that the pathology was not dose dependent. 
 
This review covers Study number 1103 the CNS study and Study number 1141 the added 
benefit study. 
 
2. BACKGROUND: STUDY 1103 
Study No. 1103-G923704 (“CNS study”) is an Evaluation of Raxibacumab as a 
Therapeutic Treatment Against Inhalation Anthrax in the NZW rabbit model. The purpose 
of this study is to examine the brain pathology of NZW rabbits infected with anthrax 
spores.  
 
2.1 Objectives 
The primary objective is to assess terminal pathology in both non-surviving and surviving 
NZW rabbits after anthrax exposure and therapeutic treatment with placebo or 
raxibacumab. 
 
The secondary objective of the study was to evaluate the efficacy of raxibacumab when 
administered as a therapeutic treatment against lethality due to inhalation exposure to B. 
anthracis. 
 
2.2 The primary end-point 
The primary end-point was a comparison of the percent of animals alive at Day 28 post-
challenge between treatment groups. 
 
2.3 Methodology 
The CNS study was a parallel-group, randomized, double-blind, placebo-controlled Good 
Laboratory Practice study in healthy male and female NZW rabbits.  A total, 54 NZW 
rabbits, 24 rabbits/group with 6 serving as potential replacements were randomized by 
gender and body weight into each of 2 treatment groups. Each group contained 50% males 
and 50% females. The rabbits that weighed between 2.7 and 4.3 kg at randomization were 
procured from . Each rabbit was surgically implanted with 
a vascular access port (VAP) by the vendor. Two rabbits were replaced prior to spore 
challenge because of non-functioning VAPs. 
 
The rabbits were challenged with a targeted 200 x LD50 (2.1 x 107 spores) dose of B. 
anthracis spores (Ames strain) while in individual plethysmography chambers in a Class 
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III cabinet system. The trigger for treatment with raxibacumab or placebo was the presence 
of detectable plasma protective antigen (PA) in the blood of the spore-challenged animal. 
For each rabbit, a single IV administration of either 40 mg/kg raxibacumab or 0.8 mL 
placebo (raxibacumab buffer) was administered immediately following detection of plasma 
PA.  Figure 2 is a schematic of the treatment schedule.  
 
                                 Figure 2:   Design for the Central Nervous System study.  
 

 
 
 If an animal was still negative for PA by electrochemiluminescence (ECL) at 48 hours 
post-challenge, the trigger for treatment, it was treated in spite of the ECL result. Animal 
observations and temperature monitoring occurred approximately every 6 hours between 
18 and 168 hours post-challenge. Monitoring was performed twice daily on all other study 
days.  Death or euthanasia was recorded at the time observed and a complete necropsy was 
performed. Surviving animals were euthanized on Day 28 post-challenge. 
 
Blood was collected to test for bacteremia, qualitative plasma PA (as trigger for treatment) 
and quantitative ECL assays, plasma levels of raxibacumab, immunogenicity (anti-
raxibacumab antibodies), and TNA. The blood samples were collected through the vascular 
access port from the medial auricular artery or the marginal ear vein.  Post-challenge, pre-
treatment blood collection times were based on the median challenge time per challenge 
day. The median challenge time was defined as the time between the start and end times of 
challenge each day. Table 1 shows the blood collection and assay schedule for this study.   
 
Cerebrospinal fluid (CSF) was collected from all rabbits prior to euthanasia, including 
survivors euthanized on study Day 28 or from animals found dead. The CSF was tested to 
determine the presence or absence of B. anthracis. If possible, the remaining CSF was 
filtered, tested for sterility, stored at ≤ -70º C and shipped overnight on dry ice to the 
laboratory for quantitative PA and raxibacumab concentration assessments.  
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                                        Table 1: Blood collection and assay schedule for Study 1103 

 
 
Complete gross necropsies were conducted on all challenged rabbits, including survivors 
euthanized at the end of the study. A small sample of brain was collected during gross 
necropsy, homogenized individually in phosphate buffered saline, and plated on blood agar 
plates for qualitative assessment of the presence of bacteria. Histopathology was conducted 
on gross lesions, brain, lungs, spleen, liver, kidney, and if possible, mediastinal and 
bronchial lymph nodes for all challenged rabbits, including survivors. Standard sections of 
brain were all bilateral and resulted in 4 total sections:  

(A) cerebral cortex (frontal-parietal), corpus callosum, and basal ganglia (caudate      
       nuclei);  
(B) hippocampus, cerebral cortex (temporal-parietal), and thalamus/hypothalamus; 
(C) cerebellum including vermis and hemispheres, and medulla (level     
       approximately at trigeminal nuclei). An additional section 
(D) was taken at the level of the midbrain (colliculi). The 4 brain sections were  
       prepared and subjected to the following stains and immunohistochemistry:     
       Bielschowsky stain for neurodegeneration and neurofibrillary plaques; Fluoro-  
       Jade C stain for acute neuronal degeneration; Glial Fibrillary Acidic Protein    
       (GFAP) to detect chronic or healed damage in survivors; raxibacumab and   
       rabbit IgG.  
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The study pathologist was blinded and unaware of the treatment administered to each 
rabbit until after the slides had been read. Imunohistochemical staining was performed to 
detect the location of endogenous IgG in the brain. 
 
3. RESULTS 
The efficacy analysis demonstrated that raxibacumab treatment significantly 
increased survival (45.8%, p < 0.0001) compared with placebo treatment (0%) Figure 3 is a 
bar graph showing these results.                                          
                                          

      Figure 3: Preliminary efficacy endpoint survival at  
                                                 Day 28 (CNS study) 

 
 
Gross lesions in the rabbits found dead or sacrificed moribund included discoloration or 
foci in the appendix and brain, enlargement of bronchial and mediastinal lymph nodes, and 
fluid in the body cavities and thymus. These gross lesions are typical of anthrax in rabbits 
(Zaucha et al., 1998) and correlated histologically with hemorrhage, necrosis, edema, 
and/or acute inflammation. 
 
As in the pivotal rabbit study (682-G005758), there was an increased incidence and 
severity of lesions in placebo-treated animals for all organs such as, lung, bronchial and 
mediastinal lymph nodes, and spleen.  The brains of raxibacumab-treated non-survivors 
had a greater incidence and severity of lesions than the placebo-treated animals. 
Importantly, the raxibacumab-treated survivors did not exhibit brain pathology, or the 
presence of bacteria or PA in the brain or CSF at sacrifice on Day 28. 
 
3.1 Bacteremia 
Ninety-four percent (45/48) of the rabbits in the study were bacteremic before treatment. 
However, 2/3 animals, L35543 and L35563, that were not initially bacteremic  48 hours 
after spore challenge and were levofloxacin/placebo treated at that time, subsequently 
became bacteremic 24 hours post treatment.  The third rabbit, L35541, that was also not 
bacteremic at the pre-determined time of treatment did not  become bacteremic for the 
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duration of the study but it survived. This rabbit was treated with levofloxacin and 
raxibacumab. 
 
At 48 hours post challenge 21/24 placebo treated animals died and by day 7 post-challenge, 
all placebo treated animals had died. All raxibacumab treated animals had negative blood 
cultures by day 7 post challenge 
 
Of the animals that died in this study, 92% (34/37) had a positive terminal bacteremia 
result.  Two of the three animals that died and did not have positive terminal blood cultures 
were L35568 and L35560 in the raxibacumab treatment group. The third rabbit that did not 
have a positive bacteremic result when it died was animal L35569 in the placebo group. 
 
Cerebrospinal fluid could not be collected from all animals. CSF was collected from 19 
placebo-treated animals all of which had a positive CSF bacterial culture result. For 
raxibacumab-treated animals, 80% (4/5) that died for which a CSF sample could be 
collected had a positive bacteria culture result while none (0/11) of the raxibacumab-treated 
animals that survived to Day 28 post-challenge had a positive bacteria culture result. 
Animal L35568 was the only raxibacumab-treated animal that died on study and did not 
have a positive terminal CSF or brain culture result.  
  
Microscopic findings consistent with anthrax (Zaucha et al., 1998) were present in all 
rabbits that died or became moribund during the study except for rabbit L35568, in the 
raxibacumab treatment group. The minimal hemorrhages in brain and heterophilic 
inflammation in the mediastinal lymph node of rabbit L35568 are often observed in 
unchallenged rabbits, and the granulomatous inflammation of the mediastinal lymph node 
and moderate chronic-active nephritis are suggestive of other pathogens. In addition, rabbit 
L35568 was not positive for PA. As a result, it is considered more likely that this rabbit did 
not die of anthrax.  It would have been enlightening to identify the causative organism of 
the lesion in rabbit L35568 especially since the animal infected with a lethal concentration 
of anthrax spores seemed to have been protected from the disease.  Table 2 shows the 
results of the histological studies. In general there were more bacteria in the untreated 
animals than in the treated ones in all organs examined. No bacteria were found in the 
appendices or in the livers of treated animals.   
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                                Table 2: Incidence and mean severity of selected microscopic  
                                      observations in non-surviving animals 

 

 
 
The severity of bacterial concentration found in the brain, lung and lymph nodes relative to 
time to death is shown in figure 4. The upper panel illustrates the severity of bacteria in the 
brain and indicates that the raxibacumab-treated animals with greater severity of bacteria 
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died later than the placebo-treated animals but most animals died between 80 and 100 
hours post challenge. Thus raxibacumab did offer a slight protection.  
In the visceral organs (lung and liver), the severity of bacterial involvement was higher in 
the placebo-treated animals than in the raxibacumab-treated animals. In fact, many of the 
placebo-treated animals reached levels of bacteremia in visceral organs that exceed the 
severity noted in any of the raxibacumab-treated animals. Moreover, the raxibacumab- 
treated animals that exhibited moderate bacterial involvement were among the animals that 
died early, and the animals that died late had little or no bacteria remaining in their visceral 
organs.  However, bacteria were present in the brain of these animals.  
 
The patterns of bacterial involvement are consistent with placebo-treated animals having 
high levels of bacteria in well-vascularized organs from which the animals succumb. The 
same is true for the raxibacumab-treated animals that die early: they have higher levels of 
bacteria in their visceral organs and little in their brains. In contrast, raxibacumab-treated 
animals that die later are more likely to have bacteria in the brain, although their well-
vascularized organs have little or no bacteria. 
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Figure 4: Severity of bacteria in brain (top), lung (middle)  

                      and bronchial lymph node (bottom) by time of death in non-survivors 

 
 
The minimum inhibitory concentration (MIC) values for levofloxacin   ranged from 0.5 – 
1.0 (mcg/mL) for raxibacumab-treated animals and from 0.5 – 2.0 mcg/mL for placebo-
treated animals.  One placebo treated animals (L35552) had a levofloxacin MIC value of 
2.0 mcg/mL. 
 
3.2 Protective Antigen  
Electrochemiluminescence (ECL) was used to test for the presence of PA.  Positive ECL 
results were obtained within 16 hours of challenge and all (47/48) animals but 1 that were 
treated at or before 40 hours post-challenge based on a positive ECL result. At 24 hours 
post- challenge the concentration of PA in the animals that died from both arms ranged 
from 0 (20%) to 23.5 ng/mL for those that survived 56% had no PA but the highest titer 
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was 62.3 ng/mL. The only animal not treated based on a positive ECL result was animal 
L35560 from the raxibacumab treatment group.  
 
 At the 28 hour post-challenge time point for the challenge day B cohort, the primary ECL 
plate passed system suitability criteria but 3 samples (L35560, L35563 and L35580) on the 
plate failed sample % CV criteria. As stated in the SOP, the backup ECL plate was to be 
read for these 3 samples. However, the backup plate also failed system suitability criteria. 
Because the main ECL results of this animal was greater than the main ECL values of the 
positive control on both plates the study director decided to treat animal L33560 at 28 
hours based on the results. 
 
One hundred percent of the placebo-treated animals (24/24) and 96% (23/24) of the 
raxibacumab-treated animals were toxemic at the time of treatment. All of the rabbits that 
died on study that had terminal samples available to quantify PA (16 placebo-treated and 
12 raxibacumab-treated) had measurable plasma PA concentrations. The placebo-treated 
rabbits had more than 10-fold higher mean plasma PA concentration at the time of death 
(13836 ng/mL) than the raxibacumab-treated non-survivors (818 ng/mL) as shown in  
table 3. 
 
                         Table 3: Mean plasma PA concentrations in terminal samples from  
                               non-surviving rabbits  

 
 
The results of the concentration of PA in the CSF and CSF to plasma PA concentration 
ratio results for rabbits that died in the placebo and raxibacumab treatment groups are 
summarized in table 4. Concentrations of PA in CSF were variable for both treatment 
groups, ranging from not detected to > 966 ng/mL, or 0% to 37% of the concurrent plasma 
PA concentration for the rabbits in the placebo group. For the 3 rabbits in the raxibacumab 
treatment group that died and had a CSF to plasma concentration ratio calculated, 2 had 
CSF concentrations that were < 16% of the concurrent plasma PA concentration. For rabbit 
L35562 the PA concentration of the CSF was almost 7-fold higher than the concurrent 
plasma PA concentration (table 5). Overall, PA does enter into CSF. The applicant states 
that rabbit L35562 was euthanized on Day 3 due to an impaired hind limb. It is therefore 
not possible to determine from these results if the atypically high PA concentration in the 
CSF for rabbit L35562 is the result of a compromised blood-brain barrier in advanced 
anthrax disease, if that value represents an artifact due to difficulty in specimen collection, 
or if it reflects post mortem changes. The histological examination revealed moderate to 
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marked lymph node lesions suggesting the rabbit was seriously intoxicated by anthrax 
toxins in addition to being bacteremic, but there is no evidence to link the hind limb 
impairment to the extremely high level of PA in the CSF of this animal.  
 
The CSF/PA concentration results with the CSF to plasma PA concentration ratio for the 
rabbits that died and survived in the placebo and raxibacumab treatment groups are 
summarized in table 4, table 5 and table 6. 
 
                         Table 4: CSF/PA concentration and CSF to plasma PA in rabbits that died from the placebo                             
                                  group 
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           Table 5: CSF/PA concentration and CSF to plasma PA in rabbits that died from  

                           raxibacumab treatment group 

 
 
 
 

 Table 6: CSF/PA concentration and CSF to plasma PA in rabbits that survived 

 
 
3.3 Immunohistochemical staining for endogenous IgG 
As mentioned earlier, four sections of the brain were examined by immunohistochemical 
staining. Positive staining for endogenous IgG was found in various cell types such as 

Reference ID: 3173953



Division of Anti-Infective Products 
Clinical Microbiology Review  
Biological License Application 

 
BLA # : 125349   Page 19 of 39 
Date Review Completed: 08/13/2012  Clinical Microbiology Review 
 
 

 

astrocytes, choroid plexus epithelium, endothelial cells, ependymal cells, meninges, 
neurons, oligodendroglia, and intravascular heterophils. The cells types were scored and 
averaged for the brain tissues of each animal.  Tables 7 and 8 show the stainisng results for 
various cell types.  Figure 5 shows histochemical staining for two sections of the brain  
arrows point to positively staining cells. The applicant states that in general rabbits with 
inflammation in the brain exhibited greater intensity and frequency in staining than 
challenged rabbits with no diagnosis of hemorrhage, inflammation or necrosis. 
Rabbits with the most severe and widespread brain lesions had the most intense and 
widespread staining for endogenous IgG in neurons and neuropil. All five rabbits 
with severe lesions (on the basis of having a score of moderate or marked for 
inflammation, hemorrhage, or necrosis within the brain) - i.e., L35554, L35560, 
L35561, L35575, and L35548 from Group 1 - had immunopositive staining of 
neuropil around inflamed vessels and all had neuronal staining associated with areas 
of necrosis or perivascularly associated with inflamed vessels and/or bacteria. Even 
among animals with less severe brain lesions (i.e., L35553, L35562, and L35582 
from Group 1 and L35 576 from Group 2), immunopositive staining was often 
associated with lesions (necrosis, inflamed vessels, hemorrhage, and/or perivascular 
bacteria).  
 
Table 7: Average staining by cell type for Endogenous IgG in the brains of New Zealand white rabbits with inflammation    
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presence of raxibacumab in the plasma of all of the raxibacumab treated rabbits.   
Exogenous IgG antibodies were present in all of the infected animals. The brain of all non- 
surviving rabbits from both treatment arms, raxibacumab and placebo, with inflammation 
in the brain showed a greater intensity of endogenous IgG than rabbits with only diagnoses 
of hemorrhage. This was consistent with leakage of immunoglobulins through damage to 
the blood-brain barrier. 
 
4. STUDY 1141 – Added Benefit 
 
Background 
 
4.1 Dose Selection and Time of Treatment  
Study 1141 Added benefit study.  
Three  studies were undertaken by Battelle working in conjunction with NIH.  The rabbits 
30 animals /arm in 3 separate arms were exposed to spore challenges of 200 x LD50 and 
treated at either 48, 72, or 96 hours  with daily doses levofloxacin ( 50 mg/kg) for 3 days.     
The results showed that survival rates of approximately 50% were observed when rabbits 
surviving to 96 hours post-spore exposure were treated with levofloxacin (table 9) although 
only 50% of the enrolled rabbits were alive at 96 hours to obtain treatment and 50% of the 
96 hour treated animals survived to 30 days.  When treatment was administered at 48 hours 
post-challenge all animals were still alive, and 88% of those treated survived to 30 days 
post challenge. Seventy percent of the animals were available for treatment after 72 hours 
post challenge and of these 71% survived for 30 days when treated with levofloxacin.   
 

Table 9: NIH/Battelle study: Levofloxacin administered at 48, 72 and 96 hours 
                         post spore challenge 

 
 
Table 10 shows that in a second study, a lower survival rate (40%) was observed in rabbits 
treated with levofloxacin at 96 hours. However, the number of animals alive to be treated at 
96 hours post spore exposure was also smaller (31%).  
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                      Table 10: NIH/Battelle levofloxacin administered at 96 hours post spore challenge  

 
A third study examined treatment with levofloxacin at 72 hours post spore exposure. In this 
study, the number of rabbits surviving to be treated at 72 hours was 56% and the number of 
rabbits surviving after treatment was 80% (table 11).  
 
Table 11:  NIH/Battelle Study 3:  Levofloxacin administered at 72 hours post spore challenge 

 
In a previous study, Human Genome Science (HGS) found that approximately 50% and 
33% of rabbits were alive for treatment at 72 and 96 hours, respectively.  
Survival with levofloxacin treatment ranged from 80% when treatment was initiated at 72 
hours post spore exposure to 40-50% when treatment was initiated at 96 hours. Overall, it 
was difficult to have enough live animals for treatment intervention following anthrax 
challenge in order to achieve a 50% target survival rate with levofloxacin treatment. Table 
12 shows the survival of placebo treated animals. The largest numbers of animals survived 
when the time-span between spore challenge and treatment was shortest – 72 hours post 
exposure.  
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Based on the NIH/Battelle and HGS data, treatment between 72 and 96 hours post spore 
exposure appeared to be appropriate to attempt to achieve the required balance to 
demonstrate added benefit with the inclusion of raxibacumab. 
 

           Table 12:  Rabbit survival at 72, 84 and 96 hours in HGS studies- placebo-treated animals. 

 
 
The levofloxacin dose of 50 mg/kg was selected because it provided exposures 
intermediate to the human exposures at 500 and 750 mg (table 13). The 500 mg dose for 
humans gave a Cmax of 5.1 µg/mL and a AUC0-∞ was 47.9 mcg.h/mL  while the 50 mg/kg 
dose for rabbits resulted in a Cmax of 8.7 µg/mL and a AUC0-∞ was 66.7 mcg.h/mL.  The 
PK parameters for the 50 mg/kg animal dose are significantly different from the human 500 
mg dose.  The determination of effect of this variance is out of the scope of the 
microbiologist.        
 

Table 13: Levofloxacin exposures for rabbits compared with exposures for humans  administered  
           500 or 750 mg levofloxacin doses. 

 
 
In the raxibacumab/levofloxacin combination study previously performed in rabbits (Study 
781-G923701), 50 mg/kg levofloxacin provided 95% survival rate (20/21 animals) 
compared with 0% (0/12) survival in the placebo-treated animals.  Neither the exposure nor 
efficacy of levofloxacin (95% survival in both treatment groups) was altered by 
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concomitant administration of 40 mg/kg raxibacumab. The systemic anthrax infection was 
indicated by PA toxemia or increased body temperature 
 
5.  THE ADDED BENEFIT STUDY (STUDY 1141-CG920871) 
The sponsor was requested to perform this study in which the survival rate of raxibacumab 
was at least similar to that of the rate in the 2001 attack i.e. 55%  rather then the rate 
obtained (85-100%) when the antibiotic was administered as soon as systemic disease was 
observed.  
 
The Added Benefit study (Study 1141-CG920871) Added Benefit of Raxibacumab with 
Levofloxacin vs. Levofloxacin as Post-exposure Treatment in the New Zealand White 
Rabbit (NZW) Inhalational Anthrax Model was a parallel-group, randomized, double-
blind, placebo-controlled Good Laboratory Practices (GLP) study in healthy male and 
female NZW rabbits. The purpose of the study was to evaluate efficacy of raxibacumab 
when administered in combination with levofloxacin as a therapeutic treatment against 
lethality due to inhalational anthrax.  
 
5.1 Objectives 
The primary objective was to evaluate the added benefit against lethality of a combination 
of raxibacumab and levofloxacin compared with levofloxacin alone when administered at a 
pre-determined time-point following inhalation of B. anthracis by NZW rabbits. The 
selected time-point was 28 days after the completion of treatment.  
 
5.2 The primary end-point  
The primary endpoint was comparison of the number of animals alive after Day 28 post 
levofloxacin or levofloxacin/raxibacumab administration. 
Figure 6 shows the design of the study.  The rabbits were challenged at Day 0 and 
treatment stared at 84 hours post spore challenge. PA concentration and the presence of 
bacteremia were triggers for treatment. 
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Figure 6:  Study design of Trial 1141 

 
 
5.3 Methodology 
Two hundred and ten (210) NZW rabbits, approximately 50% male and 50% female 
weighing between 2.75 kg and 4.5 kg were obtained from . 
The rabbits were shipped in 3 separate shipments of 70 animals each to the Battelle 
Biomedical Research Center (BBRC) where the study was performed.  One hundred and 
eighty (180) rabbits were required for the study. The 29 extra rabbits served as 
replacements should a rabbit require removal from the study prior to spore challenge. The 
intent to treat population contained one rabbit that was excluded because of failure of the 
vascular access port.  L23077, L29372, L23084, L33734, L33761, L33758, L34865, 
L34862, L34871, L35250, L35251, and L35256 were enrolled in the study, but not 
challenged, and were replaced by L29363, L29370, L29373, L33726, L33739, L33751, 
L34840, L34842, L34844, L35264, L35277, and L35278, respectively. The reason for 
exclusion was not stated. 
 
The rabbits were surgically implanted with vascular access ports (VAP) by the vendor. 
Following a quarantine period of a minimum of 7 days, the rabbits that were in good 
health, free of malformations, and exhibited no signs of clinical disease, as evaluated by a 
veterinarian were used in the trial. Rabbits from the first shipment were randomized to 1 of 
2 challenge days (designated A and B) such that 30 animals were to be challenged on each 
day (15 males and 15 females on each challenge day). Rabbits from the second shipment 
were randomized to 1 of 2 challenge days (designated C and D). Rabbits from the third 
shipment were equally randomized to days designated E and F. 
Ten rabbits from each shipment were randomized to the replacement. The challenge 
order within each challenge day was also randomized. Table 14 shows the  B. antthracis 
spore challenge groups.  Individual rabbits were placed in a plethysmography chamber in a 
Class III cabinet chamber. The actual concentration of spores administered to each animal 
was determined by the culture of effluent streams by an in-line impinger from individual 
animal’s exposure port. 
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Table 14: Planned B. anthracis spore challenge groups. 

 
 
Following aerosol exposure of the targeted 200 LD50 [2.1 x 107 spores] dose of B. 
anthracis [Ames strain] spores treatments were initiated at 84 hours post-challenge. 
Animals surviving to 84 hours (76) were randomized to receive levofloxacin (50 
mg/kg/day (Levaquin® Oral Solution containing levofloxacin 25 mg/mL) (Lot AEB2V00) 
was administered by intragastric gavage for 3 days plus raxibacumab (40 mg/kg single 
intravenous infusion; 0.8 mL/kg) or placebo (raxibacumab buffer; 0.8 mL/kg).  The 
raxibacumab or buffer was administered through the VAP. Therefore one group received 
levofloxacin and raxibacumab and the other group received levofloxacin and placebo. The 
animals were dosed once at 84 hours and then every 24 hours for the remaining 2 days. The 
animals were observed for up to 35 days. Table 15 and figure 7 show the disposition of the 
rabbits. 
  
                    Table  15: The number of rabbits that were spore challenged and treated with levofloxacin  
                    and placebo or levofloxacin and raxibacumab 
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Blood samples were collected to measure bacteremia by culture, plasma PA levels, plasma 
raxibacumab levels, levofloxacin levels, toxin neutralizing antibody levels, and anti-
raxibacumab antibodies. Table 16 shows the schedule of blood collection and tests 
performed. 
 
                                Table 16: Schedule of assays performed using the blood of Bacillus anthracis  
                                    infected New Zealand White rabbits  

 

 
 
The primary efficacy analysis was the comparison of the 28-day survival after treatment  
between the raxibacumab/levofloxacin combination group and the levofloxacin only group. 
The analysis was performed in the intent-to-treat (ITT) population. ITT was defined as all 
animals that were assigned to the randomized dosing vials irrespective of the actual 
treatment the animals received. Of note, all animals received the treatment to which they 
were randomized, so the ITT population was the same as the as-treated population. 
 
At 84 hours post spore exposure 76 (42%) of the animals remained alive to be randomized 
to levofloxacin (50 mg/kg/day by oral gavage x 3 days) plus raxibacumab (40 mg/kg single 
IV injection) or levofloxacin plus placebo. Table 17 shows the treatment assignments for 
this study. 
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     Table  17: Treatment assignment by challenge set and day 

                 
 
6. RESULTS 
The primary endpoint of the study was survival at Day 28 post spore exposure. At Day 28, 
there were 32 survivors in the raxibacumab combination group compared with 24 survivors 
in the levofloxacin-only treatment group (Figure 8). Although the difference in survival 
rate between the groups 32/39 (82%) for the raxibacumab/levofloxacin group versus 24/37 
(65%) of the animals in the levofloxacin only group did not reach statistical significance 
(p = 0.0847), raxibacumab treatment conferred an absolute increase in survival of 17%. 
This increase is clinically meaningful and indicates an outcome in the antimicrobial plus 
raxibacumab arm that is higher than the outcome in the antimicrobial only arm. Consistent 
with the results obtained in the previous combination studies, this study confirmed that 
raxibacumab does not interfere with antibiotics and may be additive to their effect. 
 
                   Figure 8: Primary efficacy endpoint-survival at 
                                                     Day 28( Added benefit study) 

 
Figure 9 shows the survival curve for the 2 treatment groups starting at 84 hours. Notably, 
the vast majority of deaths occurred before 156 hours, while there was still levofloxacin 
circulating at concentrations above the MIC90.  This effect was not the result of “late death” 
due to germination of residual spores after antimicrobial exposure had ended. 
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Figure 9: Survival curve after 84 hours ( Added Benefit 
                                           Study) 

   
This study achieved a survival rate with antimicrobial treatment (65%) that was consistent 
with the survival rate of 55% observed in human subjects in 2001 and suggests that 
raxibacumab, even administered late in the course of the disease when over half of the 
animals have already succumbed, confers a survival benefit over antimicrobial alone. 
Figure 10 shows the survival curve of the animals that died before treatment. Notably the 
rabbits started to die about 48 hours post-challenge and 50% were dead by 72 hours after 
spore-challenge. 
 
   Figure 10: The survival curve of untreated rabbits 

 
 
Figure 11 looks at survival from the day of challenge for the 76 animals that were treated 
after 84 hours. The figure shows that the rabbits in the levofloxacin-raxibacumab group had 
a greater probability of survival than those in the levofloxacin only group. The difference 
was not statistically significant,  
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 Figure 11: Survival from 76 spore challenged surviving  
 rabbits at 84 hours   

 
 
6.1 Bacteremia  
Bacteremia ranged from 5.63 x 102 to 1.2 x107 at 24 hours..  Of the rabbits that were 
challenged 99% were bacteremic before treatment with levofloxacin or 
raxibacumab/levofloxacin. The exception was rabbit  L34828 which remained negative 
through treatment with levofloxacin/raxibacumab. Rabbits  L35281 and L33701with 6.93 x 
104 and 0 bacteria respectively at 24 hours died before 84 hours. L33701 was bacteremic 
by 36 hours post-challenge. 
 
Within 2 hours after the administration of the first dose of levofloxacin and treatment with 
raxibacumab 16 of these animals (42.1%) were already negative for bacteremia. Of the 34 
raxibacumab/levofloxacin-treated animals alive 32 (94.1%) were negative for blood 
cultures 24 hours following the first dose of levofloxacin. The 2 animals with positive 
blood cultures at 24 hours following the first dose of levofloxacin (L35259 and L35261) 
were negative for blood cultures 2 hours after receiving their second dose of 
levofloxacin. Of the 7 animals treated with raxibacumab/levofloxacin that succumbed to 
anthrax, 4 animals (57%) were not bacteremic at death. This shows the efficacy of 
levofloxacin in eliminating the B. anthracis vegetative cells. To achieve sterilization 
however, the spores must either be killed or be induced to germinate and the vegetative 
cells killed by the antibiotic. The mechanism of elimination of the ungerminated spores  
many of which are injested by macrophages, is unclear.  
 
Of the rabbits treated with levofloxacin alone 36/37 animals (97.3%) were alive 2 hours 
following the first dose of levofloxacin. Ten of these 36 animals (27.8%) had negative  
blood cultures 2 hours following their first dose of levofloxacin. All 29 of the animals alive 
at 24 hours following the first dose of levofloxacin were negative for bacteremia. No 
animals were bacteremic or died beyond 3 days post the last dose of levofloxacin. Of the 
13 animals treated with levofloxacin alone that died of anthrax, 11 animals (84.6%) were 
not bacteremic at death.  
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These data suggest that levofloxacin given late in the disease progression is able to 
eliminate bacteria from the blood of previously bacteremic animals. However, even though 
blood samples were sterilized, PA toxin persisted for days after the rabbit converted to 
bacteremia negative for example 96 hours after initiation of treatment approximately 29% 
of the rabbits were still PA positive with an average of 12.4 ng/mL. Animals treated with 
levofloxacin are not completely protected from the lethal effects of an inhalational 
exposure to B. anthracis. Table 18 shows the results with respect to bacteremia. 
 
6.2 Minimal inhibitory concentration of isolates 
The levofloxacin MIC of the B. anthracis isolates from terminal and 2 hour PT1 ranged  
from 0.25 mcg/mL to 1.0 mcg/mL with a MIC90 of  0.5 mcg/mL. The quality control 
organisms were S. aureus and B. anthracis B35. 
 
                    Table 18: Incidence of bacteremia over time in rabbits that survived 

 
 
6. 3 Protective Antigen 
Protective antigen (PA) concentrations were measured using a quantitative ECL assay. 
Table19 shows that PA was first detected in blood of untreated animals and both treatment 
groups (Levofloxacin/Raxibacumab and Levofloxacin only at approximately 30 hours post 
spore exposure. Table 20 and Figure 12 show the concentration of PA in the levofloxacin/ 
raxibacumab and levofloxacin only groups of the survivors, non-survivors and untreated 
animals that died. The average PA concentration of the 13 non-survivors was 
approximately 5 times as high as the PA of the 24 survivors of the levofloxacin only group. 
Whereas in the raxibacumab/levofloxacin group the PA concentration of the 7 non-
survivors was approximately 10 times as high as the 32 survivors. One hundred and four 
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Figure 13: Plasma Protective Antigen concentration –time profiles in treated rabbits that died and       
                those that survived to study termination 
 

 
6.4 Quantitative Bacteremia and PA concentrations   
The quantitation of bacteria was done at 4 time-points 24 hours post median 
challenge time, immediately prior to treatment initiation, 24 hours post 1st levofloxacin 
dose, and 2 days following the last levofloxacin dose. The two parameters correlated 
significantly prior to treatment for the animals that were treated and at 24 hours post-
challenge for untreated animals. For the 76 animals that were treated the correlation  
coefficient between bacterial count and the PA concentration was 0.854 ( p<0.0001) and 
among the 104 animals that died before treatment the correlation coefficient between the 
bacterial counts and PA levels was 0.923 (p<0.0001). Therefore there appears to be a 
relationship PA concentration and death of the animal. 

 
6.5 Toxin Neutralizing Assay  
The TNA assay was used to quantify the neutralizing antibodies against Bacillus anthracis 
lethal toxin in plasma. The TNA titers of the surviving rabbits at pre-challenge and Day 28 
post-challenge are shown in table 21. The data show that there was no significant 
difference in the mean TNA titers between pre-challenge and post-challenge titers of 
antibodies at Day 28 in both the levofloxacin and levofloxacin/raxibacumab treatment 
groups.  
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           Table 21: Toxin neutralizing titers of surviving rabbits treated with levofloxacin and      
           levofloxacin/raxibacumab 

 
 
6.6 Necropsy and Histopathology 
Necropsies were performed on all spore challenged animals that died before treatment and 
those that survived until Day 35. The tissue examined were the brain, lungs, and large 
intestines; enlargement of mediastinal lymph nodes; fluid (effusion) in multiple body 
cavities, mesentery, thymus, and skin; and cystic structures in the lung. Table 22 shows a 
list of tissues that were evaluated.  
In three levofloxacin-treated animals (L23083, L34808, L34816) and one 
raxibacumab/levofloxacin treated animal (L33730), large rod-shaped bacteria were present 
in one or more organs, including the brain, lung, bronchial and mediastinal lymph nodes, 
and spleen. The remaining animals from both treatment groups lacked visible bacteria in 
any organs, although all of these animals had positive bacteremia results in the blood 
collection prior to death and/or inflammation and hemorrhage typical of anthrax in one or 
more organs. One early death (L33722) in the levofloxacin-treated group had no gross or 
microscopic findings associated with anthrax infection. However, this animal was 
bacteremic prior to treatment and for 2 hours after the first dose levofloxacin. The cause of 
death of this animal was not determined. 
 
Table 22: List of tissues examined histologically from rabbits in both levofloxacin and 
levofloxacin/raxibacumab treatment arms. 

Tissue examined   Levofloxacin 
(50 mg/kg x 3) + 
Placebo Incidence (mean
severity) 

N = 13 

Levofloxacin 
(50 mg/kg x 3) + 
Raxibacumab (40 mg/kg) 
Incidence (mean severity) 

N = 7 
Brain   
 

# of samples examined  
Bacteria  

13 
1(0.2) 

6 
0 (0) 

Lung # of samples examined  
Bacteria 

13 
2 (0.4) 

7 
No value 

Lymph node –
(Bronchial)  

# of samples examined  
Bacteria 

13 
2 (0.3) 

7 
0.(0) 

Lymph node – 
(mediastinal) 

# of samples examined  
Bacteria 

13 
2 (0.5) 

7 
1 (0.3) 

Spleen # of samples examined  
Bacteria 

13 
0.(0.0) 

6 
1(0.2) 
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7. NON-CLINICAL INFORMATION 
 
7.1 Antimicrobial Spectrum of Activity 
Raxibacumab is used for the treatment of inhalation anthrax caused by Bacillus anthracis 
 
7.2 Mechanism of Action 
Anthrax toxin is an A/B toxin comprised of 3 proteins.  The lethal factor (LF) and edema 
factor (EF) components make up the active (A) portion and PA (protective antigen) the 
binding (B) portion of the toxin. PA83 is an 83 kDa molecule responsible for the cytosol 
translocation of LF, a protease with specific activity against mitogen activated protein 
kinase (MAPPKs) and EF, an adenylate cyclase that leads to the host edema response. In 
the natural infectious process, PA binds to the integrin-like I domains of its two host cell 
receptors, anthrax toxin receptor (ATR or ATXR1) and the capillary morphogenesis 
protein 2 (CMG2 or ATXR2), which are found on human macrophages and other tissues.  
The series of events that leads to cell death are as follows: PA83 first binds to the toxin 
receptor, ATXR1 or ATXR2, where PA83 is enzymatically cleaved to form PA20 and PA63. 
PA63 heptomerizes into a ring-shaped structure (pre-pore) and exposes the binding sites for 
LF and/or EF. This complex is internalized into an endosome. Subsequent acidification of 
the endosome causes the formation of a membrane-spanning pore, through which bound 
LF and EF are translocated to the cytosol where their respective enzymatic activities lead to 
the death of the cell.   
 
ABthrax a 145 kDa, recombinant, humanized, IgG1 λ  monoclonal antibody binds the 
soluble, unbound, monomeric protective antigen (PA83) in the receptor binding moiety of 
lethal (LF) and edema (EF) factors. Since raxibacumab binds PA in the same region where 
PA binds its cellular receptor, PA cannot bind to the cell. This causes the cascade of events 
that lead to the cessation of toxin formation. Therefore there is no formation of the 
endosome heptomeric ring or binding of LF or EF. Because the domain in which PA is 
located is conserved within Bacillus anthracis strains (Ames, Sterne and Vollum), 
raxibacumab is active against all of these strains.  
 
7.3 Intracellular Antimicrobial Concentration Assessment 
Intracellular antimicrobial assessment studies have not been performed. Raxibacumab is 
active against PA on the surface of human macrophages and other tissues.  
 
7.4 Mechanism of Resistance 
No resistance studies to raxibacumab have been performed. 
  
7.5 Miscellaneous 
Jernigan et al., 2001 described  the clinical presentation and the course of anthrax in 10 
persons infected with inhalation anthrax during the 2001 bioterrorism attack in the U.S.A.  . 
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        Figure 15: Histological staining of various tissues from a non-fatal case of B.anthracis. 

       

 
7.6 Susceptibility Test Methods and Methods for the Detection of Resistant    
      Organisms 
The MIC for levofloxacin was determined for B. anthracis by the use of positive blood 
cultures from terminal animals that received at least one dose of levofloxacin and died from 
anthrax before Day 35.  If the terminal sample was unavailable the bacteria from the last 
positive blood culture was used. No susceptibility tests were required for raxibacumab. 
 
8. ANIMAL AND HUMAN STUDIES 
Please see the background section above because B. anthracis is a category 4 microorganism 
studies were not performed on humans. Please refer to studies contained in documents Dr. 
Lynette Berkeley in BLA 125349 submitted in 07/13/2009 and Dr. Maureen Davidson 
10/14/2009. 
 
8.1 Human Pharmacologic Studies 
Please refer to Clinical Pharmacological review for pharmacological studies Dr Kim 
Bergman 11/12/2009.  
                              
9. STUDY INTERPRETATION 
There appeared to be no statistically significant improvement (p = 0.0874 ) in survival rates 
between the animals treated with levofloxacin and 40 mg/kg of raxibacumab (32/39 = 
82%) over those treated with levofloxacin monotherapy (24/37 = 65%).  
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However, the raxibacumab treatment conferred an absolute difference in mortality rate of 
17%, reducing the percentage of deaths nearly in half raxibacumab versus placebo teatment 
(7/39, 18%, versus 13/37, 35%).  
 
10. SUSCEPTIBILITY TEST QUALITY CONTROL DATA 
The levofloxacin minimal inhibitory concentrations for B. anthracis B35 were 0.25, 0.5, 
and 1.0 mcg/mL and  S. aureus 0.25 mcg/ml.  
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BLA Number: 125349 Applicant: Human Genome            
Sciences, Inc.  

Stamp Date: 06/15/2012 

Drug Name: Raxibacumab BLA Type: Original  

 
On initial overview of the BLA application for filing: 
  

 Content Parameter Yes No Comments 
1 Is the microbiology information (preclinical/nonclinical 

and clinical) described in different sections of the BLA 
organized in a manner to allow substantive review to 
begin?  

 
 
X 

  

2 Is the microbiology information (preclinical/nonclinical 
and clinical) indexed, paginated and/or linked in a manner 
to allow substantive review to begin? 

 
X 

  

3 Is the microbiology information (preclinical/nonclinical 
and clinical) legible so that substantive review can begin? 

 
X 

  

4 On its face, has the applicant submitted in vitro data in 
necessary quantity, using necessary clinical and non-
clinical strains/isolates, and using necessary numbers of 
approved current divisional standard of approvability of the 
submitted draft labeling? 

 
 
X 

  

5 Has the applicant submitted any required animal model 
studies necessary for approvability of the product based on 
the submitted draft labeling? 

 
X 

  

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

 
X 

  

7 Has the applicant submitted the clinical microbiology 
datasets in a format which intents to correlate baseline 
pathogen with clinical and microbiologic outcome? 

 
X 
 

  

8 Has the applicant submitted draft/proposed interpretive 
criteria/breakpoint along with quality control (QC) 
parameters and interpretive criteria, if applicable, in a 
manner consistent with contemporary standards, which 
attempt to correlate criteria with clinical results of 
NDA/BLA studies, and in a manner to allow substantive 
review to begin? 

   
 
 
Not applicable 

9 Has the applicant submitted a clinical microbiology dataset 
in an appropriate/standardized format which intents to 
determine resistance development by correlating changes in 
the phenotype (such as in vitro susceptibility) and/or 
genotype (such as mutations) of the baseline pathogen with 
clinical and microbiologic outcome? 

   
 
Not applicable 

10 Has the applicant used standardized or nonstandardized 
methods for measuring microbiologic outcome?  If 

 
X 
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 Content Parameter Yes No Comments 
nonstandardized methods were used, has the applicant 
included complete details of the method, the name of the 
laboratory where actual testing was done and performance 
characteristics of the assay in the laboratory where the 
actual testing was done? 

  

11 Has the applicant submitted draft labeling consistent with 
current regulation, divisional and Center policy, and the 
design of the development package? 

 
X 

 Labeling has to be 
revised to exclude 
references to in vivo 
studies 

12 Has the applicant submitted annotated microbiology draft 
labeling consistent with current divisional policy, and the 
design of the development package?  

 
X 

  

13 Have all the study reports, published articles, and other 
references been included and cross-referenced in the 
annotated draft labeling or summary section of the 
submission?   

 
 
X 
 

  

14 Are any study reports or published articles in a foreign 
language?  If yes, has the translated version been included 
in the submission for review? 

  
X 

 

 
 
IS THE MICROBIOLOGY SECTION OF THE APPLICATION FILEABLE? ___Yes. 
 
If the BLA is not fileable from the microbiology perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
The applicant has addressed previous comments. 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 

 
 
 

Lynette Y. Berkeley                                                                            07/06/2012 
Reviewing Microbiologist      Date 
 
Fred Marsik, Ph.D.                                                                              7/6/12 
Microbiology Team Leader      Date 
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Date Company Submitted:02/15/2012    
Date Received by CDER: 02/16/2012    
Date Assigned: 02/20/2012 
Reviewer: Lynette Y. Berkeley 
 
SPONSOR  
Human Genome Sciences, Inc., 
14, PhD, RAC 
Human Genome Sciences, Inc., 
14200 Shady Grove Road 
Rockville, Maryland 20850 
 
DRUG PRODUCT NAME 
Proprietary: ABthrax™  
Established: Raxibacumab (HGS1021), PAmAb 
Antibody Class/Type : IgG1λ 
 
Molecular weight :  Approximately 145 kDa 
 
PROPOSED INDICATION  
Treatment of Inhalational Anthrax 
 
DISPENSED 
Rx. 
 
RELATED DOCUMENTS 
BLA 125349 
IND  11069 
 
REMARKS 
The submission addresses the major reasons for the complete response letter among which 
are the added benefit studies. The endpoint was survival at 28 days post infection with a 
200 x LD50 dose of Bacillus anthracis spores. All of the tests listed in this submission were 
already evaluated in IND11069. There were no new tests related to microbiology.   
One important change was noted and this was the completeness of the description of 
actions e.g. “If possible, the remaining CSF was filtered, tested for sterility, stored at ≤ -70º 
C and shipped overnight on dry ice to the sponsor for quantitative PA and raxibacumab 
concentration assessments.” It is felt that this is a result of previous comments.  
  
CONCLUSIONS AND COMMENTS 
This submission is a request for a type B meeting from the sponsors of ABthraxTM . The 
objective is to receive FDA input regarding the adequacy of the data to 
support re-submission of the raxibacumab BLA (125349) after a complete response letter 
(CRL) of November 2009.  
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. The indication is the therapeutic treatment of patients with inhalation anthrax disease.  
 
One of the reasons for the CRL was the conduct of the added benefit study. FDA suggested 
that the study should be so designed as to have an antibiotic survival rate more in line with  
that observed during the anthrax attacks in humans in 2001 (approximately 55%) rather 
than the survival rate (85-100%) which was observed when the animals were treated too 
soon after the administration of the anthrax spores. The sponsor summarized three added 
benefit studies. They provided the rational for (1) the time of treatment as 84 hours post 
administration of the spores (2) treatment with 50 mg/kg of levofloxacin. The third study 
showed that there was a decrease of lethality when raxibacumab was added to the 
levofloxacin treatment.  
The sponsor also presented histological studies of the central nervous system and other 
organs of rabbits that had either died of anthrax or were euthanized at the end of the study. 
The severity of bacteria found in the brain, lung and spleen relative to time to death was 
examined. It was found that raxibacumab treated animals tended to live longer even though 
high concentrations of bacteria were found in the brain.  No B. anthracis was found in the 
appendices or the livers of infected and raxibacumab treated animals. As expected in all 
organs the concentration of bacteria were higher in the placebo treated animals than in the 
raxibacumab treatred ones.     
The sponsor submitted a number of questions for discussion. None of these questions was 
related to microbiology.  
 
Comments 
 
None 
 
 INTRODUCTION 
The subject of this IND is raxibacumab for the treatment of inhalational anthrax.  
The sponsor is requesting a type A meeting with the FDA. The objective of this meeting is 
to receive FDA input regarding the adequacy of the data to support resubmission of the 
raxibacumab BLA (125349). The sponsor proposes to address  all of the deficiencies noted 
in the Complete Response Letter (CRL) dated 14 November 2009 and will provide the 
appropriate updates to the quality sections. 
 
Raxibacumab is a monoclonal antibody directed against protective antigen (PA) which it 
binds and competitively prevents the binding of the lethal (LF) and edema factors (EF) to 
PA.  LF and EF are critical components for the establishment of anthrax disease (for details 
see microbiology reviews dated 1/23/2009). 
On July 22, 2009, the sponsor was requested to conduct a series of in vitro assays to 
examine 
• the effect of sequence and timing of addition of raxibacumab and Bacillus anthracis (B. 
anthracis) toxin (PA, PA + LF), and PA + LF and EF) on cell protection or cell toxicity. 
• the role of Fc portion of raxibacumab in exhibiting its mechanism of action. 
The sponsor was also requested to provide study protocols for review prior to initiation of 
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studies. The sponsor submitted an outline of two sets of experiments on August 4, 2009 
(SDN-104). In this submission the sponsor has submitted a study report entitled “effect of 
Fc Region and timing of anthrax toxin exposure on raxibacumab neutralization activity.” 
 
Biology of B. anthracis 
One of the protective mechanisms of the immune system against the anthrax toxin is the 
production of an antitoxin against the protective antigen secreted by B. anthracis. This 
antitoxin is a neutralizing antibody. The binding of raxibacumab to PA blocks the binding 
of the lethal factor (LF) and the edema factor (EF) to PA and prevents the endocytosis of 
the toxin complexes lethal toxin and edema toxin (LeTx and EdTx) into susceptible host 
cells. Figure 1 is a depiction of the mechanism of the entry of the toxins into a susceptible 
cell resulting in cell death. One of the activities of the anthrax toxin is cytolysis. The B. 
anthracis lethal toxin that comprises the protective antigen and lethal toxin, is cytolyic in 
some monocyte/macrophage cells.  This activity is the basis of the neutralizing antibody 
assay. 
 
               Figure 1. Mechanism of action of anthrax toxins and the inhibition 
               by raxibacumab 
 

 
 

 
BACKGROUND 
The initial BLA filed on 13 May 2009 provided information describing the animal efficacy 
studies, including model characterization studies in rabbits (Study 615-N104504) and 
monkeys (Study 685-G005762); a pivotal efficacy study in rabbits (Study 682-G005758) 
and confirmatory study in monkeys (Study 724-G005829); a pilot study to evaluate 
levofloxacin efficacy and PK in rabbits (Study 723-G005835); and antibiotic/raxibacumab 
combination studies in rabbits (Study 781-G923701) and monkeys (Study 789-G923702); 
along with data in rats, rabbits, and monkeys in pre- and post-exposure prophylaxis and 
treatment studies to support an indication of therapeutic treatment of inhalation anthrax 
caused by B. anthracis. The resubmission of the BLA will contain the results of the studies 
and analyses performed to address the deficiencies noted in the complete response letter. 
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           Table 4:  Rabbit survival at 72, 84 and 96 hours in HGS studies- placebo-treated animals. 

 
 
The dose of 50 mg/kg was selected because it provided exposures intermediate to the 
human exposures at 500 and 750 mg Table 5. The 500 mg dose for humans gave a Cmax of 
5.1 µg/mL and a AUC0-∞ was 47.9 µg.h/mL  while the 50 mg/kg dose for rabbits resulted 
in a Cmax of 8.7 µg/mL and a AUC0-∞ was 66.7 µg.h/mL . The PK parameters for the 50 
mg/kg animal dose are significantly different from the human 500 mg dose.  The 
determination of effect of this variance is out of the scope of the microbiologist.        
 

Table 5; Levofloxacin exposures for rabbits compared with exposures for humans  administered  
           500 or 750 mg levofloxacin doses. 

 
 
In the raxibacumab/levofloxacin combination study previously performed in rabbits (Study 
781-G923701), 50 mg/kg levofloxacin provided 95% survival (20/21 animals) compared 
with 0% (0/12) survival in the placebo-treated animals when administered to rabbits with 
systemic anthrax infection (indicated by PA toxemia or increased body temperature with a 
mean time to treatment of 28 hours), and neither the exposure nor efficacy of levofloxacin 
(95% survival in both treatment groups) was altered by concomitant administration of 40 
mg/kg raxibacumab. 
 
The Added Benefit study (Study 1141-CG920871) was a parallel-group, randomized, 
double-blind, placebo-controlled Good Laboratory Practices (GLP) study in healthy male 
and female New Zealand white (NZW) rabbits. The purpose of the study was to evaluate 
efficacy of raxibacumab when administered in combination with levofloxacin as a 
therapeutic treatment against lethality due to inhalational anthrax. One hundred ninety-
eight (198) NZW rabbits, approximately 50% male and 50% female were used: 180 were 
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required for the study with 18 extra rabbits serving as replacements should a rabbit require 
removal from the study prior to spore challenge.  
 
The animals were shipped in 3 separate shipments of 66 animals each to the Battelle 
Biomedical Research Center (BBRC) where the study was performed. Rabbits were 
surgically implanted with vascular access ports (VAP) by the vendor. Following a 
quarantine period (minimum 7 days), rabbits that were in good health, free of 
malformations, and exhibited no signs of clinical disease, as evaluated by a veterinarian at 
quarantine release were used in the trial. Rabbits from the first shipment were randomized 
to 1 of 2 challenge days (designated A and B) such that 30 animals were to be challenged 
on each day (15 males and 15 females on each challenge day) while 6 animals were to be 
randomized to the replacement group. Rabbits from the second shipment were randomized 
to 1 of 2 challenge days (designated C and D). Rabbits from the third shipment were 
equally randomized to 1 of 2 challenge days (designated E and F). 
Six animals were randomized to the replacement group for each shipment. The challenge 
order within each challenge day was also randomized. 
Following aerosol exposure (targeted 200 LD50 [2.1 x 107 spores] dose of B. anthracis 
[Ames strain] spores treatments were initiated at 84 hours post-challenge. 
Animals surviving to 84 hours were randomized to receive levofloxacin (50 mg/kg/day by 
intragastric gavage for 3 days) plus raxibacumab (40 mg/kg single intravenous infusion; 
0.8 mL/kg) or levofloxacin plus placebo (raxibacumab buffer; 0.8 mL/kg). Raxibacumab or 
placebo was administered immediately following the first levofloxacin dose.  
 
Raxibacumab and placebo were provided in individually labeled dosing vials so that the 
Study Director, technicians performing the dosing, and technicians assessing the rabbits 
were blinded to the contents of each vial. A staff member, not associated with the conduct 
of this study, who oversaw the filling of the dosing vials determined the vial identification 
for raxibacumab and placebo and documented the identification of each vial in a memo that 
was controlled by Battelle’s Quality Assurance Unit until the pathology narrative was 
ready for peer review. 
 
Rabbits were to be monitored by laboratory animal personnel for abnormal clinical signs 
(respiratory distress, inactivity, seizures and moribundity) for 35 days 
post-challenge. Monitoring was performed twice daily, except in the period between 
challenge time and up to 10 days post-challenge when clinical observations occurred every 
6 hours to allow more frequent assessment of the need for euthanasia during the period in 
which the majority of animals were expected to succumb to anthrax disease. 
Complete gross necropsies were conducted on all rabbits that died during the study to 
confirm death due to anthrax. Gross pathology, tissue preservation, and systematic 
histopathology were conducted on all animals that were treated, including survivors, for 
brain, heart, lungs, spleen, liver, kidney, and if possible, mediastinal and bronchial lymph 
nodes. The study pathologist was blinded such that they were unaware of the treatment 
administered to each rabbit. Blood samples were collected to measure bacteremia by 
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culture, plasma PA levels, plasma raxibacumab levels, levofloxacin levels, toxin 
neutralizing assay (TNA) levels and anti-raxibacumab antibodies. 
 
The primary efficacy analysis was the comparison of the 28-day survival between the 
raxibacumab/levofloxacin combination group and the levofloxacin alone group. The 
analysis was performed in the intent-to-treat (ITT) population, defined as all animals that 
were assigned to the randomized dosing vials irrespective of the actual treatment the 
animals received. Of note, all animals received the treatment to which they were 
randomized, so the ITT population was the same as the as-treated population. 
 
As shown in Figure 2, 180 animals were exposed to a target of 200 LD50 of anthrax spores, 
estimating that approximately 35% rabbits would survive until 84 hours after spore 
challenge and that approximately 32 rabbits would be available to be randomized to each of 
the 2 active treatment groups. The primary efficacy endpoint was 28-day survival, defined 
as the proportion of animals that survive to Day 28 after the last dose of levofloxacin 
treatment.  
Consistent with the estimated survival rates in untreated anthrax-infected rabbits, in Study 
1141-CG920871, 76 (42%) of the animals remained alive at 84 hours post spore exposure 
to be randomized to levofloxacin (50 mg/kg/day by oral gavage x 3 days) plus raxibacumab 
(40 mg/kg single IV injection) or levofloxacin plus placebo. Figure 2 is a diagram of 
conduct of this study.  
    
                            Figure 2 : Study design in Added benefit study (1141-CG920871) 
 

 
 
The primary endpoint of the study was survival at Day 28 post spore exposure. At Day 28, 
there were 32 survivors in the raxibacumab combination group compared with 24 survivors 
in the levofloxacin-only treatment group (Figure 3). Although the difference in survival 
rate between the groups 32/39 (82%) for the raxibacumab/levofloxacin group versus 24/37 
(65%) of the animals in the levofloxacin alone group did not reach statistical significance 
(p = 0.0847), raxibacumab treatment conferred an absolute increase in survival of 17%, 
which is clinically meaningful and indicates an outcome in the antimicrobial plus 
raxibacumab arm that is higher than the outcome in the antimicrobial-alone arm. Consistent 
with the results obtained in the previous combination studies, this study confirmed that 
raxibacumab does not interfere with antibiotics and may be additive to their effect 
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Figure 3: Primary efficacy endpoint-survival at 
                                                     Day 28( Added benefit study) 

 
Figure 4 shows the survival curve for the 2 treatment groups starting at 84 hours. Notably, 
the vast majority of deaths occurred before 156 hours, while there was still levofloxacin 
circulating at concentrations above the MIC90, and were not the result of “late death” due to 
germination of residual spores after antimicrobial exposure had ended. 
 

Figure 4: Survival curve after 84 Hours ( Added Benefit 
                                           Study) 

   
This study achieved a survival rate with antimicrobial treatment (65%) that was consistent 
with the survival rate of 55% observed in human subjects in 2001 and suggests that 
raxibacumab, even administered late in the course of the disease when over half of the 
animals have already succumbed, confers a survival benefit over antimicrobial alone. 
 
CNS study 
HGS conducted Study No. 1103-G923704 (“CNS study”) to assess terminal pathology in 
both non-surviving and surviving New Zealand White (NZW) rabbits. The secondary 
objective of the study was to evaluate the efficacy of raxibacumab when administered as a 
therapeutic treatment against lethality due to inhalation exposure to B. anthracis. 
 
The CNS study was a parallel-group, randomized, double-blind, placebo-controlled GLP 
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study in healthy male and female NZW rabbits to evaluate the histopathology in surviving 
and non-surviving animals after anthrax exposure and therapeutic treatment with placebo 
or raxibacumab. In total, 54 NZW rabbits were to be randomized by gender and body 
weight into each of 2 treatment groups (24 rabbits/group, 50% males and 50% females) 
with 6 animals serving as potential replacements. Rabbits weighing between 2.7 and 4.3 kg 
at randomization were procured from . Rabbits were 
surgically implanted with VAPs by the vendor. Two rabbits were replaced prior to spore 
challenge due to non-functioning VAPs. 
 
Rabbits were challenged with a targeted 200 x LD50 (2.1 x 107 spores) dose of B. anthracis 
spores (Ames strain). The trigger for treatment with raxibacumab or placebo for individual 
rabbits was detectable plasma PA. For each rabbit, a single IV administration of 40 mg/kg 
raxibacumab or 0.8 mL placebo (raxibacumab buffer) was administered immediately 
following detection of plasma PA (Figure 5).  
 
                                 Figure 5: Study Design for CNS study  
 

 
 
 If an animal was not treated by the 48 hour post-challenge time point (negative for PA by 
electrochemiluminescence (ECL)), the animal was to be treated after the results of the 48 
hour ECL assay were known (regardless of the result). Surviving animals were euthanized 
on Day 28 post challenge. 
Animal observations and temperature monitoring occurred approximately every 6 hours 
between 18 and 168 hours post-challenge. Monitoring was twice daily on all other study 
days. 
Death or euthanasia was recorded at the time observed and a complete necropsy was 
performed. Blood samples were also taken to assess bacteremia, qualitative plasma PA (as 
trigger for treatment) and quantitative ECL assays, plasma levels of raxibacumab, 
immunogenicity (anti-raxibacumab antibodies), and TNA. If possible, cerebrospinal fluid 
(CSF) was collected from all rabbits prior to euthanasia (including survivors euthanized on 
study day 28) or on animals found dead. The CSF fluid was tested to determine the 
presence or absence of B. anthracis. If possible, the remaining CSF was filtered, tested for 
sterility, stored at ≤ -70º C and shipped overnight on dry ice to the sponsor for quantitative 
PA and raxibacumab concentration assessments. 
Complete gross necropsies were conducted on all challenged rabbits, including survivors 
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euthanized at the end of the study. A small sample of brain was collected during gross 
necropsy, homogenized individually in phosphate buffered saline, and plated on blood agar 
plates for qualitative assessment of bacterial presence. Histopathology was conducted on 
gross lesions, brain, lungs, spleen, liver, kidney, and if possible, mediastinal and bronchial 
lymph nodes for all challenged rabbits, including survivors. Standard sections of brain were 
all bilateral and resulted in 4 total sections: (A) cerebral cortex (frontal-parietal), corpus 
callosum, and basal ganglia (caudate nuclei); (B) hippocampus, cerebral cortex 
(temporal-parietal), and thalamus/hypothalamus; (C) cerebellum including vermis and 
hemispheres, and medulla (level approximately at trigeminal nuclei). An additional section 
(D) was taken at the level of the midbrain (colliculi). The 4 brain sections were prepared 
and subjected to the following stains and immunohistochemistry: Bielschowsky stain for 
neurodegeneration and neurofibrillary plaques; Fluoro-Jade C stain for acute neuronal 
degeneration; Glial Fibrillary Acidic Protein (GFAP) to detect chronic or healed damage in 
survivors; raxibacumab and rabbit IgG. The study pathologist was blinded and unaware of 
the treatment administered to each rabbit until after the slides had been read. 
The primary efficacy analysis demonstrated that raxibacumab treatment significantly 
increased survival (45.8%, p < 0.0001) compared with placebo treatment (0%) Figure 6 is a 
bar graph showing the results.  
 
                                         Figure 6: Primary efficacy endpoint survival at  
                                                 Day 28 (CNS study) 

 
Complete necropsies were performed on animals found dead or euthanized, including the 
animals surviving to terminal sacrifice on Day 28. Gross lesions in the rabbits found dead 
or sacrificed moribund included discoloration or foci in the appendix and brain, 
enlargement of bronchial and mediastinal lymph nodes, and fluid in the body cavities and 
thymus. These gross lesions are typical of anthrax in rabbits (Zaucha et al., 1998) and 
correlated histologically with hemorrhage, necrosis, edema, and/or acute inflammation. 
As in the pivotal rabbit study (682-G005758), there was an increased incidence and 
severity of lesions in placebo-treated animals for all organs (eg, lung, bronchial and 
mediastinal lymph nodes, and spleen), except the brain. Also consistent with Study 682-
G005758, the brains of raxibacumab-treated non-survivors had a greater incidence and 
severity of lesions than the placebo-treated animals. Importantly, the raxibacumab-treated 
survivors did not exhibit clinical sequelae of adverse CNS effects, brain pathology, or the 
presence of bacteria or PA in the brain or CSF at sacrifice (Day 28). 
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Microscopic findings consistent with anthrax (Zaucha et al., 1998) were present in all 
rabbits that died or became moribund during the study except for rabbit L35568, in the 
raxibacumab treatment group. The minimal hemorrhages in brain and heterophilic 
inflammation in the mediastinal lymph node of rabbit L35568 are often observed in 
unchallenged rabbits, and the granulomatous inflammation of the mediastinal lymph node 
and moderate chronic-active nephritis are suggestive of other pathogens. In addition, rabbit 
L35568 did not have a positive brain culture for anthrax at the time of euthanasia nor was 
its CSF positive for PA. As a result, it is considered more likely that this rabbit did not die 
of anthrax.  It would have been enlightening to identify the causative organism of the lesion 
in rabbit L35568 especially since the animal infected with a lethal concentration of anthrax 
spores seemed to have been protected from the disease.  Table 6 shows the results of the 
histological studies. In general there were more bacteria in the untreated animals than in the 
treated ones in all organs examined. No bacteria were found in the appendix or in the liver 
of treated animals.   
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                                Table 6: Incidence and mean severity of selected microscopic  
                                      observations in non-surviving animals 

 

 
The severity of bacteria found in the brain, lung and spleen relative to time to death is 
shown in figure 7. The upper panel illustrates the severity of bacteria in the brain and 
indicates that the raxibacumab-treated animals with greater severity of bacteria died later 
than the placebo-treated animals. Thus raxibacumab did offer some protection.  
In the visceral organs (lung and liver), the severity of bacterial involvement was higher in 
the placebo-treated animals than in the raxibacumab-treated animals. In fact, many of the 
placebo-treated animals reached levels of bacteria in visceral organs that exceed the 
severity noted in any of the raxibacumab-treated animals. Moreover, the raxibacumab-
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treated animals that exhibited moderate bacterial involvement were among the animals that 
died early, and the animals that died late had little or no bacteria remaining in their visceral 
organs, although bacteria was present in the brain of these animals. The patterns of 
bacterial involvement are consistent with placebo-treated animals having high levels of 
bacteria in well-vascularized organs from which the animals succumb. The same is true for 
the raxibacumab-treated animals that die early: they have higher levels of bacteria in their 
visceral organs and little in their brains. In contrast, raxibacumab-treated animals that die 
later are more likely to have bacteria in the brain, although their well-vascularized organs 
have little or no bacteria. 
 
                                           Figure 7: Severity of bacteria in brain (top), lung (middle)  
                                           and bronchial lymph node (bottom) by time of death in non-survivors 

 
 
ANTIMICROBIAL SPECTRUM OF ACTIVITY 
 Raxibacumab is used for the treatment of inhalation anthrax caused by Bacillus anthracis . 
 
MECHANISM(S) OF ACTION 
Anthrax toxin is an A/B toxin comprised of 3 proteins.  The lethal factor (LF) and edema factor (EF) 
components make up the active (A) portion and PA (protective antigen) the binding (B) portion of the toxin. 
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PA83 is an 83 kDa molecule responsible for the cytosol translocation of LF, a protease with specific activity 
against mitogen activated protein kinase (MAPPKs) and EF, an adenylate cyclase that leads to the host edema 
response. In the natural infectious process, PA binds to the integrin-like I domains of its two host cell 
receptors, anthrax toxin receptor (ATR or ATXR1) and the capillary morphogenesis protein 2 (CMG2 or 
ATXR2), which are found on human macrophages and other tissues.  The series of events that leads to cell 
death are as follows: PA83 first binds to the toxin receptor, ATXR1 or ATXR2, where PA83 is enzymatically 
cleaved to form PA20 and PA63. PA63 heptomerizes into a ring-shaped structure (pre-pore) and exposes the 
binding sites for LF and/or EF. This complex is internalized into an endosome. Subsequent acidification of 
the endosome causes the formation of a membrane-spanning pore, through which bound LF and EF are 
translocated to the cytosol where their respective enzymatic activities lead to the death of the cell.   
 
ABthrax a 145 kDa, recombinant, humanized, IgG1λ monoclonal antibody binds the soluble, unbound, 
monomeric protective antigen (PA83) in the receptor binding moiety of lethal (LF) and edema (EF) factors. 
Since raxibacumab binds PA in the same region where PA binds its cellular receptor, PA cannot bind to the 
cell. This causes the cascade of events that lead to the cessation of toxin formation. Therefore there is no 
formation of the endosome heptameric ring or binding of LF or EF. Because the domain in which PA is 
located is conserved within Bacillus anthracis strains (Ames, Sterne and Vollum), raxibacumab is active 
against all of these strains.  
 
INTRACELLULAR ANTIMICROBIAL CONCENTRATION ASSESSMENT 
 
MECHANISM(S) OF RESISTANCE 
Not studied. 
  
MISCELLANEOUS 
 
SUSCEPTIBILITY TEST METHODS AND METHODS FOR THE DETECTION OF 
RESISTANT ORGANISMS 
Not studied. 
 
ANTIMICROBIAL INTERACTIONS AND FIXED COMBINATION STUDIES 
 Please see added benefit studies above for the description of new fixed combination 
studies and results. Other studies were done in IND11069. 
 
ANIMAL AND HUMAN STUDIES 
 
ANIMAL THERAPEUTIC AND PHARMACOLOGIC STUDIES 
Please see IND 11069 (N- 057, 059, 064, 072, 073, 081, 082, 083, 087, 88, 89, 90, 93, and 
96. dated 1/23/2009 and BLA 125349 8/5/2009 for studies on monkeys and rabbits. 
 
HUMAN PHARMACOLOGIC STUDIES 
The raxibacumab PK done in rabbits and monkeys was presented in the BLA 125349.  
and IND11069 SDN112. 
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PROVISIONAL INTERPRETIVE CRITERIA 
  
CORRELATION OF PROVISIONAL INTERPRETIVE CRITERIA WITH CLINICAL 
OUTCOME 
The interpretive criteria were related to the survival of animals at 28 days after infection 
with 2.1 x 107 B. anthracis spores. 
 
SUSCEPTIBILITY TEST QUALITY CONTROL DATA 
Not provided 
ESTABLISHMENT OF BREAKPOINTS FOR USE IN LABELING 
Not applicable for this study. 
 
MICROBIOLOGY SUBSECTION OF PACKAGE INSERT 
The sponsor states that the BLA resubmission will provide revised proposed labeling 
incorporating data from the new animal studies. It will be provided in structured product 
labeling (SPL) format as requested in the CRL. 
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