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Food and Drug Administration
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Silver Spring, MD 20993

Date:  2/1/2016
To: Administrative File, STN 125509/0
From: Bo Chi, Ph.D., CDER/OPQ/OPF/DMA/Branch IV
Endorsement: Patricia Hughes, Ph.D., Acting Branch Chief, CDER/OPQ/OPF/DMA/Branch IV
Subject: Addendum to review memo for New Biologic License Applications (BLA)

STN125509/0 dated 11/20/2015
Applicant: Elusys Therapeutics, Inc.
US License: 1907
Facility: Lonza Biologics, Incorporated

Portsmouth, NH
FEI: 3001451441

Product: Anthim (Obiltoxaximab)
Dosage: 600mg/6 mL single use vial, Intravenous Infusion
Indication: Adult and pediatric patients with inhalational anthrax due to Bacillus anthracis in

combination with appropriate antibacterial drugs and for prophylaxis of 
inhalational anthrax when alternative therapies are not available or are not 
appropriate

PDUFA date: March 20, 2016

Recommendation: The drug substance section of this BLA, as amended, is recommended for 
approval from product quality microbiology perspective with the following post-market 
commitments:

• Re-evaluate and establish final  bioburden and endotoxin limits for all the 
sampling points.  

• Conduct a study to qualify the bioburden test for the primary recovery samples using the 
increased sample volume (10 mL).

Review Summary 
This review amends the drug substance microbiology product quality review memo for Elusys’
BLA STN125509/0 dated 11/20/2015 with new information and data submitted by the applicant 
(amendments dated 2/3/2016, sequence 45) pertaining to endotoxin  data
for drug substance and drug product.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES                          Public Health Service

Food and Drug Administration
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Silver Spring, MD 20993

Date:  10 February 2016
To: Administrative File, STN 125509/0
From: John W. Metcalfe, Ph.D., CDER/OPQ/OPF/DMA
Endorsed: Patricia Hughes, Ph.D. CDER/OPQ/OPF/DMA
Subject: Original Biologic License Application
US License: 1907
Applicant: Elusys Therapeutics, Inc.
Facility: DP: 
Product: Anthim (Obiltoxaximab)
Dosage: Sterile solution (600 mg/6 mL) in a single dose vial for IV infusion
Indication: The drug product is indicated for the treatment of adult and pediatric patients with 

inhalation anthrax in combination with antibacterials
Sub Dates: Original Application: 20 MAR 2015; Micro Info Amendments: 15 SEP 2015,

27 OCT 2015, 13 NOV 2015, 03 DEC 2015 and 03 FEB 2016
Goal date: 20 March 2016

Recommendation:  BLA 125509, as amended, is recommended for approval from a 
microbiology product quality perspective.

INTRODUCTION
The subject BLA was submitted on 20 March 2015 for Anthim (obiltoxoaximab); an affinity 
enhanced IgG1 monoclonal antibody produced in GS-NSO myeloma cells that targets B. 
anthracis protective antigen.  The application is submitted in eCTD format.  The drug substance 
is manufactured at Lonza Biologics (101 International Dr., Portsmouth, NH).

This review covers issues pertaining to the microbiological quality of the drug product.  The 
microbiological quality review of the drug substance was performed by Dr. Bo Chi in a separate 
review memorandum.  

Microbiology Information Requests were forwarded to the applicant on 27 August 2015, 06
October 2015, 05 November 2015 and 23 November 2015. The applicant responses to these
requests were submitted on 15 September 2015, 27 October 2015, 13 November 2015 and 03 
December 2015.  The questions and applicant responses are summarized in appropriate sections 
of this review.
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BLA #125509 (Original; SDN-001) 
Date Company Submitted: 03/20/2015
Date Received by CDER:  03/20/2015
Date Assigned: 05/13/2015
Date Review Completed: 11/16/2015                         
Reviewer: Lynette Y. Berkeley            
                                                                                  
APPLICANT        
Elusys Therapeutics, Inc.
25 Riverside Drive, Unit 1’
Pinebrook, 
New Jersey

CONTACT PERSON  
Elusys Therapeutics, Inc.
25 Riverside Drive, Unit 1’
Pinebrook, New Jersey

DRUG PRODUCT NAME
a. Proprietary: Anthim 
b. Nonproprietary name: Obiltoxaximab; ETI-204
c. Antibody Class Type: IgG1κ humanized monoclonal antibody

STRUCTURAL FORMULA: 
None

Molecular weight:

Emperical Formula:

PROPOSED INDICATION
Treatment of adult and pediatric patients with inhalational anthrax due to Bacillus anthracis, in 
combination with appropriate anti-bacterial drugs and for prophylaxis of inhalational anthrax 
when alternative therapies are not available or are not appropriate.

PROPOSED DOSAGE FORM, STRENGTH, ROUTE OF ADMINISTRATION 
AND DURATION OF TREATMENT
Dosage form: Liquid solution (100 mg/mL)
Route of administration: Intravenous infusion over 90 minutes /intramuscular
Dosage: 16 mg/kg
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1.  EXECUTIVE SUMMARY
The details of the method and performance characteristics for five different types of assays are 
presented in this report. The assays relate to analyses involving the presence of the protective 
antigen (PA) in Bacillus anthracis, bacteremia a symptom of anthrax, and therapy with ETI-204. 
PA is a toxin produced by Bacillus anthracis in infected subjects, and ETI-204 is a humanized, 
deimmunized, monoclonal antibody that binds PA with high affinity, and neutralizes its toxic 
effect. ETI-204 is being proposed for use in the treatment of anthrax. 
The assays are: (i) Electrochemiluminescent (ECL) assay (screening) for detection of the PA in 
the sera of New Zealand White Rabbits and Cynomolgus monkeys, and the ECL assay for 
quantitation of ETI-204.  (ii) The direct and (iii) indirect Enzyme-linked Immunosorbent Assay 
(ELISA) for detection of PA, and anti-PA IgG antibodies respectively, in the sera of monkeys 
and rabbits.  (iv) The toxin neutralization (TNA) assay for the detection of neutralizing 
antibodies in monkeys and rabbits. (v) Culture for isolation, and differentiation of Bacillus 
anthracis from contaminating bacteria.

All of the assays have been validated. However, there were shortcomings in some of the 
parameters. One of the major weaknesses that cuts across all assays was the wide limits that were 
specified for the acceptance criteria. The second major shortcoming was the omission of some 
critical interferents that can be found in the testing of blood samples in general, this included the 
testing of different concentrations of some of the components that might interfere with the 
sample results. The most common interferent that lacked sufficient definition, was hemolysis 
which might interfere with the expression of an analyte at a high concentration, but not at low 
concentrations.  Additionally, some components specific to infection with Bacillus anthracis that 
may cross-react with PA or inhibit its detection, were omitted. 
Temperature stability of PA was evaluated in a few assays.  In general, specimens were stable for 
as many as 100 days at freezing temperature of -600C to – 800C. In one study, it was advised that 
specimens not be held at room temperature for more than 15 minutes, another study suggested 
that the specimens could be held for as long as 4 hours at room temperature without decreased 
activity.

The ECL assay used for testing of monkey and rabbit sera for PA in infected animals was 
generally acceptable. The rabbit ECL assay emphasized the fact that animals should be pre-
screened for the presence of anti – PA IgG. In the study where it was found that 12% of the 
aerosol challenged rabbits were falsely negative, anti-PA IgG was detected in 56% of the PA 
spiked hemolyzed specimens that were false-negative for PA. Some of the samples that were 
subsequently found to be positive for PA were incorrectly flagged as negative 6 to 12 hours 
earlier.  This observation is important because of the urgency required for life saving treatment. 
The applicant stated that the bacterial count at the time of negativity was ≤ 5 colony forming 
units. The applicant did not state the volume of blood that was used to inoculate the culture plate. 

Two types of ELISA assays were used in the study. The direct ELISA assay was used to 
quantitate PA in the blood of monkeys and rabbits. The indirect ELISA was used to quantitate 
antibody production in the same animals. The direct ELISA quantitated both total and free PA. 
The results of testing to support the accuracy, precision, specificity of assays for total PA by 
ELISA in cynomolgus monkeys were adequate, and met the criteria set forth for acceptability by 
the applicant. However, 27% of the high level QC values were above 300 ng/mL, the nominal 

Reference ID: 3861199





Division of Anti-Infective Products
Clinical Microbiology Review 

BLA #125509 (Original)  Page 6 of 123
               Table 1. Cutoff limits and variability ranges for Monkey and Rabbit ECL, ELISA and TNA             
                assays
 

Parameters

Assay
 

 

LOD LOQ ULOQ
Comments

Rabbit Screening
ECL*(Serum) for 
detection of PA

4 ng/mL NA NA
LOD confirmed by 
NIAID. Applicant 
stated that LOD = 
1 ng/mL

Monkey Screening
ECL (Serum) for 
detection of PA

4 ng/mL NA NA
LOD confirmed by 
NIAID. Applicant 
stated that LOD =

2 ng/mL

Monkey ELISA 
(Serum) for 
quantitation of Total  
PA in the serum

4.2 ng/mL 0.87 
ng/mL

6,400 ng/mL No comment

Monkey ELISA 
(Serum) for 
quantitation of Free PA 
in the serum

9.68 
ng/mL

9.68 
ng/mL

309 ng/mL
No comment

Rabbit ELISA (Serum) 
for quantitation of 
Total  PA in the serum

4.2 ng/mL 10.5ng/mL 410 ng/mL
No comment

Rabbit ELISA (Serum) 
for quantitation of Free 
PA in the serum

9.68 
ng/mL

9.68 
ng/mL

309 ng/mL
No comment

Monkey ELISA 
(Serum) for 
quantitation of anti-PA 
IgG antibodies

1.6 µg/mL 5.42 
µg/mL

256 µg/mL 
No comment

Rabbit ELISA (Serum) 
for quantitation of anti-
PA IgG antibodies

1 µg/mL 5µg/mL NA
No comment

Monkeys
TNA

36.6 55 NA
No comment

Rabbit 
TNA

23 39 24,000 No comment

                                      LOD = lower limit of detection, LOQ = lower limit of quantitation, ULOQ = upper limit of quantitation,
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2. REMARKS AND CONCLUSIONS

Acceptance Criteria 
In general the acceptance criteria of the assays were too wide. A wide range causes a decrease in 
accuracy. For example, the percent coefficient of variation (%CV) in the 
electrochemiluminescence (ECL) assay for detection of the protective antigen, the %CV for 
comparing results was ≤ 35%, a difference of more than one-third of the value.  However, in the 
actual tests the %CV was generally less than 10%.  This provided a greater degree of accuracy 
than the applicant-specified criteria. 

Interferents
The applicant stated in the anti-PA monoclonal antibody assay, that there were anti-PA IgG 
antibodies present in the hemolyzed samples where the results were negative. These antibodies 
would bind PA found in the serum resulting in negative values, because the PA is then not 
available to react with the putative interferent. This is important information when assessing 
results of ECL since as much as 56% of the hemolyzed samples contained anti-PA IgG. It was 
not stated if the other negative results were true negatives.

As was noted previously, there is a wide spectrum of concentrations associated with hemolysis, 
not all will affect the results of an assay. The TNA and  ECL for the quantitation of ETI-204 
were the only assays in this report in which there was an attempt to describe the level of 
hemolysis. The applicant described the level of hemolysis in interferent testing, as severe in the 
TNA assay.  In the ECL assay for the quantitation of ETI-204, the applicant measured the 
amount of hemoglobin quantitatively in milligrams /deciliter. The most accurate description 
would be to measure the optical density for hemoglobin, spectrophotometrically. 

Only one assay measured lipemia and none measured icterus, both of these conditions in blood 
can affect the quantitation of an analyte.  Most assays examined the effect of the various levels of 
lethal factor and edema factor on the PA.  None of the assays checked the effect of cross-
reactivity with other species of Bacillus e.g. Bacillus cereus. Drugs can modify chemical 
reactions; drug interference was measured in one assay that tested the effect of ciprofloxacin 
interference.

Anticoagulants play a significant role in keeping whole blood form clotting, as is necessary in 
the culture of blood. In the assay that was reviewed in this document, the anticoagulant used was 
ethylenediaminetetraacetic acid (EDTA) which has antimicrobial properties. An anticoagulant 
that is recommended for blood cultures in humans is sodium polyanethol sulfonate (SPS), which 
also inhibits the growth of some bacteria. The effect of SPS on Bacillus anthracis, to the 
exclusion of other natural inhibitory substances, superiority over EDTA, and dilution of whole 
blood, was not investigated.  It was felt in the study reviewed in this document, that EDTA did 
not play a significant role in decreasing the bacterial load.

Plates
There are advantages to the optimum positioning of samples on the microtiter plates. Placing 
samples in specific positions attempts to minimize the effects carry-over of samples and reagents 
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from one sample well to another. Many of the samples were tested in duplicate, this ensures 
greater accuracy. The value of testing samples on the same plates e.g. spiked and unspiked 
samples is that this partially eliminated the effect of the test environment, as a reason for 
variation of results. The environment and placement are especially important because the 
volumes of liquid used in these tests are small and are more subject to the influence of 
environmental conditions, than are large test volumes.

 Infected animals
A serious cause for concern is the fact that, in the rabbit study ‘Real World Sample Assessment’ 
that comprised animals that had been aerosol challenged with spores of Bacillus anthracis, there 
was a 12% false negative result. The applicant stated that some of the samples were incorrectly 
flagged as negative at 6 to 12 hours prior to treatment.  Another reason for the negative flag 
could be a result of the LOD, which might not have been able to detect the limited amount of PA 
that would be present at that time. This is critical because this difference in time to treatment 
may determine the period between life and death of a subject. The applicant also stated that some 
of the negative results occurred in samples in which the blood culture bacterial count was ≤ 5 
colonies. The adequacy of this response can be determined when the volume of blood in which 
these 5 colonies were found, is known. If the volume of the inoculum is small, 5 colonies will 
represent a significant number of bacteria in the blood circulation of the animal. The number of 
Bacillus anthracis cells in the blood circulation of a rabbit at that time, could range from 1,400 to 
7, 000. 
The correlation between the ECL assay and bacterial culture in the ‘real world’animal infected 
samples showed that the false negative rate for monkeys was 5% and for rabbits 12%.  This 
indicated an unacceptable false negative rate. It is being suggested that when ECL tests are run 
there should be back-up blood cultures.

Operator variability
The results for ELISA quantitation of total PA, in general, were just accurate enough to cause the 
assay to be acceptable. Operator variability played a leading role in the percentage of total errors. 
Additionally, values at the ULOQ were, at times, inaccurate . Therefore, although the results at 
this level may fit within the standard curve,  the samples close to the ULOQ should be diluted . 
The recovery rate posed a problem in a specimen with PA at a concentration of 1,024 ng/mL. 
The recovery rate of this spike was 80% of the expected concentration.  But, inaccuracy also was 
evident in values that were higher than the expected concentration such as 4.2 ng/mL and 10.5 
ng/mL which were too high at 117% and 120 % of PA recovery respectively, of the expected 
concentration.

Specific Assays
The ECL assay for detection of PA can produce results in approximately one hour. It is also easy 
to perform, which makes it ideal for a screening test.  The most important problem with this 
assay was that it did not detect PA in low concentrations, when a bacterial load in the blood was 
high enough to grow 5 colonies in culture.  For the assay to be effective for screening, the LOD 
needs to be lowered. 

The results of the ELISA for the presence of anti-PA IgG show that it will accurately determine 
the amount of anti-PA antibodies in a monkey serum sample. Additionally, it is easy to perform 
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and will provide results within three hours.  However, since antibodies take as much as ten days 
to develop to a detectable level, this test would not be useful in a situation that requires early 
diagnosis. Perhaps it would be more useful in a therapeutic monitoring situation or evaluating 
immune response.  

This ELISA assay was validated for the testing of monkey serum samples for the presence of 
anti-PA IgG. It cannot be used for early identification because the antibody is formed 
approximately 7-10 days after infection, but the test can be used for follow-up. The secondary 
antibody will have to be changed to a species specific antibody conjugate e.g., goat anti-rabbit 
IgG horseradish peroxidase conjugate for IgG detection in rabbit serum, or goat anti-human IgG 
horseradish peroxidase conjugate for antibody IgG detection in human serum. Cross-reactivity 
with antibodies against other organisms was not examined.

The toxin neutralization test for the detection of neutralizing antibodies appears to have mediocre 
utility with regard to anthim testing.  It is unclear whether the assay will differentiate between 
anthim and the antibodies induced in vivo.  TNA assay should not be used as a stand-alone test 
for measuring efficacy of an anti-toxin agent. The length of time taken to run the test is a 
disadvantage in a situation that requires ‘stat’ results. Another disadvantage is that studies have 
shown that 3-(4,5-Dimethylthiazol-2-YI)-2,5-Diphenyltetrazolium Bromide (MTT) can be 
reduced by agents other than mitochondrial reductase; however, many studies have shown the 
utility of this tetrazolium salt in cell viability studies. Another factor of great importance in this 
assay, as with the ECL assay, is the location of samples in the plates. Additionally, the culture of 
cells takes a significant amount of time and great care must be exercised in order to prevent 
contamination of the cells.  

Controls 
The choice of controls has also been problematic for all of the assays. A control that is comprised 
only of diluent or matrix is a blank sample/control; a negative control is comprised of a specimen 
that gives negative results. The control sample should be added to the same diluent or be 
dissolved in a matrix that is similar to that of the test samples. Additionally, there were instances 
in the assays when the calibrators were used as either the positive or negative control. In most of 
the assays in this protocol, the test/control samples were run more than once – this provided an 
additional quality assurance. 
  
Overall, there was an effort to maintain a reasonable standard of quality assurance by the use of 
more than one analyst to prepare some of the controls, mixtures and aliquots. Diligence was 
demonstrated in the temperature stability testing for storage of specimens and reagents. Assays 
were repeated on more than one day, and also in some assays, two laboratories were employed 
for test performance. Perhaps one of the greatest short comings, was the fact that many assays 
were run in too many laboratories leading to reduced consistency in methodologies and result 
reporting.
Table 1 (above) shows the Limits of Detection of the validation assays.
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Negative : ECL unit value of the sample is < the mean ECL unit value of the positive control 
(PC).
Positive :  ECL unit value of the sample is ≥ the mean ECL unit value of the positive control 
(PC).

Storage
The effect of long term storage was examined to determine the effect on results from samples 
stored at ≤ -600C; the acceptance level for the results was that at least 95% of the results after 
storage, would concur with the results before storage. The number of rabbit serum samples tested 
was 443, of these samples 431 (98%) concurred with the original results after 64 days of storage. 
For monkeys 245 samples were tested and 240 (98%) concurred with the original results up to 95 
days of storage.

Evaluation Parameters
The parameters used for the valuation of the ECL assay were as follows:
1. Sensitivity

 Limit of Detection
2. Specificity

 False negative rate
 False positive rate
 Matrix effect

3. Precision
 Composite of all tests listed above, including
 Short term stability
 Long term stability

4. Robustness

4.1.1.  ECL Screening Assay for the Detection of Protective Antigen in Monkey Serum  

4.1.1.1. Plate suitability
Fifty of the 51 plates used for the monkey studies achieved the plate suitability test acceptance 
criteria (see section on acceptance criteria).  One plate failed, and this plate resulted in a NC that 
was less than 0 (mean ECL value -12 units). The acceptance criterion for the NC was 0 ng/mL.

4.1.1.2. Specificity 
False Negative Rate 
The individual sera from 6 monkeys were spiked with 10 ng/mL of rPA. These occupied 9 plates 
with a total of 62 data points. Each sample was tested in 2 to 4 batches (replicates). The sample 
in each batch was tested in triplicate. The % CV from each triplicate ranged from 2% to 21%. All 
of the samples except 4 recorded %CV < 10% in each triplicate. Table 1 shows that all 62 results 
samples were positive i.e. there were no false negative results. The false negative rate for 
monkey serum was 0%.  The false negative rate was calculated as in equation 1.
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Equation1

 

                                Table 1: Results of 62 Samples of  Monkey Serum Spiked with Recombinant 
                                 Protective  Antigen.

False Positive Rate 
The individual serum samples from 6 naïve monkeys were tested by ECL to determine the false

positive rate. The samples were tested in 20 plates and generated 182 data points. Ten samples 
were repeated which increased the total number of data points to 192.  The samples were run in 4 
batches and each sample was run in triplicate.  The variability of test results even in the same 
sample was wide e.g., VTS#N-22 had a %CV of 350.  The tests were repeated, and all data 
points were reported as negative,  which indicates that there were no false positive results. The 
equation 2 used to calculate the false positive rate was as follows:
                           

Equation 2

Matrix effect
The matrix effect was performed using monkey serum spiked with 10 ng/mL of rPA, and 
serum that was not spiked (naïve). To both the rPA spiked serum and unspiked serum, were 
added either 10 ng/mL of rEF or 10 ng/mL of rLF or hemolytic serum. The results are shown 
in Table 2.  The mean ECL value ratios of spiked to unspiked sera recorded values such as 

VP2013-266
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209:50 or 205:32. The results were determined to be negative. All of the naïve sera were 
negative so there were no false positive results.  However, all of the 10 ng/mL rPA spiked 
samples to which 10 ng/ml rEF or 10 ng/mL rLF were added gave positive results (no false 
negative)  i.e., this means that rEF and rLF did not masked the presence of rPA. The 
acceptability criteria for false negatives were that no more than 10% of the samples should 
give a false negative result. Therefore the matrix effect of rEF and rLF failed.

For hemolysis, the mean ECL values represented by paired hemolyzed samples that were 
either  rPA spiked or unspiked naïve samples, showed that hemolysis did not quench the 
signal of the rPA in some samples, for example in the 39:40 and 41:42 pairs  in Table 2, but 
did in other samples such as the 37:38 pair.  Acceptance criteria for false negatives were that 
<10% of the samples should give a false negative result.  Test of the matrix of hemolysis 
failed because 33% (1/3) of the samples gave a false negative result. This means that 
hemolysis may mask the presence of PA.
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                              Table 4: Long-Term Stability tests for specimens obtained from monkeys

Table 5: False Positive and False Negative rates of Thawed Monkey Specimens

 

Long-Term Stability of Real-World Test Samples and Robustness
Monkeys were aerosol challenged with 200X the median lethal dose of spores of the Ames 
strain of Bacillus anthracis. Sera from the infected animals were tested by the ECL assay and 
then stored at ≤ -600C for a length of time ranging from 100 to 112 days, and retested.   The 
results from the initial sample were used as the standard value. There was a 97.96 %  
(240/245) concurrence of the results between the initial ECL value and the ECL value of the 
stored specimen.

Test of specimen robustness was determined  by the length of time a blood specimen could 
be held after collection before it is tested, without affecting the results.  Robustness is 
important because many specimens are tested in batches and since specimens do not all 
arrive at the laboratory at the same time, some must be held back in order to fill the batch. 
Determination of robustness is also important for this PA assay because it might be used as a 
trigger-to-treat for anthrax.
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In order to evaluate the effect of delay in sampling, duplicates of blood samples from 
monkeys were tested after storing them for specific periods of time.  Two of three replicates 
of a specimen were held for up to 2 hours and 39 minutes after collection and blindly tested 
at the same time as freshly prepared samples, by the same (one) operator. Acceptance 
required 100% concurrence of both the negative – naïve samples, and 100% of the rPA 
spiked samples. All of the negative samples were negative and all of the rPA spiked samples 
were positive. The values of three samples were not reportable. Table 6 shows the results. 
Samples could therefore be held up to 2 hours and 39 minutes after collection without 
affecting the results. 

                          Table 6: Results of tests for robustness of monkey samples.

4.1.1.4. Precision
Precision was assessed by using a comparison of the results obtained for the same analysis by 
more than one operator (2 to 4), on different days, using different lots of reagents. The effect 
of the type of matrix on false negative and false positive rate, and (robustness) were 
evaluated by a single operator, on a single day, and therefore was not used in the 
determination of precision. There were four classes of analyses: 
 Test Plan 1A. False Negative Rate compared multiple operators and multiple plate lots
 Test Plan 2A. False Positive Rate compared multiple operators and plate lots on multiple 

days
 Test plan 4A. Short Term Stability compared multiple operators and plate lots on 

multiple days
 Test Plan 5A. Long Term Stability compared multiple operators on multiple days

Table 7 shows the results of the assessment and shows that the assessment was acceptable.  
The results suggested that the data could be replicated with little variation.  

VP2013-266
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      Table 7: Assay Precision Across Days, Operators, and ECL Plate Lots

4.1.1.5. Limit of Detection
Previous tests with spiked monkey serum of 10 ng/mL showed that this concentration was 
always detected.  Initially, a sample from the same monkey was spiked to concentrations of 2 
ng/mL, 4 ng/mL and 5 ng/mL of rPA. The lowest concentration that could have been 100% 
detected was 4 ng/mL.  Concentrations of rPA of 4 ng/mL(VTS#43), 6 ng/mL (VTS#44), 8 
ng/mL(VTS#45) and 10 ng/mL(VTS#28) were re-tested blind and evaluated for LOD. Table 
8 shows that all concentrations resulted in positive ECL values but the lowest concentration 
that passed validation was 4 ng/mL.

              Table 8: Results of Samples tested for the Limit of Detection of PA in Monkey serum

4.1.1.6. Testing of sera from infected animals.
The applicant tested sera from one animal study which was designed to assess the efficacy of 
two anti-toxins against Bacillus anthracis PA. These anti-toxins were administered in a 
combination with 10 mg/kg of ciprofloxacin, 24 hours after a positive ECL result was 
obtained.  Also the study was planned to demonstrate the reproducibility of the added benefit 
of the anti-toxin in treatment of the diseased animal.  Samples were obtained from monkeys 
that had been aerosol challenged with spores 200X the median lethal dose (LD50  

VP2013-266
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spores) of Bacillus anthracis (Ames strain). Blood culture plates were inoculated pre-
challenge, to rule out false positives. Plates were also inoculated with blood samples post-
challenge, but pre-treatment, to verify positive results and to rule out false negative ECL 
results. Another blood culture was inoculated at the time of treatment. Of the 229 samples 
that resulted in growth, 208 were also positive by ECL, 11(5%) were false negative. Forty-
seven samples were negative by both ECL and culture. The acceptable rate for false 
negatives was 10%.  Therefore, in tests from infected animals the ECL assay was shown to 
provide an acceptable level of results. 
Overall, the ECL assay used for testing of monkey sera from infected animals is appropriate 
(Table 9).   Some of the limitations include possibility of false negative findings in the 
presence of EF, LF, or anti-PA IgG.  Also, the LOD should be 4 ng/mL and not 2 ng/mL as 
proposed by the applicant.
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Table 9: Summary of Validation Results of the ECL assay for Monkeys
Parameter Validation  Acceptance 

Criteria
Test results of Parameter  Validation 

Decision
Comment

Limit of 
Detection

Minimum concentration of 
rPA in which there is 
100% detection PA 

4 ng/mL Acceptable None

Precision  Composite of all tests 
individually validated.
False negatives, False 
positives, Short & Long 
term stability,
LOD

False neg =       Pass
False pos =       Pass 
Short-term=      Pass                                                
Long term =     Pass
LOD =              Pass   

Acceptable Long term Stability : 
validated up to 2 
Freeze/Thaw cycle

Matrix 
effect

False negative rate = <10%
False positive rate = <5%

 
rPA + Hemolytic sera =  
Neg
rPA +rLF or rEF = Neg

Specimens without PA 
IgG =0%.

Failed Hemolytic samples found 
to have anti-PA IgG  
therefore false negative 
results (55.56%)
rEF, rLF mask rPA

Specificity
for 
detection of 
rPA 

False Negatives PA = <2 
results/ batch  and 
rate <10% rate

------
False Positives PA = <4
Results/batch and 
rate < 5%

-----
Matrix effect:
False negative = <10%
False positive = <5%

0%
------
0%
----

EF & LF
False negative = 0 %
False positive =  0%  

Hemolytic serum:
False Negative = 0%
False positive   = 0%

Acceptable None

Stability
PA63

Short-Term  - Concurrence  
> 95%

-----
Long-Term –
False Negative rate =<10%
False positive rate  =<5%

100% validated up 28 
minutes

----
False Negative 0%
False positive   0%

Acceptable Validated up to 28 
minutes

Validated up to 2 
freeze/thaw cycles

Robustness Samples incubated at room 
temperature for 1.5 hours:
rPA spiked samples = 100% 
positive
Naïve samples  = 100% 
negative

   

rPA = Positive 100%

Naïve samples =  
Negative 100%

Acceptable

Validated up to 2 hours 
39 minutes

Neg = negative, pos = positive, EF = edema factor, , LF = lethal factor, rPA = recombinant protective antigen
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4.1.2.  ECL Screening Assay for the Detection of Protective Antigen in Rabbit Serum

4.1.2.1. Specificity
False Negative Rate
The false negative rate was determined by testing 6 individual naïve rabbit sera that were spiked 
with 10 ng/mL rPA. Sixty two positive samples were obtained and were analyzed in 8 plates.  
The acceptable validation criteria for false negatives were specified to be ≤ 2 false negative 
results in the test group and a false negative rate of < 10%. The false negative rate of the test 
group was 0%.

False Positive Rate
The percentage of false positive rate was examined using known samples that were PA negative. 
The acceptability criterion was stated to be < 5%.  Specimens were obtained from 6 naïve rabbits 
and 325 results were obtained.  No false positive results were identified.

Matrix Effect on False Negative and False Positive Rates
The matrices tested were rabbit sera with and without rPA that were spiked with 10 ng/mL of 
rEF or 10 ng/mL rLF or hemolytic serum. The matrix effect was tested by 4 operators on one 
day. To be acceptable the ECL result should have false negatives ≤10%, and false positives <5%. 
The tests resulted in no false positives or false negatives. Table 1 shows the results of rabbit sera 
when tested in various matrices. VTS#R 13 - 18 tested matrices in which 10% rEF and rLF were 
added, VTS#19 - 24 evaluated the effect of hemolysis. 
Tests were run to determine whether hemolysis would give false positive results. Rabbit 
hemolytic samples had no effect on the results. However, it was observed that 55.56% of the 
samples that resulted in false negative results, when tested, contained anti-PA IgG antibody. 
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Table 7: Summary of Validation Parameters for Electrochemiluminescence assay for Rabbit studies
Parameter Validation  Acceptance 

Criteria
Test results of Parameter  Validation 

Decision
Comment

Limit of 
Detection

Minimum concentration of 
rPA in which there is 
100% detection PA

  4 ng/mL Acceptable None

Precision  Composite of all tests 
individually
False negatives, False 
positives, Short & Long term 
stability,
LOD, Robustness 

False negatives =Pass
False positives = Pass 
Short-term  stability 
=Pass 
Long term stability = 
Pass
LOD = Pass
Robustness = Pass 

Acceptable

Acceptable

None

Matrix effect False negative rate = <10%
False positive rate = <5%

Hemolytic sera = Pass
0% false negative , 0% 
false positive

rPA +rLF or rEF = 
Failed
False positive = 0%
False negative = 0%

Specimens without anti-
PA IgG = 0%.

Failed rEF, rLF mask rPA
Applicant stated that 
error resulted from 
dilution.
When repeated the 

false negative rate = 
0% (Pass)

Specificity
for detection 
of rPA 

False Negatives PA = <2 
results/ batch  and 
Rate <10% rate

------
False Positives PA = <4
Results/batch and 
Rate < 5%

-----
Matrix effect = 
False negative = <10%
False positive = <5%

0%
------
0%
----

EF & LF
False negative = 0 %
False positive =  0%  

Hemolytic serum
False Negative = 0%
False positive   = 0%

Acceptable None

Stability
PA63

Short-Term  - Concurrence  > 
95%

-----
Long-Term –
False Negative rate =<10%
False positive rate  =<5%

100% validated up 37 
minutes

----
False Negative 0%
False positive   0%

Acceptable

Validated up to 3 
freeze/thaw cycles

Robustness Samples incubated at room 
temperature for 1.5 hours:
rPA spiked samples = 100% 
positive
Naïve samples  = 100% 
negative

rPA = Positive 100%
 
Naïve samples =  
Negative 100%

Acceptable Validated up to 2hrs 
20 minutes

Neg = negative, pos = positive, EF = edema factor , LF = lethal factor, rPA = recombinant protective antigen
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Comment:
Overall, the ECL assay used for testing of rabbit sera from infected animals is appropriate 
(Table 7). Some of the limitations include possibility of false negative findings in the presence of 
anti-PA IgG.  A possibility of false positive findings with organisms other than Bacillus anthracis 
was not evaluated
Also, the LOD for both rabbits and monkeys should be 4 ng/mL and not 1 ng/mL and  2 ng/mL 
respectively, as proposed by the applicant. 

Specificity was measured by the rate of false negative and false positive results. Measurement of 
the matrix effect involved the assessment interference of test results by components that could 
likely be found in serum of Bacillus anthracis infected animals and by extension, humans. These 
were edema and lethal factors, hemolysis, and anti-PA IgG antibodies. All of these components 
adversely affected the results giving rise to false negatives in both species of animals. Testing of 
the hemolytic matrix in monkeys failed because one-third of the rPA spiked samples gave false 
negative results. In the rabbit serum there were problems when rEF and rLF were added to sera 
spiked with rPA. The applicant attributed the hemolysis results to a dilution error. When the 
assay was repeated the results was acceptable. It should be noted that the level of hemolysis was 
not specified. There may be no interference with a slightly hemolytic sample. But with a grossly 
hemolytic sample significant interference might occur. Alternatively, hemolysis may have 
variable effect on different animals.

The applicant stated that there was anti-PA IgG  antibodies present in the hemolyzed samples 
where the results were negative. These antibodies would bind PA that was found in the serum 
resulting in negative values. This is important information when assessing results of ECL. 
However, only 56% of the hemolyzed samples contained anti-PA IgG. 

 A serious cause for concern is the fact that in the rabbit study ‘Real World Sample Assessment’ 
,in comprised animals that had been aerosol challenged with Bacillus anthracis spores, there 
was a 12% false negative result. The applicant stated that some of the samples were incorrectly 
flagged as negative at 6 to 12 hours prior to treatment. Another reason for the negative flag 
could be a result of the LOD, which might not have been able to detect the limited amount of PA 
that would be present at that time. This is critical because this difference in time to treatment 
may determine the period between life and death of a subject. The applicant also stated that 
some of the negative results occurred in samples in which the blood culture bacterial count was 
≤5 colonies. This is a reasonable observation. The correlation between the ECL assay and 
bacterial culture in the ‘real world’animal infected  samples showed that the false negative rate 
for monkeys was 5% and for rabbits 12%.  This indicates an unacceptable false negative rate. It 
is being suggested that when ECL tests are run there should be a back-up blood culture.
.
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4.2.1.3. Standards and Controls
Calibration Standards
The reference standards (RS) were allowed to be censored for as many as 4 dilution points. 

Quality Control Samples
The three QC samples used in this assay were the high QC (HQC) with a concentration of 1000 
ng/mL, the medium QC (MQC) 100 ng/mL, and the low QC (LQC) 10 ng/mL. Each QC sample 
was diluted 1:5 for three successive times. To be accepted the following were required:

 The HQC and MQC fell within ± 30 % of their nominal value.
 The Low QC fell within ± 50 % of its nominal value.
 The value of the negative control had an optical density of ≤ 0.200.
 At least two of the three QC samples fell within the acceptable value range described 

above.
QC was allowed to be censored one dilution at a time in order to have a percent coefficient of 
variation (%CV) of ≤ 30 %.

Test Samples
Stability of Samples
The stated conditions under which the samples were to be handled in order to prevent 
degradation of the PA63 molecule were as follows:
The samples were to be tested within72 hours of collection and held at 2 to 80C during this 
period.  After 72 hours the samples had to be stored at ≤ -600C.  For long term storage the 
samples were held at ≤ -600C and could last for as much as 3 months without losing activity. 
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Sample Testing Criteria
For samples tested two independent times the %CV must be ≤ 35%. If greater than 35% the 
samples were to be repeated. If the quantity was insufficient and the %CV was <35, then the 
median value of the test results was used.  

Figure 1 : The layout of samples in the ELISA plate for 
Monkey studies

Comment:
Overall, the applicant’s acceptable criteria are very wide and do not contribute to a high level of 
accuracy or precision.

4.2.1.4. Sensitivity
Eight concentrations of PA63 spikes were used to compute the standard curve. The 
concentrations ranged from 16,000 ng/mL to 2.44 ng/mL. Each standard was diluted 4-fold 
to obtain the next lower dilution. The Lower Limit of Quantitation (LLOQ) and the Upper 
Limit of Quantitation (ULOQ) were determined from this standard calibration curve. Three 
hundred and six values were used to determine the Limit of Quantitation.  The spikes for the 
standard curve were prepared on each day of use from certified, frozen monkey serum. The 
frozen serum was thawed and diluted in a mixture of ELISA Wash buffer (Phosphate 
buffered saline and Tween 20) and Recovery buffer (Wash Buffer +3-[(3-Cholamidopropyl) 
dimethylammonio]-1-propanesulfonate- CHAPS + EDTA). CHAPS is used for the 
dissociation of proteins; in this study, it caused the dissociation of aggregates of rPA63 and 
EDTA making the solution easier to read, spectrophotometrically. 

The %CVs ranged from 0.3 to 7.3 signifying that the data are accurate.  Table 1 shows the 
results of the tests.  The standards were run in duplicate. None of the data from any of the 8 
standard points needed to be excluded. Standard 1 and 8 were anchor points and could not 
have been included in the standard curve. The ULOQ was determined to be 6,400 ng/mL and 
the LLOQ was determined to be 4.2 ng/mL. 

Validation SOP this submissionRS = reference standard
TS = test sample
NC = negative control
QC= quality control
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Figure 2 is a graph of the standard curve using 8 PA spikes ranging from 4000 – 0.244 
ng/mL.

                           Table 1: The results of the 8 concentrations of PA63 used to draw the 
                           standard curve for interpretation of results of Monkey ELISA tests

                          

           
                                Figure 2: Example of Monkey PA reference Standard 8-Point Dilution 
                                        Curve (4000 –     0.244 ng/mL)    

                                                                                                                                       Source:  validation report

4.2.1.5. Accuracy 
The criteria for the determination of accuracy were defined by the total error between the 
expected PA concentration and the test results. The percent total error (TE) accepted was ≤50%.   
The results were based on 306 data points. Table 2 shows the total error resulting from each 
nominal concentration used to draw the standard curve. One concentration (1,024 ng/mL) 
achieved the limit of 50% while the total error for the 
others samples ranged from 26% to 43%. Figure 3 shows the spread of test results relative to the 
actual concentrations of the standards. As stated previously, the resulting concentration 1,024 
ng/mL is farthest removed from the expected concentration. The ULOQ – the highest 
concentration of PA that the assay can accurately quantitate, was determined to be 6,400 ng/mL 

Source:  validation report
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and the LLOQ the lowest concentration of PA that can be measured by this assay was selected to 
be 4.2 ng/mL. 

Table 3 shows the effect of variability based on operator, plates, and days on which the sample 
was tested. No difference resulted from the day on which samples were run, or the plate in which 
they were placed; the greatest variation was caused by the operator. At the concentration where 
the operator imprecision was highest the overall error was greatest, the opposite was also true. 
However, together these variables of operator, day, and plates met the < 50% acceptability 
criteria proposed by the applicant.

Accuracy also involved the amount of PA recovered as compared with the true concentration. 
The acceptability criteria stated by the applicant was that the amount of PA recovered must be 
100 ± 30% of the nominal value. The percentage of PA recovered ranged from 80 – 120 ng/mL, 
which is acceptable.  The bias tended to decrease with increasing concentrations of PA. Table 4 
shows the recovery data at each level of concentration.  The lowest amount of PA recovered was 
80% from the concentration of 1,024 ng/mL. Not only were the low concentrations indicative of 
inaccuracy, but so were the concentrations that recovered more than 100% of PA. 
 
                           Table 2: Total error between specific nominal concentrations of PA that were 
                            used to draw the standard curve 

Table 3: Effect of variability by operator, plates, and days on the accuracy of the results

Conc. 
(ng/mL)

Predict. 
log

10 
(Conc.) 
(ng/mL)

Predict. 
Log. Bias

Residual
Variance

Non-Residual Variance (NRV) 
Breakdown Sum 

of 
NRV

Total 
log

Variation

Total 
log 
Error

Percent 
Total 
ErrorOperator Day Plate Replicate

4.20 0.693 0.070 0.009 0.006 0.000 0.000 0.006 0.012 0.021 0.161 38%
10.5 1.100 0.079 0.006 0.000 0.000 0.000 0.006 0.006 0.012 0.134 32%
26.2 1.410 -0.008 0.006 0.000 0.000 0.000 0.006 0.006 0.013 0.113 26%
65.5 1.781 -0.035 0.000 0.001 0.000 0.000 0.006 0.007 0.007 0.090 21%
164 2.161 -0.053 0.008 0.000 0.000 0.000 0.006 0.006 0.014 0.129 30%
410 2.623 0.010 0.014 0.003 0.000 0.000 0.006 0.009 0.023 0.152 36%

                     

                          Table 4: The percentage of PA recovered compared to nominal concentrations at 
                            various concentrations

Comments:
These results, although they fall within the applicant’s acceptable limit, do not show a high 
degree of accuracy. The percentage total error (excluding 1,020 ng/mL) ranged from 21 ng/mL 

Source:  validation report 

Source:  validation report 

Pct = perentage Source  Validation report
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to 43 ng/mL. The operator effect was the most critical component in the determination of 
inaccuracy.

4.2.1.6. Limits of detection 
The lower limit of detection (LLOD) is the lowest concentration of PA at which ≥ 95% of the PA 
results obtained were detected from of the standard curve, but does not necessarily have to be 
accurately quantified.  The upper limit of detection (ULOD) was the highest concentration of PA 
at which ≥ 95% of results fell below the highest end of the standard curve. The LLOD was 
determined to be 0.87 ng/mL, which was <4.20 ng/mL, and the ULOD was calculated to be 
24,000 ng/mL.

The limit of detection (LOD) is the lowest concentration of PA at which 95% of the lowest 
values can be accurately detected. The LOD was determined to be  4.2 ng/mL. 

4.2.1.7. Linearity
The objective of testing this parameter was to determine if a diluted sample of PA63, dissolved 
in pooled naïve monkey serum, will obtain a proportionally accurate result. Three hundred and 
six values were used to compute the linearity. The maximum standard deviation was placed at 
<20% ; and the slope at 1±0.064.  Figure 3 shows the linearity of the standard samples.  The 
slope in the assay was 0.955 which was acceptable.

Reference ID: 3861199



Division of Anti-Infective Products
Clinical Microbiology Review 

BLA #125509 (Original)  Page 38 of 123

Figure 3: Linear Relation between Predicted Concentration and True               
                                       Concentration (Displayed on a Logarithmic Scale) Between 4.20 ng/mL to 
                                       6,400 ng/mL

                                                                                  Source:  Validation report

4.2.1.8. Precision 
Precision of the assay was determined by the results obtained when aliquots of the same sample 
were tested by the same or different operators, on the same or different runs, or on the same or 
different days. These different operations were classified as either intra-run or inter-run 
precision. 

4.2.1.9. Repeatability tests:  
Intra- run precision by one operator. This parameter was assessed when the results from aliquots 
of the same sample were tested within the same run, but not necessarily on the same plate.  The 
acceptance criterion set by the applicant for agreement was a difference in values of < 30%. The 
concentrations tested were 10.5, 409.6 (410), 2,500, and 16,000 ng/mL. The results are shown in 
Table 5. The criterion was met in all but the highest concentration 16, 000 ng/mL with a 
deviation of 49%. This means that reproducibility was inaccurate at the highest dilution and that 
results cannot be relied upon when such high concentrations of PA  are present. 

                               
                      Table 5: Results of testing for Repeatability of PA from Monkey sera.

                                                                                       Source:  validation report
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Intermediate inter-run precision: This compares results of aliquots of the same specimen, but 
tested either on different days, different runs, or by different operators. The acceptable limit 
relative standard deviation (%RSD) for all concentrations (4.20 ng/mL to 6,400 ng/mL) must be 
≤ 30%.  The results of testing for intermediate precision are shown in Table 6. The table shows 
that the criteria were met only when the PA concentration was between 10.5 ng/mL to 164 
ng/mL, and at the highest concentration 6,400 ng/mL. The results from 10.5 ng/mL to 164 
ng/mL ranged from 19 to 28%. At the higher concentrations 410, 1,020, and 2,560 ng/mL, the 
values ranged between 36 and 41%. These three concentrations were also the concentrations 
where the operator variability was highest. The results suggest that, in this study, these values 
when repeated might not be accurate and that accuracy might depend, to a large extent, on the 
person who ran the test.

                    Table 6: Results of the analysis of Intermediate Precision showing the percentage    
                         relative standard deviation from each PA concentration

                                                                                           Source:  validation report

4.2.1.10.  Specificity 
Specificity for the assay was tested using five constituents which may influence the test results 
either by increasing, decreasing, or masking the PA. Three of the substances (EF, LF, antibiotic 
used for treatment) may be found in the blood of Bacillus anthracis infected monkeys, a fourth 
condition hemolysis,  may be a consequence of blood collection technique.  Plasma is sometimes 
used in place of serum for blood tests. The applicant also analyzed the effect of replacing serum 
with plasma.  The substances tested were: 

 Edema factor – one of the components of the tripartite toxin
 Lethal factor  - also one of the components of the tripartite toxin
 Ciprofloxacin – from a class of drugs with which the non-human primates may be treated
 Hemolytic serum – resulting from a poor blood draw
 Plasma – resulting from unclotted blood which may be used as an alternative to serum

Specificity was tested using 142 samples in 12 plates, with blood obtained from 7 individual 
monkeys. The matrices were tested at concentrations of 6,400, 26.2 and 4.2 ng/mL. Bacillus 
anthracis PA63, LF and EF were obtained from , serum and plasma were obtained from 

, and ciprofloxacin from Aleken. The tests were run on 3 days by 3 
operators. Pooled monkey serum from normal animals was also used as a matrix.

Analysis of results of the pooled serum against individual monkey samples was used to 
determine if, in future analyses, pooled serum can be used for comparison in tests, instead of 
serum from individual monkeys. If the results between the pooled serum and individual monkey 
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sera differed by <30%, then pooled sera will be used in the future analyses. If ≥30%, then 
individual sera were to be used for comparing normal sera and sera with interferents.  The results 
suggest that the difference did not fall within the acceptability zone. Therefore the serum 
samples were not pooled as a matrix for testing and individual monkey samples were used in the 
analyses.

Spikes of the interferents listed above at concentrations of 6,400, 26.2 and 4.20 ng/mL were 
placed in normal monkey serum matrices from each of 7 monkeys. The following combinations 
were:

1. Normal Naïve monkey serum + Ciprofloxacin 5 µg/mL 
2. Normal Naïve monkey serum + Bacillus anthracis EF and PA in 1:1 ratio
3. Normal Naïve monkey serum+ Bacillus anthracis LF and PA in 1:1 ratio
4. Normal Naïve monkey plasma
5. Hemolytic Naïve monkey serum
6. Normal Naïve monkey serum 

 The plate Layout is shown in Figure 4.

                  Figure 4 :  Plate layout for Repeatability Precision and Specificity Testing

The results showed that there was a significant difference with LF and EF at 6,400 ng/mL, where 
the values were lower than the controls by ratios of 0.41 and 0.81, respectively. The interferent 
levels of 4.2 and 26.2 ng/mL showed no significant difference from the original concentrations.  
In Table 7, the concentration of the LF and EF at a PA concentration of 6,400 ng/mL had 
estimates 0.391 and 0.199 and have significant levels of <0.0001. In Table 8, the ratio of 
interferent to control of 0.41 and 0.63, again showed a reduction (<1) in concentration compared 
to the control. This indicated that at 6,400 ng/mL, LF and EF were likely to interfere with PA. 
Hemolysis was only marginally acceptable but again, the concentration was not stated. It is 
possible that the effect of hemolysis might be concentration dependent. 

                    

  Validation Protocol
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    Table 7: Pairwise Differences in the Logarithmic Domain to Compare Normal Serum Samples with 
                     Serum Samples having Potential Interferents separately within each Concentration of 4.2, 26.2, 6,400  
                      ng/mL

                                                                Source:  Validation report

               Table 8: Pairwise Ratio in the Observational Scale to Compare Normal Serum Samples with  
                   Serum Samples having Potential Interferents, Separately within each Concentration of             
                   4.2, 26.2, 6,400 ng/mL

alidation  Report
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Table 9: Summary of Assay Validation studies for AP201 Monkey serum assay for Protective Antigen by ELISA
Parameter Validation Criteria Test results of 

Parameter (ng/mL)
Validation 
Decision

Comment

Limits of 
Detection

ULOD  ≥ 16,000 ng/mL                         
               
LLOD  ≤ 4.2 ng/mL

LOD ≥ 95% of samples 
have a PA result

23,988 (24,000)

0.87

4.2

Acceptable None

Limits of 
Quantitation 

ULOQ ≥16,000 ng/mL

LLOQ ≤ 4.2 ng/mL
 
%TE  ≤ 50% 
(all concentrations)

 6,400 

4.2  

Acceptable None

Accuracy

Recovery

Intermediate 
Precision

Repeatability

 Absolute  = %RE (bias) ≤ 
30%
----------------------------
100 ± 30 %
----------------------------

%RSD ≤ 30%
For conc. Between (4.2 – 
16,000)
----------------------------

%RSD ≤  30%

---------------------
80 – 120 %
--------------------
RSD < 30 % up to 
410 ng/mL 
1020 – 6400  *
> 30
--------------------
10.5,409.6, 2560 
17 – 27%
16,000 = 49%*

Acceptable

Acceptable

Acceptable 
to 410 
ng/mL

Partially 
acceptable 

Validated only up to 410 ng/mL

Not repeatable at 16,000 ng/mL

Specificity
for detection 
of PA63

Normal Pool vs individual 
specimens
< 30%

Ability to detect 
interferent – significance 
level 77-130%

Results were > 
30%. 

All interferents 
passed except EF 
and LF at 6400 
ng/mL recovered 
81 % and 41%
respectively

Acceptable None

Stability
PA63

Maximum 182 days 
frozen at ≤ -700C
Freeze/Thaw = 5 cycles

 NA NA None

Linearity of 
Standard 
curve

Range at LLOQ and 
ULOQ = ≤ 30%
Slope = 1± 0.064

0.995 Acceptable

Comments:
 In terms of specificity, at lower concentrations of interferents (LF or EF) it appeared that 

there will be interference with PA. This is very important because the initial diagnosis of 

RE= relative error; RSD= relative standard deviation
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anthrax might depend on detection of minute levels of PA. In relationship to hemolysis, it 
appeared to have borderline interference with PA.

  Table 9 summarizes the performance of the assay.  The results in general, are not inaccurate 
enough to cause the assay to be discarded, but the operators must be aware of the 
deficiencies. The comments take into consideration the fact that this assay is not meant to be 
used primarily for diagnostic purposes.

 Operator variability played a leading role in the percentage of total errors. Additionally, 
values at the ULOQ may, at times, be inaccurate and even though they fit within the 
acceptable ULOQ limit, the samples should still be diluted. 

 Recovery rate posed a problem in a specimen with PA at a concentration of 1,024 ng/mL. 
The recovery rate of this spike was 80% of the expected concentration, which was very low.  
But inaccuracy also is evident in values that are higher than the expected concentration such 
as 4.2 ng/mL and 10.5 ng/mL which were too high at 117% and 120 % respectively.

 Intra-run precision was out of range when 16,000 ng/mL of PA was diluted. At high levels 
intermediate precision was imprecise. The values above 410 ng/mL were out of range. 

 In terms of interference by certain substances that may be present in the test samples, most of 
the possible interferents tested including hemolysis, EF, LF may have no significant effect on 
the PA concentration. However, LF and EF at 6,400 ng/mL may result in a reduction in the 
amount of PA in the sample. 

 Cross-reactivity with factors produced by other microorganisms such as Bacillus cereus was 
not measured.

4.2.2.  Quantitation of Free PA in Monkeys
The assay designed to detect free PA from Bacillus anthracis in the serum of infected 
cynomolgus monkeys was performed at  [Appendix U for Study AP203; Study 1219-
100005989; Validation report VP-2012. 257 ( XVI-007-02)]. 

This assay meant to recapture both PA63 and PA83, utilized a 96 well plate coated with plate 
coating buffer (1X PBS pH7.4 containing 1.0 µg/mL ETI-204 (Elusys Therapeutics: Lot no: 
RS02), an anti-PA monoclonal IgG antibody, which was left to immobilize overnight. The 
coated wells were washed with BLOTTO, to remove any unbound antibody, washed again to 
remove coating and blotting mixture. After washing, the calibration standards in sera (CS 1-12) 
that comprised of recombinant PA63 (List Biological Laboratories) and quality control sera 
comprising of pooled rPA63 (Alpha diagnostics), as well as test sera from the cynomolgus 
monkeys, were added.  The monkey sera, QC and standards were added to the ETI-204 coated 
wells. The plates were washed to remove unbound reagents. A 1:100 dilution of goat-anti-PA 
serum was added followed by a secondary antibody, horseradish peroxidase cyano anti-goat IgG 
antibody (Invitrogen), and the plates incubated at 370± 20 C. The test and QC samples were 
either undiluted or diluted 1:10 in assay buffer. After incubation, the plates were washed to 
remove unbound PA. The reaction mixture was again re-incubated with goat-PA antiserum and 
then incubated with 3,3’5,5’ tetramethylbenzidine, and the reaction was stopped by the addition 
of 2N sulfuric acid. The amount of PA that was captured was measured in a micro-titer plate 
reader at 450 nm (BioTek Elx800, SpectraMax Plus) or a similar instrument. Figure 1 is a 
depiction of the ELISA protocol.  The concentrations of PA were calculated from a 4 parameter 
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of the standards from which the curve was drawn. The data for the calibration curve are shown 
below in Table 2. Figure 3 shows the standard curve.

            Table 2: Data from twelve Standards that established the Calibration Curve for measuring Free Protective 
             antigen in the serum of Monkeys
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4.2.2.4. Precision
The percent coefficient of variation (%CV) that measured precision was calculated (based on the 
formula: Standard deviation/mean X100), varied from 0.7% at the higher concentration to as 
much as 21.4% at the lowest level. The pattern in %CV showed that the high concentrations 
resulted in a low %CV and the low concentration a high %CV, this however, is a common 
outcome. The applicant set an acceptable ULOQ %CV limit of ≤ 25 at CS3 (Calibration 
Standard 3), the LLOQ %CV also ≤ 25 at CS11.  For the non-anchor points CS4 to CS10 the 
%CV ranged from 3.5 to 1.7 ng/mL. The applicant defined acceptable limit was CV ≤ 20%. The 
results of the test in the non-anchor range of the curve CS4 (234 ng/mL) to CS10 (19.5 ng/mL) 
ranged from 3.5 to 1.7 ng/mL %CV, which is precise.  The LLOQ was described by the 
applicant as the lowest amount of PA that could accurately be measured, and the ULOQ was the 
maximum amount of PA that could be accurately quantitated by this procedure. 

Twenty-two runs were used to provide data for this curve, and each sample was run in duplicate.  
The %CV for CS12 was unacceptably high (21.4%); this eliminated CS12 from being used as the 
LLOQ. The applicant set the lower limit of quantitation to be CS11 at 9.77 ng/mL, and the upper 
limit to be CS3 at 313 ng/mL. This represented a range of 303 ng/mL between the lower and 
upper limits of quantitation. Figure 2 shows that CS1, CS2 fell outside of the slope of the other 
standards, and that CS3 fell on a section of the graph that was slightly curved. The applicant 
therefore could not validate the concentrations at this level. Therefore, the reportable range for 
this test was set from 9.68 to 309 ng/mL. 

Comments:
 A %CV of 20% suggests a wide range of variability of the results.  It would have been 

preferable to have a %CV less than 10%.
 It appears from Figure 2 that the slope at the high concentration between CS3 and CS4 has 

shifted slightly upward. The ULOQ should be much closer to CS4. This is demonstrated in 
the instability of the higher concentrations of QC values, as shown in the section on quality 
control. 

4.2.2.5. Precision and accuracy of results of the quality control samples 
The applicant stated that for testing of samples from animal efficacy study, each level of QC 
must be run in duplicate. The applicant further stated that at least 4/6 QC samples must be 
acceptable in both precision and accuracy (%CV and %RE), ≤ 20.0% for CV and have a %RE 
ranging from (-20.0) to (+20.0).  Additionally, there must be at least one passing value at each of 
the three levels.  To be acceptable, the matrix blank must have an optical density that was less 
than that of the LLOQ. 

The three quality control samples were high (HQC) - BM1902, medium (MQC) - BM1903 and 
low (LQC) - BM1907. The matrix blank was #1906. The working concentrations of the samples 
were 250, 125 and 25 ng/mL, respectively. Twenty-two runs of controls were tested in duplicate. 
The mean values obtained for the QC results were 284 ng/mL for the 250 ng/mL sample, 139 
ng/mL for the 125 ng/mL sample and 25.6 ng/mL for the 25 ng/mL sample. All, except one of 
the high QC values, resulted in higher values than the nominal value of the respective control. 
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control. This is unacceptable. The negative control should comprise an analyte which gave a 
negative result.

Comment:
The accuracy of the QC results overall, are acceptable according to the applicants criteria but 
HQC values may, at times, not fall within acceptable limits. The applicant used a reagent blank 
for the negative control this is not appropriate – the sample used in this assay is a reagent blank. 
Another analyte should have been used as the negative control. The values obtained for the 
standard curve spikes showed a high degree of accuracy. 

4.2.2.6. Background noise  
The background noise was analyzed by the use of matrix blanks which must have an optical 
density (OD) less than that of the LLOQ (CS level 11). The matrix blank also served as the 
negative control. This was not appropriate. 

4.2.2.7. Accuracy
The relative error that measured accuracy was calculated based on the formula: 

(Mean-Nominal/Nominal X100)
The applicant stated that the acceptable value for both the ULOQ (CS3) and the LLOQ (CS11) 
may range between (-25%) to 25% and the CS3 through the CS11 - the non-anchor points, must 
have a %RE value between (-20%) to 20%. The Standard error was very low at all the 
concentrations (< 2%) except in CS9 and 12.  

The accuracy (i.e., the closeness of the test values to the nominal value) of the data presented in 
the standard curve was appropriate; at higher concentrations of the standard from CS1 to 6 the 
value was less than 0.2. Five of six of the lowest standards had %RE values less than 5; CS12 
had a relative error value of 14.4 and was not included in the standard curve. The accuracy 
parameter fell within the applicant’s acceptable range. 

4.2.2.8. Specificity 
No requirements were stipulated to evaluate the specificity of the assay for detecting free PA63 
other than the sera must come from healthy animals.  The matrix described as a negative control 
was cynomolgus monkey serum from healthy animals. Toxins secreted by other Bacillus species 
which are implicated in infections of both humans and animals were not tested. Bacillus cereus is 
the only other confirmed major pathogen in this genus but Bacillus licheniformis and other 
species have been implicated in infections of man and animals; specimens to detect specificity 
for this assay could also have been taken from these bacteria. The effect of the compounds that 
were tested follow: 
 ETI 204 – complete interference (94 – 100% inhibition). This is good because ETI-204 binds 

to PA.
 rEF- partial interference (18 -  43 % inhibition)
 rLF – partial interference (12 -38% inhibition)
 rPA83 - additive effect (48 – 266 % addition)
 Filtration – partial interference
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4.2.2.9. Linearity 
The minimum assay dilution was 1:10. The applicant stated that the linearity was tested at two 
concentrations 40,000 ng/mL and 200,000 ng/mL. The data were not available for review. 
However, the validation report states that sample dilutions for both concentrations passed the 
acceptability criteria.  

4.2.2.10. Stability
Prevention of the degradation of the target molecule is important. PA63 was dissolved in 
cynomolgus monkey serum and was found to be stable after freezing at -700C for 182 days. The 
applicant stated that long term stability of this analyte is still ongoing.  The integrity of PA63 
could be affected by the number of freeze /thaw (F/T) cycles it undergoes. The tests 
recommended that the maximum number of F/T cycles a sample of PA63 could undergo without 
losing its potency, is five. PA63 rapidly loses its activity at room temperature and should not be 
held at RT longer than 15 minutes. Loss of activity could also occur at refrigerator temperature 
therefore the sample should be kept on ice while testing. HQC could not maintain its activity 
when held at room or refrigeration temperature for a long time. The unused portion of a sample 
used for testing, should be frozen again at -700C, as soon as possible after use.  The best way to 
preserve the integrity of the sample is to keep it frozen except when aliquots are being separated 
for immediate use. 

Comments:
The applicant stated that the maximum number of F/T cycles a sample could withstand and still 
maintain its activity is 5 and that samples should not be kept at room temperature for longer 
than 15 minutes. However, data were not available for review. 

4.2.2.11. Result reporting
Test readouts were converted using Softpro Max.  The results that were below the LLOD were 
reported as less than the LLOQ – 9.68 ng/mL; those that exceeded the ULOD = 309 ng/mL, were 
appropriately diluted with pooled naïve cynomolgus monkey serum, retested, and recalculated.  
Table 6 is a summary of the results of evaluation of the test parameters of the assay for monkeys.
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Table 6:  Summary of Assay Validation studies for AP203 for Free PA in Monkeys
Parameter Validation Criteria Test results of 

Parameter
Validation 
Decision

Comment

Standard 
Curve

Precision

ULOD %CV ≤ 25  at 
CS3. 
LLOD %CV ≤ 25 at 
CS11.  
Non-anchor %CV ≤ 25 
CS4-10
LOD

2.1%
4.7%
1.9 -3.5%
9.68

Acceptable Sample results at the high end of 
the scale should possibly be 
diluted

Standard 
Curve

ULOQ (CS3)and the 
LLOQ (CS11)  -25% to 
25%
 No anchor points -20% to 
20%

ULOQ = 309 ng/mL
LLOQ = 9.68 ng/mL

Acceptable Ideally the ULOQ should be 
lower than 309 ng/mL, but this 
stated value meets the 
applicant’s criteria

Specificity
for detection 
of PA63

Ability to test positive and 
negative control values  
and interferents correctly

For the positive HQC, 
MQC, LQC and 
negative Matrix 
samples
ETI-204  - complete 
inhibition
rLF, rEF – partial 
inhibition

Acceptable Applicant should have used 
different test samples to 
determine specificity such as, 
antibody to another Bacillus 
species
Negative control should be an 
actual analyte not just the 
absence of PA in the matrix

Stability
PA63

Maximum 182 days 
frozen at ≤ -700C

 NA NA Complete results not available

QC
Precision

≤ 20.0% for CV. %CV:
H=7.6
M=6.9
L=7.5

Acceptable Negative control not appropriate

QC
 Accuracy

%RE ranging from -20.0 
to 20.0

%RE:
H=14.3
M=6.9
L=-9.0

Acceptable Although the accuracy of results 
for the high control is acceptable 
it is much less accurate than the 
results in the medium and low 
controls

Linearity of 
Standard 
curve

Not stated for the 
applicant

Sample diluted from 
40,000 & 200,000 
ng/mL
On standard curve 
passed

N/A

CS = concentration standard. ULOQ = upper limit of concentration.  LLOQ= Lower limit of concentration

 
Comments:
The results of testing to support the accuracy, precision, specificity of testing for free PA by 
ELISA in cynomolgus monkeys are adequate and meet the criteria set forth for acceptability by 
the applicant. However, some of the limitations are outlined below:  
 The stability testing for test samples under various conditions has not yet been completed.  

Based on the information reviewed, the assay supports stability of the PA63 and PA83 until 
182 days. Test samples should not be kept at room temperature for longer than 15 minutes. 

 The ULOQ should have been set lower to facilitate a more linear standard curve. The QC 
values at the upper end of the scale are high, but they have met the applicant’s criteria for 
acceptability.

Source: This report
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 Twenty-seven percent of the high level QC values were above 300 ng/mL whereas the 

nominal value is 248 ng/mL. Additionally, 37% of the QC values are above 2 standard 
deviations and only 1/44 of the HQC values are below the nominal value. This indicates a 
problem at the high end of the curve. This problem might be related to the instability of the 
ULOQ cut-off. 
More specific samples should have been used to test for the specificity of this assay for 
detecting PA than matrix for negativity, and PA quality controls. Hemolysis is very important 
in a sample especially when it is drawn from a small animal.

     The level of testing, as indicated by the %CV and %RE, was appropriate. Overall, the assay 
supported the LOD of 9.68 ng/mL and ULOD of 309 ng/mL. 

4.2.3. ELISA to Quantify Free Protective Antigen in Monkey Serum at 
The assay was designed to detect the presence of circulating (free) PA in the serum of monkeys 
infected with Bacillus anthracis (SOP V-061; Appendix K for Study AP202; Study 
number 2826-100020847). 

The solid phase sandwich ELISA utilized an anti-PA monoclonal IgG antibody coated 96 well 
micro-titer plate to which controls, standards and test samples were added. The mixture was 
incubated to allow the antigen and antibody to react, then washed to remove any unbound 
antibody and serum proteins.  The bound antibodies were detected by the addition of horseradish 
peroxidase (HRP)-conjugated mouse anti-PA antibody. Color was produced by the two 
component 3,3’, 5,5’ – tetramethylbenzidine (TMB) reagent comprising TMB peroxidase 
substrate and peroxidase solution B.  In the presence of hydrogen peroxide the bound HRP 
oxidized the chromogen TMB resulting in a blue solution. The reaction was terminated by the 
addition of sulfuric acid.  The acidic environment caused by the addition of sulfuric acid  
changed the color of the reaction solution to yellow. The color formed was measured 
spectrophotometrically.               

The monkey quality control samples were prepared by dissolution of known amount of purified 
stock PA63 in specific monkey serum. Three levels of QCs used were high, medium and low. 
The reference standards (PA) were also diluted in species specific serum. 
The validation tests were carried out by three operators on three days using 12 different plate 
layouts. The validation schedule is shown in Table 1.

       Table  1: Validation Test Schedule.

     validation  report
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4.2.3.1. Acceptance Criteria

Calibration Standards: 
1. The value of the standards must be within ±20.0% of the nominal concentration except at the 

LLOQ and ULOQ, which must be within ± 25.0%. 
2. The precision between the calibration standard replicates must be ≤ 20.0% except at the 

LLOQ and ULOQ, which must be ≤ 25.0%. 
3. Unless the precision of the anchor points was  ≤ 20.0%, they must be recalculated.  Anchor 

points were the points at the highest and lowest standard / reference concentrations.  A 
minimum of 6 standard values must meet these criteria.

4. Data points were not to be calculated from only one well. At least 6 points must be used in 
the calculation of the standard curve. 

Quality Control samples: 
1. Each QC sample must be run in triplicate and at least two-thirds of the QC sample should be 

within ±20.0% of the nominal concentration for each analyte. 
2. The measured concentrations of at least one replicate at each QC concentration must be 

within ±20.0% of the nominal concentration for each analyte. 
3. A minimum of 2/3 of the replicates of each QC sample must be ≤ 20.0% of the nominal 

concentration.

Study Samples 
Test results of duplicates of study samples should be ≤ 20.0% of each other and should fall 
within the range of the assay. Figure 1 shows the layout of samples in the plates.

                                        Figure 1: Plate Map Containing Diluted RS (e.g., 4000 ng/mL and 1:4 Dilution Series), 
                                        Test Samples, QCs, and NC
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                                      Table 3: Precision and Accuracy of PA63 Antigen in Quality Control 
                                       Samples in Cynomolgus Monkey Serum for Study AP202
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the Lower Limit of Quantitation (LLOQ). In this assay the value of the LLOQ was represented 
by the calibration standard (CS) 11.

Calibration Standards
 (1) Standard Curve:

1. CS within the validated range should have replicates  ± 20.0 % CV (± 25.0% CV at the 
LLOQ and ULOQ).
Calibration Standards within the validated range for accuracy were to be within ± 20.0 % 
RE of the nominal value (± 25.0% RE at the LLOQ and ULOQ).The accuracy of the 
standard curve points must have a %RE range from ±20% between CS4 to CS10.  But at 
the LLOQ and the ULOQ the range could be ±25%. The matrix blank of must be lower 
than the LLOQ.

(2) Quality Controls:
1. QC replicates had to be ± 20.0% CV.
2. QC samples must be within ± 20.0% RE of the nominal value.
3. Each of six QCs samples (two at each level: HQC, MQC, and LQC) were to be evaluated 

for precision and accuracy. The HQC and MQC must fall within ± 30 % of their nominal 
value.  The Low QC must fall within ± 50 % of its nominal value. The value of the 
negative control - naïve rabbit serum must have an optical density of ≤ 0.200. Four of six 
QCs must demonstrate both a %CV of ±20.0% and a %RE of ±20.0%. Also, there must 
be at least one passing QC at each level (HQC, MQC, and LQC) and at least two of the 
three QC samples must fall within the acceptable standard ranges.  

4. QC was permitted to be censored one dilution at a time in order to have a percent 
coefficient of variation (%CV) of ≤ 30 %.

(3) Sample:
1. If the sample demonstrated >20.0% CV, it must be retested.
2. If the sample demonstrated a putative result <LLOQ (9.68 ng/mL), then no retesting was 

required, but it should be reported as "<LLOQ."
If the putative result was >ULOQ (309 ng/mL), then it must be diluted with pooled, rabbit naive 
serum at a dilution  appropriate for quantitation within the range of the assay, and re-tested. The 
results that were to be reported include the median of the adjusted results whose unadjusted 
results was between 9.68- 309 ng/mL.

Test samples
Stability of Samples
The stated conditions under which the samples must be kept in order to prevent degradation of 
the PA63 molecule were as follows:

Must be tested within72 hours of collection and held at 2- 8 0C during this period.  After 
72 hours the samples must be stored at ≤ - 700C.  For long term storage the samples must 
be held at ≤  -700C and tested with 3 months. The sample must be freeze/ thawed as little 
as possible. It is suggested that the number of (F/T) cycles be no more than 5. 
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Sample Testing Criteria
If a samples was tested two independent times the %CV must be ≤ 35%. If greater than 35% the 
samples were to be repeated. If the quantity was insufficient and the %CV <35, then the median 
value of the test results must be reported.  

Twelve plate layouts were used in the study; each layout was tested by at least two operators. 
Figure 1 shows the arrangement of the samples on one micro-titer plate. 

                         Figure 1 Arrangement of Standards, Quality Controls and Test 
                               Specimens on a micro-titer preparation plate

Comment:
Overall, the applicant’s acceptable criteria are very wide and will not contribute to a high level 
of accuracy or precision. 

4.2.4.2. Sensitivity
Twelve calibration standards were used to draw the standard curve.  The standards (PA63) were 
prepared fresh on the day of use; they were reconstituted into naïve rabbit serum to obtain a final 
concentrations of 1,250 ng/mL, 625, 313, 234, 156, 117, 78.1, 58.5, 39.1, 19.5, 9.77, 4.88 ng/mL. 
Table 1 shows the reconstitution of the standards.  Each standard curve was constructed by at 
least 6 points that were above zero. The calibration standards (CS) approximating the limits of 
quantitation were 313 ng/mL (CS3) and 9.77 ng/mL (CS11).The highest concentration of the 
assay was validated to be slightly less than the CS3 and so was estimated to be 309 ng/mL 
(ULOQ). The LLOQ was validated to be 9.68 ng/mL. 

 Validation report
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the Lower Limit of Quantitation (LLOQ). In this assay the value of the LLOQ was represented 
by the calibration standard (CS) 11.

Calibration Standards
 (1) Standard Curve: CS within the validated range should have replicates  ± 20.0% CV (± 25.0% 
CV at the LLOQ and ULOQ).Calibration Standards within the validated range were to be within 
± 20.0% RE of the nominal value (± 25.0% RE at the LLOQ and ULOQ).
The accuracy of the standard curve points must have a %RE range from -20% to +20%. But at 
the LLOQ and the ULOQ the range could be between  -25% to +25%

(2) Quality Controls:
QC replicates had to be ± 20.0% CV. QC samples must be within ± 20.0% RE of the nominal 
value. Each of six QCs samples (two at each level: HQC, MQC, and LQC) was to be evaluated 
for precision and accuracy. The HQC and MQC must fall within ± 30 % of their nominal value.  
The Low QC must fall within ± 50 % of its nominal value. The value of the negative control 
naïve rabbit serum must have an optical density of ≤ 0.200. Four of six QCs must demonstrate 
both a %CV of ± 20.0% and a %RE of ± 20.0%. Also, there must be at least one passing QC at 
each level (HQC, MQC, and LQC) and at least two of the three QC samples must fall within the 
acceptable value ranges described above. QC was permitted to be censored one dilution at a time 
in order to have a percent coefficient of variation (%CV) of ≤ 30 %.

(3) Sample
The reportable value (RV) of the unknown test sample must be taken from the average of the 
concentrations (from a single sample tested in replicate wells on one plate) interpolated from the 
passing reference standard curve. The average result must be between (or be equal to) the LLOQ 
and/or ULOQ of the assay and demonstrated an intra-dilution %CV of ± 20.0%.  If the sample 
demonstrated >20.0% CV, it must be retested. If the sample demonstrated a putative result 
<LLOQ, then no retesting was required, but it should be reported as "<LLOQ."  If the putative 
result was >ULOQ, then it must be diluted with pooled, naive serum at a dilution  appropriate for 
quantitation within the range of the assay, and re-tested. The results that were to be reported 
include the median of the adjusted results whose unadjusted results was between the LLOQ and 
ULOQ.
 
Test samples
Stability of Samples
The stated conditions under which the samples must be kept in order to prevent degradation of 
the PA63 molecule were as follows:
Must be tested within72 hours of collection and held at 2- 8 0C during this period.  After 72 
hours the samples must be stored at ≤ - 600C.  For long term storage the samples must be held at 
≤ - 600C and tested with 3 months. The sample must be freeze/ thawed as little as possible. 

SampleTesting Criteria
If a sample was tested two independent times the %CV must be ≤ 35%. If the %CV is greater 
than 35% the sample was to be repeated. If the quantity was insufficient and the %CV <35, then 
the median value of the test results was taken.  
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Twelve plate layouts were used in the study; each layout was tested by three operators. Figure 1 
shows the arrangement of the samples on one micro-titer plate. The samples are diluted in 
individual columns down the plate. The two reference standards were each diluted 7 times. Each 
QC and test sample was diluted 1:5-fold for three successive times. The relative standard 
deviation  (RSD) between equal concentrations of the same substance must be <20. The standard 
curve calibrators ranged from 4000 ng/mL diluted four-fold to 0.244 ng/mL.

                                       Figure 1 Arrangement of Standards, Quality Controls and Test 
                                               Specimens on a micro-titer preparation plate

Comment:
Overall, the applicant’s acceptable criteria are very wide and will not contribute to a high level 
of accuracy or precision. 

3.2.5.2. Sensitivity
Eight calibration standards were used to draw the standard curve.  The standard PA63 
concentrations (10.5, 26.2, 65.5, 164, 410, 1020, 2,560, 6,400 ng/mL) were prepared fresh on the 
day of use with reconstitution into naïve rabbit serum. The acceptance criterion was ≤ 50% of the 
nominal value. The LLOQ was determined to be 10.5 ng/mL and ULOQ was 6,400 ng/mL. 
Table 1 shows the results for concentration points in the calibration curve.

                        Table 1: Results of testing eight standards to establish the standard curve and 
                         determination of LLOQ and ULOQ . 

 Validation report

Source:  validation report
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4.2.5.3. Quality Control 
Six QC samples, two at each level, were used in this assay: the High QC (HQC) with a 
concentration of 1000 ng/mL, the medium QC (MQC) 100 ng/mL, and the low QC (LQC 10 
ng/mL. Each QC sample was diluted five-fold for three successive times.

4.2.5.4. Accuracy 
The criterion for the determination of accuracy was defined by the total error between the 
expected PA concentration and the concentration after testing. The percent total error (TE) 
accepted was ≤ 50%.   The results were based on 264 reportable pieces of data.  Initially, 
concentrations ranging from 0.1 to 100,000 ng/mL were tested. The total logarithmic error range 
was high at the highest and lowest concentrations when the values included 0.1 to 100,000 
ng/mL, and included variables such as day to day, operator and residual variables at each 
concentration.  The data were therefore restricted to the range normally used in the assays of 4.2 
to 16,000 ng/mL, the variances were separated and the number reduced from 49 to 35.  The 
results of the corrected values are shown in Table 2. Table 2 shows that the results at the highest 
and lowest concentrations of PA fell outside of the acceptance limit of ≤ 50% TE.  Figure 2 is a 
comparison of the two sets of values – 

A - represents concentration range 0.1 to 100,000 ng/mL and 
B - concentration range 4.2 to 16,000 ng/mL. 

Table 3 shows the results of testing between 10.5 ng/mL and 6,400 ng/mL; all of the values were 
below 50%.The LLOQ and ULOQ were therefore computed to be 10.5 and 6400 ng/mL 
respectively.
                      

                                      Table 2: The Corrected concentration range restricted to 4.2 to 16,000 ng/mL 
                                by percent total error

                                                                                                                 Validation report
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Figure 2: Comparison of total logarithmic errors of concentration ranges 0.1 to 100,000 ng/mL and 4.2 to 16,000 
ng/mL 
A. Concentration range 0.1 to 100000 ng/mL B. Concentration range 4.2 to 16,000 ng/mL

 Validation report

   
                              Table 3: Percent total error and other variances at concentrations between 
                              10.5 ng/mL and 6,400 ng/mL of PA in the assay for New Zealand White Rabbits                   

                                                                                                                                                                           Validation report

The accuracy of the assay with regard to the amount of PA recovered is shown in Table 4. The 
acceptability criteria stated by the applicant was 100 ± 30%. The percentage of PA recovered 
ranged from 80 – 97%.  The amount of PA recovered was relatively stable throughout the 
concentration range. The lowest amount of PA recovered was 80% in the spiked specimen 
concentration of 410 ng/mL. The recovery results met the acceptability criteria. 

Table 4: The percentage of PA recovered compared to nominal concentrations at various
                      levels

PA conc. ng/mL 10.5 26.2 65.5 164 410 1,020 2,560 6,400
Percent. recovery 90 97 96 93 80 85 85 89

                                         Validation report

4.2.5.4. Limits of Detection
The LLOD is the lowest true concentration at which ≥ 95% of the concentration of PA can be 
detected. The LLOD was determined to be 1.30 ng/mL. The upper (ULOD) limits of detection 
defined as the concentrations where at least 95% of the PA results, below the upper end of the 
standard curve, can be determined. The ULOD was determined to be 26,297 ng/mL.

Reference ID: 3861199
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Table 5: Results of tests run for repeatability on four concentrations of PA spiked Rabbit serum.

Model Variance
Component

Concentration
(ng/mL)

Pooled
Variance
Estimate

Standard
Deviation

Percent Relative
Standard
Deviation

10.5 0.003
410 0.010

2,560 0.025
Operator

16,000 0.035

N/A

10.5 0.002 0.045 10%
410 0.003 0.052 12%

2,560 0.008 0.089 21%

Separate 
Residual 
Variance

Residual

16,000 0.026 0.162 39%

Intermediate inter-run precision: This parameter compares results of aliquots of the same 
specimen but tested on either different days, different runs, or by different operators. Acceptable 
limit (%RSD) was 
≤ 30%.  The results of testing for intermediate precision are shown in Table 6. The table shows 
that the criterion was met only from PA concentration 10.5 ng/mL to 410 ng/mL. The RSD 
results for 10.5 ng/mL to 410 ng/mL concentrations ranged from 16 to 30%. At the higher 
concentrations 1,020, 2560 ng/mL and 6,400 ng/mL, the values ranged between 37and 42% 
which indicated that, in this study, these values when repeated were not accurate and are 
therefore not validated. These were also the concentrations where the operator variability was 
highest. 

                         Table 6: Intermediate Precision analysis based on Percentage Relative Standard 
                                Deviation versus Concentration within the Analytical Range 

True Concentration
(ng/mL) %RSD (Observational Scale)

10.5 16%
26.2 21%
65.5 30%
164 20%
410 30%

1,020 37%
2,560 37%
6,400 42%

Source Modified from NIH report 

4.2.5.7.  Specificity
As in the monkey studies, specificity was measured at three concentrations of PA: 6,400, 26.2 
and 4.20 ng/mL. The physiochemically interference substances and matrices tested were : 
ciprofloxacin, LF, EF, hemolytic serum and plasma. The first part of the specificity testing was 
used to determine if the results obtained from pooled sera were different from those obtained 
from individual rabbit serum for use as matrices in testing interferents. The effect of pooled sera 
over individual sera was not significant therefore the normal serum samples were combined for 
testing of the interferents. A second part of specificity testing related to the effect of interferents 
in the test specimens. Normal serum samples were compared with samples that contained 
interferents. Table 7 shows the results of comparison between the control sera and those with 

 Validation study
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interferents. Only two of the interferents made significant difference and those were LF and EF 
at 6,400 ng/mL. Table 8 is a summary of the results of the assay.

                         Table 7: Pairwise Differences in the Logarithmic Domain to Compare Normal Serum                     
                               Samples with Serum Samples Having Potential Interferents, Separately within each                          
                                Concentration. Concentrations 4.2, 26.2, 6,400 ng/mL 

 validation report
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Table 8 : Summary of assay performance for Total PA in Rabbits
Parameter Validation Criteria Test results of 

Parameter (ng/mL)
Validation 
Decision

Comment

Limits of 
Detection

ULOD  ≥ 16,000 ng/mL                         
               
LLOD  ≤ 4.2 ng/mL

LOD ≥ 95% of samples 
have a PA result

26,297

1.30

4.2

Acceptable None

Limits of 
Quantitation 

ULOQ ≥16,000 ng/mL

LLOQ ≤ 4.2 ng/mL
 
%TE  ≤ 50% (from 
LLOQ  all Conc. to 
ULOQ)
%RSD ≤ 30%  ( LLOQ to 
ULOQ)

410

10.5  

Acceptable None

Accuracy

Recovery

Intermediate 
Precision

Repeatability

 Absolute  = %RE (bias) ≤ 
30% at each concentration
----------------------------
100 ± 30 % at each 
concentration
----------------------------

%RSD ≤ 30%
For each concentration

----------------------------

%RSD ≤  30%

80 to 97 %

---------------------
80 – 97%

--------------------
RSD ≤ 30 % up to 
410 ng/mL 
1020 – 6400  *
37-42%
--------------------
10.5, 410, 2560 
10 - 21%
16,000 = 39%*

Acceptable

--------------------
Acceptable
Acceptable
------------------
Acceptable to 
410 ng/mL

------------------
Partially 
acceptable 

---------------------------
Validated only up to 410 
ng/mL

---------------------------
Not repeatable at 16,000 
ng/mL

Specificity
for detection 
of PA63

Normal Pool vs individual 
specimens
< 30%
Acceptance criteria = 77-
130%

Ability to detect 
interferent – significance 
level (p≤ 0.15)
Ciprofloxacin, EF, LF, 
Hemolytic serum

Results were not 
significant

Specific for 
plasma or 
interferents if 
Ratios 77% to 
130% 

 Individual  
samples and 
pooled samples 
combined

Interferents -Not 
significant except 
At 6,400 ng/mL
LF (41%) 
EF 63%) 
significant 

Acceptable except at 
6,400 ng/mL.

Stability
PA63

Maximum 182 days 
frozen at ≤ -700C

 NA NA Complete results not 
available

Linearity of 
Standard 
curve

Range at LLOQ and 
ULOQ = ≤ 30%
Slope = 1± 0.0645

Regression slope 
0.98

Acceptable
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Comments:
 The results of testing to demonstrate the accuracy, precision, specificity of testing for free PA 

in rabbits using this ELISA assay are adequate, because the results met the criteria set forth 
for acceptability by the applicant.  The assay showed acceptable linearity but only between 
10.5 and 410 ng/mL. 

 Specificity tests show that PA will not be affected by most of the interferents that are expected 
to be found in specimens of infected animals. This includes a fluoroquinolone with which the 
infected animal is likely to be treated. It is also important to know whether there would be a 
difference in results between serum and plasma. The other components of the tri-partite toxin 
LF and EF do not affect PA except at high levels of PA when it reduces the recovery of PA.   
One of the major problems in this assay as with other assays in this study is that the level of 
hemolysis was not clearly defined.

 Sensitivity was demonstrated in the minute quantity of PA that could be detected. This is 
important because it means that the assay can detect PA activity very early in the infection, 
when it is most critical to administer therapy. ULOQ tended to pose some problems with 
inaccuracy as it did with the non-human primates. Therefore it might be wise to repeat the 
samples, with dilutions,  when results fall at the upper limits of quantitation. The LLOD was 
determined to be 4.2 ng/mL while the LLOD was 10.5 ng/mL

 The applicant states that this assay, and its companion in monkeys, are meant to track 
toxemia. 
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4.3.  Enzyme linked immunosorbent assay for quantitating anti-PA IgG antibodies 

4.3.1.  Anti-PA monoclonal Antibody in Monkeys
SOP X-101-12. Validation Report VP2008-221(G607605).
  
This was an indirect ELISA designed to measure the specific IgG antibody to the PA in the 
serum of cynomolgus monkeys infected with, or exposed to, Bacillus anthracis. The active 
response of the body to a foreign antigen is the formation of antibodies. The antibodies found in 
the blood are located in the serum when blood clots. It is this serum that is tested in the indirect 
ELISA. Antibodies bind with varying avidity, to the specific antigen which stimulated their 
production. 

The principle of the assay is different from that described in section 4.2. Briefly, the antigen 
recombinant PA is immobilized in the well. Sera from infected animals are added which, if 
specific for PA, will bind to the immobilized antigen. A secondary antibody of the same class as 
anti- PA IgG is linked to a labeled reporter molecule. The secondary antibody (goat anti-non-
human primate IgG Horseradish Peroxidase  conjugate (Fitzgerald),  binds to the primary 
antibody in the sample and therefore must be compatible with the primary antibody.  Anti-PA 
antibody that is not bound to rPA in the plate is washed out while the bound PA-anti-PA – 
enzyme-conjugated anti-IgG complex remains.  The intensity of the reporter molecule in the 
plate is read by a read-out instrument  such as a spectrophotometer. The applicant states that in 
the future, this assay will be used to detect anti-PA IgG antibodies in the sera of patients using an 
anti-human IgG conjugated antibody.

In this assay, a 96 well microtiter plate was coated with 1 µg/mL rPA in 1X phosphate buffered 
saline pH7.4 and stored until use. The unbound rPA in the microtiter plates were washed, when 
ready to use.  One hundred microliter of 2X diluted standard samples, test samples, and 1X 
diluted quality controls were added to specific wells in the plate, incubated, and washed. The 
conjugate was added to the washed plate and re-incubated. After incubation and washing, species 
specific, horseradish peroxidase conjugated anti-gamma chain antibody, goat anti-NHP IgG or 
goat anti-rabbit IgG Horseradish peroxidase which were the secondary antibodies (dependent on 
the specific serum being tested) were added.  This combination was incubated, and stop solution 
added. The tests were read on a 96 well microplate reader (Bio Tek Elx800 or a similar 
spectrophotometer at a wavelength of 405 nm). The endpoint of the assay was reported in µg/mL 
of anti-PA IgG. The assay was performed at  to evaluate the following:

 Sensitivity
o Limit of Detection 

 Accuracy
o Repeatability
o Dilutional Linearity


 Precision
 Specificity

o Matrix effect

Reference ID: 3861199
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                               Table 4: The effect of hemolysis, ciprofloxacin and plasma on the activity of 
                                anti-PA IgG

                                                                                                           Validation Report

Table 5 is a summary of the acceptance criteria and the results that were obtained for each 
criterion. The assay passed all parameters, except for the testing of samples in which 
ciprofloxacin was included.

Table 5: Summary of Monkey Anti-PA IgG assay
Parameter Validation Criteria Test results of 

Parameter (µg/mL)
Validation 
Decision

Comment

Limits of 
Detection

LOD ≥ 95% of samples 
have an Anti-PA IgG 
Result . No greater than 5 
µg/mL

 1.6 Acceptable None

Limits of 
Quantitation 

ULOQ 
LLOQ Variance no 
greater than 0.236
 
%TE  ≤ 50% (from 
LLOQ  all Conc. to 
ULOQ)

256
5.42

TE acceptable in 
Bins 2 and 5-7

Acceptable None

Precision

Intermediate 
Precision

Repeatability

R2 = < 40%

R2 = <30%

Intermediate 
precision =21.1%

RepeatabilityR2 = 
18.4%

Acceptable

 

None

Specificity
for detection 
anti-PA IgG

Reference Standard <50% 
when diluted in other 
matrices

< 25% failure of 
samples

Hemolysis & plasma =
Pass
Ciprofloxacin = Fail

Accuracy -
Linearity of 
Standard 
curve

Within ±0.322on the log 
scale (80 to 125%)

2/4 met criteria
Range 5.42 to 
1280

Acceptable

Comment: 
This assay is validated for the testing of monkey serum samples for the presence of anti-PA IgG. 
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Specificity:
The secondary antibody for this assay was goat anti-rabbit IgG-horseradish peroxidase conjugate 
(Biomedical Aurora, Ohio).  All results must have %RE = ≤ 30% and %Rec 100% ±30% from 
the nominal concentration.
 
Sensitivity:
Results must have a %RE of  ≤ 30%RE, %Rec = 100% ±30%, RSD + ≤ 40%

Calibration Standard 
The concentration of anti-PA IgG in the reference Standard BMI001 was 79.89 µg/mL. The 
starting dilution was 1:100. The sample was then diluted 1:50 for testing.   Each plate used 
in this study comprised two positive and one negative control sample. 

4.3.2.2. Sensitivity
In order to establish a range for the assay, the concentration of samples spiked to 1 µg/mL was 
used to establish the minimum LOQ.

In addition to the 1 µg/mL spiked samples, 8 samples from rabbits, with approximately 1µg/mL 
rabbit anti-PA IgG were diluted 1:50, and tested by 3 operators. The results of tests with 1 
µg/mL were validated. It was found that all samples with a concentration of ≥1 µg/mL were 
always positive. Therefore, the applicant decided that 1 µg/mL would be an appropriate LOD.  
Analysis of results from the 8 rabbit samples using this LOD, showed that one positive sample 
registered as negative and that another fell above the upper limit of acceptance. Sixteen 
additional tests were performed to confirm the LOD and LOQ. The tests were run by 3 operators. 
The results confirmed that the LOD should be 1 µg/mL. The applicant retrospectively assessed 
previous results of samples with a concentration of IgG <3.0 µg/mL. It was found that 74.47 % 
of the times the samples tested resulted in a %RSD of ≤ 40%. This retrospective analysis also 
indicated that an acceptable level (<40%RSD) of rabbit anti-PA IgG was achieved at 
concentrations < 5 µg/mL. This concentration, 5 µg/mL, was selected as the limit of quantitation 
LOQ.
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Table 1: Summary of Dilutional Linearity Percent Recovery (%Rec) Data

Percent Relative Standard Deviation (%RSD) of the dilutional linearity was calculated as 
follows: 
% RSD  = Standard deviation of the Concentration/ Mean concentration of the concentration) 
X100. 
The acceptance criteria were ≤ 20% of each concentration, except the lowest concentration 
which is ≤ 30%. 
Percent relative standard deviation is shown in Figure 2. All concentrations fell below 20% of 
the nominal concentration.  This demonstrated accuracy in dilution of the original sample. 

When the sources of variability were investigated, it was found that the persons who conducted 
the tests performed well. The technician effect did not adversely affect the results. The errors 
were greatest at the high concentrations. Figure 2 shows the results. Table 2 shows the effect of 
technician and day of test performance, on the results, for 6/7 occasions the technician 
performance was of a high standard.

Validation Protocol VP2004-108
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Table 3: The Error and recovery rates of 18 rabbit anti-PA spiked     
                              samples to test for sample bias.

4.3.2.4. Precision
Repeatability
Repeatability evaluated the similarity of results obtained from specimens within a run.  This was 
measured by 3 operators, who prepared the samples independently using 5 concentrations of 
anti-PA IgG, for testing on 3 days. The five concentrations were High 1, Mid 1, and 3 levels of 
Low namely, 1, 2 and 3 in concentrations of 80, 20, 5, 2.5 and 1.25 µg/mL, respectively. Each of 
the concentrations was assayed 36 times.   Table 4 shows the results. All concentrations met the 
acceptance criteria.

                              Table 4: Results of Repeatability of Five Concentrations of Rabbit Samples

Validation Report  VP2004-108
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Intermediate precision 
Intermediate precision, evaluated the results obtained from specimens between runs, in order to 
assess the variability across the plates, operators and times the specimens were tested. The results 
of the five specimens 80, 20, 5, 2.5, 1.25 µg/mL ran 18 times by 3 operators on 3 days using 2 
separate preparations, were compared. The inter-plate mean and inter-plate standard deviation 
were calculated and the inter-plate percentage relative standard deviation was calculated as 
follows (%RSD):

Inter-plate %RSD + (Inter-plate standard deviation/Inter-plate mean) x100
All of the acceptance criteria were met. Table 5 shows the results.

                        Table 5: Results of Intermediate Precision of Five Concentrations of Rabbit Samples

The applicant also assessed some random effects using the same concentrations as those used in 
intermediate precision. The random effects were variability by day, analyst, error and overall 
variability. Table 6 shows the results. There was no difference in analyst results. Although the 
relative standard deviation percentage met the acceptance criteria, they were generally very high. 
Low level 3 fell just within the level of acceptance criteria, and only at Low level 3 did the 
technician have any adverse effect.
 
                 
                        Table 6: Variability between Analysts, Day, Error and Overall Variability in testing five                             
                         concentrations for anti-PA IgG in Rabbits

Validation Report 
VP2004-108

validation Report 
VP2004-108
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4.3.2.5. Specificity
Specificity was tested in 3 ways (i) Two PA positive sera - one from recombinant Protective 
Antigen (rPA) vaccinated, and the other from Anthrax Vaccine Adsorbed (AVA) - vaccinated 
rabbit.  These provided high and low concentrations of 6 different anti-PA IgG sera  (ii) These 6 
different anti-PA IgG sera were spiked into one negative sample to create high, medium and low 
concentrations  (iii) Interference from substances that might normally be found in the sample of 
an infected individual e.g., LF or EF, or that might be hemolytic or lipemic, or contain 
medication used to treat the infection e.g., ciprofloxacin.  The applicant therefore used the 
following matrices, normal naïve rabbit serum, rabbit sera with ciprofloxacin or levofloxacin, 
hemolytic rabbit serum, lipemic rabbit serum and serum that were obtained from rabbits that 
were vaccinated using rPA or AVA. Table 7 shows the results of the interferents. The test was 
able to identify rabbit anti-PA IgG in the presence of the interferents that were tested. 
Table 8 is a summary of the results of the assay.
                                   
                                   
                               Table 7: Results of interferents used in the test for Specificity                     

                                                                                                  validation Report VP2004-108
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Table 8: Summary of Rabbit Anti-PA IgG assay results
Parameter Validation Criteria Test results of Parameter (µg/mL) Validation Decision Comment

Limits of 
Detection
LOD 
(1µg/mL)

LOD
RE ≤ 30% 
Rec 100% ±30%
RSD ≤ 40%

RE 15.17%
Rec 84.83 – 113.70%
RSD 12.95% 
The LOD = 1µg/mL

Acceptable None

Limits of 
Quantitation 
LOQ (5 
µg/mL)

LOQ
RSD≤40%

Real World 
5.504 -10.78  µg/mL

LOQ =  5 µg/mL

Acceptable None

Precision

Intermediate 
Precision

Repeatability

RSD ≤ 20% High, 
Mid, Low1&2
RSD ≤ 30% Low 3

RSD (i) ≤ 20 % for       
         80,20,5  µg/mL
         (ii)  ≤ 30 for 2.5                        
         and  0.25µg/mL 

RSD
  (i) ≤ 20 % for       
        80, 20, 5  µg/mL
  (ii) ≤ 30 for 2.5        

and  1.25 µg/mL                              

RSD
High 1(71.77 µg/mL) = 11.95%  
High 2 (35.89  µg/mL) =  10.71 %           
Mid 1 (17.94 µg/mL)   = 11.29  %
Mid 2 (8.97 µg/mL)     = 11.19  %
Low 1 (4.49 µg/mL)    = 18.42  % 
Low 2 (2.94 µg/mL)    = 18.2    %
Low 3 (1.12 µg/mL)    = 29.01 %
------------
RSD
(i) 11.29 -18.42 %
(ii) 18.21 -29.02 %

RSD
(i) 9.73% - 12.26%

 (ii) 12.16 -21.47%

 Acceptable None

Specificity
for detection 
anti-PA IgG

%RE = ≤ 30% and 
%Rec 100% ±30% 
from the nominal 
concentration.

Ave RE%
Hemolysis = 3.26%
Ciprofloxacin2.17%
Levofloxacin =5.01 %                                        
Lipemia = 16.07%
Range Rec  (range) = 79 % - 112 
%

Acceptable None

Accuracy -
Linearity of 
Standard 
curve

RE ≤ 30% 
Rec 100% ±30%
RSD ≤ 20 % for        
80,40,20,10  µg/mL
           ≤ 30 for 5, 2.5 
and 1.25 µg/mL
R2>0.95

RE -29.54%
Rec range 70.46%-129.18% 
RSD 1.81-15.99%

RSD 0.30 – 22.58%

R2 slope 0.9902

Acceptable

Comments 
All parameters tested passed the acceptable validation criteria for the quantitation of anti-PA 
IgG in rabbits.
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4.4. High thruput Toxin Neutralization Assay (htp TNA)  
      X-143-06 . VP2006-152
 
Toxin Neutralizing Assay (TNA) was used for measurement of the neutralizing anti-lethal toxin 
using serum samples from rabbits, monkeys and humans.  One of the protective mechanisms of 
the immune system against the Bacillus anthracis toxin, including the PA, is the production of an 
anti-toxin which is a neutralizing antibody. Neutralizing antibody is also formed in response to 
vaccination, recombinant protective antigen and Anthrax Vaccine Adsorbed (AVA). In the 
absence of the neutralizing antibody, PA forms a complex with LF to form lethal toxin, and 
enters the cell causing cell death, by down-regulating the mitogen-activated protein (MAP) 
kinase pathway. The Bacillus anthracis lethal toxin that comprises the protective antigen and 
lethal toxin is cytolytic, it causes apoptosis, in some macrophage cells, and this activity is the 
basis of the neutralizing antibody assay.  Specifically, the assay looks at the ability of serum 
from animals that have been infected with Bacillus anthracis, or vaccinated with anthrax 
vaccine, to neutralize the cytolytic effect of the lethal toxin. 
As stated above, ETI- 204 is a monoclonal antibody directed against PA which it binds, and 
competitively prevents the binding of the LF and EF, critical components for the establishment 
of anthrax disease. This action prevents the endocytosis of these toxins into susceptible host 
cells. Cell based toxin neutralization assay was performed to detect neutralizing antibodies to 
lethal toxin of Bacillus anthracis in human, monkey and rabbit sera. As noted earlier, it is 
unethical to test humans with Bacillus anthracis (Animal Rule). Therefore, human efficacy is 
based on a comparison between the TNA titer that protects animals, and the TNA titer obtained 
when humans are vaccinated against anthrax. 

A mouse cell line, J774.A 1, (BEI Resources of ATCC), that comprises macrophage/monocyte - 
like cells, are susceptible to the lethal toxin of Bacillus anthracis.  The assay is performed using 
a monolayer of J774.A 1 cells incubated with a specific quantity of lethal toxin (LeTx), prepared 
by mixing equal concentration of rPA and rLF (BEI Resources of ATCC), in the presence or 
absence of ETI-204, and rabbit, monkey, or human sera or plasma containing anti-PA antibodies. 
The cells are then washed and tested for mitochondrial activity, which is a reflection of viability, 
metabolism, and proliferation of the cells. The activity is measured colormetrically using an 
indicator, (MTT) 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide  (Sigma 
Chemical Company), a water soluble tetrazolium salt.  The activity is indicated by the enzyme 
mitochondrial reductase present in living cells which reduces the yellow colored MTT to a 
purple formazan which can be read at a wavelength between 500 to 600 nm (Figure 1).  Dead 
cells, in this case those that are killed by the lethal toxin, will not reduce MTT and so the assay 
medium will remain yellow. The variation in color will be proportional to the amount of MTT 
reduced, which in turn, is proportional to the number of live cells.  
The endpoint of the assay in this study, was primarily the Effective Dilution 50 (ED50), and 
secondarily the Neutralization Factor 50 (NF50), the dilution of the sample that reduces 50% of 
the toxic factor of the amount of purified antibody neutralizing 50% of the cyto-toxicity in the 
cell. All testing was done at   laboratories.
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Figure 1. Mechanism of the reduction of 3-(4, 5-dimethylthiazol-2-yl)-2, 
                               5-diphenyltetrazolium bromide

J774.A 1 cells, obtained from the American Type Culture Collection and harvested from 
passages 4 to 11, were incubated in Dulbecco’s Modified Eagles’ Medium (DMEM) 
supplemented with fresh glutamine, 5% fetal bovine serum and 1% penicillin/streptomycin at 
370C in an atmosphere of 5% CO2 and 85% humidity. The flat bottomed microtiter plates were 
seeded with 100µL of approximately 4 X105  J774.A.1 cells/mL. The confluency of cells at the 
time of testing must be approximately 40 to 70 % of the original inoculum (Cell Plate).

Recombinant PA (rPA) and recombinant LF (rLF) stock were prepared in growth medium to a 
concentration of 0.1 mg/mL. Lethal toxin (LeTx) was prepared by combining appropriate 
concentrations of rPA and rLF stock in growth medium. 

Diluted test sera, controls and standards were added to wells and serially diluted.  Lethal toxin 
was added to some wells and growth media to other wells including some of those with LeTx. 
All plates were placed on a plate shaker for 15 seconds at 620 rpm then incubated  at 370C for 30 
minutes (Neutralization step).
The intoxication step occurred by the addition of diluted sera or controls to wells in the same 
rows that corresponded to rows in the cell plate and incubated at approximately 370C in CO2 for 
4 hours.

After incubation, MTT (viability indicator) was added to each cell-LeTx mixture and the plates 
re-incubated at 370C in CO2 for an additional two hours. This was followed by the addition of a 
stop buffer, then the assay re-incubated overnight at 370C in CO2. Solubilization buffer was 
added to the wells causing the cells to lyse, release, and dissolve the cellular granules. After 16 – 
20 hours of incubation at 370C for 16 to 20 hours,  the plates were read on a microplate reader at 
a wavelength of A570 - A690.  Figure 2 shows the general  layout of the plates and figure 3 shows 

                           
MTT Formazan

Raxibacumab

wikipedia
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Acceptance Criteria 
In this study the ED50 is defined as the reciprocal of the dilution of the sample that neutralizes 
50% of the toxic effect of PA. Validation was done in 16 runs on 7 consecutive days. Statistical 
models were used to assist in the computation of data.

Repeatability:
 The difference between the highest positive value column and the lowest negative value 

column must be <50% in the 95% quantile of the percent relative maximum fold of bias 
(PRMFB0.95). 

 The total error must be < 50%
 Percent relative total precision (PRTP) versus ED50  for pooled samples, combined pooled 

+ real world samples, and specificity samples must be <50%
 
Intermediate Precision:

 RSD for ED50 & NF50  - must be <0.5
 Precision profile standard deviation (PRSD) takes into account repeatability and 

intermediate precision versus ED50 must be <50%

Dilutional Linearity 7 days, 4 operators.
 75% of slope must lie between 0.67 and 1.50
 LLOQ bias must not be >50%
 ED50 has an %RSD not greater than 50%
 LLOQ ED50 must be <100

Specificity:
 Comparison between normal serum diluent and hemolyzed serum or normal plasma 

diluent: 95% confidence interval of ED50  must lie between 0.67 to 1.50
 No more than 50% change in performance between normal and test matrix.

 
Sensitivity:
ED50 LOD must be less than 50

Calibration Standard/controls:
 Reference Standard (RS) – optical density (OD) values must fall between 0.10 to 2.8. 

Must generate a dilution dependent OD response when LT is added.
 Lowest dilution of reference serum must be ≥ 0.85
 Highest dilution of RS must be within 0.25 of the mean OD of the negative control. %CV 

of NC must be ≤ 20%
 Coefficient of Variation for each dilution must be ≤ 20%. It is allowed that one dilution 

could be > 20% but ≤ 30%
 Difference between the first and last dilution must be OD  >0.55
 Negative Control = OD must be ≤ 0.45 
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Table 1: Estimated Limits of Detection (LOD) and Lower and Upper 95% Confidence Interval Bounds                 
                by ED50 and NF50

                       

Figure 2: Estimated Limits of Detection ED50 and NF50 in Monkey Toxin Neutralization 
Assays

Estimated LOD and Lower and Upper 95% Confidence 
Interval Bounds - ED50

Estimated LOD and Lower and Upper 95% Confidence Interval 
Bounds. NF50

4.4.1.4. Accuracy
Dilutional Linearity: to determine dilutional linearity spiked and unspiked samples were 
tested. Four positive samples were used to spike negative, naive serum. The unspiked 
samples were tested at a starting ED50 and NF50 dilution from 1:50 up to a final 1:1600. 
For the spiked level, the first sample was undiluted with subsequent two-fold dilutions to 
1:64. The acceptance criterion for ED50 was that the ratios must fall between 0.67 and 
1.50. There were no performance criteria for NF50. Tables 2, 3 and 4 show the ED50 and 
NF50 values. For ED50 , both the starting and up to 1:800 dilution, and spiked level 
dilutions up to 1:32 were acceptable.  For NF50 the starting dilution was acceptable but 
the spiked level dilution was not. The applicant stated that real measurements were 
available up to the starting dilution of 1:400, and that starting dilutions 1:800 and 1:1,600 
were extrapolated from the previous dilutions up to, and including1:400. The dilutional 
linearity for starting  samples is acceptable up to 1:400.

VP-2006-152

VP2006-152

Reference ID: 3861199

(b) (4)

(b) (4)





Division of Anti-Infective Products
Clinical Microbiology Review 

BLA #125509 (Original)  Page 98 of 123
                     

         Table 3: Section of table showing Means and Standard Deviations of
                        Seven-Point Moving Averages Within Bins of Absolute Values of Residuals 
                        from Analysis of Variance Fit to Log ED50s

                                     

                         Table 4: Section of table showing Means and Standard Deviations of Seven-Point 
                               Moving Averages Within Bins of Absolute Values of Residuals from Analysis of 
                                Variance Fit to Log NF50s

4.4.1.5. Precision
The assessment of intermediate precision was based on the repeat values of the relative 
standard deviation in each room. The data used were pooled from both rooms. 
Two hundred and twenty-six samples were used to determine the intermediate precision. 
The standard used to define precision was ED50 . The acceptance criterion for ED50 was 
recommended to be a relative standard deviation (RSD) of <0.5. The resulting ED50 and 
NF50 RSD within the two rooms were 0.24 and 0.19, respectively. This was acceptable. 

4.4.1.6. Specificity
Positive neutralizing antibody sera from nine cynomolgus monkeys were spiked into 
three normal naïve samples to assess the specificity of the assay.  The negative matrices 
were normal naïve serum,  severely hemolyzed naïve serum, and normal naïve plasma. 
There were 30 normal naïve samples (10  rhesus and 20 cynomolgus monkey samples). 
After mixing with the negative matrices, the original values of each positive serum were 
confirmed. The acceptance criterion for ED50 values stated that they must range between 
0.67 and 1.5 at a 95% CI.

VP2006-152
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The test found that the values obtained in the specificity parameter were much lower than 
that for the original positive values. Therefore the criterion failed;  this means, that 
hemolysis and plasma would affect the TNA results. 
Table 5 shows these results. The significance level for ED50 ranged from 0.017 to 0.050, 
and for NF50 0.008 to 0.020 respectively, for hemolyzed serum and plasma, respectively. 

            Table 6 is a summary of the results of the Toxin Neutralization assay.

            
  Table 5: Summary of  Specificity results using spiked positive monkey serum 

VP2006-152
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Table 6 : Summary of Validation Parameters of Monkey Toxin Neutralization Assay  
Parameter Validation Criteria Test results of 

Parameter
Validation 
Decision

Comment

Limits of Detection LOD < 50 LOD   =  36.6 Pass None
Limits of 
Quantitation

LLOQ  =  <100 LLOQ = 55 Pass None

Precision

Intermediate 
Precision

Repeatability

RSD-ED50 & NF50 
= 0.5

75% of slope must lie 
between 0.67 and 
1.50

RSD ED50 = 0.24
         NF50 = 0.19

100% of starting 
dilution slope  with 
mean0f 1.14

Pass None

Specificity 95% confidence 
interval of ED50 
between normal and  
hemolyzed serum & 
plasma  must range 
0.67 to 1.50

Hemolyzed serum : 
normal serum = 0.76 
(p = 0.017)

Plasma : normal 
serum = 0 .77 (p = 
0.05)

Pass None

Accuracy 
(Relative)

Dilutional linearity 
of assay range

Upper starting 
dilution (usd)of 1:50 
&1.0 = 0.67 to 1.50

Upper spike Level 
(usl) of 1  = 0.67 to 
1.50

Usd 1:800 relative 
accuracy = 1.41

Usl = 32 relative
Accuracy = 1:50

 Pass For starting dilutions above 
1:400 the results were 
extrapolated 
1:400 =1:32

Spike levels above 64  
were extrapolated

Comment 
Statistical models were widely used to assist in the computation of the results in this 
assay. The primary endpoint for this assay was ED50 and the secondary was NF50. The 
NF50 value was calculated based on the value of ED50 (NF50 = ED50 test/ED50 std). The 
value that was used in all parameters of this validation study was ED50. NF50 was used to 
a lesser extent and was used only in conjunction with ED50. The assay was validated. 
This assay cannot be used as one of the primary assays for diagnosis, because 
neutralizing antibodies will be detected only subsequent to the production of the PA 
toxin. 
Even though the level of hemolysis has been more descriptive in the TNA than in other 
assays, in this assay the hemolysis was described as severe, the need for more accurate 
and measurable amounts of hemolysis still exists. 
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4.4.2. Validation of the  High Throughput Toxin Neutralization Assay in         
           Rabbits 

VP2006-138

4.4.2.1. Plates
The set up and placement of samples in this assay are important to test accuracy. The criteria for 
acceptability stated that 75% of the plates must pass the acceptance criteria, and that for the 
plates that are acceptable at least 75% must pass the test sample acceptance criteria. Table 1 
shows the results of acceptability of plates and samples by 4 operators conducting TNA tests. A 
total of 154 plates were used in this assay, of these, 116 passed the  acceptance criteria (75.3%) . 
This falls just within the limit of plate acceptability. The sample acceptable rate was 99.6%. 

Comment:
Overall, the plate parameter passed the acceptance criteria. However, approximately one-
quarter  of the plates failed. This failure rate is very high.
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                                  Table 4: Range of Dilutional Linearity for Samples with Specific 
                                         Preliminary Dilutions

The LLOQ was determined using pooled, infected animal samples, and specimens used to 
determine ED50 values. Analysis using the data obtained from the dilutional linearity determined 
that the LLOQ for specimens tested only one time should be 39 as in the lower range of the 1:50 
dilution, and the ULOQ was 12,000 as in the highest value in 1:600 dilution. For samples tested 
twice however, the LLOQ was 35 and the ULOQ 24,000. The 1:1200 dilution was not included 
in the calculation, even though the total error fell within the acceptable limit. Figure 4 shows the 
LLOQ curve.

                                
                    Figure 4: Curve depicting Lower Limit of Quantitation

                                     VP2006-138

4.4.2.4.  Precision
The researchers tested precision at three levels.
Repeatability:  The ability to obtain the same result on a sample that is run more than
once is a measure of repeatability. Within run precision assessed the values of the same sample 
within the same run.  The purpose of testing repeatability was to ensure that there would be no 
discrepancy. The specimen used was diluted eight-fold 1:2, 1:16 and 1:128 and tested according 
to 3 plate outlays.  In one outlay, each sample was used in the same plate 3 times in 3 different 
locations. In other outlay, each sample appeared once per plate in specific locations. A two-stage 
model was used to measure this parameter. The first stage was adjusted for effect due to sample 
variance, day, and operator. The second stage looked at the maximum difference between the 
columns in which the sample was placed. In the plate where three samples from the same 

VP2006-138
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samples tended to shift to the left, giving a lower value than normal. All spiked valued fell within  
±25% of normal.  

Acceptance criteria stipulated that there should be < 50% change. Therefore the assay specificity  
passed validation. This indicates that antibodies found in the positive sera were not masked 
significantly by the matrices tested e.g. if lipemic sera in infected rabbits were tested, the 
presence of the neutralizing antibodies would still be detected.

                                                        Figure 6:Specificity Results of tests for samples that are Lipemic, Hemolytic                
                                                        and contain metabolized Levofloxacin and Plasma

    Table 4 is a summary of the validation parameters for the TNA in rabbit serum.

VP2006-138
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Table 4 : Summary of Validation of  Rabbit Toxin Neutralization Assay 
Parameter Validation Criteria Test results of 

Parameter
Validation 
Decision

Comment

Limits of Detection LOD ≤ 50 LOD   =  23 Pass None
Limits of 
Quantitation

ED50 Bias <50%
LLOQ  =  <100

LLOQ = 39
ULOQ = 24,000

Pass None

Precision

Intermediate 
Precision

Repeatability

Pooled samples  & 
pooled + real world  - 
Total precision  
versus ED50 = <50%

Total error of 
Intermediate 
Precision +Dilutional 
linearity +
Repeatability  = ≤ 
50%

 PRTE  overall  = 
33.7%
Pooled samples = ≤ 
27%

Pooled + real world  
= 28%

Pass None

Specificity All matrices ≤ 50% 
change  Lipemia, 
hemolysis, 
levofloxacin, plasma

All matrices <30% 
change

Pass None

Accuracy

Dilutional linearity 
of assay range

  
Output shall be the 
sample range =
LLOQ –ULOQ.
LLOQ ED50  = <100
 

ED50 range for each 
initial dilutional level

Sample tested at 
1:50 = 16- fold
Sample diluted 
above 1:50 = 5-fold
Lowest ED50 with 
reactive value = 39.
LLOQ of 39 = <100
ULOQ = 24,000

 Pass Suggested usable range for 
each initial dilution when 
sample is tested one time
1:50   = 39 - 624
1:100 = 400  -   2000
1:200 = 800 –   4000
1:300 = 1200 – 6000
1:400 = 1600 – 8000
1:600 = 2400 -  12000
1:1200 = 4800 -24000

PRTE = percent relative total error

Comment:
All of the parameters tested in this study were validated. The specificity of this assay using 
matrices that would probably be found in testing rabbit serum or plasma was accurate, because 
none of the matrices caused a change greater than 30 in the amount of anti-LT activity. One of 
the important characteristics of this assay is that the series of dilutions were outlined and the 
accuracy depended on the initial dilution of the sample. The accuracy tended to decrease with 
increasing initial factors of dilutions. When the sample was tested more than once the error rate 
decreased, this is normally expected. The purpose of this assay in real life, would be to 
determine the antibody response to infection or vaccination.
The assay described three types of curves full/reactive,  partial reactive and non –reactive.  The 
results between the two laboratories varied but not enough to cause the parameter to fail the 
acceptability criteria.
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4.5. Analytical Method for the quantification of ETI-204 by MesoScale Discovery (MSD)    
      Electrochemiluminescence (ECL) Assay

4.5.1. Quantitation of ETI-204 in Rabbit Serum
Study No.TNJS11-010
The principle of the ECL assay is described in section 4.1. In the Tandem ECL assay the plates 
are coated with Streptavidin to which Biotinylated rPA63 is added. When ETI-204 conjugated to 
ruthentlated protein A/G binds to the rPA63, light proportionate to the amount of binding, is 
emitted and measured. This assay utilizes a sandwich format.  The purpose of the study is to 
quantitate ETI-204 using MesoScale Discovery (MSD) technology. The assay was run at 

. 

4.5.1.1.Acceptance Criteria
The acceptance criteria were outlined as follows: 
Standards

 Back calculation of each  non-anchor standard should have a %CV = < 20% 
 On the standard curve each non-anchor point should be ± 20% of the nominal value 

except at the ULOQ and LLOQ where the result must be ±25%
 At least 6 points are required to draw the standard curve

Sample
 Run in duplicate

Quality Control
 Run in duplicate (high, medium, low)
 At least four out of six must meet the criteria, and at least one must be acceptable for 

each level  

 Matrix effect
 At least 80% of animals must recover  at least ± 25% of the nominal value of the drug

Linearity
 Sample must fall within ± 20% of the nominal value and have a % CV of ≤ 20

Inter-assay and intra-assay accuracy and precision
 Accuracy: The acceptance level for the inter-and intra-assay must have ±20% Bias, 

except for the anchor points where a bias of ± 25% is acceptable
 Precision: ≤20%CV

(i) Plate acceptable criteria must meet the criteria for
 Standard curve
 Quality Control

(ii) Criteria related to the experiments 
  Testing of parameters
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                    Table 4: Cumulative results of tests for Intra-assay and Inter-assay Precision and 
                        Accuracy tests 

                                                                                                                                                                                                                                                                                                                  

4.5.1.4. Accuracy
Accuracy of quality control samples was calculated using the % Bias for each level of validation 
test sample. The acceptance level for the inter-and intra-assay was ±20% Bias except for the 
anchor points where a bias of ± 25% was acceptable.
Table 5 shows that there was one failure event, this occurred in run 23 of the LLOQ level 
where the %Bias was – 33.7%. 

                                              
                               Table 5: Inter-assay and Intra-assay of the accuracy and precision tests 
                                       results for the LLOQ by Run

                                                                                                                                                                                                                                                                                                              

The accuracy of dilutions was tested using ETI-204 spiked into pooled rabbit serum to a 
concentration of 150,000 ng/mL. The two assays used to analyze this parameter were performed 
on two different days. The inter-run  percent bias ranged from  -9.3 to -10.0 % and the intra-
assay bias ranged from –4 to 3.0%. The precision results ranged from 0.5 to 2.1% CV for the 
intra-assay and 8.8 to 13.6 %CV for the inter-assay precision.  

Dilutional linearity was investigated by diluting an ETI-204 spiked sample concentration of 
640,000 ng/mL at several ratios such as:1:6.4 (100,000 ng/mL), 1:32 (20,000 ng/mL ), 1:160 
(4,000 ng/mL ), 1:800 (800 ng/mL), 1:4,000 (160 ng/mL) and 1:20,000 (6.4 ng/mL), in pooled 
rabbit serum. The data from table 6 show that the results of the highest dilutions fell outside of 
the upper end of the standard curve. This is not surprising because the nominal values of 
Linearity 1, 2 and 3 were above the ULOD. The %CV of Linearity 4, 5, and 6 were 1.7, 0.9 and 
1.0 respectively,  and the variance from the nominal values was 16.0, 17.3 and 21.9 %, 
respectively. The acceptance criteria for these values were ± 20% of the nominal value in 
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       Table 8: The Effect of Human IgG on the Quantitation of ETI-204

The effect of the presence of protective antigen on the quantitation of ETI-204 in the serum of 
rabbits was measured using rPA63. Recombinant PA63 at concentrations of 20000, 10000, 5000, 
2400, 1200, 600, 300, and 0 ng/mL were spiked into high, medium and low quality control 
samples. Both the spiked and unspiked controls were run on the same plate. Table 8 shows the 
results of this assay. There was interference in three values, LQC - 300 ng/mL, MQC -1,200 
ng/mL and HQC- 5,000 ng/mL.
The applicant therefore, investigated the effect of PA on low concentrations of ETI-204.  
Recombinant PA at concentrations of 300, 150, 75, 50, 25, 10, 5, and 0 ng/ml were spiked into 
rabbit sera to obtain a concentration similar to that of LQC (150 ng/mL), and tested. Table 9 
shows the results. The applicant states that there was interference at the LQC 50 ng/mL level, 
however, this was not apparent from the data see Table 10.  In conclusion,  there was no 
definitive indication that the PA tested will affect the quantitation of ETI-204.
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acceptable. This test showed that hemolysis at 140 mg/dl and 550 mg/dl did not affect the 
quantitation of ETI-204. 
                                   
                                    Table 11: The effect of hemolysis on the Quantitation of ETI-204

                                                                                                                                                        

The applicant also tested levofloxacin (2,400 ng/mL) Table 12, to determine the effect on the 
MQC (2,400 ng/mL), lethal factor  (20 , 200, 2000 ng/mL) on LQC (150 ng/mL), and on HQC 
(4,800 ng/mL) of ETI-204. Edema factor (4, 40, 400 ng/mL) was tested with HQC (4,800 
ng/mL) of ETI-204, to determine their effect on ETI-quantitation. 
Levofloxacin, edema factor, and lethal factor had no effect on the quantitation of ETI-204. 

                          Table 12 :  Effect of Levofloxacin  on Quantitation of ETI-204                  

Comment for specificity
The data resulting from tests to determine if PA interfered with the concentration of ETI-204 did 
not provide conclusive results. The preliminary results did not show a trend in concentration. 
The supplementary test to determine if  ETI-204 was affected at low concentrations was also not 
definitive. More tests should be performed in order to decisively determine if there is true 
interference by rPA in the quantitation of ETI-204.

Overall Comment
All of the parameters that were selected passed the acceptance criteria of the applicant. 
The percentages coefficient of variation and the percentages of bias were very small, 
most of the results showed less than 5% CV, indicating good accuracy and precision of the test 
results. The applicant tested variety of interferents but only human IgG appeared to be tested in 
the quantitation of ETI-204
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The following parameters will be tested:
 Accuracy

 Linearity
Precision

  Percent coefficient of variation
Specificity

 Matrix effect
The study will be run by at least 2 analysts.

4.6.1.2. Accuracy and Precision
To test the accuracy and precision of this assay, six concentrations of Bacillus anthracis were 
diluted two-fold in rabbit blood or saline to obtain a concentration of (160,000, 80,000, 40,000, 
20,000,10,000 and 5,000 cfu/mL), then 0.10 mL of each dilution was cultured on solid medium. 
The recovered growth after 24 hours was enumerated. Table 1 shows the results of growth after 
incubation of 16 -24 hours. The %CV for samples spiked into blood ranged from 4.3 to 37.4. 
only one sample resulted in a %CV <10.  In saline the range was 19.6 to 48%. Therefore the 
precision in both matrices was poor. The accuracy of the test was better than the precision, with 
differences between the target and the recovered concentration of bacteria ranging  from 7.7 to 
16.1%. In only one count was the difference between the original and cultured value less than 
10%. The recovery rate was in all cases, less than the original value. 
There was also a difference in growth between the two matrices, in 4/6 cultures the recovery was 
greater in the saline matrix. The results are shown in table 3.

Table 1: Summary of Accuracy and Precision for Spike and Recovery

Dilutional  linearity. The accuracy data were used to determine the dilutional linearity.
Figure 1 shows the curves drawn from the expected load and the recovered load of bacteria. 
There is a 1:1 relationship between the expected and recovered load of bacteria. A similar plot 
was seen with the bacteria grown in saline. This indicates that there is dilutional linearity.
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thoroughly, plated in triplicate, incubated at 370C ± 20C, and the colonies counted after 16 to 24 
hours. The count of the inoculum was ascertained by making a dilution of the broth from the 
inoculum, diluting the mixture 10-fold, culturing and counting the colonies from the agar growth. 
The result was an average of the three similar dilutions.  Table 2 shows the results.
The number of recovered Bacillus anthracis was less than expected,  the decrease in colony 
forming units ranged from 57.5 to 87.8%, only in one of the target 1500 cfu/mL samples was 
there a slight increase in growth.
Therefore, in the presence of a competing species, the growth of Bacillus anthracis appeared to 
be reduced. Specificity in this case failed.
                              

                     Table 2: Summary of the Specificity results

                                                                                                                              Elusys

Comment:
This assay for the determination of the rate of recovery of bacteria from whole blood and sterile 
saline, and the specificity of the assay to differentiate Bacillus anthracis from possible 
contaminants in the blood did not meet its objectives.  Possible reasons are:

 One of the possible reasons might be because the number of colony forming units was 
enumerated after incubation for 16 to 24 hours. Usually these types of cultures are 
incubated for 18 to 24 hours and may need up to 48 hours of incubation. If the colonies 
are counted  after 16 hours some of the bacteria may not have grown. The colonies 
should have been recounted at 48 hours. The assay was not accurate, precise or specific.

 Another possible reason could have been the use of EDTA as the anticoagulant.  The 
anticoagulant EDTA used in this study exhibits antimicrobial activity. One of the best 
anticoagulants used for blood culture is sodium polyanethol sulfonate (SPS), but this 
anticoagulant also has inhibitory effects on some species of bacteria. It would have been 
helpful to have the data that showed the recovery of  Bacillus atrophaeus var. globigii. It 
is felt that the antimicrobial activity of EDTA did not play a significant role in  the 
reduction of the bacterial growth from solid culture. 

 Apart from anticoagulants that might inhibit the growth of bacteria there are other 
inhibitory substances that are naturally present in the blood that can inhibit the growth of 
Bacillus anthracis.

 Operator error. It is difficult to count colonies on a crowded plate especially if the 
growth is mixed.
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            Lynette Y. Berkeley, Ph.D, M.T. (ASCP),
Microbiologist, 
DAIP,
December 12, 2015
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Dosage: 16 mg/kg 
Duration of treatment: Single dose 
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1. Executive Summary 
Anthim® (obiltoxaximab; ETI-204) is a humanized chimeric immunoglobulin G1 kappa (IgG1κ) 
monoclonal antibody (MoAb) against the protective antigen (PA) of Bacillus anthracis for the 
treatment and prophylaxis (post-exposure and pre-exposure) of inhalational anthrax.  ETI-204 
should also be beneficial when alternative therapies are not available or are not appropriate e.g., 
in the event of infection due to a drug resistant strain of B. anthracis.  The applicant has 
proposed to market a single 16 mg/kg dose of ETI-204 alone or in combination with appropriate 
antibacterial drugs. 
 
Mechanism of action 
The in vitro studies showed that ETI-204 binds the PA with a dissociation constant (KD) of 0.33 
nM i.e., 48.8 pg/mL and neutralizes PA.  ETI-204 blocked the receptor binding domain 4 of PA 
(PAD4) that binds to one of the anthrax toxin receptors, capillary morphogenesis gene 2 (CMG-
2); such inhibition of binding of PA with the receptor was concentration dependent.  The CMG-2 
receptor has higher affinity for PA than tumor endothelial marker 8 (TEM-8), another anthrax 
receptor.   
 
Binding of ETI-204 to PAD4 prevents the cell binding of PA63-edema factor (EF) and PA63-
lethal factor (LF) complexes; this prevents the entry of EF and LF into the cytosol, thereby 
preventing the downstream deleterious effects of anthrax toxins, known to be the 
pathophysiological drivers of morbidity and mortality. 
 
Activity in vitro  
ETI-204 binds to PA antigen from the 3 strains (Ames, Sterne, and Vollum) of B. anthracis. 
However, the intensity of binding and the number of bands observed varied among the 3 strains 
although the concentration of protein loaded for western blot analysis was the same. One of the 
limitations of the experiment is that unpurified supernatants of the Ames, Sterne, and Vollum 
strains of B. anthracis were not tested. 
 
ETI-204 was shown to inhibit the neutralizing activity of lethal toxin (LT) against murine 
macrophages  in vitro. 
 
Activity in mice 
The  product (  anti-PA MoAb) of ETI-204 was effective in improving survival of 
mice infected with the Sterne strain, an avirulent non-capsulated strain, of B. anthracis by the 
intra-tracheal route; the  anti-PA MoAb was administered at the time of infection.  The 
surviving mice were euthanized on Day 15 and lung and spleen tissues collected were processed 
for measuring bacterial burden.  The lungs were culture positive from all the 8 survivors.  ETI-
204 produced by cell line used for the manufacture of Baxter or Lonza products was not 
included for testing. 
 
Efficacy in New Zealand White rabbits and cynomolgus monkeys (Clinical Microbiology) 
The definitive efficacy studies were conducted in B. anthracis challenged juvenile New Zealand 
White (NZW) rabbits (Oryctolagus cuniculus) and cynomolgus monkeys (Macaca fascicularis) 
because it would be unethical to deliberately expose healthy human volunteers to an infectious 
dose of B. anthracis spores.  
 
Natural history studies: Characterization of an animal model i.e., understanding the natural 
history of disease, is important for understanding the efficacy of the products in the animal 
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therapeutic intervention.  Other assays are experimental assays; the performance characteristics 
of these assays were reviewed by Dr Lynette Berkeley.    
 
Blood cultures:  Different methods used in different studies for measuring bacteremia included 
enriched blood cultures (qualitative), qualitative blood cultures, and/or quantitative blood 
cultures.  For enriched cultures, blood was collected in sodium polyanethol sulfonate (SPS) 
whereas the anti-coagulant used for the other culture methods was ethylene diamine tetra acetic 
acid (EDTA).   
 
Enriched (qualitative) cultures were performed by inoculating 1 mL of blood in brain heart 
infusion (BHI) broth or other appropriate culture broth at an approximate 1:10 dilution for a 
minimum of 24 hours and up to 64 hours at 37° C. A portion (~40 μL) of this broth culture was 
plated on blood agar plates to determine (qualitatively) the presence or absence of colony 
morphology consistent with B. anthracis.   Other types of qualitative blood cultures were 
performed by inoculating either 10 µL or 40 µL of blood in EDTA onto tryptic soy agar (TSA) 
plates.   Quantitative blood cultures were performed by plating of 100 μL of whole blood 
(collected in EDTA tubes) and a series of dilutions in triplicate on TSA plates.  Blood samples 
were stored at room temperature until diluted and plated; typically samples were plated within 6 
hours of collection with the exception of terminal samples which may have been held longer. 
The results were expressed as cfu/mL. The majority of the cfu counts were based on 2 of the 3 
replicates.  The lower limit of detection (LLOD) by quantitative culture method in different 
studies varied (see Appendix-1); the reason(s) for this are unclear.  Overall, the studies showed 
that the enriched culture method was more sensitive compared to the other two culture methods.  
This could be due to a higher volume of blood used for enriched cultures compared to the other 
two methods as well as the anti-coagulant used.  SPS was used as an anticoagulant for enriched 
cultures and EDTA for the other two methods.  EDTA is known to have antibacterial properties 
and can decrease isolation of bacteria from blood.    
 
Protective antigen: Detection of PA, in the sera from NZW rabbits and cynomolgus monkeys, by 
an ECL assay was used as a trigger-for intervention in some of the studies.  As stated above, the 
performance characteristics of the ECL assay were reviewed by Dr Lynette Berkeley.  The rabbit 
anti-PA polyclonal antibody was used as a capture antibody that detects the whole molecule of 
PA (PA83) as well as its fragments (PA63 and PA20). Overall the results support a LLOD of 4 
ng/mL.  However, the positive controls used were below the LLOD (1 ng/mL and 2 ng/mL for 
rabbit and monkey studies, respectively) and showed positive findings.  The PA measurements, 
by the ECL assays, were not affected by the presence of antibacterial drugs in vitro, such as 
ciprofloxacin and levofloxacin.  Presence of edema factor (EF), lethal factor (LF), or endogenous 
anti-PA antibodies in the serum may interfere with the detection of PA; the testing was limited to 
EF and LF at a concentration of 10 ng/mL. It would have been useful to test different 
concentrations of EF and LF.  Cross-reactivity with other organisms such as Bacillus cereus was 
not examined.  
 
PA levels, at different time points post-challenge were measured by ELISA in many of the NZW 
rabbit and cynomolgus monkey studies; the assays used in different studies varied (see 
Appendix-2).  The ELISA assay used in some of the studies was based on rabbit anti-PA 
polyclonal antibodies which detected the whole molecule of PA (PA83) as well as its fragments; 
the PA measured in such an assay was termed as total PA. Like for the ECL assay, presence of 
EF, LF, or endogenous anti-PA antibodies in the serum may interfere with the detection of PA 
leading to false negative findings.  In some of the other studies, ETI-204 was used as the capture 
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antibody; the PA detected by such a method was termed as free PA. The free PA assay does not 
detect PA20 fragment of the PA molecule as the capture antibody used in the assay is ETI-204 
that binds to the PAD4 domain of PA63 fragment; also, the PA bound to ETI-204 or endogenous 
anti-PA antibodies will not be detected.  The applicant states that the term ‘free PA’ implies PA 
not bound to ETI-204 and is a misnomer as the PA may still be complexed with other proteins 
such as LF or EF.  The in vitro studies showed that the presence of EF, LF, or endogenous anti-
PA antibodies in the serum may interfere with the detection of PA; such an effect may be 
concentration dependent. Cross-reactivity with other organisms such as B. cereus was not 
examined. There was no interference in the presence of ciprofloxacin or levofloxacin.  As there 
was variability in the performance of the assays used in different studies, the LLOD, lower limit 
of quantitation (LLOQ), and upper limit of quantitation (ULOQ) varied among the assays (for 
details see Appendix-2).  The studies suggest that ELISA is useful for comparing the levels of 
PA in circulation at different time points post-challenge and post-treatment.  Some of the factors 
e.g., EF, LF, or anti-PA antibodies including ETI-204, are likely to be present in circulation and 
their concentration may vary at different time intervals during the study period; presence of one 
or more of these factors may lead to variability in PA levels at different time intervals. 
    
The presence of PA, prior to challenge, was tested by the ECL assay and/or ELISA in animals, 
prior to challenge, in some of the studies; few rabbits and monkeys tested positive.  It remains 
unclear whether such positive findings were false positives due to cross-reactivity with other 
organisms such as B. cereus, which is known to be common in animals and that the assays are 
not specific to PA of B. anthracis, or the animals had prior exposure to B. anthracis.    
 
Blood culture is the most reliable method for the detection of bacteremia.  However, the culture 
results can take up to 24 to 48 hours.  Due to rapid progression of disease after inhalation of the 
spores of B. anthracis, PA positive findings, by a screening ECL assay, is an appropriate 
biomarker for therapeutic intervention.  However, due to limitations of the performance of the 
ECL assay discussed above, efficacy analysis was based on animals that were bacteremic.   
 
Measurement of immune parameters:  The applicant measured anti-PA IgG antibodies by 
ELISA or ECL assay and toxin neutralizing antibodies (TNAs) in the sera of animals in some of 
the NZW rabbit and cynomolgus monkey studies.  The purpose was to measure antibody 
response to challenge at different time intervals post-challenge.   The assays used for measuring 
anti-PA IgG antibodies varied among the studies.  In some assays, anti-rabbit IgG or anti-
monkey IgG polyclonal antibodies were used as the capture reagents; these assays were designed 
to measure endogenous anti-PA IgG antibodies in rabbits and monkeys, respectively.  In other 
assays, PA and non-specific Protein A/G were used as the capture reagents; although these 
assays were designed to measure concentrations of ETI-204, endogenous anti-PA IgG antibodies 
are detected as well.  However, if the ETI-204 is known to be absent in the sera of animals e.g., 
prior to administration of ETI-204 or if ETI-204 is degraded/eliminated and unlikely to be 
present in circulation (ETI-204 half-life was ~3 to 4 days in NZW rabbits and ~5 to 12 days in 
cynomolgus monkeys), then the results would reflect the presence of host’s anti-PA IgG 
antibody response.  The LLODs, LLOQs, and ULOQs varied for these assays for different 
animal studies (for details see Appendix-3).  The antigen specificity of the IgG antibodies was 
not evaluated.  The assays are appropriate for comparing the anti-PA IgG antibody levels at 
different time intervals post-challenge within a study.  However, the use of these assays for 
screening animals prior to challenge is not appropriate.  It would have been better to use a 
polyclonal antibody against B. anthracis lysate for screening of animals to ensure absence of any 
past-exposure; also, both IgM and IgG antibodies should have been measured.   
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Testing of animals for anti-PA antibodies, prior to challenge with the spores of B. anthracis, was 
performed at the test facility for some of the studies, during the quarantine period.  The presence 
of anti-PA antibody positive findings was reported in few NZW rabbits and cynomolgus 
monkeys in some of the studies.  The reason(s) for these antibody positive findings, prior to 
challenge, remain unclear. As discussed above, due to limited testing to evaluate the performance 
of the assays, especially specificity and cross-reactivity, these assays are not useful for screening 
animals prior to exposure.   
 
TNA appears to be appropriate for measuring neutralizing antibodies (for details see Dr 
Berkeley’s microbiology review). However, the assay does not distinguish between ETI-204 and 
the animals’ endogenous antibody response.  Based on the half-life of ETI-204 in infected 
rabbits and monkeys, the antibodies measured at Day 28 should be a reflection of host’s antibody 
response and not ETI-204 administered.  
 
Different products of ETI-204 (Lonza, Baxter, and ) were used for measuring efficacy in 
different NZW rabbit and monkey studies (see Appendix-4).   
 
Results: The studies indicate that ETI-204 at a dose of 16 mg/kg, pre-exposure, post-exposure, 
or after the onset of disease, is effective in improving survival and reducing microbial burden.  
Most of the treated animals that survived became blood culture and PA negative whereas non-
surviving animals remained bacteremic.  Few animals in the control group survived.  The 
reason(s) for the survival of these animals remain unclear.   
 
Variability in PA concentrations among the animals within a group in the same study was 
observed over time.  As the assay used for testing within a study was the same such variability 
could be due to the intermittent release of PA from germinating bacteria, presence of interfering 
factors such as EF, LF, anti-PA antibodies, ETI-204, and/or the protective effect(s) of the 
inflammatory host cells such as macrophages/monocytes, neutrophils, and lymphocytes which 
should phagocytize the antigens that are released upon lysis of the cells.  
 
Despite the variability in the microbiological assays used in different studies, there appears to be 
an inverse correlation between microbial burden (bacteremia and PA levels) at the time of 
treatment and survival.  A delay in treatment decreased survival.  The incidence and severity of 
clinical observations were less when ETI-204 was administered prior to exposure as compared to 
post-exposure or after the onset of disease.   
 
A combination of ETI-204 with an antibacterial drug will be an added benefit especially when 
the treatment is delayed and the microbial burden is higher.  This could be due to different 
mechanisms of action as the antibacterial drug targets the vegetative bacteria and ETI-204 
neutralizes the PA in circulation thereby preventing the formation of edema and lethal toxins; 
this should inhibit B. anthracis growth and multiplication, and thus prevent subsequent mortality. 
 
Bacteria were observed in most of the tissues from the non-surviving animals by microscopic 
examination as well as culture.  However, no bacteria were observed in most of the tissues from 
the surviving animals; exceptions included presence of bacteria in the lung and sometimes lymph 
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nodes from some of the animals.  Presence of residual bacteria in the lung is thought to reflect 
spores and not vegetative bacteria (Henderson et al., 19561).  
 
The measurement of anti-PA IgG antibodies and TNA levels was limited to surviving animals in 
some of the studies.  High antibody levels were observed at the end of study in the surviving 
animals.  Testing of anti-PA IgG antibodies in sera collected at terminal time point from non-
surviving animals was limited to 13 animals in one study (AR0315); antibodies were detected in 
2 animals treated at 24 hours post-challenge with either 4 mg/kg or 16 mg/kg of ETI-204.    
 
The ciprofloxacin or levofloxacin minimum inhibitory concentrations (MICs) were determined 
for the inoculum used for aerosol challenge and isolates collected at terminal time point from 
animals in some of the ETI-204 + antibacterial drug combination studies.  Treatment of rabbits 
with up to 50 mg/kg levofloxacin for 3 days or monkeys with10 mg/kg or 26 mg/kg of 
ciprofloxacin for four days did not promote the growth of levofloxacin or ciprofloxacin resistant 
bacteria as no change in MICs was observed.  After a short term treatment of 3 to 5 days, it is 
unlikely that resistance to drug would develop.  
 
Effect of re-challenge: In a re-challenge study in NZW rabbits, administration of ETI-204 with or 
without concurrent levofloxacin resulted in detectable anti-PA antibodies on Day 28 post-
challenge which persisted up to 9 months post-challenge.  The animals were protected against re-
challenge. ETI-204 administration did not interfere with development of anti-PA IgG antibodies 
or TNAs; presence of endogenous antibody response may help in clearance of circulating PA and 
decrease the effects of toxins of B. anthracis. 
 
Overall, the studies show that the efficacy of different products of ETI-204 is similar.  
 
For more details of efficacy of ETI-204 please refer to Sections 2 and 6 of this review.  
 
 
2.  Integrated Summary of Clinical Microbiology Studies 
ETI-204 is intended to treat inhalational anthrax infection and human efficacy studies were not 
conducted because it would be unethical to deliberately expose healthy human volunteers to an 
infectious dose of B. anthracis spores. The definitive efficacy studies were conducted in B. 
anthracis challenged juvenile New Zealand White (NZW) rabbit (Oryctolagus cuniculus) and 
cynomolgus monkey (Macaca fascicularis) models. Characterization of the animal model is 
important for understanding the efficacy of the products in the animal models for the treatment 
of inhalational anthrax. 
 
Microbiologic measurements in the animal efficacy studies include qualitative and 
quantitative blood culture, detection of protective antigen (PA) by electrochemiluminescent 
(ECL) assay and quantitation of PA levels by enzyme linked immunosorbent assay (ELISA).  
As stated above in Section 1, different quantitative culture methods as well as assays to measure 
PA levels in serum were used for different studies; the limit of detection of these assays varied 
(for details see Appendix-1 and 2).   
 

                                                 
1 Henderson DW, Peacock S, and Belton FC. Observations on the prophylaxis of experimental pulmonary anthrax in 
the monkey. J Hyg (1956).54 (1): 28-36. 
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with necrosis (particularly of lymphoid tissues), hemorrhage, and fibrin accumulation with or 
without a component of suppurative inflammation. 
 
The two unchallenged control rabbits, included in one study, did not exhibit clinical or 
physiological changes during the period of observation.  
 
Overall, the lesions observed in juvenile rabbits were comparable to humans.  Some of the 
differences include the relatively mild mediastinal lesions and a lower incidence of anthrax-
related pneumonia in rabbits compared with humans. These differences may be attributed to the 
greater susceptibility of rabbits to anthrax.  It is unclear if lesions in older rabbits will mimic 
more closely with humans. 
 
All the three studies conducted at  suggest that NZW rabbits show reproducible and 
well defined physiological and pathological responses to inhalational anthrax.  
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2.1.2.  Cynomolgus monkeys 
All the cynomolgus monkeys included in the study were used previously in another study (the 
study was not specified).  Cynomolgus monkeys were infected with the spores of the Ames strain 
of B. anthracis by aerosolization with a 3-jet Collison nebulizer with a head only exposure; 
otherwise, the aerosolization procedure was similar to that used for NZW rabbits.  The target 
200X LD50  cfu) was based on the study by Vasconcelos et al. (2003)3 in 12 juvenile 
cynomolgus monkeys.  The aerosol inhaled dose for challenge in the study varied from 198 and 
678 times the LD50.  
 
Six animals were utilized as unchallenged control animals and served to contrast the clinical and 
physiological signs and symptoms specific to anthrax observed in the challenged animals. 
Unchallenged control animals exhibited moderate changes in clinical parameters when 
manipulated at a frequency designed to monitor disease, beyond the normal monitoring of 
healthy study animals. There were distinct changes seen in challenged animals that were absent 
from unchallenged controls. 
 
Two of the 12 challenged animals survived the period of observation of 28 days (Table 1). The 
reasons for their survival are unclear; these 2 animals were PA negative from Day 8 post-
challenge.  Immune status of the animals was not measured.   
 
All the challenged animals were bacteremic and PA positive within 60 hours of challenge.  One 
of the unchallenged animals was stated to be culture positive with less than 5 colonies at Day 28.  
The reason(s) for culture positive finding in an unchallenged animal remain unclear.  
 
Fever (based on 6 consecutive significantly increased readings in temperature) was reported in 
10 of the 12 animals. However, fever was not considered to be a reliable marker of disease as the 
results were confounded by the diurnal temperature patterns. Like for the studies in NZW 
rabbits, detection of PA appears to be an appropriate trigger for intervention. One unchallenged 
animal (# 23375) in the uninfected group was PA positive at 48 hours by the ECL assay; the 
applicant stated that this was due to a technical error.  The reason(s) for PA positive finding in 
this animal are unclear. It would have been useful to perform blood cultures to ensure that 
animals are culture negative prior to challenge.   
 
All challenged monkeys exhibited an increase in white blood cells (WBC) at Day 8, neutrophil 
and lymphocytes at about 48 to 54 hours post-challenge.  However, due to general diurnal 
rhythms observed in unchallenged animals, these parameters may not be useful as a trigger for 
intervention or measuring efficacy of the therapeutic agent.  C-reactive protein (CRP) levels 
increased between 22 and 66 hours post-challenge; however, an increase in CRP levels was 
observed in unchallenged animals.  CRP is an acute phase reactant and could easily be affected 
by the frequent handling of the animals. It appears that these non-specific indicators may not be 
beneficial in defining illness compared to disease specific parameters.  
 
Specific diagnostic parameters (bacterial cultures and circulating PA were detected relatively 
early in disease progression, whereas the exhibition of clinical parameters of disease (increase in 

                                                 
3 Vasconcelos D, Barnewall R, Babin M, Hunt R, Estep J, Nielsen C, Carnes R, and Carney J. Pathology of 
inhalation anthrax in cynomolgus monkeys (Macaca fascicularis).  Laboratory Investigation (2003) 83 (8): 1201-
1209. 
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aerodynamic diameter (MMAD)4 ranged from 1.09 and 1.27 μm and was consistent with lower 
respiratory tract deposition. 
 
Although the inhaled dose of spores and the mean LD50 were similar among the animals in 
different studies, there were more animals in studies AR033 (54%) and 1045 (47%) with ≥200X 
LD50 compared to studies AR021 (36%) and 1030 (27%).  The trigger for treatment was positive 
PA finding by an ECL assay or a significant increase in body temperature (SIBT)5 in all studies 
except Study 1045; if no trigger was observed, all animals were treated at a fixed time post-
challenge (72 hours) in AR021 or AR033.  All animals in Study 1045 were treated at 72 hours 
post-challenge.  A majority of the animals were bacteremic, PA positive, or showed an increase 
in temperature at the time of initiation of treatment.   
 
All animals were followed for time to death, clinical observations, and microbiological 
parameters.  The tissues from non-survivors and/or survivors were processed for histological 
evaluations and/or culture.  The toxin neutralizing antibodies (TNAs) were measured in serum 
from the surviving animals in one study (1030). 
 
Results: 
Effect of treatment on survival: Overall, the studies suggest that ETI-204 at a dose of 8 mg/kg 
and 16 mg/kg was effective in improving survival compared to the control group (Table 2).  The 
efficacy of ETI-204 in the animals treated with either 8 mg/kg or 16 mg/kg in Study AR033 was 
similar.  All the non-surviving animals died within 10 days of challenge. 
 
One rabbit (K99373 in Study AR021) in the control group that survived was treated based on 
SIBT as a trigger; this animal was PA negative by the ECL assay and culture positive at the time 
of trigger.  However, at 24 hours post-treatment, the rabbit was culture negative and remained 
negative for the duration of the study.  No bacteria were observed by culture in any of the tissues.  
The reason for survival of one rabbit in the control group is unclear. 
 
Effect of treatment on microbial burden:  All rabbits which survived to the end of the study 
became PA negative by Day 8 post-challenge, and remained negative for the duration of the 
study.  PA levels were detectable in more of the vehicle group of animals between 8 and 48 
hours post-treatment, compared to the ETI-204-treated animals.   
 
All rabbits which survived to the end of the study became culture negative by eight days post-
challenge and remained culture negative for the duration of the study.  Of the rabbits that died, 
almost all were culture positive when tested at the terminal time point. 
 

                                                 
4 The mass median aerodynamic diameter (MMAD) is determined by averaging the cumulative median size from 
the aerosol size distributions obtained from the aerosol particle sizer for all aerosol exposures. 
 
5 SIBT was defined as a temperature reading ≥ a two standard deviation (SD) increase from (daily) baseline 
temperature either three consecutive times or two consecutive times twice (measured hourly). 
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Effect of microbial burden on survival: Microbial burden (bacteremia and PA levels) was 
measured in Study AR033.  There appears to be a trend towards a decrease in survival in animals 
with higher microbial burden prior to treatment.   
 
Tissue bacterial assessments:  Bacteria were observed by histology and culture of most of the 
tissues (spleen, lymph nodes, lungs, and other organs) from the non-surviving animals.  Slightly 
more bacteria were evident in organs from control animals as compared to the non-surviving 
animals treated with ETI-204. However, no bacteria were observed in most of the tissues from a 
majority of the animals that survived. Culture is more sensitive than histological examination for 
detection of bacteria in tissues.  
 
In one study (AR033), the cerebral spinal fluid (CSF) was processed for bacterial cultures.  The 
CSF from a majority (22/26) of the non- survivors was culture positive; of these, 13 animals 
were in the control group, 3 treated with 1 mg/kg ETI-204, 2 treated with 4 mg/kg ETI-204, 2 
treated with 8 mg/kg ETI-204, and 2 treated with 16 mg/kg ETI-204.  The CSF from all the 
surviving rabbits was culture negative.    
 
Clinical Observations:  Abnormal clinical signs were observed starting approximately 48 hours 
post-challenge and were consistent with those observed in the natural history studies summarized 
above.  Animals that succumbed to disease showed a characteristic progression of signs that 
followed from unremarkable to observations of lethargy, respiratory abnormalities, and 
morbidity. Animals that survived until scheduled sacrifice were documented as lethargic with 
signs of respiratory abnormalities and reduced food consumption within the first few days post-
challenge. The animals returned to normal observations generally between Days 5 and 11 post-
challenge with occasional stool abnormalities or reduced food consumption.   
 
Necropsy and Histopathology:  Gross lesions in rabbits dying post-challenge were similar to 
those summarized above for natural history studies.  No gross lesions were reported for the 
surviving animals that were terminated at study completion for gross and microscopic 
evaluation.   
 
Microscopic findings were similar to those summarized above for natural history studies and 
present in all rabbits that died or became moribund during the study. As stated above, slightly 
more bacteria were evident in organs from the animals in the control group as compared to the 
animals treated with ETI-204. There were no other qualitative differences in lesions of anthrax 
among the control and treated groups. No significant microscopic lesions were present in the 
rabbits that survived until the end of the study; however, in one study (1030), minimal chronic 
inflammation in the lung and variable clusters of hemosiderin or eosinophilic granular debris-
laden macrophages within the spleen were reported suggesting inflammation/infection of these 
animals prior to Day 28. 
 
Neuropathological evaluations: Neuropathological evaluation was performed by microscopic 
evaluation of the brain in some of the surviving and non-surviving animals from one study 
(AR033). The applicant states that of the 15 animals that died, nine died with either no 
microscopic changes or with just scattered hemorrhage and/or areas of intravascular bacteria 
suggesting that these animals died prior to the bacteria leaving the blood stream due to 
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septicemia without any notable morphologic response. Six of the non-surviving animals had 
notable microscopic changes. These changes included observations of an inflammatory response 
in four animals and extravascular bacteria/notable hemorrhage in two animals without a visible 
inflammatory response; however, there was a lack of a dose response. The lack of a dose 
response may be due to biologic variation.  However, these findings should be interpreted with 
caution due to a small number of animals examined.  
 
Role of immune response in conferring protection:  The immune response parameters measured 
were limited to the measurement of anti-PA IgG (Study AR034) and TNAs using murine 
macrophages (J774A.1 cells) (Studies 1030 and AR034) in the serum from animals that 
survived. Both anti-PA IgG antibodies and TNAs were present in the animals that survived.  It 
would have been useful to measure antibodies in non-surviving animals to evaluate the role of 
antibodies in conferring protection.  
 
Comments: 
Overall, the studies suggest that ETI-204 at a dose of 16 mg/kg is effective in protecting against 
death due to anthrax when administered intravenously after the onset of disease. There appears 
to be a trend towards a decrease in survival in animals with higher microbial burden 
(bacteremia and PA levels) prior to treatment.   
 

2.2.2.  Cynomolgus monkeys 
The efficacy of different doses of ETI-204 (Baxter or Lonza product) was evaluated in five 
randomized studies (AP201, AP202, AP203, AP204, and 1056).  All studies, except one (Study 
1056), were blinded and GLP studies (Table 2). The baseline characteristics of the animals were 
similar among the animals in different studies. Prior to challenge, all animals included in the 
studies were culture negative as well PA negative by the ECL assay; of all the animals included 
in the study, two monkeys, one in Study AP201 and another in Study AP204, were PA positive 
by ELISA; PA concentration was  >30 ng/mL and 10.7 ng/mL, respectively.  Otherwise all 
animals were stated to be healthy.  
 
The MMAD ranged from 1.09 and 1.27 μm and was consistent with lower respiratory tract 
deposition. Although the target LD50 was same (200X LD50) for all the studies, there was 
variability in the LD50 for the inhaled inoculum among different studies (Table 2). The LD50 was 
≥200 in approximately 84% of the animals in Study AP202, 94% in Study AP203, 58% in Study 
AP204, 44% in Study 1056 and 40% in Study AP201 (Table 2).  Three different spore lots (B35, 
B36, and B37) were used for challenge (Table 2).  PA by ECL assay was used as a trigger for 
intervention; SIBT was not used as a trigger for intervention because of diurnal temperature 
rhythms in monkeys. If no trigger was observed, all animals were treated at a fixed time post-
challenge, at approximately 54 hours.   
 
All animals were followed for time to death, clinical observations, and microbiological 
parameters as was done for the rabbit studies.  The tissues from non-survivors and/or survivors 
were processed for histological evaluations and/or culture.  The anti-PA IgG antibodies and/or 
TNAs were measured prior to challenge in two studies (AP202 and 1056); all animals included 
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in the study were antibody negative; one animal that tested antibody positive in Study AP202 
was not included in the study.  
 
Results: 
A majority of the animals were PA positive by ECL assay and/or bacteremic at the time of 
treatment.  Bacteremia and PA levels, at the time of treatment, were the highest for animals in 
studies AP202 and AP203 compared to other studies (Figure 1).  There was a positive correlation 
coefficient (0.723; p-value <0.0001) between bacteremia and PA levels (Figure 2).  It is possible 
that different sensitivities of the assays (quantitative culture methods and PA ELISA) would 
affect such a correlation; however, the overall trend should be the same.    
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Figure 1: Cynomolgus monkeys -  Bacteremia and PA levels prior to treatment by study and treatment 

Bacteremia levels prior to treatment in different studies 

 
Study AP201: LOD 33 cfu/mL and LLOQ 1000 cfu/mL;  Studies AP202, AP203, AP204: LOD 3 cfu/mL and LLOQ 100 cfu/mL 
Study 1056: LOD 50 cfu/mL and LLOQ not specified 

PA levels prior to treatment in different studies 

 
AP201 and 1056: LLOQ 2.4 ng/mL  (Total PA);  AP202: LOD and LLOQ 5 ng/mL (Free PA) –  
AP203 and AP204: LLOQ 9.68 ng/mL- (Free PA)   LLOQ=lower limit of quantitation 
n/N: survival proportion 
Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
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Figure 2: The relationship between bacteremia and PA-ELISA prior to treatment in monkey treatment studies 
 

 

 
 
 
The solid line in the middle 
represents the regression line. 
 
The dotted line represents the 
95% upper and lower 
confidence limits for 
individual predicted values.  
 
The shaded band represents 
the 95% upper and lower 
confidence limits for the 
expected values of log PA-
ELISA level.  
 
The correlation coefficient 
was 0.723 (p-value<0.0001), 
indicting a very strong 
positive linear relationship.   

Culture: 
Study AP201: LOD 33 cfu/mL and LLOQ 1000 cfu/mL;   
Studies AP202, AP203, AP204: LOD 3 cfu/mL and LLOQ 100 cfu/mL 
Study 1056: LOD 50 cfu/mL; LLOQ not specified 
LLOQ=lower limit of quantitation 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)  

PA-ELISA: 
AP201 and 1056: LLOQ 2.4 ng/mL (Total PA)  
AP202: LOD and LLOQ 5 ng/mL (Free PA) –  
AP203 and AP204: LLOQ 9.68 ng/mL - (Free PA)  
 

 
Effect of treatment on survival:  An increase in survival after treatment with the Baxter product 
of ETI-204 was observed in four of the five studies; the efficacy at doses of 4 mg/kg and 8 
mg/kg of ETI-204 in Study AP201 was similar (Table 2).  In Study 1056, 8 mg/kg dose of ETI-
204 (Baxter product) improved survival in about 50% of the monkeys.  However, in Study 
AP203, the 8 mg/kg and 32 mg/kg doses of ETI-204 were not effective in improving survival.   
 
The efficacy of Lonza and Baxter products of ETI-204 at a dose of 16 mg/kg was compared in 
Study AP202.  Although survival was lower (35%) for animals in Study AP202 compared to 
other studies (Study AP201, AP204 or 1056) both Lonza and Baxter products of ETI-204 were 
equally effective in improving survival compared to the untreated control animals.  A majority of 
the treated non-surviving animals died within 8 days of challenge in all studies.   
 
A majority of the control group animals died by Day 7 post-challenge; five animals (two in 
Study AP201, two in Study AP203, and one in Study AP204) in the control group survived the 
period of observation; some of the microbiological findings for these five animals are 
summarized below:  
• Study AP201: Two animals (C37762 and C39097) that survived were PA positive and 

bacteremic at the time of trigger. The PA levels at Day 7 post-challenge were 49 ng/mL 
(C37762) and 78 ng/mL (C39097); both monkeys became PA negative by Day 14.  One 
animal was culture negative by Day 4 and another by Day 14.  No bacteria were observed in 
the spleen and bronchial lymph node cultures at the time of necropsy.   
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• Study AP203: Two animals (C49041 and C49058) that survived were PA positive by the 

ECL assay and bacteremic at the time of treatment.  PA by ELISA was below the lower limit 
of quantitation (LLOQ) for one animal (C49058) at the time of trigger; however, animal was 
PA positive between 15 minutes and 96 hours post-treatment.  Animal C49041 was PA 
positive by ELISA at the time of trigger.  Both animals were PA and culture negative at Day 
7 post-treatment and remained negative until the end of study.  Bacteria were observed by 
culture in the brain from one animal (C49041) but not from animal C49058; all other tissues 
(bronchial lymph nodes, kidney, liver, lung, and spleen) tested were culture negative. 

• Study AP204:  One animal (C42861) that survived was PA positive by ECL assay and 
bacteremic at the time of treatment; however, PA by ELISA was below the LLOQ.  Animal 
became PA negative and culture negative by Day 7; lung, collected at the time of necropsy, 
was culture positive whereas other tissues were culture negative. 

 
Recently, the applicant tested for anti-PA IgG antibodies in the serum from the five control 
animals that survived; these sera were collected prior to challenge and stored. Testing was done 
at .  No anti-PA IgG antibodies were detected [the assay’s 
lower limit of quantitation (LLOQ) 100 ng/mL)], prior to challenge, in these five survivors.  
Anti-PA antibody response post-treatment was not measured in these five animals. 
 
The reason(s) for survival of the five control animals are unclear. 
 
Effect of treatment on microbial burden:  Treatment with ETI-204 decreased bacteremia and PA 
levels.  In Study AP203, PA was undetectable in a majority of the animals within 15 minutes of 
treatment.   
 
A majority of the surviving animals in all studies were culture and PA negative by Day 7 post-
treatment whereas a majority of the control group animals remained bacteremic.  
 
Effect of microbial burden on survival:  As stated above, there was considerable variability in 
bacteremia and PA levels prior to treatment among the animals in different studies (Figure 1).   
The bacteremia levels were similar for animals in studies AP202 and AP203; PA levels were 
higher for animals in Study AP203 compared to Study AP202 (Figures 1 and 2).  It is possible 
that higher microbial burden (bacteremia and PA levels) in studies AP202 and AP203 are 
associated with decreased survival.  In Study AP201, the bacteremia and PA levels were lower 
and higher proportion of animals survived compared to other studies.  There was an inverse 
relationship between microbial burden (bacteremia or PA levels) at the time of initiation of 
treatment and survival time.  As stated above, it is possible that different sensitivities of the 
assays (quantitative culture methods and PA ELISA) would affect such a correlation; however, 
the overall trend should be the same.    
 
Bivariate analysis of survival with bacteremia and PA-ELISA was performed to explore the 
relationship between bacteremia and PA levels versus survival based on animals in all the studies 
(for more details see Dr Xianbin Li’s statistics review).  At each ETI-204 dose, increased 
bacteremia levels were associated with decreased proportion of animals that survived (Table 3).  
No animals with bacteremia level of ≥106 cfu/mL survived; only one animal in Study AP202 
with bacteremia level of 105 cfu/mL survived.   
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Table 3: Survival by bacteremia level prior to treatment in monkey treatment studies 

Bacteremia level 
(cfu/mL) 

ETI-204 dose 
0 mg/kg 

N=63 
4 mg/kg 

N=30 
8 mg/kg 

N=39 
16 mg/kg 

N=49 32 mg/kg 

<104 4/28 (14.3%) 15/20 (75.0%) 12/19 (63.2%) 12/18 (66.7%) 5/5 (100%) 
104 - <106 1/31 (3.2%) 0/10 (0%) 4/15 (26.7%) 7/23 (30.4%) 1/8 (12.5%) 
≥106 0/4 0 0/5 0/8 0/3 
Table constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
 
Increased PA levels prior to treatment, in each dose group, were associated with decreased 
proportion of animals that survived (Table 4). 
 
Table 4: Survival by PA levels prior to treatment  

PA level 
(ng/mL) 

ETI-204 dose 
0 mg/kg 

N=60 
4 mg/kg 

N=30 
8 mg/kg 

N=38 
16 mg/kg 

N=45 
32 mg/kg 

N=16 
<10 3/18 (16.67%) 8/8 (100%) 7/9 (77.8%) 7/13 (53.9%) 2/2 (100%) 
10 - <50 0/22 (0%) 2/8 (25.0%) 7/14 (50.0%) 6/16 (37.5%) 2/2 (100%) 
50 or higher 1/20 (5.0%) 5/14 (35.7%) 2/15 (13.3%) 2/16 (12.5%) 2/12 (16.7%) 
Table constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
 
Please note that these findings are applicable when sample sizes are larger than or greater than 9 
(for more details see Dr Xianbin Li’s statistics review). 
 
Effect of spore lot of the Ames strain used for challenge on survival:  It is interesting to note that 
the spore lot used for challenge of animals in Studies AP202 and AP203 was B37 whereas for 
the other studies it was B35 or B36 (Table 2). As stated above, the survival rate was lower in 
studies AP202 and AP203 compared to other studies.  It does not appear that there were any 
differences among the different spore lots used for challenge. 
 
Tissue bacterial assessments:  Tissue bacterial assessments were performed by either culture 
and/or histology in some of the studies.  In surviving animals, no bacteria were observed in any 
of the tissues, by histology; by culture, no bacteria were observed in a majority of the tissues 
examined except lung and rarely brain (Study AP202 and Study AP203) as well as lymph nodes 
(AP204). However, bacteria were observed in a majority of the tissues from non-survivors. 
Detection of bacteria by culture was more sensitive than by microscopic observations.  
 
In one study (AP204), the applicant did examine the stored (refrigerated) lung tissue, for the 
presence of spores or vegetative bacteria, by heat treatment of the tissue suspensions at 60oC for 
60 minutes.  The applicant concluded that the spores were present in the lung of surviving 
animals at Day 28 or Day 56.  However, the results should be interpreted with caution as the 
refrigerated samples, prior to heat shock, were not processed for culture.  The possibility of loss 
of viability of vegetative bacteria after long term storage cannot be ruled out.  The applicant 
states that the presence of bacteria in the lung of surviving animals is probably a reflection of 
spores; previous studies (  Study No. 1121- G924204; not a part of this BLA; Henderson 
et al., 19561) have shown that spores can be found in the lung up to 56 days after challenge in 
surviving nonhuman primates.  
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Clinical Observations:  The majority of placebo treated animals exhibited abnormal clinical 
signs consistent with anthrax following challenge; these observations were consistent with those 
reported in the natural history studies summarized above.  In ETI-204 treated animals that 
survived to the end of the study, most of these abnormal observations were not observed (other 
than sporadic stool abnormalities which is common with laboratory housed nonhuman primates) 
after Day 22 post-challenge.  No change in body weight was reported in animals that survived to 
the end of the study. 
 
Necropsy and Histopathology:  Gross lesions in animals found dead or euthanized due to 
moribund condition post-challenge were similar to those summarized above for natural history 
studies.  No gross lesions were reported for the surviving animals that were terminated at study 
completion. 
 
Histopathology was performed in all studies except Study AP202.  Microscopic lesions, in 
monkeys that were found dead or were euthanized in moribund condition were similar to those 
summarized above for natural history studies.  Monkeys that survived until the end of study had 
no findings attributable to anthrax or ETI-204 administration.  Inflammatory reaction was more 
in animals treated with ETI-204 compared to the control animals that died.  Such an effect may 
be due to immune response to B. anthracis infection. 
 
Neuropathological evaluations:  Neuropathological evaluations were performed in three studies 
(AP201, AP203, and AP204) in select surviving and non-surviving monkeys. The areas of the 
brain that were most affected were those with the greatest surface area (cerebrum and 
cerebellum) and therefore with the most exposure to the meninges. All of the non-surviving 
animals had intravascular and/or extravascular bacteria, suggesting the cause of death in these 
animals was a bacterial infection. Only ETI-204-treated non-surviving animals had evidence of 
an inflammatory response, and always in association with extravascular bacteria. None of the 
deaths were attributed to ETI-204. Hemorrhage and extravascular bacteria were noted in control 
animals, but inflammation was limited to the ETI-204 treated animals. 
 
Role of immune response in conferring protection:  Anti-PA IgG antibodies, TNA, or any other 
measure of assessing immune response, post-challenge or after administration of ETI-204, was 
not performed. 
 
As stated above, the immune parameters measured prior to challenge, were limited to the 
measurement of anti-PA IgG antibodies by ELISA and/or TNAs in two of the studies (AP202 
and 1056); all animals included in the study were anti-PA IgG antibody negative.  However, as 
stated above, the applicant did test the sera collected prior to challenge from five control group 
animals in different studies that survived the period of observation.  All the five animals were 
stated to be negative for anti-PA IgG antibodies.  The reason(s) for their survival is unclear. 
 
Comments: 
Overall, the studies suggest that ETI-204 at a dose of 16 mg/kg is effective in improving survival; 
efficacy of the Lonza product is similar to the Baxter product of ETI-204. Animals with lower 
bacteremia or PA levels prior to treatment are more likely to survive.   
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Time of treatment initiation, with a combination of ETI-204 and antibacterial drug or the 
antibacterial drug alone, varied in different studies: 
• Studies AR034: 30 hours post-challenge. 
• Study AP-10-055: based on trigger to treat - PA positive finding by the ECL assay; if no 

trigger was observed, all animals were treated at a fixed time-point i.e., 30 hours post 
challenge. 

• Studies 1045 and AR028: 72 hours post-challenge (delayed). 
• Study 1030: 96 hours post-challenge (delayed). 
• Study AR007: 9 hours post-challenge. 
 
All animals were followed for time to death, clinical observations, and microbiological 
parameters.  The tissues from non-survivors and/or survivors were processed for histological 
evaluations and/or culture.  The anti-PA IgG antibodies and/or TNAs were measured prior to 
challenge and post-challenge in three studies (AR028, AR034 and 1030). 
 
 
Results: 
Effect of treatment on survival:  The results showed that ETI-204 (4 mg/kg, IV or 8 mg/kg, IM) 
in combination with a human equivalent dose of levofloxacin (50 mg/kg for 3 days) in Study 
AR007, was more effective than levofloxacin alone in improving survival when administered at 
9 hours post exposure for 5 days (Table 6).  When ETI-204 at a dose of 8 mg/kg or 16 mg/kg IV 
in combination with levofloxacin (50 mg/kg) or  levofloxacin alone was administered at 
approximately 30 hours (Study AR034) or 72 hours (Study 1045) post-challenge, the proportion 
of animals surviving in the two groups (i.e., treated with ETI-204 in combination with 
levofloxacin or  levofloxacin alone) was similar. However, when treatment was delayed to 96 
hours (Study 1030), ETI-204 (8 mg/kg, IV) in combination with levofloxacin (50 mg/kg) was 
more effective than levofloxacin alone; the number of animals was small as the treatment was 
delayed and majority of animals died before treatment was administered (Table 6). The lower 
survival rate in animals treated with human equivalent dose of levofloxacin (50 mg/kg) in Study 
AR007 in comparison to other studies could be due to shorter duration of treatment with the 
antibacterial drug alone administered prior to germination of spores to the vegetative form as 
well as shorter duration of treatment.  Anti-bacterial treatment early after spore challenge has 
been observed to lead to persistence of spores and disease development following cessation of 
therapy. 6   
 
In Study AR028, the proportion of surviving animals was similar among the animals treated, at 
72 hours post-challenge, with either ETI-204 (16 mg/kg, IV) in combination with a low dose of 
levofloxacin (6.5 mg/kg) or levofloxacin alone.   
 
In Study AP-10-055, the efficacy of ETI-204 (8 mg/kg, IV) was measured in combination with a 
low dose of doxycycline.  Although treatment with the combination of ETI-204 and doxycycline 

                                                 
6Gutting BW, Nichols TL, Channel SR, Gearhart JM, Andrews GA, Berger AE, Mackie RS, Watson BJ,  Taft SC, 
Overheim KA, and Sherwood RL. Inhalational anthrax (Ames aerosol) in naive and vaccinated New Zealand 
rabbits: characterizing the spread of bacteria from lung deposition to bacteremia. Frontiers in Cellular and Infection 
Microbiology (20112) 2 (Article 87): 1-12. 
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showed a trend towards improved survival compared to doxycycline alone, such differences 
were not statistically significant.   
 
Overall, the studies suggest that a combination of ETI-204 with an antibacterial drug is an added 
benefit especially when the microbial burden is high, low doses of either antibacterial drug or 
ETI-204 are used for treatment, or treatment is delayed.   
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Effect of treatment on microbial burden:  Treatment with a combination of ETI-204 and 
levofloxacin or levofloxacin alone decreased both bacteremia and PA levels.  In most of the 
studies, the surviving animals treated with ETI-204 or ETI-204 + levofloxacin were PA negative 
by the ECL assay between 24 and 96 hours post-treatment; whereas a majority of the animals 
were culture negative by Day 7.  There appears to be a trend towards a decrease in time to PA 
negative finding earlier in ETI-204 treated animals compared to levofloxacin treated animals; 
however, conversion of culture positive findings to culture negative appears to occur faster after 
treatment with an antibacterial drug. The changes in bacteremia levels over time were similar in 
the ETI-204+levofloxacin or levofloxacin treated animals. 
 
Effect of microbial burden on survival: Based on information available from one study (Study 
AR028), increased quantitative bacteremia levels and PA levels at the time of treatment appear 
to be associated with decreased probabilities of survival.  These observations are similar to those 
observed in the ETI-204 treatment studies summarized above in Section 2.2. 
 
Tissue bacterial assessments:  
Histology: No bacteria were observed in any of the surviving animals irrespective of the 
treatment.  However, bacteria were observed in almost all the tissues from all the animals in the 
control group and some of the tissues from animals treated with ETI-204 or levofloxacin that 
died.   
 
Cultures: Tissues collected from non-surviving animals in two studies (Study AR028 and 
AR034) and some of the surviving animals in one study (AR007) were processed for cultures.  
Bacteria were observed in the brain, liver, lymph nodes, lung, and spleen of the majority of the 
animals in the control group and in most of the non-surviving animals treated with levofloxacin 
or levofloxacin + ETI-204.  No bacteria were observed in the tissues from the surviving treated 
animals. 
 
Clinical, necropsy, and histopathological observations: Clinical, necropsy, and histopathological 
findings were similar to those observed in the natural history and ETI-204 monotherapy studies 
summarized above.   Generally, surviving animals, treated with levofloxacin alone or the 
combination of levofloxacin and ETI-204, returned to normal between 7 and 10 days post-
challenge with the exception of food consumption and sporadic documentation of decreased 
appetite or diarrhea.  In one study (Study AR034) animals were observed until month 9 post-
challenge; all animals remained normal except for occasional stool abnormalities. 
 
Neuropathological examination was performed in select survivors and non-survivors in Study 
AR028.  The neuropathologist concluded that animals treated with levofloxacin with or without 
ETI-204 and succumbed to the anthrax infection were more likely to mount an inflammatory 
response as compared to the untreated animals. However, survivors did not have microscopic 
changes with exception of one combination treated animal with mild hemorrhage in/near 
meninges interpreted to be unrelated to ETI-204. Overall, the applicant concluded that study 
survivors did not have any CNS lesions (morphologic changes) due to ETI-204. 
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Role of immune response in conferring protection: The immune response parameters measured 
were limited to the measurement of TNAs and/or anti-PA IgG antibodies by ELISA in surviving 
animals in three studies.   
 
Toxin neutralizing antibodies: TNAs were measured in the serum from surviving rabbits in two 
studies (1030 and AR034) by the TNA assay using murine macrophages as the target cells; in 
both studies the TNAs were measured prior to challenge and at Day 28. In Study AR034, TNAs 
were measured at Month 2 in addition to Day 28 post-challenge.  All the animals at Day -1 were 
TNA negative. The results showed that neutralizing antibodies were present post-challenge in all 
animals, in both studies, except one animal (L40821) treated with levofloxacin.  This observation 
was consistent with the lack of an anti-PA IgG level in this animal through 6 months after 
primary challenge.  There were no significant differences among the treatment groups for TNA.  
Antibody response in non-survivors at different time interval during the study was not measured. 
 
Anti-PA IgG antibodies:  Anti-PA IgG antibodies were measured in the serum from surviving 
animals in two studies (AR028 and AR034) prior to challenge and post-challenge by an ELISA 
or ECL assay.  In Study AR034, antibody levels were measured at Days 7, 14, and 28 as well as 
Months 2, 3, 4, 5, and 6 post-challenge by ELISA whereas in Study AR028, the antibody levels 
were measured at Day 25 post-challenge by the ECL assay.  Both ELISA and ECL assay detect 
ETI-204 as well as any endogenous anti-PA antibodies formed as the methods use PA as a 
capture reagent and protein A/G as the detection reagent.  As the half-life of ETI-204 in NZW 
rabbits is approximately 3 to 4 days (for details see Clinical Pharmacology review), the results at 
later time points, especially at Day 28, may be a reflection of endogenous anti-PA antibody 
levels.  
 
In Study AR028, the anti-PA antibodies were detected in all the surviving animals on Day 25. 
 
In Study AR034, a majority of the animals were anti-PA IgG antibody positive between Day 7 
and Month 7 post-challenge.  At Days 7, 14, and 28 post-challenge, the anti-PA IgG levels in 
animals treated with levofloxacin were lower than animals treated with ETI-204 or ETI-204 + 
levofloxacin. As ETI-204 is also detected in the anti-PA IgG ELISA, the higher levels of anti-PA 
IgG antibodies in animals administered ETI-204 in comparison to animals administered 
levofloxacin alone, may be a reflection of endogenous IgG + ETI-204; the anti-PA IgG in 
animals treated with levofloxacin is a reflection of endogenous anti-PA IgG.  The applicant 
states that by Day 28 post-challenge, the ETI-204 levels were either below the limit of detection 
or reduced compared to previous time points.  Therefore, antibody levels at Day 28 and after 
reflect anti-PA IgG levels. 
 
It should be noted that some of the animals (four in Study AR028 and one in study AR034) were 
anti-PA IgG antibody positive prior to challenge.  Although the antibody titers prior to challenge 
were much lower (≥40-fold) compared to post-challenge, the reason(s) for antibody positive 
findings prior to challenge remain unclear.  The possibility of false positive findings or cross-
reactivity with other organisms cannot be ruled out. 
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One of the limitations of these studies is that antibody levels in non-surviving animals post-
challenge and post-treatment were not measured.  It is unknown if the death of non-surviving 
animals was due to absence of antibody response.  
 
Comments: 
Overall, the studies suggest that treatment with ETI-204 in combination with an antibacterial 
drug following exposure to B. anthracis is effective in improving survival and decreasing 
microbial burden. Bacteria were observed by microscopic examination and/or cultures of many 
of the tissues from the treated animals, regardless of treatment, that died or found moribund.  
However, no bacteria were observed in tissues from animals that survived the period of 
observation. 
 
TNAs and anti-PA antibodies were present in the animals that survived.  It would have been 
useful to measure TNA in non-surviving animals.   
 
Treatment with ETI-204 did not prevent induction of an antibody response in surviving animals. 
The pre-study serum samples from some of the rabbits had positive anti-PA antibodies before 
exposure to B. anthracis spore aerosols. The reason for this is unknown, but strongly suggests 
that the assay was not specific for anti-PA antibodies. 
 

2.3.2.  Cynomolgus monkeys   
The efficacy of ETI-204 (8 mg/kg, IV) in combination with a low dose ciprofloxacin (10 mg/kg 
for 3 days) was evaluated in 2 studies (1056 and 2469).  Both studies were open-label non-GLP 
studies and conducted at  (Table 5).  All animals were PA negative (by both ELISA 
and ECL assay) as well as culture negative on Day-7 i.e., prior to challenge.  The anti-PA IgG 
antibodies by ELISA and/or TNAs were measured prior to challenge and at different time points 
post-challenge in both studies.  In Study 1056, all animals were antibody negative (both TNA 
and anti-PA antibodies).  In Study 2469, 12 of the animals were positive for anti-PA IgG 
antibody positive by ELISA; all animals were TNA negative (Table 5).   
 
The spore lots of the Ames strain of B. anthracis used for challenge were B35 and B36 (Table 5).  
The MMAD ranged between 1.13 and 1.22 μm in the two studies and was consistent with lower 
respiratory tract deposition. The average inhaled dose was 185X and 223X LD50 and 
approximately 29% and 67% of the animals had ≥200X LD50.  An increase in challenge dose 
was associated with higher bacteremia levels at the time of treatment.  Treatment with ETI-204 
(Baxter product) was delayed by 24 hours after PA positive finding by an ECL assay in both 
studies. All animals were followed for time to death, clinical observations, and microbiological 
parameters.  The tissues from non-survivors and/or survivors were processed for histological 
evaluations and/or culture.   
 
Results: 
Effect of treatment on survival: The results showed that ETI-204 at a dose of 8 mg/kg, IV in 
combination with a low dose of ciprofloxacin was more effective in improving survival 
compared to levofloxacin alone;  however, such differences were statistical significant in Study 
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1056 but not in Study 2469.  Levofloxacin was less effective in Study 1056 compared to Study 
2469. No antagonism was observed (Table 6). 
 
Effect of treatment on microbial burden: Treatment with ETI-204 in combination with 
ciprofloxacin decreased bacteremia and PA levels.  The mean time to resolution of bacteremia 
was shorter in animals treated with ciprofloxacin + ETI-204 or ciprofloxacin alone compared to 
ETI-204 monotherapy. The mean time to resolution of PA was shorter in animals treated with 
ciprofloxacin + ETI-204 or ETI-204 alone compared to ciprofloxacin alone. A majority of the 
terminal samples from animals that did not survive until Day 28 were bacteremic and PA 
positive.   
 
Effect of microbial burden on survival: Higher bacteremia levels at the time of treatment were 
associated with decreased survival.  Association between PA levels and survival was unclear.  
 
Clinical, necropsy and histopathological observations: The clinical signs of disease as well as 
necropsy and histopathological findings were similar to those summarized above for the natural 
history and treatment studies. In treated animals that survived to the end of the study, most of 
these abnormal observations were not observed. Findings within the brain/meninges tended to 
predominate in animals treated with ciprofloxacin and/or ETI-204 (similar incidence and severity 
among treatment groups).  Widespread intravascular bacteria were observed more often in 
untreated animals. Although some of the brain findings were observed in untreated animals that 
succumbed to infection, they were less severe.  There were no anthrax-related microscopic 
findings in animals that survived until the end of the study.  
 
Tissue bacterial assessments: Bacteria were observed by microscopic examination in many of 
the tissues from the treated animals, regardless of treatment, that died or found moribund.  
However, no bacteria were observed in tissues from animals that survived the period of 
observation. Cultures of tissues were not performed. 
 
Role of immune response in conferring protection: Post-challenge, no immune response 
parameters were measured in any of the studies.  
 
As stated above, all animals included in the study were tested for anti-PA IgG antibodies by 
ELISA and TNA prior to challenge.  Of all the animals included in the studies, 12 were anti-PA 
IgG antibody positive by ELISA in one study (2469) but none of the animals were TNA positive.   
 
There does not appear to be any correlation between presence of anti-PA IgG antibodies prior to 
challenge and response to challenge or treatment.  For example, two control animals survived 
and only one of those animals tested positive for anti-PA IgG (Animal A12335); nine anti-PA 
IgG positive animals that were randomized to treatment groups, three succumbed to challenge.  
The reason for anti-PA IgG positive findings in experimentally naïve animals is unclear.  The 
possibility of cross-reactivity or false positive findings by the anti-PA IgG ELISA was not 
examined and cannot be ruled out.   
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Table 7: Overview of post-exposure prophylaxis studies of inhalational anthrax in NZW rabbits and cynomolgus monkeys 

Parameter NZW rabbits Cynomolgus monkeys 
AR004 AR012 AR0315 AR035 AR037 AP107 AP301 AP307 

Site 
Randomized Yes Yes Yes Yes Yes Yes Yes Yes 
Blinded No No No No No No Yes No 
GLP No Yes No Yes Yes Yes Yes No 
ETI-204 Product  Baxter Baxter Lonza Lonza Baxter Lonza Lonza 

Baseline characteristics of the animals 
Age (Range) 3-4 months 3.8 months 6-7 months 6-7 months 6-7 months 2-5 years 2.6-4.6 years 3-4 years 
Body weight (kg) 2.0-2.8  2.6±0.1 2.9±0.2 3.3±0.2 3.5±0.3 2.5±0.3 2.8±0.2 3.2±0.5 
Anti-PA IgG n/N ND ND 0/58 0/38 3/58 (5.2%) ND ND ND 
Blood culture  
(B. anthracis) n/N ND ND 0/58 0/38 0/58 0/40 ND ND 

Target and inhaled dose of B. anthracis spores 
Target LD50 200 200 200 200 200 200 200 200 
Inhaled dose LD50 
Mean±SD 182.8±63.1 200.5±64.3 236.0±33.7 285.5±82.2 143.1±44.6 314.9±78.3 401.7±152.9 204.5±67.6 

Inhaled spores 
(cfux107) 

Not 
specified in 
the data sets 

≥200 LD50 (%) 41.7 39.3 91.4 89.5 10.3 97.6 97.6 50.0 

Spore lot Not 
specified B30 B37 Ames strain obtained from the 

 B39 B39 B39 

N represents number of animals tested and n represents number of animals positive;  ND = not done 
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Results: 
Effect of treatment on survival: The studies show that ETI-204 is effective in improving survival; 
the survival rate varied with the dose and time of administration of ETI-204 (Table 8).  The post-
exposure prophylaxis was measured by administering ETI-204 at a fixed time point in four 
studies (AR007- 9 hours, AR012 - 24 hours, AR034 -30 hours, and AR037- 24 hours).  When 
ETI-204 was administered at a dose of ~4 mg/kg IV or ~8 mg/kg IM, at 9 hours post-exposure 
(Study AR007), all the treated animals survived.  In Study AR012, treatment was delayed to 24 
hours post-exposure; ETI-204 at a dose of ~4 mg/kg and ~8 mg/kg, IV, was effective in 
improving survival in 50% and 58% of the animals; however, when administered IM, the 
proportion of animals that survived was lower.  Additionally, a higher dose (~15 mg/kg) of ETI-
204 was less effective (Table 8).  In Study AR037, ETI-204, administered IM, was effective in 
improving survival time in about one-third of the animals at either of the doses (8, 16 or 32 
mg/kg); a dose-dependent effect was not observed (Table 8).  The reason for lower survival and 
no dose-dependent effect in this study is unclear.   
 
The effect of a delay in administration of ETI-204 was measured in three studies (AR004, 
AR0315, and AR035).  In Study AR004, ETI-204 at a dose of ~4 mg/kg IV was administered at 
24, 36, or 48 hours; ETI-204 was more effective when administered 24 hours post-exposure 
compared to the later time points (Table 8). At 24 hours, none of the animals were bacteremic 
and all of the animals that became bacteremic at Day 2 ultimately died. In Study AR035, ETI-
204 16 mg/kg administered IM at 18 or 24 hours post-challenge was effective in improving 
survival of 60% of the animals (Table 8). None of the animals survived when ETI-204 was 
administered at 36 hours post-exposure.   
 
All rabbits in the control group died within 7 days of challenge.   
 
A decrease in survival with a delay in treatment is probably due to an increase in microbial 
burden post-challenge over time.  Blood from all the surviving animals until the end of study was 
culture negative.  All the animals that died or found moribund were bacteremic. 
 
Clinical, necropsy and histopathological observations: The clinical signs of disease as well as 
necropsy and histopathological findings were similar to those summarized above for treatment 
studies.  No alteration in body weights were reported during the 14 or 34 day period of 
observation. 
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Table 8: Survival in post-exposure prophylaxis studies in NZW rabbits (Table constructed by Dr Xianbin Li, PhD)  

Study Route Hours post 
challenge 

ETI-204 
mg 

n/N (%) 
Survival 

95% CI 
Adjusted 95% CI 

Unadjusted one-sided 
p-value 

AR004 
Elusys 
Day 28 

IV 
 

48 0 0/9 (0)   

24 10§ 8/10 (80.0) 
0 80 

[0 402, 0 975] 
[0 303, 0 986] 

0.0001* 
(0.0083) 

36 10§ 5/10 (50.0) 
0 50 

[0 084, 0 813] 
[-0 017, 0 856] 

0.010 
(0.0083) 

48 10§ 3/7 (42.9) 
0 429 

[0 012, 0 816] 
[-0 084, 0 865] 

0.0226 
(0.0083) 

AR007 
 

Day 34 

IV 

9 
 

0 0/9 (0)   

IV 10§ 9/9 (100) 1 
[0 629, 1] 

<0.0001* 
(0.0125) 

IM 20§ 9/9 (100) 1 
[0 629, 1] 

<0.0001* 
(0.0125) 

AR012 
Elusys 
Day 14 

IM 

24 

0 0/9 (0)   

IV 
 

2.5§ 1/9 (11.1) 
0 111 

[-0 224, 0 483] 
[-0 436, 0 610] 

0.4073 

10§ 6/12 (50) 
0 50 

[0 094,  0 789] 
[-0 057, 0 859] 

0.0074 

20§ 7/12 (58.3) 
0 583 

[0 187, 0 848] 
[-0 018, 0 904] 

0.0026* 
(0.0036) 

IM 
 

5§ 1/9 (11.1) 
0 111 

[-0 224, 0 483] 
[-0 436, 0 610] 

0.4073 

10§ 3/9 (33.3) 
0 333 

[-0 071, 0 701] 
[-0 238, 0 794] 

0.049 

20§ 5/12 (41.7) 
0 417 

[0 034, 0 725] 
[-0 134, 0 806] 

0.0186 
 

40§ 4/12 (33.3) 
0 333 

[-0 066, 0 655] 
[-0 217, 0 749] 

0.051 

AR0315 
Baxter 
Day 28 

IM 

24 0 0/10 (0)   

18 4 mg/kg 11/12 (91.7) 
0 917 

[0 535, 0 998] 
[0 425, 1] 

<0.0001* 
(0.0063) 

24 4 mg/kg 5/12 (41.7) 
0 417 

[0 065, 0 723] 
[-0 058, 0 786] 

0.0131 
(0.0063) 

18 16 mg/kg 11/12 (91.7) 
0 917 

[0 535, 0 998] 
[0 425, 1] 

<0.0001* 
(0.0063) 

24 16 mg/kg 8/12 (66.7) 
0 667 

[0 290, 0 901] [0 172, 
0 934] 

0.0005* 
(0.0063) 

AR034 
Phase I 
Lonza 
Day 28 

IV 30 

0 0/8   

16 mg/kg 13/20 (65) 
0 65 

[0 156, 0 846] 
[0 300, 0 969] 

0.0008* 
(0.0125) 

AR035 
Lonza 
Day 28 

IM 

18 0 0/10 (0)   

18 16 mg/kg 6/10 (60) 
0 60 

[0 213, 0 878] 
[0 119, 0 912] 

0.0018* 

24 16 mg/kg 6/10 (60) 
0 60 

[0 213, 0 878] 
[0 119, 0 912] 

0.0018* 

36 16 mg/kg 0/8 (0) 
0 

-0 309, 0 369 
-0 387, 0 480 

0.5 

AR037 
Lonza 
Day 28 

IM 24 

0 0/10   

8 mg/kg 5/16 (31.3) 0 313 
[-0 019, 0 587] 0.33 

16 mg/kg 5/16 (31.3) 0 313 
[-0 019, 0 587] 0.33 

32 mg/kg 5/16 (31.3) 0 303 
[-0 019, 0 587] 0.33 

§ETI-204 dose was a fixed dose: 2.5 mg= ~1.25 mg/kg; 5 mg = ~2 mg/kg; 10 mg = ~4 mg/kg; 20 mg = ~8 mg/kg; 40 mg= ~15 mg/kg 
*Statistically significant at the specified significant level with Bonferroni adjustment for multiple comparisons Reference ID: 3861561
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Tissue bacterial assessments: No incidences of bacteria were observed by culture and/or 
histology in any of the tissues tested from surviving animals. However, bacteria were observed in 
the organs from non-surviving animals in all groups. 
 
Role of immune response in conferring protection: The immune response parameters measured 
were limited to the measurement of anti-PA IgG antibodies by ELISA in surviving animals in 
three studies (AR035, AR037 and AR0315). The assay used for studies AR035 and AR037 was 
the same as that for the combination studies summarized above and captured both ETI-204 and 
endogenous anti-PA IgG antibodies. Therefore, the reported anti-PA IgG value for a given 
sample represents residual ETI-204, if any, and endogenous anti-PA IgG antibodies.  The LLOQ 
was 50 ng/mL. However, the assay used in Study AR0315 was different and the lower limit of 
detection (LLOD) was 1 µg/mL (for details see Dr Berkeley’s microbiology review).  
 
Despite the differences in the assays, high antibody levels were observed in all the surviving 
animals at Day 28 in all three studies.  Testing of anti-PA IgG antibodies in sera collected at 
terminal time point from non-surviving animals was limited to 13 animals in one study 
(AR0315); antibodies were detected in 2 animals treated at 24 hours post-challenge with either 4 
mg/kg or 16 mg/kg of ETI-204.    
 
In Study AR037, 3 animals (one in the control group and 2 treated with ETI-204 8 mg/kg) were 
anti-PA IgG positive prior to challenge; all three animals died within 4 days of challenge. 
Additionally, 3 animals (one treated with 8 mg/kg and two treated with 16 mg/kg of ETI-204) 
were antibody positive at the time of death or were moribund; these positive findings may be a 
reflection of ETI-204 as the method used for detection of anti-PA IgG antibodies detects ETI-
204 as well as endogenous anti-PA IgG antibodies; also the antibody response after primary 
challenge at Day 4 is likely to be IgM and not IgG.  The antibody titers in the two animals 
(#3003 and #4010), treated with 16 mg/kg ETI-204, were high (~50,000 ng/mL). 
 
The study suggests development of humoral response in surviving animals after treatment with 
ETI-204.  However, it would have been useful to test all animals for IgM and IgG anti-PA 
antibodies as well as antibodies against a crude lysate of bacteria at different time points to 
understand the contribution of humoral response in conferring protection.   
 
Comments: 
Overall, the studies suggest that ETI-204 is effective in preventing death due to anthrax when 
administered post-exposure in NZW rabbits; the earlier the post-exposure treatment was 
administered, the survival rate was higher. 
 

2.4.2.  Cynomolgus monkeys 
The post-exposure prophylaxis of Baxter or Lonza products of ETI-204 in cynomolgus monkeys 
was measured in 3 studies (AP301, AP307, and AP107).  All studies were randomized; two were 
blinded (AP301 and AP305) and one (AP107) was an open-label study; two studies (AP107 and 
AP 301) were GLP studies (Table 7).    
 
All studies were conducted at  and the study design was similar.  Animals were 
challenged with the spores (spore lot no. B39) of the Ames strain of B. anthracis as summarized 
above; the target LD50 was 200X LD50 for all studies.   The average inhaled LD50 was variable 
and ranged from 205-402; the number of animals with ≥200 LD50 varied between 50% and 98% 
among different studies. The MMAD varied between 1.14-1.30 μm (Table 7).  Treatment with 
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ETI-204 was initiated at 18 or 24 hours post-exposure in different studies by either IV or IM 
route. 
 
Results: 
Effect of treatment on survival: In Study AP107, a dose-dependent effect of ETI-204 on survival 
was observed when administered IV (2 and 4 mg/kg) but not when administered IM (4 and 8 
mg/kg) at 24 hours post-exposure (Table 9).  In study AP307, ETI-204 at a dose of 16 mg/kg 
administered IM at 24 hours post-exposure was effective in improving survival (Table 9).  In 
Study AP301, treatment with 8 or 16 mg/kg of ETI-204, IM, was administered at 18, 24, or 36 
hours post-exposure; when intervention was delayed to 36 hours post-challenge, the proportion 
of animals that survived decreased (Table 9). When the treatment was delayed, dose also played 
a role in survival.  For example, at 36 hours 8 mg/kg ETI -204 resulted in no survivors (0/6) 
while 16 mg/kg ETI-204 protected about 50% of the animals (3/6). All of the control animals 
died by Day 5 post-exposure.  The efficacy of Baxter and Lonza products of ETI-204 was 
similar. 
 
Effect of treatment on microbial burden: The animals that died were bacteremic.  All the animals 
that survived were culture negative until terminal sacrifice (Day 28 or 56). 
 
Effect of microbial burden on survival: The effect of treatment time on survival depended on the 
prior to treatment bacteremia levels. All deaths occurred in animals that were confirmed 
bacteremic prior to treatment.   All animals that were culture negative prior to treatment 
including 2 animals in the 36 hour treatment group survived.  
 
Tissue bacterial assessment: Most of the tissues from all of the animals that died on study were 
culture positive or bacteria were observed by microscopic examination.  No bacteria were 
observed in most of the tissues from the animals that survived; exceptions included positive 
cultures of lymph nodes from some of the animals that survived.  
 
Clinical, necropsy and histopathological observations: The clinical signs of disease as well as 
necropsy and histopathological findings were similar to those summarized above for treatment 
studies summarized above.  
 
 

Reference ID: 3861561



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509    Page 42 of 340 
Table 9. Survival rates in post-exposure prophylaxis studies in cynomolgus monkeys  

Study Route 
Hours 
post 

challenge 

ETI-204 
mg/kg 

n/N(%) 
Survival 

Difference 
[95% CI] 

[Adjusted 95% CI] 

One-sided 
p-value 

(sig. level) 

AP107 
Baxter 
Day 30 
survival 

IV or IM 24 0 1/6 (16.7)   

IV 24 2 4/9 (44.4) 
0.278 

[-0.295, 0.641] 
[-0.391, 0.765] 

0.210 
(0.0063) 

IV 24 8 6/8 (75.0) 
0.583 

[0.018, 0.902] 
[-0.130, 0.941] 

0.020 
(0.0063) 

IM 24 4 6/8 (75.0) 
0.583 

[0.018, 0.902] 
[-0.130 0.941] 

0.020 
(0.0063) 

IM 24 8 5/9 (55.6) 
0.389 

[-0.158, 0.777] 
[-0.292, 0.835] 

0.087 
(0.0063) 

AP301 
Lonza 

Day 28 or 56 
survival1 

 18 0 0/6 (0)   

IM 18 8 6/6 (100) 
1 

[0.471, 1] 
[0.438, 1] 

0.0012 
(0.0042) 

IM 18 16 
 6/6 (100) 

1 
[0.471, 1] 
[0.438, 1] 

0.0012 
(0.0042) 

IM 24 8 5/6 (83) 
0.83 

[0.230, 0.996] 
[0.196, 0.998] 

0.0032 
(0.0042) 

IM 24 16 
 5/6 (83) 

0.83 
[0.230, 0.996] 
[0.196, 0.998] 

0.0032 
(0.0042) 

IM 36 8 0/6 (0)  1.0000 
(0.0042) 

IM 36 16 
 3/6 (50) 

0.5 
[-0.037, 0.882] 
[-0.069, 0.893] 

0.0345 
(0.0042) 

AP307 
Lonza 
Day 28 
survival 

IM 
 

24 0 1/10 (10)   

24 

16 

13/14 (93) 
0.83 

[0.431, 0.976] 
[0.347, 0.987] 

 
0.001 

(0.0083) 

36 6/14 (43) 
0.33 

[-0.068, 0.643] 
[-0.155,   0.699] 

0.053 

48 4/14 (29) 
0.18 

[-0.234, 0.504] 
[-0.320, 0.570] 

0.203 

1 Survival assessed after spore challenge (28 days) except for the 16 mg/kg IM dose in AP301 which was 
assessed at 56 days after spore challenge.  
Sig.: Significance. 
*Statistically significant at the specified significant level with Bonferroni adjustment for multiple 
comparisons. 
Table constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
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reported by culture of some tissues collected at the time of necropsy from 3 of the surviving 
treated animals (lymph node - one animal; lung - two animals).   
 
In Study, AR003, a majority of the surviving ETI-204-treated animals were blood culture 
negative at all the time point analyzed during the course of the study; only 2 rabbits that survived 
(#K49261 treated with a dose of 5 mg IV and #K49273 treated with 20 mg IM) were bacteremic 
within 48 hours. Of the 14 treated rabbits that died, 8 were bacteremic at least at one of the time 
point post-challenge.   
 
Of all of the tissues processed for bacterial cultures from the 26 surviving animals, presence of 
bacteria was reported in the lung from nine animals; there were no incidences of positive cultures 
in any of the spleen and lymph nodes examined (Table 11).  Tissues from non-surviving animals 
were not processed.  
 
All of the control group animals died within 4 days of challenge in both studies; all the rabbits 
were bacteremic, at least, at one time point between Days 2 and 5 (Table 11).   Tissues from non-
surviving animals were not examined for the presence of bacteria. 
 

Table 11: Survival at Day 28 in pre-exposure (30-45 minutes) prophylaxis studies in NZW rabbits 

 anti-
PA MoAB† 
 

Route n/N (%) 
Survival 

Unadjusted 
P-value 

Proportion (%) of animals* 
Bacteremic at least one 

time point 
post-challenge 

Surviving animals with 
bacteria in tissues‡ 

Study AR001:  30-45 minutes prior to a targeted 100 LD50 exposure 
0 mg 

IV 
0/5 (0)  5 (100) ND 

10 mg 9/9 (100) 0.0001 0 (0) 3/9 (33) 
Study AR003:   35 minutes prior to a targeted 200 LD50 exposure 

0 mg  0/8 (0)  8 (100.0) ND 
1.25 mg 

IV 
 

1/8 (12.5) 0.402 6 (75.0) 0/1 (0) 
2.5 mg 5/8 (62.5) 0.004 1 (12.5) 1/5 (20.0) Lung§ 
5 mg 5/8 (62.5) 0.004 4 (50.0) 0/5 (0) 
10 mg 7/8 (87.5) 0.0003 0 (0) 4/7 (57.1) Lung§ 
20 mg IM 8/8 (100) <0.0001 1 (12.5) 4/8 (50.0) Lung§ 
†Fixed single dose administered;  1.25 mg= ~ 0.5 mg/kg;  2.5 mg= ~ 1 mg/kg; 5.0 mg= ~ 2 mg/kg;  
10.0 mg= ~ 4 mg/kg; 20.0 mg= ~ 8 mg/kg.   IV=intravenous; IM=intramuscular 
*Represent qualitative culture results 
‡Represent culture results in tissues; tissues from non-survivors not done 
§Lymph nodes, lungs and spleen processed; only lungs were culture positive 
** There was no adjusted CI, because of no multiple comparisons 
Statistical analysis by Dr Xianbin Li, PhD (for details see statistics review) 

 

2.5.2.  Cynomolgus monkeys 
Study AP305 was a randomized, blinded, placebo-controlled GLP study (Table 10). The target 
LD50 was 200X LD50 and the average MMAD ranged from 1.21-1.22 μm. The LD50 was ≥200 in 
approximately 53% of the animals. The efficacy of ETI-204 Lonza product, administered IM, 
was measured by administering on Day-3, -2, and -1 prior to exposure.   
 
Results: 
Effect of treatment on survival and microbial burden:  ETI-204 at a dose of 16 mg/kg, 
administered IM, between Days-3 and -1 was effective in improving survival in all the treated 
animals; one of the control group animal survived (Table 12).  Reference ID: 3861561
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Bacteremia, in all the placebo group animals, was detectable and increased by 54 hours after 
spore challenge in both survivors and non-survivors.  A majority of the treated animal remained 
culture negative for the duration of the study.  The bacterial load between 1 and 7 days post-
treatment was lower in treated animals compared to the animals in the control group.   In 
addition, the bacteremia in the ETI-204-treated animals was transient and only present in low 
numbers; complete resolution of bacteremia occurred by 7 days post-challenge in all monkeys 
that survived to scheduled termination.   
 
No bacteria were detected in any of the tissues processed for culture or histological examination 
in treated animals (Table 12). 
 
Table 12: Survival at Day 28 in pre-exposure (30-45 minutes) prophylaxis studies in cynomolgus monkeys (Study 

AP305) 
ETI-204 

n/N (%) 
Survival 

Unadjusted 
P-value 

Proportion of culture positive animals in blood* or tissues 

Dose  Day 
administered 

Blood (at least 
one time) post-

challenge* 

Tissues by culture (microscopy)  

Surviving animals  
Non-surviving 

animals  

0  1/10 (10)  10 (100%) 0/1 (0/1) 8/9 (9/9) 

16 mg/kg -3 15/15(100) <0.0001 2 (13.3%) 0/15 (0/15) NA 

16 mg/kg -2 14/14(100) <0.0001 3 (21.4%) 0/14 (0/14) NA 
16 mg/kg -1 14/14(100) <0.0001 1 (7.1%) 0/14 (0/14) NA 
NA-not applicable 
*Represent results by quantitative culture 
Table constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
 
Clinical, necropsy and histopathological observations: The clinical signs of disease as well as 
necropsy and histopathological findings although similar to those summarized above for 
treatment studies were reported in less number of animals and were less severe.  
 
Comments: 
Overall, the studies in rabbits and monkeys suggest that ETI-204 prevents the development of 
inhalational anthrax when administered prior to challenge with B. anthracis spores. 
 
Presence of PA in serum was not assessed in the pre-exposure prophylaxis studies. 
 

2.6.  Response to re-challenge 
The effect of re-challenge with B. anthracis spores of the Ames strain was evaluated in one 
NZW rabbit study (Study AR034).  The objective was to investigate whether ETI-204 
administration can prevent the development of a protective endogenous antibody response to PA.  
The study was performed in two phases.  In phase I, rabbits were treated with either ETI-204, 
levofloxacin, or a combination of ETI-204 and levofloxacin at approximately 30 hours post-
exposure and followed for up to 9 months post-exposure.  As discussed above (for details see 
section 2.3 “Efficacy of ETI-204 in combination with an antibacterial drug”), the results suggest 
that levofloxacin (20/20; 100%) or a combination of ETI-204 + levofloxacin (19/20; 95%) were 
more effective in improving survival compared to ETI-204 (13/20; 65%) monotherapy (Tables 6 
and 8).  All the control animals succumbed to B. anthracis infection.  All the animals that died 
were bacteremic and PA positive whereas all the animals that survived were culture and PA 
negative by Day 7 post-challenge.  
 

Reference ID: 3861561
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The 52 survivors from Phase I study and 12 experimentally naïve animals (approximate age- and 
weight-matched) were re-challenged with an average 301 (± 69) LD50 equivalents of B. anthracis 
spores via aerosol exposure nine months after the primary challenge; the LD50 was >200 in all 
animals in the second exposure whereas after primary challenge the LD50 was >200 in 65% of 
the animals.  All animals were culture negative prior to re-challenge; only one animal was PA 
positive prior to re-challenge.  Phase II part of the study was blinded to prevent potential bias in 
the study conduct and outcome assessment.  No treatment was administered during Phase II.  
Animals were followed for up to 21 days after second challenge.  A majority of the re-challenged 
animals survived until Day 21:  

• 13/13 (100%) treated with ETI-204 in phase I.  
• 19/20 (95%) treated with levofloxacin.  
• 17 of 19 (89.5%) treated with the combination of ETI-204 + levofloxacin in phase I.   

A majority of the animals remained culture as well as PA negative after re-challenge; bacteremia 
and PA positive findings in survivors were transient and present in small number (10%) of the 
animals.  All animals that survived the re-challenge did not have a positive culture of the tissues 
assessed at the time of necropsy; however, all of the animals that died during phase II had a 
positive B. anthracis tissue culture result for at least three of the tissues tested. All naïve control 
animals that were challenged in phase II were bacteremic and PA positive; the bacteremia and 
PA levels at 24, 72, and 120 hours post- secondary challenge were greater than the animals in 
either of the treatment groups.  Only one animal (control) that died post-challenge had gross 
lesions in Phase II; lesions were consistent with acute B. anthracis infection. 
 
Role of immune response in conferring protection: The immune response parameters measured 
were limited to the measurement of anti-PA IgG antibodies by ELISA and TNAs in surviving 
animals.  A majority of the animals were anti-PA IgG antibody positive between Day 7 and 
Month 7 post-challenge as well as at all-time points tested after re-challenge.  The TNAs at Day 
28 after primary challenge as well as 7 days before and Day 21 after second exposure were 
detected in surviving animals.  TNA and anti-PA IgG antibody titers increased at Day 21 post-
second challenge compared to Day-7. There was no difference in antibody levels among the 
animals in the three treatment groups.  Overall, the study suggests development of antibody 
response in animals surviving after primary challenge; treatment with ETI-204 does not interfere 
with the development of humoral immune response.  TNA and anti-PA IgG antibodies were not 
measured in non-surviving animals. 
 
Clinical observations: Following second challenge through Day 7 post-challenge, some of the 
treated animals in all groups were documented as lethargic (5/49 survivors; 2/3 non-survivors) 
with signs of respiratory abnormalities (2/49 survivors; 2/3 non-survivors), stool abnormalities 
(17/49 survivors; 1/3 non-survivors), and reduced food consumption (24/49 survivors; 3/3 non-
survivors). The animals returned to normal observations generally between 7-11 days of re-
challenge with occasional stool abnormalities or reduced food consumption noted. 
 
Necropsy and Histopathology:  After re-challenge, only one animal in the control group that died 
had gross lesions as reflected by red foci in the large intestinal sacculus rotundus and appendix; 
these lesions are typical of anthrax in rabbits.  Histopathology was not performed.    
 
Comments: 
Overall, the study shows that ETI-204 administration does not prevent the development of the 
endogenous antibody response. 
 

Reference ID: 3861561
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Figure 3: Diagrammatic representation of interactions between B.  anthracis and the host during 

inhalational anthrax 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Passalacqua KD and 
Bergman NH. Bacillus 
anthracis: interactions with the 
host and establishment of 
inhalational anthrax. Future 
Microbiology (2006) 1 (4): 397-
415. 

 

 
 

 
 
 
 
 
 
 
Source: 
http://whyfiles.org/shorties/089
anthrax receptor/ 

 
Disease progression: Once the spores germinate and the anthrax bacteria start replicating, the 
typical course of inhalation anthrax progresses in a biphasic manner. Patients experience a 
prodromal phase of localized infection with flu-like symptoms. The transition from localized 
infection to systemic illness (fulminant phase) develops abruptly with high fever, dyspnea, 
diaphoresis, and shock; at this point, blood cultures are typically positive for the characteristic 
Gram-positive spore-forming bacilli. Without treatment, the condition progresses rapidly and is 
considered uniformly and rapidly fatal.  Patients who present with signs of fulminant disease 
may die despite administration of antibacterial drugs because the latter have no activity against 
anthrax toxin.  Significant levels of accumulated anthrax toxin can still drive the progression of 
disease by causing hemorrhagic meningitis and hemodynamic alterations, including severe 
hypotension with subsequent tissue hypoperfusion, hypoxia, and metabolic acidosis.  
 
In humans, the incubation period of inhalational anthrax is difficult to estimate because of the 
highly variable length of the incubation period; based on previous outbreaks the time from 
estimated exposure to onset of illness may range from 4 to 6 days.11  Studies suggest that humans 

                                                 
11 Jernigan DB, Raghunathan PL, Bell BP, et al. Investigation of bioterrorism-related anthrax, United States, 2001: 
epidemiologic findings. Emerg Infect Dis (2002) 8:1019-1028. 
 Reference ID: 3861561
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and nonhuman primates appear to be intermediate in susceptibility to anthrax, between the 
rabbits (more susceptible) and dogs or pigs (more resistant).12,13  
 
In rabbits weighing 2.5 to 3.5 kg, a particle size of 1-2 µm results in about 7% of the aerosol 
being deposited in the lower respiratory tract (lungs, bronchi, and trachea) and about 9.5% of the 
aerosol being swallowed.  Thus, the respiratory tract may not be the only route of infection 
during aerosol exposures and this may be more significant in rabbits since herbivores are highly 
susceptible to gastrointestinal anthrax.  In monkeys, it is known that at a particle size of 1-2 µm 
relatively more particulates are deposited in nonhuman primate lungs than in humans, and the 
overall distribution of particles within the respiratory tract and stomach is about equal.   
 
Virulence Factors: The major virulence factors for B. anthracis are the capsule and anthrax 
toxins. The B. anthracis capsule enables the vegetative form of B. anthracis to avoid 
phagocytosis.  All three components of anthrax toxin (PA, LF, and EF) are present during 
established infection. PA, LF, and EF are encoded by the pX01 plasmid. Another plasmid, 
pXO2, contains the genes for the synthesis of a poly-c-D-glutamic acid capsule. The expression 
of the genes encoding the capsule are under the control of two regulatory gene products, anthrax 
toxin activator (AtxA) and anthrax capsule activator (AcpA), that are also located on the pX01 
and pXO2 plasmids.  AtxA and AcpA respond to as yet undefined environmental cues.12   
 
PA is the receptor-binding component that allows intracellular entry of LF and EF.  LF is a zinc 
metalloprotease that cleaves and inactivates mitogen-activated protein kinase kinases 
(MAPKKs), key signal transduction molecules required for effective host responses against 
bacterial pathogens as well as cellular functions.  EF is a calmodulin-dependent adenylate 
cyclase that induces edema in various tissues.  There has been experimental utility in examining 
the independent effects of EF and LF, each in combination with their shared receptor-binding 
component, PA.  LT targets a variety of cell types, including immune cells (macrophages, 
dendritic cells, neutrophils, and lymphocytes), leading to disruption of immune responses, and 
thereby facilitating infection.  LT also has toxic effects on endothelial cells, leading to loss of 
barrier function, which is thought to be a major factor underlying the pathology induced by LT.  
The LT, despite its name, is not directly lethal to most cells in culture.  Instead, it disrupts a wide 
variety of cellular functions that require MAPKK signaling (e.g., cell cycling and cytokine 
production).  Similarly, ET has wide-ranging effects through its enzymatic activity that results in 
increased cellular cyclic AMP, a critical cellular signaling molecule.  In addition to mediating 
edema, ET has immunomodulatory effects and perturbs endocrine function.14  The secreted B. 
anthracis toxins are thought to be responsible for the morbidity and high mortality rates 
characteristic of anthrax infection despite appropriate antimicrobial therapy.  
 
PA (monomeric), secreted as an 83 kDa protein, is a pore-forming protein that requires post-
translational processing and assembly to become functional. Before PA can translocate LF or EF 
inside a target host cell, it binds to one of two anthrax toxin receptors (ATRs) on the cell surface, 
either capillary morphogenesis gene 2 protein (CMG-2) or tumor endothelial marker 8 (TEM-8), 
                                                 
12 Hirsh DC and Biberstein EL. Bacillus. In: Hirsch DC, MacLachlan N.J., Walker R.L., eds. Veterinary 
Microbiology. Ames, IA: Blackwell Publishing (2004) 168-174. 
 
13 Jaax NK and Fritz DL. Anthrax. In: Conner DH, Chandler F.W., Schwartz D.A., et al., eds. Pathology of 
Infectious Diseases. Stamford, CT: Appleton and Lange (1997) 391-406. 
 
14 Moayeri M and Leppla SH. Cellular and systemic effects of anthrax lethal toxin and edema toxin. Mol Asp Med 
(2009). 30 (6): 439-455. 
 Reference ID: 3861561
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which are widely expressed on the majority of mammalian cells.  Both receptors are Type 1 
transmembrane proteins with an extracellular von Willebrand factor A domain (integrin inserted 
domain; VWA/I) that contains a metal ion-dependent adhesion site (MIDAS) that interacts with 
PA. The PA binding site is thought to be conserved between the two receptors with 60% identity 
within the VWA/I domain and 40% overall amino acid identity.15   
 
Monomeric PA is cleaved by a host protease, such as furin, to remove an N-terminal 20 kDa 
fragment. There is some controversy as to whether this happens only on the cell surface after PA 
binds to the receptor or whether the cleavage can also occur before PA binds to the cellular 
receptor. In either case, seven 63 kDa fragments of PA then assemble into a heptamer ring on the 
cell surface leading to the formation of binding sites for up to three molecules of LF and/or EF. 
The toxin complex is internalized by endocytosis, a pore is formed in the acidic environment of 
the endosome, and LF and EF are extruded into, and exert their effects in the cytosol (Figure 
4).16   PA plays key roles in multiple stages of inhalational anthrax disease pathogenesis. During 
early stages of disease, PA is essential for systemic bacterial dissemination and infection of 
peripheral tissues, and for suppression of innate and adaptive immunity.17,18,19,20,21 During 
fulminant anthrax, PA in combination with LF or EF contributes directly to tissue cytotoxicity, 
and impairment of organ functions and hemodynamics (Liu et al., 201418). 
 

                                                 
15 Banks DJ, Ward SC, and Bradley KA. New insights into the functions of anthrax toxin. 2006. Expert Rev Mol 
Med 8 (7):1-18. 
 
16Xu L and Frucht DM. Bacillus anthracis: a multi-faceted role for anthrax lethal toxin in thwarting host immune 
defenses. Internat J Biochem Cell Biol (2007) 39: 20-24.  
 
17 Lovchik JA, Drysdale M, Koehler TM, Hutt JA, and Lyons CR.  Expression of either lethal toxin or edema toxin 
by Bacillus anthracis is sufficient virulence in a rabbit model of inhalational anthrax.  Inf Immun (2012) 80 (7): 
2414-2425. 
 
18Liu S, Moayeri M, and Leppla SH.  Anthrax lethal and edema toxins in anthrax pathogenesis. Trends in 
Microbiology (2014) 22 (6) 317-325. 
 
19 Lowe DE and Glomski IJ.  Cellular and physiological effects of anthrax exotoxin and its relevance to disease.  
Frontiers in Cellular and Infection Microbiology (2012) 2 (Article 76): 1-13. 
 
20 Tournier JN, Quesnel HA, Aurélie C, and Vidal DR. Contribution of toxins to the pathogenesis of inhalational 
anthrax.  Cellular Microbiology (2007) 9 (3): 555-565. 
 
21 Agrawal A, Lingappa J, Leppla SH, Agrawal S, Jabbar A, Quinn C, and Pulendran B.  Impairment of dendritic 
cells and adaptive immunity by anthrax lethal toxin.  Nature (2003) 424: 329-334. 
 Reference ID: 3861561
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Figure 4: Diagrammatic representation of the entry of anthrax toxin into cells  

PA83 binds one of two cellular receptors, TEM8/ATR or CMG2, which have been 
reported to be associated with the LRP6 co-receptor. After binding, PA83 is cleaved by 
cellular proteases, such as furin, and the small PA20 fragment is released. PA63 then 
forms a ring-shaped heptameric pre-pore, which can simultaneously bind up to three 
molecules of LF and/or EF. The toxin/receptor complex is then internalized. The 
endocytic vesicles are subsequently acidified, initiating a conformational change of the 
PA heptamer which converts it from the pre-pore into a mature pore that allows entry 
of EF and/or LF into the cell cytoplasm. LF is a protease targeting specific MAPKKs.  
EF is an adenylate cyclase that increases cAMP formation in cells.  
Source: Xu, L and Frucht, DM. Bacillus anthracis: a multi-faceted role for anthrax 
lethal toxin in thwarting host immune defenses. Internat J Biochem Cell Biol (2007) 
39: 20-24.  

 
Because of PA’s central role in toxin assembly and intoxication of target cells, PA neutralization 
is considered to be effective in preventing the establishment and progression of disease 
subsequent to inhalational exposure to anthrax spores (Mohamed et al., 20059).  Studies by Little 
et al., (1996)8 and Leysath et al. (2009)22 show that binding of 14B7 MoAb to domain 4 of PA 
(PAD4) prevents the cell binding of PA63-EF and PA63-LF complexes thereby preventing the 
entry of EF and LF into the cytosol and the downstream deleterious effects of anthrax toxin 
(Figure 5).   As stated above, ETI-204 is a chimeric antibody containing the enhanced versions of 
14B7’s VH and VL genes fused to human v1 and K constant regions. This homology between 
14B7 and ETI-204 suggests the potential for ETI-204 to inhibit binding of PA63 to the cell 
surface receptor. 
 

                                                 
22 Leysath CE, Monzingo AF, Maynard JA, Barnett J, Georgiou G, Iverson BL, and Robertus JD.  Crystal structure 
of the engineered neutralizing antibody M18 complexed to domain 4 of the anthrax protective antigen.  J Mol 
Biology (2009) 387: 680-693. Reference ID: 3861561
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Figure 5: Anthrax Toxin Assembly 
 

Source:  BLA submission  

 
 
Note: ATP: adenosine 
triphosphate; cAMP: 
cyclic adenosine 
monophosphate; CGM2: 
capillary morphogenesis 
gene 2 protein; EF: 
edema factor; LF: lethal 
factor; MAPKK: 
mitogen activated 
protein kinase kinase; 
PA: protective antigen; 
TEM-8: tumor 
endothelial marker 8. 

 
 

4. Non-clinical Microbiology Studies 
 
4.1.  Mechanism of action 

4.1.1.  Binding of ETI-204 to protective antigen 
The binding of ETI-204 as well as murine 14B7 and chimeric 14B7 MoAbs to PA was measured 
using Biacore 3000 instrument that works on the principle of surface plasmon resonance and 
utilizes polarized light; by this minute changes in optical resonance resulting from association or 
dissociation from an immobilized ligand can be detected. In order to measure the affinity of anti-
PA MoAbs for PA, rabbit-anti-human and rabbit-anti-mouse polyclonal antibodies were 
immobilized onto a sensor chip surface for capturing either ETI-204 (humanized antibody) or 
murine MoAbs, respectively.23 The protein-protein interaction results were expressed as kinetic 
constants (Kon, Koff) as well as equilibrium disassociation constant (KD).  Based on these 
measurements, the ETI-204 with the highest affinity for PA (lowest KD) was selected for further 
development; the affinity of ETI-204 for PA (KD= 0.33 nM i.e., 48.8 pg/mL) was about 10-fold 
higher than murine 14B7 or chimeric 14B7 (Table 14); the applicant states that such binding was 
similar to PA binding to its receptor (KD 0.17 – 1 nM). 
 

Table 14: Kinetic constants for murine 14B7, chimeric l4B7, and ETI-204 
 

 
 

 
Comments: 
ETI204 binds PA with a KD= 0.33 nM i.e., 48.8 pg/mL.  
 

                                                 
23 Elusys Report, Study No. PCPRT0004. Measurement of Anti-PA Binding affinity using Biacore (June 28, 2005). Reference ID: 3861561
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4.1.2.  Binding of ETI-204 to anthrax toxin receptors  
The ability of ETI-204 to compete with downstream binding of PA83 and PA63 to host cell 
ATRs i.e., CMG-2 and TEM-8, was investigated by a PA ELISA assay.24 Briefly, the capture 
ATR’s were coated onto microtiter plate wells at 2 and 65 times the concentration of either ETI-
204 or polyclonal anti-PA antibody (pAb) used as the capture. PA83 or PA63 were first allowed 
to bind to the capture reagents, and then increasing concentrations (0.05, 0.1, 0.5, 1, and 5 molar 
ratio) of ETI-204 added to compete with that binding. EDTA was added to prevent protease 
cleavage and degradation of PA83. Rabbit anti-PA serum was utilized as the primary detection 
reagent, and HRP conjugated goat anti-rabbit as the secondary detection reagent to assess the 
performance of the capture reagents in binding PA83, and interference of binding by ETI-204.  
The results showed a high level of recovery with little interference with addition of ETI-204 
when pAb was used as the capture agent (Figure 6); such a recovery may be due to the 
specificity range of the pAb capture, as the pAb likely recognized PA at various epitopes 
resulting in little interference with addition of ETI-204 at up to a 5:1 molar ratio. However, with 
the ETI-204 as the capture agent, the recovery was reduced, even at a 0.05:1 molar ratio of added 
ETI-204, suggesting the high specificity of ETI-204 as a capture reagent.  TEM-8 showed no 
ability to capture PA83 in this format: therefore, ETI-204 interference could not be assessed. 
ETI-204 showed dose-dependent interference with CMG-2 binding of PA83 starting at a 0.05:1 
molar ratio, confirming that ETI-204 blocks the receptor-binding domain of PA (PAD4). 

 
Comments: 
• ETI-204 blocked the receptor binding domain in a dose dependent fashion, as clearly seen in 

the inhibition of binding of PA83 in the presence (+) EDTA to CMG2. 
• The CMG-2 has 1000-fold higher affinity for PA than TEM-8; therefore, TEM-8 was not an 

effective capture, even at 65X molar excess of ETI-204 capture in this assay.  CMG2 
captured PA83 + of EDTA > PA83 in the absence (-) of EDTA > PA63.  

• Binding of PA63 on the pAb coated wells was inhibited by ETI-204.  
• CMG-2 was a better capture than TEM-8 in this assay; TEM-8 did not capture at low or high 

concentrations.   
 
 

                                                 
24  Study No. 1169-100001621: Research and development of an enzyme linked 
immunosorbent assay (ELISA) for the detection of Bacillus anthracis protective antigen in rabbit and non-human 
primate specimens (March 28, 2013). Reference ID: 3861561
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Figure 6: Interference by ETI-204 with PA83 binding to polyclonal antibody (pAb), ETI-204, 

CMG-2 or TEM-8 coated plates  
 

 

The interference of PA83 by ETI-204 on various captures, including pAb, ETI-204, CMG-2, 
and TEM-8, was evaluated. EDTA was present to prevent PA83 degradation.  
Source: BLA submission (Study No. 1169-100001621) 

 
 
4.2.  Activity in vitro 
 
4.2.1.  Binding to the protective antigen from three strains of Bacillus anthracis  
The in vitro activity of ETI -204 was measured against the PA in supernatants collected from the 
Ames (obtained from C. Rick Lyons, University of New Mexico), Sterne 34 F2 (Colorado Serum 
Company), and Vollum (BEI Resources) strains of B. anthracis.25  Briefly, the Ames and 
Vollum strains were grown under BSL-3 conditions; the Sterne strain was grown under BSL-2 
conditions. B. anthracis bacterial culture purity was ascertained on Tryptic Soy Agar (TSA) 
plates incubated for 16 to 24 hours at 37oC. The bacterial culture suspensions (10 mL) in PBS 
adjusted to a McFarland 0.5 standard was added to 500 mL of Tryptic Soy Broth (TSB) and 
cultures incubated with shaking for 20 hours. The cultures were centrifuged and supernatants 
collected and filtered.  The supernatants from the Ames and Vollum strains of B. anthracis were 
checked for sterility before removing from the BSL-3 facility. All supernatants were 
concentrated using sterile Amicon Ultra-15 centrifugal filter device (Millipore; a cut-off of 
30,000 molecular weight), and processed for PA purification by incubating with A/G magnetic 
beads cross-linked with ETI-204, using the Pierce Crosslink Magnetic IP/Co-IP kit, for about 1 
hour. The PA was eluted from the beads. The negative controls included for testing were TSB 
                                                 
25Study FY13-011 – PA production and Analysis report.   
Institute (July 22, 2013). Reference ID: 3861561
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and ovalbumin; a positive control, purified PA (List Biological Laboratories, Inc.) was also 
included. All controls were processed using the same kit used for processing of supernatants 
from the three bacterial strains of B. anthracis. The eluted samples were processed for measuring 
protein concentration, polyacrylamide gels electrophoresis (PAGE), and western blot using ETI-
204 and anti-human antibody tagged with horse radish peroxidase. The polyacrylamide gels were 
also stained with Coomassie blue.  The results showed ETI-204 binds the PA antigen (PA83 and 
its cleave products) from the 3 strains tested (Figure 7). Although the concentration of protein 
loaded for analysis was the same, the intensity of binding and the number of bands observed 
varied among the 3 strains. The Coomassie blue staining results are ambiguous as no stained 
bands were observed for any of the samples tested other than ovalbumin control and the standard 
molecular weight ladder. The applicant states that this could be due to the low concentration of 
PA loaded that was close to the limit of detection for Coomassie staining. 
 
Comments: 
• The results showed ETI-204 binding to PA antigen from the 3 strains (Ames, Sterne, and 

Vollum) strains of B. anthracis tested. However, the intensity of binding and the number of 
bands observed varied among the 3 strains although the concentration of protein loaded for 
analysis was the same.  

• One of the limitations of the experiment is that unpurified supernatants from the Ames, 
Sterne and Vollum strains of B. anthracis were not tested. 

 
 

Reference ID: 3861561
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Figure 7: Western blot and Coomassie stained gel of purified PA from B. anthracis Ames, Sterne. Vollum strains. 

Western blot Coomassie blue staining 
A: Culture supernatants 

 

B: Culture supernatants 

 
C: Controls 

 

D: Controls 

 
 

Total sample protein concentrations 

 
All proteins except the unpurified neat PA (List Biological Laboratories) were loaded onto polyacrylamide gels (PAG) at a total 
concentration of 1.5 µg. Unpurified neat PA was loaded onto PAG at a total concentration of 0.15 µg. The marker was the pre-
stained precision protein standard from Bio-Rad. The samples were mixed with Laemmli reducing buffer (Bio-Rad) and heated at 
95°C for 5-10 minutes on a heating block. The samples were electrophoresed under denaturing conditions through an 8-16% 
gradient precast tris-glycine polyacrylamide gel (Novex) using 1% Tri s-glycine SDS running buffer (Novex) for both Western 
analysis and Coomassie stain. For Western analysis, the proteins were transferred from the gel to 0.20 µM pore size 
nitrocellulose (Invitrogen). Following transfer, the membrane was blocked in 5% Blotto (Almesco) in TBS-T (Tris buffered 
saline with 0.10% Tween-20. components from Sigma) for one hour at room temperature. The membrane was probed with the 
primary antibody (ETI-204; primary antibody) at a 1:5000 dilution in the blocking buffer overnight at 4°C. Following three ten 
minute washes in TBS-T, the membrane was then incubated with a horseradish peroxidase (HRP) conjugated Goat-anti-human 
antibody (Life Technologies; secondary antibody) for one hour at room temperature. The secondary antibody was diluted 1:5000 
in the blocking buffer. The membrane was washed three times for ten minutes with TBS-T. One mL of Millipore Western 
chemiluminescent HRP Substrate was added to each membrane and the protein was immediately detected utilizing the Fuji LAS 
4000 imaging system and Multi Gauge software version 3.0. Proteins were also examined by Coomassie stain. Following three 
washes (approximately 5-l 0 minutes each) in ultra-pure Millipore water, the gel was stained with Simply Blue Safe Stain (Life 
Technologies) for one hour at room temperature. The gel was de-stained with ultrapure water overnight, without agitation, at 
room temperature to remove background stain. The image was collected utilizing the Bio-Rad Gel Doc XR system and Quantity 
One Software. The Coomassie blue staining and western blots were not performed on the same gel.   
Source: Adapted from Figures 3 and 4 of the study report 
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4.2.2.  Lethal toxin neutralization assay  
The neutralizing ability of the ETI-204 and murine 14B7 was investigated in a toxin 
neutralization assay (TNA).26 Briefly, 2.0 x 106 RAW 264.7 (murine macrophages) cells in 1 mL 
of Dulbecco’s Modified Eagle Medium (DMEM) containing 10% fetal bovine serum (FBS) and 
1% penicillin-streptomycin were seeded in a 96-well tissue culture plate, and incubated 
overnight. LT (List Biologicals Laboratories) + ETI-204 or 14B7 at different concentrations 
(0.01, 0.1, 1, and 10 μg/mL) or medium alone were incubated for 1 hour at 37ºC; these were then 
added to the cells and incubated at 37ºC for 4 hours.  The cells were stained by addition of [3-
(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) and incubated for 1 hour at 
37ºC. At the end of the incubation period, cells were lysed and solubilized by addition of 20% 
SDS in 50% N, N-dimethylformamide (DMF) at pH 4.7 and incubated overnight at 37ºC. MTT 
is converted into a blue colored, water-insoluble formazan salt by the metabolic activity of viable 
cells. The insoluble formazan was solubilized; the intensity of the blue signal was proportional to 
the number of viable cells (Figure 8A). The intensity was measured by a colorimeter at a 
wavelength of 570 nm on a microwell plate reader and the percentage survival of cells 
calculated. Although both MoAbs improved survival of RAW 264.7 cells incubated with LT 
compared to the vehicle control (i.e., medium alone), 4-fold lower concentration of ETI-204 was 
required to reach 50% of maximal survival (EC50) compared to murine 14B7 (Figure 8B).  The 
higher affinity of ETI-204 for PA correlated with higher neutralizing activity.   
 

Figure 8: Lethal toxin neutralization assay of ETI-204 and 
murine 14B7 in RAW 264.7 macrophage cells  

A: Correlation of absorbance at 570 nm with viable cell number 

 
B: ETI-204 and murine 14B7 

 
 

 

                                                 
26 Elusys report no. PCRPT0005 (January 31, 2005).  Reference ID: 3861561





Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509    Page 60 of 340 
4.3.2.  Rabbits and monkeys  
The efficacy of ETI-204 was measured in NZW rabbits and cynomolgus monkeys infected with 
the Ames strain of B. anthracis by inhalational route.  As the efficacy of ETI-204 cannot be 
investigated in controlled clinical trials in humans for ethical reasons and field efficacy studies 
are not feasible, the definitive efficacy studies were therefore conducted in anthrax-challenge 
models in animals (§21 CFR 601.90) and are summarized in the clinical microbiology section of 
this review (for details see Section 6).   
 
 
5. Overview of Clinical Pharmacology  
The pharmacokinetics  (PK) of ETI-204 in healthy human volunteers, was stated to be linear 
over the dose range of 4 to 16 mg/kg following single IV dosing. The peak ETI-204 
concentrations (Cmax) and area under the curve (AUCinf) were 400 ± 91.2 µg/mL and 5170±1360 
mcg•day/mL, respectively following single dose (16 mg/kg) IV administration of ETI-204; the 
half-life was about 20 days (Table 15). After intramuscular (IM) administration of a single 16 
mg/kg IM dose, the Cmax (105±22.5 mcg/mL) was lower and delayed and AUCinf  (3200 ± 755 
mcg•day/mL) lower compared to intravenous administration at the same dose.  
 

Table 15: A comparison of ETI-204 after IV administration, PK parameters in rabbits, monkeys and healthy 
human volunteers  

A: Rabbits and  healthy human volunteers (Mean±SD) 

 
 

 

B: Monkeys and healthy human volunteers (Mean±SD) 

 
Source: BLA submission 
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In New Zealand White (NZW) rabbits challenged with the Ames strain of B. anthracis, a dose 
dependent increase in ETI-204 concentration was reported.  The peak serum concentrations of 
ETI-204 were achieved within 0.25 hours of administration and declined with terminal half-life 
values between 0.83 and 4.42 days.  The systemic exposure (Cmax, AUCinf) was dose 
proportional; the Cmax and AUCinf , and t1/2 values were lower in infected animals compare to 
humans (Table 15A). 
 
In cynomolgus monkeys challenged with the Ames strain of B. anthracis, the ETI-204 Cmax in 
serum were achieved as early as the 15 minute post-treatment time in animals treated with 4, 16 
or 32 mg/kg IV ETI-204, respectively. This was followed by a decline and a secondary increase.  
The elimination half-lives did not appear to be affected by the secondary increase. The Cmax, 
AUCinf , and t1/2 values were lower in infected animals compare to humans (Table 15B). 
 
The applicant states that no ETI-204 was detected in pre-dose samples or in the control group of 
animals.  After peaking, the serum ETI-204 concentrations in the 8 and 32 mg/kg dose groups 
declined.    
 
In Study AP202, the pharmacokinetics of ETI-204 16 mg/kg dose was shown to be similar 
between the Lonza and Baxter products.  
 
Comments: 
• The systemic exposure (Cmax and AUCinf) of ETI-204 in humans is similar or greater 

compared with New Zealand White rabbits and cynomolgus monkeys administered the same 
dose (single 16 mg/kg IV dose). 

• The half-life of ETI-204 in NZW rabbits is ~3 to 4 days and cynomolgus monkeys ~5 to 12 
days; in humans the half-life of ETI-204 is longer (15 to 23 days). For more details see 
Clinical Pharmacology review. 
 

6. Clinical Microbiology (Natural History and Animal Efficacy) Studies  
The efficacy of ETI-204 cannot be investigated in controlled clinical trials in humans for ethical 
reasons and field efficacy studies are not feasible.  The efficacy of ETI-204 was measured in two 
animal models, NZW rabbits and cynomolgus monkeys, under the Food and Drug 
Administration’s (FDA) Animal Rule regulations (601.90) and in accordance with the FDA 
guidance (FDA, 200929; FDA, 201430, FDA, 201531). 
 
The applicant performed several studies to evaluate the efficacy of ETI-204 as a single-dose IV 
or IM for the treatment, post-exposure and pre-exposure prophylaxis of inhalational anthrax 
(Figure 10). Some of these studies were performed to evaluate the efficacy of ETI-204 in 
combination with an antibacterial drug.    
 

                                                 
29 FDA draft guidance for Industry (2009) Animal models –essential elements to address efficacy under the Animal 
Rule. (Replaced by 2015 Guidance document). 
 
30 FDA draft guidance for Industry (2014) Product Development Under the Animal Rule (Replaced by 2015 
Guidance document). 
 
31FDA guidance (2015) Product Development Under the Animal Rule 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM399217.pdf. 
 Reference ID: 3861561
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Figure 10: Overview of the Animal Efficacy Studies in ETI-204 Development Program 
 

 
 

 
 

6.1.  Natural History Studies (Animal model characterization) 
The applicant did not conduct any natural history studies.  However, the applicant does refer to 
three published studies as well as four studies sponsored by the National Institute of Allergy and 
Infectious Disease (NIAID, NIH) studies to support the choice of NZW rabbits (Oryctolagus 
cuniculus) and cynomolgus monkeys (Macaca fascicularis) challenged with B. anthracis spores 
of the Ames strain by aerosolization for measuring the efficacy of ETI-204.  The NIAID studies 
were submitted to the DMF    

6.1.1.  New Zealand White rabbits 
The applicant refers to two published studies (Zaucha et al., 19982 and Yee et al., 2010 32) and 3 
NIAID studies (Study No. 589-G607604, 616-G607604, and 662-G607604) to support 
characterization of the NZW rabbit animal model for evaluating efficacy of ETI-204.   

6.1.1.1.  Zaucha et al., 1998 
All rabbits were infected with different inoculum doses of the Ames of B. anthracis spores with a 
3-jet Collison nebulizer with a muzzle (nose) only exposure.2 Briefly, the concentrations of 
spores in the aerosol were determined by culture of samples collected from an impinger which 
sampled the aerosol that actually reached the rabbits.  The actual inhaled dose for each rabbit 
was calculated using plethysmography data and ranged from 8.34 x 104 to 1.03 x 107 cfu (Table 
16).  The aerosol LD50 was determined to be 1.05 x 105 cfu and the 99% lethal dose (LD99) was 

                                                 
32 Yee SB, Hatkin JM, Dyer DN, Orr SA and Pitt LM. Aerosolized Bacillus anthracis infection in New Zealand 
White rabbits: Natural history and intravenous levofloxacin treatment. Comparative Medicine (2010) 60: 461-468. 
 Reference ID: 3861561
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1.36 x 105 cfu. Clinical signs were not generally apparent until within 24 hours of death, at which 
time rabbits became progressively lethargic and weak. The mean time of death was 2.4 days; all 
rabbits died two to three days post-exposure (Table 16) and were necropsied.   
 
Several rabbits, had brain or meningeal lesions, exhibited brief periods of excitation and 
hyperactivity within hours or minutes before death. Hemorrhage, mediastinitis, and edema were 
the most prevalent changes; the affected tissues include mandibular lymph nodes, spleens, and 
lungs.  
 

Table 16: Inhalational anthrax in NZW Rabbits: Exposure doses, routes of infection, and day of death 
 
 

 
 
 
 
 
 
The aerosol 50% lethal dose 
(LD50) was determined to be 
1.05 x 105 cfu and the aerosol 
99% lethal dose (LD99) was 1.36 
x 105 cfu.  
 
† S = Subcutaneous; A = Aerosol.   
Source: Zaucha et al., 19982 

 

6.1.1.2.  Yee et al., 2010 
In the study by Yee et al. (2010)32 NZW rabbits, Bordetella-free, obtained from Charles River 
were infected with 150X LD50 of the Ames strain of B. anthracis spores with a 3-jet Collison 
nebulizer with a muzzle only exposure for 10 minutes.  Body temperature was recorded every 15 
minutes by radiotelemetery. Pyrexia was defined as a body temperature above 40 °C for at least 
3 sequential time points. Animals were followed from Day-1 prior to challenge until found dead 
or were euthanized for bacteremia, antigenemia (PA in whole blood by ECL immunoassay using 
three PA-specific monoclonal antibodies were used as a capture antibody mix33), blood cell 
count, and clinical observations.  
 
                                                 
33 The ECL limit of detection for PA-spiked whole blood was less than 2 ng/mL. Reference ID: 3861561
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Effluent air streams were collected directly from an animal exposure port by an in-line impinger 
to determine the number of cfu which actually reached the animal during exposures. Serial 
dilutions of impinger samples were enumerated by plating of the dilutions on TSA followed by 
incubation of the plates at 35 to 37 °C for 16-24 hours. Colonies were counted and the mean 
cfu/mL represented the concentration of B. anthracis in the aerosol. The actual inhaled dose of 
spores for each animal was then calculated using this concentration and the individual 
plethysmography data determined at the time of exposure.  The LD50 equivalents were calculated 
by dividing the total inhaled dose for each animal by the LD50 dose reported by Zaucha et al. 
(1998)2.  
 
The animals were followed at different time intervals post-challenge for clinical signs and 
symptoms of disease that include temperature monitoring and laboratory parameters including 
microbiologic measurements (Table 18). To assess change in temperature for individual animals, 
the baseline body temperature for each individual rabbit was determined; a significant increase in 
body temperature (SIBT) was based upon each rabbit's inherent variation in baseline body 
temperature readings and defined as three consecutive readings (or two occurrences of two 
consecutive significant readings) that were greater than two times the standard deviation of that 
rabbit's baseline average temperature. 
 

Table 18: Study 589-G607604-Blood collection and temperature monitoring 
 

 
 

 
Microbiologic measurements: Blood was collected at different time intervals (Table 18) for 
detection of bacteremia by culture and B. anthracis DNA by polymerase chain reaction (PCR). 
For blood cultures, 40 µL of blood was collected in EDTA tubes and cultured at 37oC for at least 
48 hours.  Plates having at least one colony consistent with B. anthracis morphology were 
documented as positive.    
 
For detection of B. anthracis DNA by TaqMan® Real-time quantitative (q) PCR assay, bacterial 
DNA was isolated from 100 µL whole blood (with EDTA) using the Qiagen DNeasy® Tissue 
Kit.  The primer/probe selection was based on published sequence data available in GenBank; 
oligonucleotides against B. anthracis DNA-directed RNA polymerase. Beta subunit (rpoB) gene 
was selected. The rpoB gene was selected because it is a highly conserved housekeeping gene 
(Bacillus genus). Also, due to its essential role in cellular metabolism, at least one copy is 
expected to be present in all bacteria.  All reactions were performed in triplicate, and each plate 
contained known negative (genomic DNA isolation procedure using dIH2O) and positive 
(genomic DNA isolated from a B. anthracis vegetative culture) controls. 
 
Results  
The MMAD for challenge material aerosols was 1.19 µm which is within the expected range for 
the size distribution of the aerosol.  The inhaled dose of B. anthracis ranged from 168-274 LD50 

 
35 After the aerosol concentration was estimated, the volume (total accumulated tidal volume [TATV]) of 
atmosphere that an animal needs to inhale to reach the target LD50 was determined.   Reference ID: 3861561
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(Table 19).  Both challenged and unchallenged animals had similar baseline temperature values.  
A trend towards an increase in body temperature was observed between 13 and 33 hours post-
challenge; there was no change in the 2 unchallenged animals.   
 
All animals were bacteremic by culture and qPCR methods within 29 and 59 hours post-
challenge, became lethargic, and died between Day 2 and 5 of challenge (Table 19 and Figure 
12).  Bacteremia by culture was detected around the same time as qPCR except for one animal 
(K87707) which was culture positive at 30 hours and qPCR positive at 60 hours.  Three rabbits 
were not bacteremic when their body temperatures were significantly elevated; each of these 
animals exhibited a positive bacteremia within six hours of their increased temperature.  The two 
unchallenged control rabbits did not exhibit clinical or physiological changes throughout the 
course of this study. 
 

  
All challenged rabbits exhibited a significant increase in body temperature, increase in 
neutrophil/lymphocyte (N/L) ratio, decrease in white blood cells (WBC), increase in C-reactive 
protein (CRP), and positive bacteremia (Figure 12).  All rabbits succumbed to disease with an 
average time to death of approximately 3.2 days (73 hours) following challenge (Figure 12). 

Table 19:  Study 589-G607604 - Characterization of NZW rabbit model of inhalational anthrax. Summary of events 

Animal ID 
(n=12) Sex 

Inhaled dose Time to Positive Test 
(hours) Time to 2° F 

Temperature 
Increase** 

(hours) 

Time to 
Death (Day) LD50 Dose cfux107 

 
Culture 

 

 
qPCR* 

 
K87704 M 273 31 31 28 5 
K87701 M 274 25 25 29 2 
K87977 F 168 19 19 38 2 
K87976 M 216 31 37 14 4 
K87974 F 225 24 24 26 3 
K87979 F 221 24 24 28 2 
K87978 F 247 24 24 26 4 
K87703 M 223 24 24 13 3 
K87702 M 189 23 23 29 4 
K87707 M 202 29 59 33 3 
K87973 F 266 29 41 33 4 
K87705 M 194 23 29 29 2 

 
Mean ± SD 

 
NA 224.8±34.4 25.5±3.7 30±11.1 27.2±7.2 3.2±1.0 

M= Male; F = Female;  
NA = Not Applicable 
*qPCR +ve based on Mean Ct values >38.0  
**To assess change in temperature trends, the average and standard deviation (SD) for individual baseline body temperature for each individual 
rabbit were determined. A significant increase in body temperature (SIBT) was dependent upon each rabbit's inherent variation in baseline body 
temperature readings and was defined as three consecutive readings (or two occurrences of two consecutive significant readings) that were 
greater than two times the SD of that rabbit's baseline average temperature. 
Note:   
The uninfected control animals: There does not appear to be any change in body temperature in the unchallenged animals.  The applicant states 
that the temperature transponder of one animal (K87707, challenge group) malfunctioned at the rump and monitoring was performed from the 
shoulder. Both animals were culture negative; one positive result was obtained by qPCR and was thought to be attributed to potential 
contamination of the sample — but this was not confirmed. 
Both uninfected animals survived until Day 14. 

Reference ID: 3861561
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Figure 12: Study 589-G607604 - Characterization of NZW rabbit model of inhalational anthrax. Summary of events  
Kaplan-Meier curves of time to death  

 
 

 

Positive lethargy findings 

 
 
 

Body temperatures of challenged rabbits 

 

CRP levels in challenged animals 

 
Significant increase at an average of 29.0±13.0 hours 
post-challenge 

CRP levels in un-challenged animals 

 
 

Box Plots of all challenge until "abnormal" observation 
variables 

 
The length of each box is equal to the interquartile range 
(IQR), the distance between the 25th and 75th percentiles. The 
vertical line in the box is plotted at the median. Values that are 
more than 1.5 times the IQR above the 75th percentile or 1.5 
times the IQR below the 25th percentile are plotted as an 
asterisk. The horizontal lines to the left and right of the box 
extend to the minimum and maximum value those were not 
further than 1.5 times the IQR from the 25th and 75th 
percentiles. 

K87975 and K87706 are the unchallenged animals 
Source:  DMF  

Reference ID: 3861561
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Comments 
All challenged rabbits exhibited a significant increase in body temperature, decrease in white 
blood cells (WBC), increase in neutrophil/lymphocyte (N/L) ratio, increase in C-reactive protein 
(CRP), positive bacteremia, and succumbed to disease with an average time to death of 
approximately 3.2 days (73 hours) following challenge. Lethargy, inappetence, respiratory, and 
stool abnormalities were common abnormal clinical observations documented.  The two 
unchallenged control rabbits did not exhibit clinical or physiological changes during the period 
of observation.  
 
Abnormal clinical observations occurred relatively late in comparison to other parameters such 
as temperature, hematology, bacteremia, and CRP.  Detection of bacteremia by culture appears 
to be the most sensitive method.  However, cultures results can take approximately 24 to 48 
hours.  As rabbits die rapidly (the average time to death was approximately 3 days), culture may 
not be an appropriate screening assay for detecting bacteremia for the purpose of treatment 
intervention. Detection of bacteremia by qPCR may be more appropriate as a screening assay as 
it corresponded closely with culture results.  However, in this study qPCR was less sensitive than 
culture and treatment intervention could be delayed by approximately 10 hours.   
 
The applicant did not provide information regarding PA detection.  However, in the study report 
for the Study 662-G607604, it was stated that “circulating protective antigen (PA) and lethal 
factor (LF) levels were assessed and confirmed negative at every blood collection time point for 
each of the unchallenged control rabbits on Study 589-G607604 (data not shown).” It 
appears that specimens from challenged animals were not tested for the presence of PA. 
 
The study suggests that NZW rabbits provide a useful model for evaluating treatment and 
prophylaxis and treatment against inhalational anthrax in humans. Presence of bacteremia 
appears to be an appropriate trigger for intervention. 
 

6.1.1.4.  Study 616-G607604 
The study was performed in 9 rabbits weighing between 2.53-3.23 kg challenged with the 200 
LD50 spores (spore lot no. B23) of the Ames strain of B. anthracis.36 The study design was 
similar to that of Study No. 589-G607604 (summarized above in section 6.1.1.3) except that the 
study included two groups; animals (10 rabbits) in one of the group were treated with an anti-PA 
antibody.  Additionally, bacteremia was measured by both quantitative (qPCR; same as for Study 
589-G607604) and qualitative PCR (+/- PCR; using pagA primer/probe set).  Although qPCR 
was stated to be quantitative, the results were expressed as positive or negative. 
 
The findings in the control group of animals are summarized below. 
  
Results 
The MMAD was for challenge material aerosols was 1.14 µm. The average challenge dose 
varied from 245 to 450 (225±34) LD50. The time to increase in SIBT (17 to 69 hours; average 

                                                 
36 Study No. 616-G607604: Conducted under Contract No. N01-AI-30061 Task Order No.04. Determining 
the robustness of New Zealand White rabbits as a therapeutic model for Bacillus anthracis infection. Report dated 
July18, 2007. 
 

Reference ID: 3861561
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30.6 hours) was consistent with the observations for animals in Study 589-G607604 summarized 
above (Table 20).  The average time to death from the documentation of an SIBT was 49.81 
hours (range 29.23-70.39 hours).   
 
All animals were bacteremic by culture and PCR (quantitative and qualitative) within 23 and 75 
hours post-challenge, became lethargic, and died between Day 2 and 5 of challenge (Table 20 
and Figure 13); bacteremia by culture as well as qualitative and quantitative PCR was detected at 
the same time in all animals.   
 

  
Alterations in hematological parameters measured showed a similar trend as observed for the 
animals in Study 589-G607604 summarized above. 
 
 
 
 
 
 
 
 

Table 20: Study 616-G607604 - Characterization of NZW rabbit model of inhalational anthrax. Summary of events 

Animal ID 
(n=9) Sex 

Inhaled dose Time to Positive Test (hours) Time to  
Increase in 

Temperature** 
(hours) 

Time to 
Death 
(Day) LD50 Dose cfux107 

 
Culture 

 

 
+/-PCR* 

 

 
qPCR 

 
K87708 M 252 75 75 75 69 5 
K87716 M 341 23 23 23 25 3 
K87720 M 245 23 23 23 25 2 
K87721 M 395 26 26 26 29 4 
K87722 M 245 24 24 24 25 3 
K87724 M 365 25 25 25 28 2 
K87988 F 319 27 27 27 17 2 
K87990 F 490 27 27 38 30 5 
K87994 F 298 61 61 61 27 5 

 
Mean ± SD 

 
 328±81 34.6±19.4 34.6±19.4 35.8±19.2 30.6±14.9 3.4±1.3 

M= Male; F = Female;  
*qPCR and +/-PCR +ve results based on Mean Ct values >38.0  
**To assess change in temperature trends, the average and standard deviation (SD) for individual baseline body temperature for each 
individual rabbit were determined. A significant increase in body temperature (SIBT) was dependent upon each rabbit's inherent variation in 
baseline body temperature readings and was defined as three consecutive readings (or two occurrences of two consecutive significant readings) 
that were greater than two times the SD of that rabbit's baseline average temperature. 

Reference ID: 3861561
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the animals were culture positive for B. anthracis within 30 hours of challenge, with the 
remaining animals becoming positive ~18 hours later.   PA was detected in all the rabbits by 48 
hours post challenge; the PA levels ranged from 10 to 2,083 ng/mL. 
 

  
Alterations in hematological parameters measured showed a similar trend as observed for the 
animals in Studies 589-G607604 and 616-G607604 summarized above. 
 
Gross lesions observed included red foci in the appendix, ovaries, and stomach; discoloration 
(red) of the lungs (representing hemorrhage); and enlargement of the spleen; these findings are 
consistent with those reported by Zaucha et al. (1998)2. Microscopic findings were graded semi-
quantitatively. Microscopic findings consistent with inhalation anthrax included presence of 
bacteria with appropriate morphology (large square ended bacilli) in vessels and extravascularly 
in tissues, with necrosis (particularly of lymphoid tissues), hemorrhage, and fibrin accumulation 
with or without a component of suppurative inflammation. 
 
 
 
 

Table 21: Study No. 662-G607604 -Characterization of NZW rabbit model of inhalational anthrax. Summary of events 

Animal ID 
(n=10) Sex 

Inhaled dose Time to Positive Test 
(hours) 

PA by ELISA 
 

Time to 
Death 
(Day) 

 
LD50 
Dose 

cfux107 Culture 
 

+/-PCR* 
 

Time to 
positive 
(hours) 

 

Concentration 
(ng/mL)† 

L06032 M 462 24 24 24  14 2 
L06045 F 376 24 24 24  420 2 
L06026 M 462 24 24 30  154 2 
L06043 F 446 36 30 36  25 4 
L06039 F 503 30 30 30  16 3 
L06014 M 380 30 30 36  2083 2 
L06024 M 417 48 60 48  14 3 
L06046 F 435 24 24 24 123 2 
L06053 F 316 24 24 30  451 2 
L06047 F 519 30 30 30  10 3 

Mean ± SD  432±62 29.4±7.7 30.0±11 31.0±7.5 331±638 2.5±0.7 
M= Male; F = Female;  
* +/-PCR +ve results based on Mean Ct values >38.0  
**To assess change in temperature trends, the average and standard deviation (SD) for individual baseline body temperature for each 
individual rabbit were determined. A significant increase in body temperature (SIBT) was dependent upon each rabbit's inherent variation 
in baseline body temperature readings and was defined as three consecutive readings (or two occurrences of two consecutive significant 
readings) that were greater than two times the SD of that rabbit's baseline average temperature. 
†Lower limit of detection 1 µg/mL (for details see Dr Lynette Berkeley’s microbiology review) 

Reference ID: 3861561
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Comments: 
All of the untreated animals succumbed to disease. Assessment of body temperature, complete 
blood count (CBC) with differential, C-reactive Protein (CRP) levels, and onset of bacteremia 
was consistent with that for the two studies summarized above.  All challenged rabbits exhibited 
a significant increase in body temperature, decrease in white blood cells (WBC), increase in 
neutrophil/lymphocyte (N/L) ratio, increase in C-reactive protein (CRP), positive bacteremia, 
and succumbed to disease with an average time to death of approximately 2.5 days (60 hours) 
following challenge. Lethargy, inappetence, respiratory, and stool abnormalities were common 
abnormal clinical observations documented.  The detection of bacteremia by culture or PCR was 
around the same time. PA levels were also measured. Time to PA positive findings was 
consistent with culture positive findings. The applicant stated that the circulating PA and LF 
levels were assessed and confirmed negative at every blood collection time point for each of the 
unchallenged control rabbits on  Study 589-G607604 (data not shown). Presence of 
bacteremia or PA appears to be an appropriate trigger for intervention.   
 
The presence of either bacteremia or PA antigen could be considered a confirmation of active 
anthrax as the terminal phase of anthrax is associated with the proliferation of the bacteria in 
the blood stream and the production and distribution of large amounts of toxin components 
released into the circulation. The study suggests that NZW rabbits provide a useful model for 
evaluating treatment and prophylaxis and treatment against inhalational anthrax in humans.  
 
Gross lesions observed included red foci in the appendix, ovaries, and stomach; discoloration 
(red) of the lungs (representing hemorrhage); and enlargement of the spleen; these findings are 
consistent with published pathology of rabbits with inhalational anthrax disease (Zaucha et al., 
19982) 
 

 6.1.2.  Cynomolgus monkeys 
The applicant refers to one published study (Vasconcelos et al. 20033) and one NIAID study 
(Study No. 777-G607605) to support characterization of the animal model in cynomolgus 
monkeys (Macaca fascicularis).   
 
6.1.2.1.  Vasconcelos et al. 2003 
In the study by Vasconcelos et al. 20033, monkeys were exposed to aerosols containing 4.56 x 
104 to 2.94 x 106 cfu of the Ames strain of B. anthracis spores in a head-only aerosol exposure 
chamber.  The authors state that all animals were culture-positive for B. anthracis and died 
within 10 days (range 2 – 10 days) of aerosol exposure (Table 22), with a tendency for those 
receiving higher doses to succumb more quickly than those receiving lower doses (data not 
shown). All monkeys exposed to 2.0 x 105 cfus died within 4 days of exposure.  The LD50 
determined was 6.1 x 104 (34,000 to 110,000) cfu.  Additionally, animals generally showed few 
clinical signs until 1 to 2 hours prior to death, when they became progressively less responsive to 
external stimuli. 
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Table 23: Study 777-G607605-Study Groups 
 

 
 

 
The animals utilized in this study were transferred from a previous study; however, the study 
they were in was not specified. All monkeys were stated to be healthy prior to placement on 
study and had TA-D70 telemetry transmitters implanted prior to shipment to   
Monkeys were tested and verified negative for tuberculosis; also, they were pre-screened within 
30 days prior to receipt at  to confirm that they were seronegative for Simian 
Immunodeficiency Virus (SIV), Simian T-Lymphotrophic Virus-1 (STLV-1), and 
Cercopithecine herpesvirus 1 (Herpes B virus) and negative for Simian Retrovirus (SRV1 & 
SRV2) by PCR. 
 
Animals were challenged with the Ames strain of B. anthracis; the preparation of spores (spore 
lot no. B31) and aerosolization procedures were the same as for the NZW rabbit studies except 
that the monkeys were exposed in a head only chamber and were anesthetized prior to placement 
in the exposure chamber and throughout the exposure.     
 
The applicant used a target dose of 200X LD50 ( ) spores that was based on the study by 
Vasconcelos et al. 20033.  The animals were challenged on 2 separate days; the MMAD of 
aerosolized anthrax for Challenge Days A and B were 1.18μm and 1.13μm, respectively, 
consistent with lower respiratory tract deposition.  Aerosol concentrations of B. anthracis were 
quantified and results expressed as cfu. Effluent streams were collected directly from an animal 
exposure port by an in-line impinger model 7541 (Ace Glass, Inc). Serial dilutions of impinger 
samples were plated onto TSA plates and the number of cfu enumerated.  
   
Microbiologic measurements: Blood samples were collected with and without EDTA prior to 
challenge and at different time intervals post-challenge for measuring bacteria by culture and 
PCR, PA by ECL and ELISA, CRP, and hematological parameters (Table 24). 
 

Table 24: Study 777-G607605- Natural history study - blood collection and assay schedule 
 

 

* No ECL analysis was performed at these time points.  Real time ECL testing was suspended after 72 
hours as the purpose of such testing was to use test results as a trigger for intervention. 
PTT a blood sample collected immediately prior to treatment. 
Source: DMF  
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Figure 16:  Study 777-G607605-Kaplan-Meier curves representing 

time-to-death and survival for each group 
 

 
 

 
Circulating PA (ECL and ELISA):  Circulating PA was detected by ECL assay between 30 and 
60 hours post challenge time (Table 25). For ECL assay, the threshold for a positive result was 
2.0 ng/mL; this was based on the positive control included for testing; otherwise the LOD was 
determined to be 4 ng/mL (for details see Dr Lynette Berkeley’s microbiology review); all 
challenged animals remained PA positive until 72 hours post-challenge (real-time ECL analysis 
was suspended after 72 hours-post median challenge as the results were used to indicate when 
treatment was to commence). One unchallenged animal (# 23375) in Group 3 was PA positive at 
48 hours by ECL.  The applicant states that this was a technical error as the specimen was stated 
to be PA negative on repeat testing.   
 
PA levels in serum were quantitated by a sandwich ELISA.  Based on data from initial 
development of the PA-ELISA, a preliminary LOD of 3.0 ng/mL was defined for this study. All 

Table 25:  Study 777-G607605 - Characterization of cynomolgus monkey model of inhalation anthrax - Summary 
of events 

Animal 
ID 

(n=12) 
Sex 

 
Body 

weight 
(kg) 

Inhaled Dose 
 

Time to Positive Test (hours)  
PA titer by 

ELISA 
(ng/mL) 

 
Time to 
Death  

hour (days) 

Bacteremia PA by   
ECL 

(ELISA)    cfu x 107 LD50 Dose Culture PCR 
Challenge Day A 
23393 M 5.2 443 36 36 42 (48)  21.4 157 (6.54) 
A01249* M 7.2 390 42 42 42 (48)  13.0 Survived 
A01180 F 4.3 612 36 36 42 (42)  3.7 174 (7.25) 
A01093 F 2.9 678 42 42 42 (42)  3.1 94 (3.92) 
A01218 F 3.1 601 24 24 30 (30)  8.7 118 (4.92) 
A03022 M 3.6 497 60 60 60 (72)  27.8 220 (9.17) 
Challenge Day B 
23379 M 7.3 198 42 42 42 (48)  43.7 182 (7.58) 
A03526 M 4.0 364 36 36 36 (42)  37.0 133 (5.54) 
A01072 F 3.3 382 48 54 42 (48 ) 10.8 71 (2.96) 
A03580 F 2.7 402 30 30 30 (36) 6.1 131 (5.46) 
A03505 M 4.0 385 24 30 30 (36) 21.3 51 (2.13) 
A01176* F 3.0 244 42 36 36 (42) 5.2 Survived 
Mean ± 
SD 

NA 4.22 ± 1.6 433 ± 144 38.5±10.1 39 ± 10.1  39.5 ± 8.3 
(44.5±10.3) 

16.82 ±13 5 133± 52.2 
(5.55± 2 2) 

M= Male; F = Female;  NA = Not Applicable 
PCR values are for an undiluted sample 
The mass median aerodynamic diameter (MMAD) of aerosolized anthrax for Challenge Days A and B were 1.18μm and 1.13μm, 
respectively, consistent with lower respiratory tract deposition. 
*Survivors A01249 and A01176 had a positive culture at 42 hours and remained positive.   
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the unchallenged animals exhibited results <3.0 ng/mL and challenged animals ≥3.0 ng/mL 
(based on review of the validation report the LOD was determined to be ≤4.2 ng/mL; for details 
see Dr Lynette Berkeley’s review).  The PA levels, time to peak, and the duration for which 
animal remained positive were highly variable among the animals (Figure 17).  The animals 
which survived the period of observation became PA negative by Day 8 post-challenge and 
remained negative until Day 28 (Figure 17).   
 
All the animals were PA positive by both ECL and ELISA (Table 25). Time to PA positivity was 
the same by either of the tests for 5 of the 12 animals; for the remaining 7 animals, PA positivity 
by ELISA, was delayed by 6 to 12 hours.   
 
Figure 17: Study 777-G607605-PA-ELISA in animal challenged B. anthracis spores on Day A and B 

Challenge Day A Challenge Day B 

 
  

 

 

Source:  DMF  
 
Bacteremia (culture): All the challenged animals were bacteremic; time to positive cultures 
varied from 24 hours to 60 hours post-challenge (Table 25). All animals that died (or were 
euthanized) following challenge exhibited positive terminal cultures. Eight of the 10 animals that 
survived through 72 hours post-challenge were culture positive at 72 hours.  Of the two animals 
(A01249 and A01176) that survived until Day 28, one animal (A01249) was culture negative at 
72 hours and positive on Day 5 and then stayed negative; the other animal remained culture 
negative at 72 hours and after (Tables 25 and 26).  One of the unchallenged animal was stated to 
be culture positive with less than 5 colonies at Day 28 (Table 26); however, this animal was 
stated to be culture negative at Day 32; by qPCR the animal was stated to be negative at Day 28. 
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Table 26: Study 777-G607605-Positive bacteremia results by culture 
 

 
              Represent challenged Group 2 animals 
              Represent 2 challenged Group 2 animals that survived  
 

 
Bacteremia (qPCR): Similar to culture results, positive bacteremia as assessed by qPCR was 
reported in all the challenged animals.  All the animals that survived through Day 5 or 8 
exhibited persistent bacteremia by qPCR. The two surviving animals at Day 28 were culture 
negative after Day 8 (Table 27).  
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Neutrophil/Lymphocyte Ratio:  A majority (11 of the 12) of the challenged animals showed 
significantly elevated N/L ratios; animal A03505 was the only challenged animal not to exhibit 
an elevated N/L ratio, and this animal died only 51 hours following challenge. By Day 8 post-
challenge all surviving animal N/L ratios were within the normal range.  
 
C-Reactive Protein:  The CRP levels were increased in 11 of the 12 challenged animals 
between 22 and 66 hours post-challenge. The average time from abnormal CRP until death in 
challenged animals was 108.44 hours (4.5 days); one animal (A03505) that did not exhibit an 
increase in CRP was the first animal to die; the applicant states that it is possible that this animal 
died too soon to exhibit a CRP response or this animal didn’t exhibit a CRP response and could 
have been more susceptible to disease.  CRP levels were also increased in 3 of the 6 
unchallenged animals.  CRP is an acute phase reactant and could easily be affected by the 
frequent handling of the animals. From this study it appears that this non-specific indicator may 
not be beneficial in defining illness compared to other parameters such as bacteremia and PA.  
 
Body temperature and activity: Ten of the twelve challenged animals exhibited SIBT-6 (6 
consecutive significantly increased readings in temperature), with the two exceptions being 
A01072 and A01093; these two animals that did not show an elevated temperature following 
challenge (A01093 and A01072) did show slight disruptions in the diurnal pattern and were two 
of the first three animals to die. Animal A03580 did not show a persistent increase in 
temperature following challenge over normal day time temperature, but did lose the peaks 
typically seen during the night time hours, suggesting the animal may have been moderately 
febrile following challenge.   
 
The challenged animals that exhibited body temperature increases also showed decreases in 
activity level during the same relative time frame. Prior to this decrease in activity many of the 
animals showed a short period of time of heightened activity. This increase in activity could be 
due to more frequent manipulation of the animals or may be a sign that the animals are becoming 
agitated as their disease progresses. Overall, there was a trend in an increase in body temperature 
and a decrease in activity level post-challenge; this is most likely due to anthrax disease 
progression. However, these observations should be interpreted with caution as temperature 
elevations were confounded by the diurnal temperature patterns typical of this species.   
 
Clinical observations:  Unchallenged animals were documented as having soft stool and hunched 
posture were documented in the unchallenged animals during the high frequency manipulation 
period and may likely be due to stress.  Challenged animals showed clinical signs of disease 
including inappetence, stool abnormalities (e.g. soft stool, no stool, or diarrhea), posture changes 
(hunched or lying down in cage), inactivity or lethargy, signs of respiratory abnormalities (e.g. 
coughing, wheezing, and labored respirations), unresponsiveness, moribund, or found dead.  The 
two challenged animals that survived through Day 28 were lethargic or had hunched posture 
through Day 10 (Animal A01176 – hunched posture) and Day 14 (Animal A01249 – lethargy). 
 
When comparing the challenged animals to the unchallenged animals clinical signs were much 
more severe in the challenged animals. Persistent abnormal signs were typically observed 
beginning 48-60 hours post-challenge.  The surviving challenged animals, except for 
inappetence, reverted back to normal approximately 7-9 days post-challenge. 
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Pathology: Gross lesions at necropsy were consistent with anthrax, including body cavity 
effusions, red lung discoloration, liver foci, red or dark foci in the brain, enlargement and 
mottling of the ovary, and enlargement and/or dark color of multiple lymph nodes. Lesions of 
vascular damage (hemorrhage, edema and parenchymal necrosis) in multiple organ systems were 
typical of anthrax.  Two of the ten animals in the challenged group showed lesions in the brain 
upon necropsy, whereas lesions were observed in many of the other tissues assessed in the 
untreated control animals (Table 28).  In general, these observations were similar to those 
reported by Vasconcelos et al. (2003)3. 
 
Histopathology was performed for only two animals (A03022 and A03505) that died on study 
with no specific gross lesions to confirm death due to anthrax; this decision was made by the 
study pathologist based on terminal bacteremia status. Microscopic findings considered 
consistent with anthrax (Twenhafel, 201039) were reported in both monkeys. Lesions typical of 
anthrax in this study included hepatic sinusoidal leukocytosis, pulmonary hemorrhage, 
mediastinal lymph node edema and lymphoid depletion, and splenic fibrin exudation and 
lymphoid depletion, as well as the presence of large rod-shaped bacteria consistent with B. 
anthracis in many of the organs evaluated histologically (Table 28B).  
 
Table 28: Study 777-G607605 - Gross necropsy and histologic findings in animals found dead or euthanized in 

moribund condition 
A: Gross necropsy findings  

 
 

B: Microscopic Findings  

 

Source: DMF  
 
Comments: 
Cynomolgus monkeys, challenged with the Ames strain of B. anthracis spores by aerosolization, 
were monitored for clinical and physiological changes following challenge; six uninfected 
animals were included as controls.  All the monkeys included in the study were used previously 
in another study (the study was not specified). Two of the 12 challenged animals survived the 

                                                 
39 Twenhafel N.A. 2010. Pathology of inhalational anthrax animal models. Vet Pathol. 47(5):819-30. 
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period of observation of 28 days; the reasons for their survival are unclear; these 2 animals 
were PA negative from Day 8 post-challenge.  Immune status of the host was not measured.   
 
Bacteremia by culture and PCR as well as circulating PA were detected relatively early in 
disease progression, whereas the occurrence of clinical parameters of disease (increase in body 
temperature, changes in hematologic parameters, and outward clinical signs of disease) were 
delayed. The challenged monkeys exhibited increased temperatures after spore challenge; 
however, temperature elevations may not be a reliable indicator of the onset of systemic disease 
as these measurements were confounded by the diurnal temperature patterns typical of this 
species.   
 
Unchallenged control animals exhibited moderate changes in clinical parameters when 
manipulated at a frequency designed to monitor disease, beyond the normal monitoring of 
healthy study animals. There were distinct changes seen in challenged animals that were absent 
from unchallenged controls.  
 
Assessment of body temperature, activity, blood cell count (CBC) with differential, C-reactive 
protein (CRP) levels, onset of bacteremia (culture and PCR), and presence of PA in circulation 
suggests a clinical profile similar to humans.  
 
The study suggests that cynomolgus monkeys exposed to B. anthracis via the inhalation exposure 
route can be utilized to assess the efficacy of a therapeutic agent. Detection of PA by ECL assay 
appears to be an appropriate trigger for intervention in cynomolgus monkeys.  However, 
microbiological cultures should be performed to ensure that animals are bacteremic as one 
unchallenged animal (# 23375) in the uninfected group (Group 3) was PA positive at 48 hours 
by ECL assay; the applicant states that this was a technical error as on repeat testing the results 
were negative.  White blood cells (WBC) counts and CRP have been used to help determine if a 
patient has an infection. Due to a general diurnal rhythm (subtle increases in WBC counts 
during the night time hours with slight decreases during the day time hours) observed in the 
unchallenged animals these changes may not be very useful as a trigger for intervention.   
 
 
6.2.  Efficacy of ETI-204 (monotherapy) - treatment  studies  
The efficacy of intravenously administered ETI-204 was measured in NZW rabbits (2 studies) 
and cynomolgus monkeys (4 studies) to establish a dose of ETI-204 that 
• protects animals from death due to inhalational anthrax. 
• neutralizes serum PA when administered as a monotherapy. 
Different products of ETI-204 (Baxter or Lonza) were used in different studies (see Appendix-4). 
ETI-204 was administered intravenously as a bolus after the onset of disease. 
 

6.2.1.  New Zealand White rabbits 
The applicant conducted two studies (AR021 and AR033) to measure efficacy of ETI-204 in 
experimentally naïve NZW rabbits.  All studies were conducted at  
 
6.2.1.1. Study AR021 
This was a randomized, open-label, placebo-controlled, dose ranging, GLP study to evaluate the 
efficacy of ETI-204 (Baxter product) when administrated intravenously (IV), against lethality 
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due to inhalation exposure with the spores (spore lot no. B31) of the Ames strain of B. anthracis 
in NZW rabbits.40  The objective was to identify a target ETI-204 dose that protected animals 
from lethality due to inhalational anthrax after exposure to 200 median LD50s. Levofloxacin was 
included as a comparator. 
 
Study design: 
Sixty four rabbits purchased from  were quarantined at  and 
randomized to five dose groups (Table 29).  The applicant states that rabbits that were in good 
health, free of malformations, and exhibited no signs of clinical disease were placed on study; 
however, the medical records were not included in the submission.   Rabbits were challenged on 
three separate days.  The study design was similar to that for natural history studies except that 
treatment was initiated based on a positive PA in serum by the ECL assay or when they had 
exhibited a significant increase in body temperature (SIBT); SIBT was achieved when an animal 
had exhibited three consecutive critical temperature readings or when an animal had exhibited 
two consecutive critical temperature readings twice.  Body temperatures were measured at 
regular intervals (twice daily except from ~18 to ~72 hours post-challenge, when temperatures 
were measured once every hour). PA levels by ELISA or quantitative bacteremia were not 
measured.   
 
Animals were treated with a single IV dose of 1, 4, or 16 mg/kg ETI-204; levofloxacin was 
administered by gastric intubation for 3 days (Table 29).  Animals were monitored for abnormal 
clinical signs (such as respiratory distress, inactivity, seizures and moribundity) for 28 days post-
challenge.  Blood samples were collected for pharmacokinetics, hematological parameters, and 
microbiologic measurements that include bacterial cultures of EDTA containing blood [except at 
PTT i.e., prior to treatment - blood was collected in sodium polyanethol sulfonate (SPS tubes)] 
up to Day 28 and measurement of PA by ECL assay until initiation of treatment (Table 29).   
Complete gross necropsies were conducted on all rabbits found dead or euthanized due to illness 
to confirm B. anthracis infection.  At the time of necropsy, spleen and if possible mediastinal or 
bronchial lymph nodes were collected and processed for bacterial cultures. 
 

                                                 
40 Study Number 832-G924202: AR021: Evaluating the efficacy of ETI-204 when administered 
therapeutically in the New Zealand White rabbit inhalational anthrax (October, 2009). 
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Table 29:  Study AR021 - Study design and blood collection schedule 
Study design: 

 

A single IV bolus of ETI-204 or saline was administered, via the VAP, immediately 
(within 10 minutes) after administration of the 1st dose of levofloxacin or vehicle.  
 Blood draw schedule: 

 
 

 
ETI-204 or control material (saline) was administered post-challenge within 0.2 to 3.9 hours of 
determining a positive serum PA-ECL screening assay or an increase in temperature. 
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Results:  
Baseline characteristics: Prior to challenge, all animals were culture negative as well as PA 
negative by the ECL assay. Age, gender, body weight, and challenge dose were comparable 
among three groups.  The mean ± standard deviation (SD) LD50 was 180.4±55.9; the LD50 was 
≥200 in approximately 36% of the animals.  The average MMAD was 1.12, 1.10 and 1.09 μm for 
challenge Days A, B and C respectively. The MMAD of the aerosol particles generated for this 
study were consistent with lower respiratory tract deposition.   
 
All animals were PA negative by the ECL assay and culture negative on Day-7 (prior to 
challenge).  Animals were either PA positive by ECL assay or showed increased temperature 
between 24 and 44 hours post-challenge (Table 30 and Figure 18).  The applicant states that the 
variability in the shoulder temperatures was significantly less than the rump temperatures (p-
value=0.0044) for challenge Day A. Thus, the shoulder temperatures were used for all animals in 
the analyses with the exception for Animal K99423, which lost functionality in the shoulder 
implant causing measurements to be taken from the rump.  About 84% of the animals were 
bacteremic at the time of treatment (Table 30).  
 
The mean time from trigger to treatment was similar (less than 4 hours) in all the five groups 
(Table 30).   
 
The baseline characteristics (disease stage) of animals were similar in animals in all the groups.   
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Table 30: Study AR021 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 

Parameters 
ETI-204 Levofloxacin 

 50 mg/kg 
(Group 5) 

N=10 

Placebo 
(Group 1) 

N=10 

1 mg/kg 
(Group 2) 

N=10 

4 mg/kg 
(Group 3) 

N=17 

16 mg/kg 
(Group 4) 

N=17 
Baseline characteristics 

Age (months) 
estimated range 7-8 7-8 7-8 7-8 7-8 

Body weight (kg) 
Mean ±SD 3.2±0.1 3.2±0.1 3.2±0.1 3.2±0.1 3.2±0.1 

Inhaled Dose  
Total Inhaled Dose  
(cfu x 107)  
Mean ± SD (Range) 
LD50 dose 184.6±71.8* 

(85-343) 
167.7±41.3* 

(99-217) 
200.0±51.8 

(89-309) 
174.9±61.2 

(86-300) 
183.0±54.9 
(79.0-343.0) 

<200 LD50 dose n (%) 7 (70.0) 8 (80.0) 9 (52.9) 10 (58.8) 8 (80.0) 
≥200 LD50 dose n (%) 3 (33.3) 2 (22.0) 8 (47.1) 7 (41.2) 2 (20.0) 

Trigger for treatmenta 
Positive screening 
PA/ECL Assay n (%) 5 (55.0) 6 (66.0) 6 (35.3) 8 (47.1) 6 (60.0) 

SIBT n (%) 4/9 (44.4)‡ 3/9 (33.3)‡ 11 (64.7) 9 (52.9) 4 (40) 
Bacteremia prior to treatment 
Enriched (qualitative) 
bacteremia  n (%) 10 (100.0) 9 (90.0) 15 (88.2) 14 (82.4) 9 (90.0) 

Time (hours) between challenge, trigger, and treatment 
Time to trigger post- 
challengea     
n Mean±SD (Range) 

9‡ 
30.7±7.7 

(20.9-43.8) 

9‡ 
26.9±4.8 

(21.8-35.6) 

17 
27.7±4.1 

(22.2-35.6) 

17 
28.8±5.3 

(21.6-40.3) 

10 
24.9±3.4 

(18.5-30.4) 
Time to bacteremia  
n Mean±SD (Range) 

9‡ 
37.7±21.8 
(23.8-94.1) 

9‡ 

43.3±25.5 
(23.7-104.3) 

15 
38.2±15.2 
(23.6-60.7) 

14 
27.5±3.7 

(23.8-35.7) 

7 
25.0±2.3 
23.7-30.1 

Time from trigger to 
treatment  
n Mean±SD (Range)  

9‡ 
1.7±1.2 
(0.3-3.5) 

9‡ 
1.7±12 

(0.3-3.5) 

17 
1.4±1.2 
(0.2-3.5) 

17 
1.6±1.3 
(0.2-3.5) 

10 
2.1±1.4 
(0.2-3.9) 

Survivors at the end of study (Day 28) 
n (%)* 1 (10) 4 (40) 13 (76.5)** 16 (94.1)** 9 (90.0)** 
n (%) based on 
bacteremic (enriched 
culture) animals at 
some time prior to 
treatment * 

0/9 (0) 3/8 (38)** 11/15 (73)** 13/14 (93)** 8/9 (89)** 

SD Standard deviation 
PTT Prior to treatment; PA LOD=4 ng/mL. 
a The trigger for treatment was defined as the time from challenge to a positive PA-ECL or SIBT post-challenge.  
*Results based on exclusion of 2 animals (Animal K99373 in the placebo group and animal K99383 treated with 
ETI-204 1 mg/kg) that were inadvertently dosed with levofloxacin.  
‡ K99373 and K99383 were negative for B. anthracis in the LB data set 
**Statistically significant between the ET-204 treated group and the control group 
 
Detection of Bacteremia and PA: The variability among the results of two bacterial culture 
methods and the PA by ECL assay is shown in Table 31. The samples used for these three assays 
were collected at the same times post-challenge. Of the 62 rabbits in the study, 55 and 42 were 
positive by enriched and qualitative culture methods, respectively, and 51 were PA positive by 
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ECL assay; 42 samples were positive by all the three assays.  Qualitative enriched bacteremia 
was most sensitive [55/62 (88.9%)] for diagnosis.  
 

Table 31: Study AR021 - Agreement among detection methods of bacteremia and serum PA any time prior to 
treatment of the animals 

 

 
n = Number of treated animals. Results determined on a per animal basis, not for individual tests. Animal with a 
positive test from any time prior to treatment is considered as positive. ND = Not Done Animals K99373 and K99383 
were excluded from statistical analysis, because they were inadvertently dosed with levofloxacin. 
*Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
Approximately 40μL of whole blood was directly plated on solid medium for qualitative culture assessment and LOD 
by qualitative culture can be estimated as 25 cfu/mL; LOD by enriched culture: sample considered positive if at least 
1-5 colonies were present in the primary streak after plating 40 μL of overnight culture of 1 mL of whole blood diluted 
1:10 and thus LOD can be estimated as 1 cfu/mL of whole blood; PA ECL is a qualitative assay, for a sample to be 
reported as positive, the results had to be greater than the positive control (1 ng/mL)- the LOD was 4 µg/mL 

 
 
Effect of treatment on survival and microbial burden: The results show that ETI-204, at all the 
doses tested, was effective in improving survival compared to the control group; such an effect 
was dose-dependent; 16 mg/kg dose was most effective in improving survival (Figure 18 and 
Table 30).  Levofloxacin, at a dose of 50 mg/kg, improved survival in 90% of the animals. Of the 
rabbits that died, 100% (20/20) had a positive terminal bacteremia sample (does not include 
animal K99426 for which a terminal sample could not be collected). By seven days post-
challenge, all rabbits which survived (to the end of the study) were culture negative and 
remained culture negative for the duration of the study. 
 
One rabbit (K99373) in the control group that survived was treated based on SIBT as a trigger; 
this animal was PA negative by ECL and culture positive.  However, at 24 hours post-treatment, 
the rabbit was culture negative and remained negative for the duration of the study.  No bacteria 
were observed by culture in any of the tissues.  The reason for survival of one rabbit in the 
control group is unclear. 
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Figure 18: Study AR021 - Survival and change in body temperature  
A: Kaplan-Meier curves representing time-to-death and survival by group 

 
Not including animals inadvertently doses with levofloxacin (K99373 and K99383) 
B: Mean body temperature over time by treatment 

 
 

Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)               
 
Hematological parameters: Several red blood cell parameters were relatively unaffected 
following challenge with B. anthracis. The white blood cell types were assessed for both total 
number and percentage of the whole population. Trends were observed when assessing the 
neutrophil, lymphocyte, basophil, and monocyte cell populations which were similar to those 
summarized for the natural history studies summarized above. Neutrophils increased post-
challenge and began to return to normal levels around 72 hours post-treatment. Lymphocytes 
decreased until the prior to treatment time point and subsequently increased post treatment until 
7 days post-challenge. Basophils generally decreased post-challenge until between 24 and 72 
hours post-treatment when the levels began to return to normal. Monocytes were elevated 
generally at the 72 hour post-treatment and 7 days post-challenge time points and then 
subsequently began to return to normal levels (Figure 19A). Overall, the hematology data 
suggests that the animals demonstrate non-specific indicators of illness post-challenge. CRP 
levels were relatively consistent prior to challenge. CRP levels increased and peaked between 
24-72 hours post-treatment. A majority of the animals that survived showed low CRP levels at 
14 days post-challenge (Figure 19B). 
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Figure 19: Study AR021 -  Monocyte count and CRP levels over time 
A: Monocyte levels over time 

 
 

B: CRP levels over time 

 
 

Source:  BLA submission 
 
Clinical observations: The clinical observations post-challenge were consistent with those 
observed in the natural history studies summarized above and include decrease in food 
consumption, lethargy, no stool, soft stool and respiratory abnormalities.  Except for occasional 
loss of appetite, the surviving animals returned to normal between Days 5-8 post-challenge. 
 
Necropsy and Histopathology: Gross lesions in rabbits dying post-challenge included 
discolorations and/or foci in the appendix, brain, lung and large intestine; enlargement of 
multiple lymph nodes; and fluid in multiple body cavities (effusion) and the ventral skin 
(edema). These gross lesions are typical of anthrax in rabbits and correlated histologically with 
hemorrhage, necrosis, edema and acute inflammation. No gross lesions were reported for the 
surviving animals that were terminated at study completion for gross and microscopic evaluation 
(Table 32).  These observations are consistent with those observed in the natural history studies 
summarized above. 
 
Tissues from all rabbits that were found dead following challenge as well as two animals (one 
male and one female) from each of the five groups, which survived to the end of the study, were 
examined microscopically for evidence of anthrax; the exception included few minor tissues not 
successfully processed to slides. Microscopic findings were graded semi-quantitatively according 
to the following scale, with the associated numerical score used to calculate average severity 
grades for each lesion by group and sex as follows:  

Minimal (Grade 1) represented the least detectible lesion.  
Mild (Grade 2) represented an easily discernible lesion unlikely to have any biological relevance.  
Moderate (Grade 3) represented a change affecting a large area of the represented tissue that had the 
potential to be of some relevance. 
Marked (Grade 4) represented a lesion that approached maximal.  

Microscopic findings considered consistent with anthrax were present in all rabbits that died or 
became moribund during the study. Lesions included acute fibrinous to heterophilic 
inflammation, necrosis, hemorrhage, edema, and the presence of large rod-shaped bacteria in the 
brain (meninges), heart, kidney, liver, lung, spleen, cecum/appendix and multiple lymph nodes 
(Table 32). Slightly more bacteria were evident in organs from the control group animals as 
compared to other groups. There were no other qualitative differences in lesions of anthrax 
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among the control and experimental groups. No significant microscopic lesions were present in 
the six rabbits that survived until Day 28. 
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Table 32: Study AR021 -  Incidence summary of gross, microscopic, and severity of lesions in rabbits bacteremic at 
the time of treatment.  

 

 

 

 

        
NA, not applicable.  
*Mean severity of lesion Animals bacteremia at any time point prior to treatment (up to and including PTT) and positive by any 
of the bacteremia assays (qualitative, enriched, quantitative).  
Animals K99373 and K99383 were excluded from statistical analysis, because they were inadvertently dosed with levofloxacin.  
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable  
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Table 32 (continued): Study AR021 -  Incidence summary of gross, microscopic, and severity of lesions in rabbits 
bacteremic at the time of treatment. 

 

 

 

 

 

 
NA, not applicable.  
*Mean severity of lesion Animals bacteremia at any time point prior to treatment (up to and including PTT) and positive by any 
of the bacteremia assays (qualitative, enriched, quantitative).  
Animals K99373 and K99383 were excluded from statistical analysis, because they were inadvertently dosed with levofloxacin.  
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable  
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Table 32 (continued): Study AR021 - Incidence summary of gross, microscopic, and severity of lesions in rabbits 
bacteremic at the time of treatment. 

 

 

 

 
NA, not applicable.  
*Mean severity of lesion Animals bacteremia at any time point prior to treatment (up to and including PTT) and positive by any 
of the bacteremia assays (qualitative, enriched, quantitative).  
Animals K99373 and K99383 were excluded from statistical analysis, because they were inadvertently dosed with levofloxacin.  
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable  

 
 
Tissue bacterial assessments:  
Histology: No bacteria were observed in any of the surviving treated rabbits irrespective of the 
ETI-204 dose (Table 33). A majority of the tissues [brain, kidney, liver, lymph nodes 
(mandibular and mesenteric), lung, spleen] from one animal treated with 16 mg/kg dose that died 
were negative for bacteria by histological examination.  However, bacteria were observed in a 
majority of the tissues from non-surviving animals treated with the lower doses of ETI-204 
(Table 33).  
 
Culture: A majority of the spleens (20/21) and lymph nodes (19/21) from non-surviving animals, 
were culture positive (Table 33).  All these animals were bacteremic at the time found dead or 
necropsied.  Culture of tissues from surviving animals was not performed.  It appears that culture 
is more sensitive than histological examination for detection of bacteria in tissues. 
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Table 33: Study – AR021-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate. ND=Not Done 
[3] Histopathology performed at  
[4] Not all animal were assessed microscopically; numbers examined are shown 
Animals that were negative for both PA (ECL) and bacteremia (qualitative, and qualitative enriched) at any point 
prior to treatment: K99372, K99386, K99387, K99404, 
K99409, K99419, K99423 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: None 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: K99381, K99388, 
K99399, K99426 
Animals K99373 and K99383 were excluded from statistical analysis, because they were inadvertently dosed with 
levofloxacin. 
 
 
Comments: 
• The baseline characteristics of animals in the different groups were similar.  A majority of 

the animals were bacteremic, PA positive, or showed an increase in temperature at the time 
of initiation of treatment.   

• The study showed that ETI-204 at all the doses (1, 4 and 16 mg/kg) tested was effective in 
improving survival up to Day 28 compared to the untreated control group.  Such an effect 
was dose-dependent.  The survival rate at the ETI-204 dose of 16 mg/kg was similar to that 
of levofloxacin. By seven days post-challenge, all rabbits which survived (to the end of the 
study) were culture negative and remained negative for the duration of the study. 

• All of the non-surviving animals died within 10 days of challenge. Of the rabbits that died, 
100% (20/20) had a positive terminal bacteremia sample and spleen and lymph nodes were 
culture positive. Gross lesions and microscopic findings consistent with anthrax were present 
in all rabbits that died or became moribund during the study. No significant lesions or 
microscopic findings were noted in animals surviving to the end of study. 

• Slightly more bacteria were evident in organs from control animals as compared to other 
groups. No bacteria were observed in any of the surviving treated rabbits irrespective of the 
ETI-204 dose. A majority of the tissues [brain, kidney, liver, lymph nodes (mandibular and 
mesenteric), lung, and spleen] from one animal treated with 16 mg/kg dose that died were 
negative for bacteria by histological examination.  However, bacteria were observed in a 
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majority of the tissues from non-surviving animals treated with the lower doses of ETI-204 
(Table 33). It appears that culture is more sensitive than histological examination for 
detection of bacteria in tissues. 

• Overall, the study suggests that ETI-204 at a dose of 16 mg/kg is effective in protecting 
against death due to anthrax when administered intravenously after the onset of disease. 

 
 
6.2.1.2. Study AR033 
This was a randomized, blinded, placebo-controlled, dose ranging, GLP study conducted at  

 to evaluate the efficacy of ETI-204 (Baxter product) when administrated, IV, against 
lethality due to inhalational exposure with the spores (spore lot no. B37) of the Ames strain of B. 
anthracis in 70 NZW rabbits.41  The objective was to identify a target dose for ETI-204. 
  
Study design: 
The study design was similar to that of study AR021 summarized above except that the doses of 
ETI-204 tested were 1, 4, 8, and 16 mg/kg; levofloxacin was not included as a comparator (Table 
34).  Additionally, blood samples were collected at different time points for quantitating 
bacteremia by culture and free PA levels by ELISA (Table 34).  The capture antibody used in the 
PA assay is ETI-204 and therefore PA bound to ETI-204 will not be detected as ETI-204 is 
known to bind to the PAD4 (for more details see Dr Berkeley’s microbiology review).   
 
It should be noted that the frequency at which treatment triggers were collected varied for 
temperature (every hour) vs PA by ECL assay (every 6 hours). Once an animal met the treatment 
criteria for SIBT, treatment was administered as soon as possible whereas animals treated based 
on a positive PA-ECL result were not treated for several hours (time between actual sample 
collection and the result of the PA-ECL assay were not specified). 
 
When possible, cerebral spinal fluid (CSF) was collected and processed for microbiological 
cultures.  Selected left brain hemispheres from some of the rabbits (survivors and non-survivors) 
were processed for neuropathological examination.   
 

                                                 
41 Study Number 1185-100003006: AR033: Evaluating the efficacy of ETI-204 when administered 
therapeutically in the New Zealand White rabbits (February, 2013). 
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Table 34: Study AR033 - Study groups and schedule of blood collection for different assays 
Study groups 

 
 

Schedule of blood collection for different assays 

 
 

 
Results: 
Baseline characteristics: Prior to challenge, all animals were culture negative as well as PA 
negative by the ECL assay and ELISA. Age, gender, body weight, and challenge dose were 
comparable among three groups.  The average MMAD was between 1.23 and 1.27 μm for the 
three challenge days; the MMAD of the aerosol particles generated for this study was consistent 
with lower respiratory tract deposition and Study AR021 summarized above.  The mean±SD 
LD50 was 200.7±35.4; the LD50 was ≥200 in approximately 54% of the animals (Table 35).  
Overall, the baseline characteristics (disease stage) of animals were similar among animals in all 
the groups.   
 
All animals were PA negative by the ECL assay and culture negative on Day-7 i.e., prior to 
challenge.  Animals were either PA positive by ECL assay or showed SIBT between 24 and 44 
hours post-challenge (Table 35 and Figure 20).  Approximately, 24% (17/70) of the animals were 
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treated based on a positive PA-ECL result; the remaining animals were treated based 
temperature.  About 89% of the animals were bacteremic between 24 and 104 hours post-
challenge (Table 35 and Figure 20).   The mean time to challenge until a positive PA-ECL result 
among different groups varied between 26.77 and 28.90 hours.  All animals were treated within 4 
hours of trigger. 
 
The mean time from trigger to treatment was similar (approximately 1 to 4 hours) in all the five 
groups (Table 35).   
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Table 35: Study AR033 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 
Parameters Placebo   

(Group 1) 
N=14 

ETI-204 
1 mg/kg  

(Group 2) 
N=14 

4 mg/kg  
(Group 3) 

N=14 

8 mg/kg 
(Group 4) 

N=14 

16 mg/kg 
(Group 5) 

N=14 

Baseline characteristics 
Age (months) 
estimated range 

8.9±1.2 
(7.0-12.0) 

9.3±2.0 
(7.0-12.0) 

9.8±2.2 
(7.0-15.0) 

8.9±2.2 
(7.0-13.0) 

9.9±3.5 
(7.0-19.0) 

Body weight (kg) 
Mean ±SD 3.6±0.2 3.5±0.2 3.6±0.2 3.5±0.1 3.6±0.2 

Inhaled Dose  
Total inhaled dose  
(cfu x 107) 
GM ± SD (Range) 
LD50 dose  
Mean±SD 

201.6±33.8 
(132-263) 

208.7±27.8 
(155-255) 

208.5±45.4 
(102-278) 

188.6±38.0 
(137-290) 

196.1±30.2 
(129-238) 

<200 LD50 dose n(%) 6 (42.9) 3 (21.4) 6 (42.9) 12 (85.7) 5 (35.7) 
 ≥200 LD50 dose n(%) 8 (57.1) 11 (78.6) 8 (57.1) 2 (14.3) 9 (64.3) 

Trigger for treatmenta 
PA+ve (screening) by 
ECL assay^ n (%) 2 (14.3) 3 (21.4) 5 (35.7) 5 (35.7) 2 (14.3) 

SIBT  n (%) 12 (85.7) 11 (78.6) 9 (64.3) 9 (64.3) 12 (85.7) 
PA levels (ng/mL) by ELISA prior to treatment 

N (%) 
Log10 Mean±SD 
(Range) 

1 
0.7±0.2 
(0.7-1.3) 

1 
0.7±0.2 
(0.7-1.4) 

1 
0.8±0.3 
(0.7-1.7) 

2 
0.8±0.2 
(0.7-1.2) 

1 
0.8±0.3 
(0.7-1.8) 

Geometric mean 5.3 5.5 5.7 5.7 5.8 
Bacteremia prior to treatment  
Enriched (qualitative) 
bacteremia n (%) 13 (92.9) 12 (85.7) 11 (78.6) 13 (92.9) 13 (92.9) 

Log10 (cfu/mL) 
Mean±SD (Range) 

2.8±1.6 
(0.3-4.7) 

3.1±1.7 
(0.3-5.1) 

3.3±1.5 
(0.3-0.5) 

3.3±1.5 
(0.3-5.3) 

3.1±1.5 
(0.3-4.8) 

GM±SD (cfu/mL) 705.9 1310.1 1937.1 2050.0 1362.2 
Time between challenge, trigger, and treatment 

Time to trigger (PA+ve 
or SIBT) post 
challenge (hours)a     
Mean±SD (Range) 

25.78±5.3 
(18.4-36.9) 

26.83±3.61 
(20.4-33.4) 

27.40±5.87 
(19.8-42.8) 

25.94±4.75 
(19.9-36.3) 

27.73±5.34 
(17.8-37.1) 

Time to quantitative 
bacteremia (hours)  
n Mean±SD (Range) 

14 
36.7±20.8 

(22.1-103.7) 

12 
31.3±13.6 
(22.9-73.7) 

13 
28.2±6.5 

(23.0-44.8) 

14 
30.1±12.2 
(22.4-69.0) 

12 
34.8±18.9 
23.7-92.6 

Time from trigger to 
treatment (hours) 

0.95±1.23 
(0.30-4.48) 

0.95±1.05 
(0.28-3.22) 

1.60±1.35 
(0.37-4.25) 

1.45±1.55 
(0.23-4.22) 

0.71±0.75 
(0.27-2.82) 

Survivors at the end of study (Day 28) 
n (%) 0/14 (0) 4/14 (29)** 6/14 (43)** 10/14 (71)** 9/14 (64)** 
N (%) Based on 
bacteremic animals 
(enriched bacteremia) 
at some time prior to 
treatment   

0/13 (0%) 2/12 (16.7) 3/11 (27.3)** 9/13 (69)** 8/13 (62)** 

SD Standard deviation 
PTT Prior to treatment; Quantitative bacteremia Limit of detection (LOD) =100 cfu/mL; PA ELISA Lower limit of quantification 
(LLOQ) =9.68 ng/mL. 
a The trigger for treatment was defined as the time from challenge to a positive PA-ECL post-challenge.  
b The time to treatment was defined as the time from challenge to treatment. 
**Statistically significant between the ETI-204 treated group and the control group 
^number positive >LLOQ 

Reference ID: 3861561

(b) (4)



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509  Page 103 of 340 

 

Detection of Bacteremia and PA: The variability among the results of three bacterial culture 
methods as well as PA detection by ELISA and ECL assays is shown in Table 36. The samples 
used for all these assays were collected at the same times post-challenge. Of the 70 rabbits in the 
study, 62, 55 and 60 were positive by enriched, qualitative, and quantitative culture methods, 
respectively; 53 and 6 were PA positive by ECL and ELISA, respectively. Only 6 samples were 
positive by all the 5 methods.  Qualitative enriched bacteremia was the most sensitive [62/70 
(88.6%)].  Detection of PA by the ECL method was more sensitive than ELISA; this may be due 
to approximately 10-fold higher sensitivity of the ECL assay (LOD 4 ng/mL; however, the 
positive control used for testing was1 ng/mL and showed positive results) compared to ELISA 
(LOD 9.68 ng/mL); for details see microbiology review by Dr Berkeley. 
 

Table 36: Study AR033 - Agreement among detection methods of bacteremia and serum PA any time prior to 
treatment of the animals 

 

 
n = Number of treated animals. Results determined on a per animal basis, not for individual tests. Animal with a 
positive test from any time prior to treatment is considered as positive.  
*Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
Approximately 40μL of whole blood was directly plated on solid medium for qualitative culture assessment and LOD 
by qualitative culture can be estimated as 25 cfu/mL; LOD by enriched culture: sample considered positive if at least 
1-5 colonies were present in the primary streak after plating 40 μL of overnight culture of 1 mL of whole blood diluted 
1:10 and thus LOD can be estimated as 1 cfu/mL of whole blood; PA ECL is a qualitative assay, for a sample to be 
reported as positive, the results had to be greater than the positive control (1 ng/mL); LOD was 4 ng/mL 
‡LLOQ by quantitative culture 100 cfu/mL; LLOQ by free PA ELISA 9.68 ng/mL 

 
There was a positive correlation between bacterial burden and PA levels (0.33056; P-value 
0.0055). 
 
Effect of treatment on survival and microbial burden:  A dose dependent increase in survival was 
observed up to 8 mg/kg dose of ETI-204; survival at 8 mg and 16 mg/kg doses was similar 
(Figure 20 and Table 35).  All the control group of animals died within Day 6 of challenge.   
 
All surviving rabbits were culture negative by Day 8 post-challenge and remained negative 
(below the LOD) for the duration of the study (Figures 20 and 21).    
 
Between 8 and 48 hours post-treatment, the PA levels were detectable and higher in the control 
group animals whereas in animals treated with ETI-204, there were very few animals (6/69; 9%) 
with PA levels above the lower limit of quantitation (LLOQ); therefore, comparison of PA levels 
with survival could not be made (Figures 20 and 22).   
 
Effect of microbial burden on survival: There appears to be a trend towards a decrease in survival 
in animals with higher microbial burden.   
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Figure 21: Study AR033 - Observed bacteremia levels over time in survivors and non-survivors 
Group 1 (Control)  

 

Group 2 (ETI-204: 1 mg/kg) 

 

Group 3 (ETI-204: 4 mg/kg) 

 
Group 4 (ETI-204: 8 mg/kg) 

 
 

Group 5 (ETI-204: 16 mg/kg) 

 

Mean Bacteremia at different time points* 

 
PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge  
*Note: Geometric means and 95 percent confidence intervals by group over time; confidence intervals were not plotted for study time points with fewer than 3 
observations or if all observations were the same. 
Source:  BLA submission 
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Figure 22: Study AR033 - Observed PA levels over time in survivors and non-survivors 
Group 1 (Control)  

 

Group 2 (ETI-204: 1 mg/kg) 

 

Group 3 (ETI-204: 4 mg/kg) 

 

Group 4 (ETI-204: 8 mg/kg) 

 
 
 

Group 5 (ETI-204:16 mg/kg) 

 

Mean PA levels at different time points* 

 

PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge  
*Note: Geometric means and 95 percent confidence intervals by group over time; confidence intervals were not plotted for study time points with fewer than 3 
observations or if all observations were the same. 
Source:  BLA submission 
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Hematological parameters: The changes in hematological parameters were similar to that for the 
Study AR021 summarized above. For example, the most apparent trend was observed with 
monocytes which were elevated generally between 72 hour post-treatment and 7 days post-
challenge time points and then subsequently began to return to normal levels (Figure 23). 
Overall, the data suggests that the animals demonstrated non-specific indicators of illness post-
challenge. CRP levels were relatively consistent prior to challenge. CRP levels increased and 
peaked between 24-72 hours post-treatment followed by returning to baseline (Figure 23).  These 
results should be interpreted with caution as assessments were infrequent during this study. 
 
Figure 23: Study AR033 – Changes in monocyte and CRP over time 
Monocyte levels over time 

 
 

CRP levels over time 

 
 

Source:  BLA submission 
 
Clinical Observations:  Clinical observations following challenge were similar to those 
summarized above for Study AR021 and the natural history studies. Animals that succumbed to 
disease showed a characteristic progression of signs that followed from unremarkable to 
observations of lethargy, respiratory abnormalities, and finally moribundity. Animals that 
survived until scheduled sacrifice were documented as lethargic with signs of respiratory 
abnormalities and reduced food consumption within the first few days post-challenge. The 
animals returned to normal observations generally between Day 7 and 11 post-challenge with 
occasional stool abnormalities or reduced food consumption.   
 
Necropsy and Histopathology:  Gross lesions and microscopic findings in rabbits dying post-
anthrax challenge were similar to those summarized above for the Study AR021 and natural 
history studies.  These lesions included discolorations and/or foci in the brain, and large 
intestines (appendix); enlargement of mediastinal and bronchial lymph nodes; and fluid effusion) 
in the pericardial cavity, thymus, and thoracic cavity (fluid in body cavities was not examined 
microscopically). These gross lesions correlated histologically with hemorrhage, necrosis, edema 
and acute inflammation. No gross lesions were evident among the surviving animals that were 
terminated at study completion for gross and microscopic evaluation (Table 37). 
 
Microscopic findings included acute fibrinous to heterophilic inflammation, necrosis, 
hemorrhage, edema, and the presence of large rod-shaped bacteria in the brain (meninges), 
kidney, liver, lungs, mediastinal or bronchial lymph nodes, spleen, spinal cord, and any gross 
lesions). Slightly more bacteria were evident in organs from saline control Group 1 animals 
compared to other groups. There were no other qualitative differences in lesions of anthrax 
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among the control and treated animals. No significant microscopic lesions were present in the six 
rabbits terminated on Study Day 28. 
 
Neuropathological observations: The brains of 12 surviving animals (3 survivors per group) and 
15 animals that were found dead (between Study Days 2 and 8; 3 non-survivors per group) were 
microscopically evaluated. The applicant stated that of the 15 animals that died, nine died with 
either no microscopic changes or with just scattered hemorrhage and/or areas of intravascular 
bacteria suggesting that these animals died prior to the bacteria leaving the blood stream due to 
septicemia without any notable morphologic response. Six of the non-surviving animals had 
notable microscopic changes. These changes included observations of an inflammatory response 
in four animals and extravascular bacteria/notable hemorrhage in two animals without a visible 
inflammatory response; however, there was a lack of a dose response. All three animals at the 8 
mg/kg dose that died were without detectable microscopic changes, whereas 3/3 of the 4 mg/kg 
animals and 2/3 of the 16 mg/kg animals died with extravascular bacteria, extensive hemorrhage 
and/or evidence of an inflammatory response (Table 37). The lack of a dose response may be due 
to biologic variation.  However, these findings should be interpreted with caution due to a small 
number of animals examined.  
 
 

Reference ID: 3861561



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509  Page 109 of 340 

 

Table 37: Study AR033 -  Incidence summary of gross, microscopic, and severity of lesions in rabbits bacteremic at 
the time of treatment. 

 

 

 

 
NA, not applicable.  
*Mean severity of lesion.  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, enriched, quantitative).  
Animals K99373 and K99383 were excluded from statistical analysis, because they were inadvertently dosed with levofloxacin.  
1Gross necropsy and histopathology pathology performed at  
2Neuropathology performed at  
3All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (slight); 2 (minimal); 3 (mild); 4 (moderate); 5 (severe) 
4All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

 1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
5Tissues examined microscopically and found unremarkable  
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Table 37 (continued): Study AR033 - Incidence summary of gross, microscopic, and severity of lesions in rabbits 
bacteremic at the time of treatment.  

 

 

 

 
NA, not applicable.  
*Mean severity of lesion Animals bacteremia at any time point prior to treatment (up to and including PTT) and positive by any 
of the bacteremia assays (qualitative, enriched, quantitative).  
Animals K99373 and K99383 were excluded from statistical analysis, because they were inadvertently dosed with levofloxacin.  
1Gross necropsy and histopathology pathology performed at  
2Neuropathology performed at  
3All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (slight); 2 (minimal); 3 (mild); 4 (moderate); 5 (severe) 
4All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

 1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
5Tissues examined microscopically and found unremarkable 
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histological examination; however, bacteria were observed in several of the tissues from non-
survivors from all the groups (Table 38).   
 
Culture: Of the animals that survived treatment with ETI-204, one animal (treated with 16 
mg/kg ETI-204) had a positive bronchial lymph node bacterial culture result, whereas all other 
tissues tested (brain, spleen, liver, lung, kidney, and lymph node) were negative (Table 38).  All 
the rabbits that died had had a positive tissue bacterial result for at least two of the tissues tested 
(most of the animals that died had 5 or 6 positive tissue bacterial results).   
 
Table 38: Study AR033 - Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Neuropathology performed at  
[4] Animals that were positive in at least one area for either extra- or intra-vascular bacteria 
[5] Histopathology performed at  with exception of brain; Not all animals were assessed microscopically; 
numbers examined are shown 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: L48728, L48754, L48759, L48769, L48779, 
L48793, L48794 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: None 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: L48722, L48724, 
L48738, L48742, L48747, L48762, L48785, L48788, L48792, L48797 
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Cerebral spinal fluid: 
The CSF from a majority (22/26) of the non-survivors was culture positive;  of these, 13 animals 
were in the control group, 3 treated with 1 mg/kg ETI 204, 2 treated with 4 mg/kg ETI-204, 2 
treated with 8 mg/kg ETI-204, and 2 treated with 16 mg/kg ETI-204  (Table 39).  The CSF from 
all the surviving rabbits was culture negative.   These findings were consistent with the 
neuropathology results: non-survivors had evidence of an active B. anthracis infection in the 
brain whereas animals that survived to the end of the study did not. 
 

Table 39:  Study AR033 - Assessment of CSF culture results in non-survivors 
Group CSF 

n/N (%) 
Saline 13/13 (100) 
ETI-204 treated 
        1 mg/kg 3/5 (60) 
        4 mg/kg 2/3 (67) 
        8 mg/kg 2/3 (67) 
      16 mg/kg 2/2 () 

 
 
Comments: 
• The baseline characteristics of animals in the different groups were similar.  All animals 

were bacteremic, PA positive, or showed an increase in temperature at the time of initiation 
of treatment.  About 89% of the rabbits had a blood culture result positive for B. anthracis 
prior to treatment. 

• The study showed that ETI-204 at all the doses (1, 4, 8 and 16 mg/kg) tested was effective in 
improving survival up to Day 28 compared to the untreated control group.  The efficacy in 
the animals treated with either 8 or 16 mg/kg treated groups was similar.  By eight days post-
challenge, all rabbits which survived (to the end of the study) had negative bacteremia 
results which remained negative for the duration of the study. 

• All of the non-surviving animals died within 10 days of challenge. Of the rabbits that died, 
100% all animals had a positive terminal bacteremia sample; also, spleen, lymph nodes, and 
other organs were culture positive. Gross lesions and microscopic findings consistent with 
anthrax were present in all rabbits that died or became moribund during the study. No 
significant lesions or microscopic findings were noted in animals surviving to the end of 
study. 

• High bacterial burden in the blood prior to treatment appears to be associated with 
decreased survival rate.  PA levels above the LLOQ were detectable in more of the vehicle 
group of animals between 8 and 48 hours post-treatment, compared to the ETI-204-treated 
groups.  

• Slightly more bacteria were evident in organs from control animals (Group 1) as compared 
to other groups. Of the animals that survived, one animal had a positive bronchial lymph 
node bacterial culture result, whereas all other tissues tested (brain, spleen, liver, lung, 
kidney, and lymph node) were negative by culture and histological examination.  Most of the 
animals that died had 5 or 6 positive tissue bacterial results. The CSF from a majority 
(22/26) of the non-survivors was culture positive.   

• Overall, the study suggests that ETI-204 at a dose of 16 mg/kg is effective in protecting 
against death due to anthrax when administered intravenously after the onset of disease. 
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plates.  For the Day 7 post-treatment and Day 28 post-challenge quantitative bacteremia, only 
two (neat and 10-1) samples were prepared and plated. Blood samples were stored at room 
temperature until diluted and plated; typically samples were plated within 6 hours of collection 
with the exception of terminal samples which may have been held longer. The results were 
expressed as cfu/mL.  The majority of the cfu counts were based on 2 of the 3 replicates. The 
applicant states that typically, the acceptable countable cfu range was 25 to 250; average counts 
falling outside of this range were reported as being positive for bacteremia with no quantifiable 
number.  
 
The LOD for quantitative bacteremia was 3 cfu/mL. Quantitative bacteremia levels less than the 
LOD or reported as "0" were replaced with one half of the LOD rounded to the nearest integer (2 
cfu/mL) for the statistical analysis. 
 
Free PA levels (quantitative) in serum by (ELISA) were measured at different time points pre-
challenge, post-challenge, and post-treatment (Table 40). Blood was collected and serum 
samples stored at ≤ -70º C until shipped on dry ice to  and . 
PA measurements were not conducted in a blinded fashion; however, the sample analysis results 
were not released to the Study Director or the applicant, until receiving a written memo of 
unblinding from the Study Director. In a case of sample discrepancy that could not be resolved 
within  and , the Contributing Scientist informed  and 
analysis was halted until the study was unblinded by the Study Director memo.  
 
The LLOQ for PA-ELISA was 5 ng/mL. PA-ELISA values reported as less than the LLOQ were 
replaced with one half of the LLOQ (2.5 ng/mL) for the statistical analysis. 
 
Clinical observations necropsy findings, and tissue collection was performed as summarized 
for the natural history studies.  Gross necropsy was performed on all monkeys that were found 
dead or euthanized.  

 
Bacterial culture of tissues: Spleen, brain (right cerebellar brain), kidney, liver, lung, and 
lymph nodes (mediastinal or bronchial) were collected at necropsy and cultures performed.   
 
The applicant used modified intent-to-treat (mITT) population43 as the primary analysis 
population. The ITT population44 was used for sensitivity analysis.  
 
Results: 
Baseline characteristics: All animals were culture negative as well as PA negative by the ECL 
assay and ELISA on Day-7 i.e., prior to challenge.  All animals included in the study were anti-
PA IgG antibody negative;  although one animal tested positive for antibodies but was not 
included in the study.  Age, gender, body weight, and challenge dose (mean LD50 257; 
cfu) were comparable among three groups; the LD50 dose was ≥ 200 for approximately 84% of 
the animals (Table 41). The MMAD for each exposure day ranged from 1.13 - 1.18 µm which is 
consistent with the particle size range that would reach the alveoli.   
 
                                                 
43 All animals assigned to a treatment vial excluding those animals that were not positive for bacteremia by enriched 
culture at the prior to treatment (PTT) sample collection time point. 
 
44 All animals assigned to a treatment vial regardless of bacteremia status at PTT. 
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Table 41: Study AP202 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 
Parameters Placebo  (Group 1) 

N=17 
Lonza (Group 2)#   
ETI-204 16 mg/kg  

N=16 

Baxter (Group 3) 
ETI-204 16 mg/kg 

N=17 
Baseline characteristics 

Age (years) estimated range 2.7-5 2.7-5 2.7-5 
Body weight (kg) 2.91±0.52 2.88±0.42 2.85±0.37 

Inhaled dose 
Total Inhaled Dose: cfu x 107  
Mean ± SD (Range) 
LD50 dose  
Mean ± SD (Range)  

247.6±52.6 
(172-318) 

270.2±54.8 
(166-402) 

254.4±41.0 
(182-323) 

<200 LD50 dose n (%) 4 (23.5) 1 (6.3) 3 (16.7) 
≥200 LD50 dose n (%) 13 (76.5) 15 (93.8) 14 (82.4) 

Trigger for Treatment (PA by ECL)a and microbial  burden prior to treatment 
Positive Screening PA/ECL Assay 
n (%) 

17/17 (100) 15/16 (93.8)* 17/17 (100) 

Bacteremia (cfu/mL) 
Enriched (qualitative) bacteremia 
n (%) 

17 (100) 16 (100) 17 (100) 

Quantitative bacteremia 
 n (%) 17 (100) 16 (100) 17 (100) 
Log10 bacteremia (cfu/mL)  4.95±1.11 5.52±1.24 5.08±1.60 
Geometric mean  
cfu/mL x 104/mL  8.9 32.7 12.1 

PA levels by ELISA (ng/mL) 
Log10 ± SD (Geometric mean) 1.20±0.92 

(15.9) 
1.50±0.94 

(31.9) 
1.49±1.20 

(30.7) 
Time between challenge, trigger, and treatment 

Time (hours) to trigger - PA+ve post 
challengea   

Mean±SD (Range) n 

34.5±5.5  
(28.3-51.9) 

17 

34.1 ±4.6 
(27.1-43.1) 

15* 

35.1 ±4.5 
(28.4-42.8) 

17 
Time (hours) to bacteremia  n 
Mean±SD  
(Range) 

17 
38.8±5.4 

(28.3-51.9) 

15* 
39.2±5.6 

(31.0-53.1) 

17 
39.2±4.3 

(32.3-46.0)  
Time to treatment post challengeb 
(hours); Mean ± SD (Range) 

38.9±5.4 39.3±5.6* 39.3±4.3 

Time from trigger to treatment 
(hours) Mean±SD (n) 

4.3±0.8  
(17) 

4.2±0.8  
(15)* 

4.2±0.7  
(17) 

Survivors at the end of study (Day 28) 
Survivors  0 (0) 5 (31)** 6 (35)** Survivors (bacteremic animals) 
#Group 2 only had 16 animals, because animal C59383 died before treatment and was excluded from the analysis  
*One animal (C60822) did not have a positive PA-ECL and was not included in the calculations. This animal was 
treated at 54 hours and was bacteremic and survived. 
a The trigger for treatment was defined as the time from challenge to a positive PA-ECL post-challenge.  
b The time to treatment was defined as the time from challenge to treatment. 
**Statistically significant compared to the control group by exact method and Boschloo’s one-sided test; no 
difference between the animals treated with the Lonza or Baxter product 
SD=Standard deviation 
PTT Prior to treatment; Quantitative bacteremia LOD Limit of detection=3 cfu/mL; PA ELISA LLOQ Lower 
limit of quantification=5 ng/mL. 

 
The mean time to trigger ranged from 34 to 35 hours among the three groups.  All the animals 
except one (C60822 in Group 2 treated with the Lonza product of ETI-204) became PA positive 
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post-challenge between 24 to 48 hours (Table 41).  All animals became bacteremic within 53 
hours. The mean time to treatment ranged from 38.9 to 39.3 hours among the groups. The time 
from trigger to treatment ranged from 4.2 to 4.3 hours among the groups (Table 41).   
 
Detection of Bacteremia and PA: The variability among the results of two bacterial culture and 
the two assays (ECL and ELISA) used to detect PA is shown in Table 42. The samples used for 
these three assays were collected at the same time points post-challenge.  All animals were 
positive for bacteremia by both the methods; both enriched and quantitative culture methods for 
measuring bacteremia were equally sensitive.  Of the 50 monkeys in the study, 49 and 40 were 
PA positive by ECL or ELISA, respectively.   
 

Table 42: Study AP202 - Agreement among detection methods of bacteremia and serum PA any time prior to 
treatment of the animals 

 

 
n = Number of treated animals. Results determined on a per animal basis, not for individual tests.  
Animal with a positive test from any time prior to treatment is considered as positive. ND = Not Done  
*Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
LOD by enriched culture: sample considered positive if at least 1-5 colonies were present in the primary streak after 
plating 40 μL of overnight culture of 1 mL of whole blood diluted 1:10 and thus LOD can be estimated as 1 cfu/mL of 
whole blood; PA ECL is a qualitative assay, for a sample to be reported as positive, the results had to be greater than 
the positive control (2 ng/mL).  
‡LLOQ by quantitative culture 100 cfu/mL; LLOQ by free PA ELISA 5 ng/mL 

 
Effect of treatment on survival and microbial burden: The results showed ETI-204 at a dose of 
16 mg/kg was effective in improving survival compared to the untreated group; the efficacy of 
both Baxter and Lonza products of ETI-204 was similar (Figure 25 and Table 41).  There was no 
significant difference in survival rate among the animals treated with the Lonza or Baxter 
products of ETI-204. All of the non-surviving animals died within 8 days of challenge.  
 
The quantitative bacteremia levels at 7 days following treatment and 28 days post-challenge 
were less than the LOD for all animals surviving to the end of the study.  Of the 11 animals 
treated with ETI-204 that survived to the end of the study, 10 (91%) were negative for enriched 
bacteremia by the Day 4 post-treatment; all of the 11 animals were culture negative by Day 7 
post-treatment.  All animals which were found dead or moribund and euthanized on study were 
bacteremic (positive enriched bacteremia) (Figures 26 and 27).   
 
The decrease in the PA levels showed a similar trend as the decrease in bacteremia over time. At 
15 minutes post-treatment and at unscheduled termination, there was a significant difference 
between the proportions of animals positive for PA when comparing each of the ETI-204 treated 
groups to the control group.  PA was undetectable within 15 minutes of treatment in a majority 
of the animals treated with ETI-204. At Day 2 post-challenge, the PA levels in the treated 
animals were reduced (Figure 26 and 27).   
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Figure 25: Study AP202 - Kaplan-Meier curves representing time-to-death and survival by group 
 

  
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)               

 
 
Effect of microbial burden on survival: The quantitative bacteremia and PA levels, prior to 
treatment, though variable were comparable across the groups (Figures 26 and 27). There 
appears to be an inverse relationship between bacteremia or PA levels at the time of initiation of 
treatment and survival time; animals with higher bacteremia or PA levels, prior to treatment, had 
a lower probability of survival. The control group (Group 1), the Lonza ETI-204 treated group 
(Group 2) and the Baxter ETI-204 treated group (Group 3) had 8/17, 13/16 and 9/17 animals 
with quantitative bacteremia levels greater than the l x 104.74 threshold45, respectively. No 
animals with a PA level over 1000 ng/mL survived.  

                                                 
45A Cochran-Mantel-Haenszel test was performed by the applicant on the primary endpoint (survival) to determine 
its dependence on quantitative bacteremia levels greater than 1 x104 74cfu/mL at PTT. The quantitative bacteremia 
threshold of 1x104 74cfu/mL at PTT was selected based on population pharmacokinetic and survival analysis 
modeling of ETI-204 (Mondick, J.T., Metrum Research Group LLC). Animals in each group were stratified based 
on whether the PTT quantitative bacteremia level was greater than 1 x 104 74 cfu/mL. This was used as a 
stratification variable in an analysis to determine if survival significantly differed among the groups after controlling 
for PTT quantitative bacteremia levels. Descriptive statistics for survival in each group were calculated at each level 
of the stratification variable. 
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Figure 26: Study AP202 - Observed bacteremia and PA levels over time in survivors and non-survivors at different time points 
A: Bacteremia levels versus time point by survival status 

Group 1 (Control)

 
 

Group 2 (Lonza) 

 

Group 3 (Baxter) 

 

Bacteremia* 

 
 

B: Free PA-ELISA versus study time  
Group 1(Control) 

 
 
 

Group 2 (Lonza) 

 

Group 3 (Baxter) 

 

PA levels by ELISA* 

 

PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge 
*Plot of Group geometric means and 95 percent confidence intervals for bacteremia and PA levels versus study time 
Source:  BLA submission 
 
  

Reference ID: 3861561



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509  Page 122 of 340 

 

Figure 27: Study AP202 - Survival and microbial burden (bacteremia and PA levels) at different time post-challenge 
A: Time to death versus bacteremia prior to treatment by 
survival status for different animals at Day 28 

 
 

B: Time to death versus PA levels prior to treatment by 
survival status for different animals at Day 28 

 
 

 

C: Mean bacteremia (cfu/mL) at different time points 

 

The dotted green line is the reference line of 2 cfu/mL. 

D: Mean PA levels (ng/mL) at different time points 

 
The dotted green line is the reference line of 2.5 ng/mL 

PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge.   LOD= lower limit of detection 
+=survivors 
Figures constructed by Dr Xianbin Li PhD (Statistics reviewer)               
 
 
Clinical Observations:  The majority of placebo treated animals exhibited abnormal clinical 
signs consistent with anthrax following challenge; these observations were consistent with those 
reported in the natural history studies summarized above.  In ETI-204 treated animals that 
survived to the end of the study, most of these abnormal observations were not observed [other 
than sporadic stool abnormalities which is common with laboratory housed non-human primates 
(NHPs)] after Day 22 post-challenge (Figure 28). 
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Figure 28: Study AP202 - Clinical observations 
 

 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer) 

 
 
In all animals that survived to the end of the study, body weights on Day 28 were greater than or 
equal to Day 0 weights. 
 
Hematological parameters:  Not measured 
 
Necropsy and Histopathology:  Gross lesions in animals found dead or euthanized due to 
moribund condition post-challenge included discoloration of the brain and/or lung, enlarged 
lymph nodes (bronchial and/or renal), and/or fluid in the thoracic or abdominal cavities (Table 
43). These lesions are typical of acute fulminant anthrax in NHPs and similar to those reported in 
the natural history studies summarized above.  The applicant states that no gross lesions were 
found in animals that survived the period of observation.  Histopathology was not performed. 
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Table 43: Study AP202- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

 

        
NA, not applicable.  
*Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, enriched, quantitative).  
No histopathology performed 
1Gross necropsy pathology performed at   
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Table 43 (continued): Study AP202- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

 

 

 
NA, not applicable.  
*Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, enriched, quantitative).  
No histopathology performed 
1Gross necropsy pathology performed at   
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Table 43 (continued): Study AP202-Incidence of gross, microscopic, and severity of lesions in bacteremic monkeys at the time of treatment 
 

 

 

 

 

 
NA, not applicable.  
*Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, enriched, quantitative).  
No histopathology performed 
1Gross necropsy pathology performed at  
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Tissue bacterial assessments: At least three of the six tissues, assessed from the animals that died 
or found moribund and euthanized on study, were positive for bacterial cultures consistent with 
B. anthracis.  Almost all of the tissues assessed from ETI-204 treated animals that survived to 
the end of the study, were culture negative with the exception of the lung; the lung from all 11 
survivors was culture positive (Table 44).  
 
Table 44:  Study AP202- Number of animals histologically and culture positive for B. anthracis in tissues  

Tissue Placebo ETI-204  Lonza 16 mg/kg ETI-204  Baxter16 mg/kg 
Survivors  Non-survivors Survivors  Non-survivors Survivors  Non-survivors 

Presence of bacteria by microscopy:  Not done 
Culture positive 
Brain 0 17/17 0/5 11/11 0/6 11/11 
Bronchial lymph node 0 17/17 0/5 11/11 1/6 11/11 
Kidney 0 17/17 0/5 8/11 0/6 10/11 
Liver 0 17/17 0/5 10/11 0/6 10/11 
Lung 0 17/17 5/5 11/11 6/6 11/11 
Spleen 0 17/17 0/5 10/11 0/6 10/11 
ND=Not Done 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: None 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: None 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: C60822 
 
 
Comments: 
All animals included in the study were PA negative (by ECL). The study showed that both Lonza 
and Baxter products of ETI-204 at a dose of 16 mg/kg were effective in improving survival (31% 
and 35%, respectively) up to Day 28 compared to the untreated control group (all the untreated 
animals died by Day 7 post-challenge).  All of the non-surviving animals died within 8 days of 
challenge.  
 
All animals were bacteremic and PA positive at the time of initiation of treatment.  For all 
animals surviving to the end of the study, the quantitative bacteremia levels at 7 days following 
treatment and 28 days post-challenge were below than the LOD.  A higher bacteremia level and 
higher PA levels at the time of initiation of treatment appear to be associated with a lower 
survival rate.   The study suggests that an animal with a high level of microbial burden prior to 
treatment is more likely to die after treatment with ETI-204.  
 
Among monkeys that were found dead or euthanized, gross lesions were consistent with acute B. 
anthracis infection; additionally, the tissues from animals found dead or euthanized were culture 
positive for bacteria.  No gross lesions were found in surviving animals; all tissues except lung 
from the animals that survived were negative; the lung was positive for bacterial cultures 
consistent with B. anthracis. The applicant states that this is consistent with the results from 
previous studies which have shown that spores can be found in the lung up to 56 days after 
challenge in surviving nonhuman primates (  Study No. 1121- G924204; not a part of this 
BLA).  
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technical issues; the applicant states that TNA measurement was performed with the remaining 
sera from the PA-ELISA assays “on study 834” and not the retention sera samples.  However, 
the TNA assay could not be repeated due to logistic reasons.  The anti-PA IgG for animal 
C36338 on Day 28 was 241.499 µg/mL.  It is unclear if the PA positive finding, prior to 
challenge, in animal C36338 is due to cross-reactivity with another organism. 
 
All animals except three [one animal (C38277) in the placebo group and two (C36383and 
C37686) in the ETI-204 4 mg/kg group were triggered for treatment based on time] were treated 
within 6 hours of determining a positive serum PA by the ECL screening assay.  Of the three 
animals that were PA negative by the ECL assay, two animals in the ETI-204 4 mg/kg treated 
group were PA positive by ELISA at the time of trigger and culture positive by qualitative 
enriched and quantitative culture methods.  Animal C38277 in the control group was PA 
negative by ELISA at the time of trigger but culture positive by both enriched and quantitative 
culture methods;  PA (52 ng/mL) was reported at 24 hours post-treatment that increased about 
12-fold at 96 hours and was found dead by Day 7. 
 
All animals were PA positive (by ECL or ELISA) and/or bacteremic between 25 and 55 hours 
post-challenge (Table 46).  The mean time to trigger (about 39 hours) and treatment (43 hours) 
was similar in all the three groups (Table 46). The quantitative bacteremia and PA-ELISA levels 
though variable were comparable across the groups. 
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Table 46: Study AP201 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 
Parameters Placebo   

(Group 1) N=14 
ETI-204: 4 mg/kg  
(Group 2) N=14 

ETI-204: 8 mg/kg  
(Group 3) N=15 

Baseline characteristics 
Age (years) estimated range 3.6±0.6 3.6±0.6  3.7±0.6  
Body weight (kg) Mean ±SD 3.4±0.8 3.3±0.6 3.3±0.5 
Inhaled dose 
Total inhaled dose: cfu x 107  
Mean ± SD (Range) 
LD50 dose  
Mean ± SD (Range)  

198.7±65.8 
(96-305) 

200.7±51.9 
(140-280) 

198.8±64.9 
(109-356) 

<200 LD50 dose n (%) 8 (57.1) 8 (57.1) 10 (66.7) 
≥200 LD50 dose n (%) 6 (42.9) 6 (42.9) 5 (33.3) 

Trigger for treatment (PA by ECL)a and microbial  burden prior to treatment 
Positive screening PA/ECL assay  
n (%) 

13 (92.9) 12 (85.7) 15 (100) 

Bacteremia   
Enriched (qualitative) bacteremia  
n (%) 14 (100) 13 (92.9) 15 (100) 

Quantitative bacteremia     n (%) 13 (92.9) 13* (92.9) 15 (100) 
Log10 bacteremia (cfu/mL) 
Mean±SD 

3.14±1.01 
(1.23-5.85) 

3.12±1.03 
(1.23-5.52) 

3.39±1.00 
(1.23-6.38) 

Geometric mean (Range)  
(cfu/mL x 104)  

0.14 
(0.0017-70) 

0.13 
(0.0017-33.3) 

0.25 
(0.05-240) 

PA levels (ng/mL) by ELISA  
 n (%) 
Log10±SD  
Geometric mean 

14 (100) 
1.00±0.73  

10.0  

14 (100) 
1.08±0.86 

12.1  

15 (100) 
1.07±0.89  

11.7  
Time (hours) between challenge, trigger, and treatment  

Time to PA+ve (trigger) post 
challengea  n Mean±SD (Range) 

13* 
39.49±8.05 (28.6-52.6) 

13* 
37.96±10.12 (25.5-55.9) 

15 
38.65±8.00 (25.4-54.8) 

Time to bacteremia  
Mean±SD (Range) 

37.7±7.8 
(28.6-55.4) 

34.4 ±7.7 
(25.5-52.1) 

35.6±4.4 
(25.4-41.8) 

Time to treatmentb  
Mean±SD (Range) 

44.5±8.5 
(31.8-58.7) 

41.4 ±9.5 
(29.1-59.1) 

42.5±7.2 
(29.4-58.0) 

Time from trigger to treatment  
N Mean±SD (Range) 

13* 
3.9± 1.0 (2.87-5.62) 

13* 
3.14±1.47 (0.07-4.80) 

15 
3.89±1.41 (0.07-5.93) 

Survivors at the end of study (Day 28) 
Survivors 2 (14.3) 11 (78.6)** 11 (73.3)** 
Survivors (excluding one culture 
negative animal) 2 (14.3) 10/13 (76.9)** 11 (73.3)** 

* One animal in the placebo group (C38277) and one in the ETI-204 4 mg/kg group (C37686) were triggered for treatment 
based on time and had missing values in trigger time so they were not included for this calculation. 
Three animals from the 4 mg/kg ETI-204 group (C38261, C37686, and C36338) and 1 animal from the 8 mg/kg ETI-204 
group (C37072) were treated as directed by the Study Director (per  SOP  V-061) as a result of failing ECL 
plates. In these instances, the Study Director reviewed the results on the failing ECL plates and compared the results 
(reported in ECL units) from the individual animals on the plates to the results obtained for the positive control on the 
respective plates. While the ECL plates failed, the ECL units for these individual animals were well above those obtained 
for the positive controls on the respective plates. One additional animal from the saline group (C38277) was treated after 
the 54-hour post-challenge time point despite a negative ECL result (per the protocol). 
aTime to trigger was based on PA positive findings by ECL assay. 
b The time to treatment was defined as the time from challenge to treatment.  
SD Standard deviation; PTT Prior to treatment; Quantitative bacteremia LOD Limit of detection=3 cfu/mL;  
PA ELISA LLOQ Lower limit of quantification=5 ng/mL. 
**Statistically significant between the ETI-204 8 mg/kg or 4 mg/kg treated groups and the control group by exact method 
and Boschloo’s one-sided test.  
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Detection of Bacteremia and PA: The variability among the results of three bacterial culture 
methods and the two assays (ECL and ELISA) used to detect PA is shown in Table 47. The 
samples used for these assays were collected at the same times post-challenge.  Of the 43 
animals, 39 (90.7%) were positive by all the 3 culture methods; 42 (98%) were positive by 
qualitative enriched culture and 43 (100%) by quantitative culture.  PA was positive by both 
ECL and ELISA in 34 (79.1%) animals; PA was positive by ECL and ELISA in 41 (95%) and 35 
(81%) animals, respectively.  Enriched and quantitative culture methods for measuring 
bacteremia were most sensitive.  
 

Table 47: Study AP201 - Agreement among detection methods of bacteremia and serum PA any time prior to 
treatment of the animals 

 

 
n = Number of treated animals. Results determined on a per animal basis, not for individual tests.  
Animal with a positive test from any time prior to treatment is considered as positive.  
ND = Not Done  
*Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
Approximately 40μL of whole blood was directly plated on solid medium for qualitative culture assessment and LOD 
by qualitative culture can be estimated as 25 cfu/mL; LOD by enriched culture: sample considered positive if at least 
1-5 colonies were present in the primary streak after plating 40 μL of overnight culture of 1 mL of whole blood diluted 
1:10 and thus LOD can be estimated as 1 cfu/mL of whole blood; PA ECL is a qualitative assay, for a sample to be 
reported as positive, the results had to be greater than the positive control (2 ng/mL); LOD 4 ng/mL  
‡LLOQ by quantitative culture 1000 cfu/mL; LLOQ by PA ELISA 2.4 ng/mL 

 
There was a positive correlation between quantitative bacteremia and PA levels at 36 hours post-
challenge, prior to treatment (Figure 29), 24 hours post-treatment (Figure 29B) and 48 hours 
post-treatment suggesting a linear relationship between bacteremia and PA values at these study 
time points. 
 
Figure 29:  Study AP201 - PA-ELISA vs. Bacteremia (quantitative) at prior to treatment and 24 hours post-treatment 

A: Prior to treatment 

 
 

B: 24 hours post-treatment 

 
Source: BLA submission 
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Effect of treatment on survival and microbial burden: The results show that ETI-204 at a dose of 
4 and 8 mg/kg was effective in improving survival compared to the control group (Figure 30 and 
Table 46).  All of the non-surviving animals died within 10 days of challenge. All animals were 
bacteremic at the time of death; one animal (C37799) in the control group died on Day 9 and 
bacteremia at unscheduled terminal was not determined.  
 
The bacteremia and PA levels decreased after initiation of treatment (Figures 30, 31 and 32).  For 
all animals surviving to the end of the study, quantitative bacteremia levels at 7 days following 
treatment and 28 days post-challenge were below than the LOD. Complete resolution of 
bacteremia occurred by 96 hours post-treatment for ETI-204-treated monkeys.  PA levels 
decreased by 96 hours post-challenge in survivors treated with ETI-204 4 mg/kg and 8 mg/kg.   
 
Two animals (C37762 and C39097) in the control group survived the period of observation.  
Both animals were PA negative by Day 14; the PA levels at Day 7 post-challenge for survivors 
in the control group were 49 ng/mL (C37762) and 78 ng/mL (C39097).  One animal was culture 
negative by Day 4 and another by Day 14.   
 
Overall, the results suggest ETI-204-treatment decreased PA and bacteremia levels.  
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Figure 30: Study AP201 - Survival and relationship between microbial burden at different time post-challenge 
A: Kaplan-Meier curves representing time-to-death and survival by group 

 
B: Bacteremia at different time points 

 

C: PA levels at different time points 

 

+=Survivors to Day 28; ○=Death before Day 28 
Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
 
 
Effect of microbial burden on survival: Animals with higher bacteremia and PA levels at the time 
of initiation of therapy are less likely to survive after treatment with ETI-204 (Figures 31 and 
32).   The applicant states that the animals with PA levels <100 ng/mL, prior to treatment, are 
more likely to survive; however, this should be interpreted with caution as this may depend on 
the sensitivity of the assay. 
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Figure 31: Study AP201 - Observed bacteremia and PA levels over time in survivors and non-survivors 
A: Bacteremia levels versus time point by survival status 

Group 1 (Control) 

 
 

Group 2 (ETI-204: 4 mg/kg) 

 

Group 3 (ETI-204: 8 mg/kg) 

 

Mean Bacteremia at different time points* 

 
 

B: PA levels by ELISA versus study time by survival status 
Group 1 (Control) 

 
 
 

Group 2 (ETI-204: 4 mg/kg) 

 

Group 3 (ETI-204: 8 mg/kg) 

 

Mean free PA levels by ELISA at different time points* 

 
 

PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge  
Animal C36338 had a positive PA-ELISA value prior to challenge. Since this animal was neither bacteremic nor positive for PA in the PA-ECL assay prior to challenge, this may indicate that the animal had a 
serum component(s) that cross-reacted with the PA-ELISA assay and, therefore, this animal was excluded from all analyses involving PA-ELISA 
*Note: Confidence intervals not included for time points with two or less values (note: after Day 10 post-challenge there were only two surviving animals in the Saline group).  
Source: BLA submission 
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Figure 32: Study AP201 - Relationship between microbial burden prior to treatment and time to death 
A: Time to death versus bacteremia prior to treatment  

 
 

B: Time to death versus PA levels prior to treatment  

 
 

+=Survivors to Day 28; ○=Death before Day 28 
Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
 
 
Hematological parameters: WBC count increased following challenge in all animals, as was 
reported for the natural history studies summarized above. Maximum increase occurred 24 hours 
post-treatment. CRP levels were elevated at most time points including post-treatment 24 and 96 
hour time points in comparison with Day -7 values. Recovery or a trend towards recovery was 
evident for all of the WBC changes by Day 30 post challenge.    
 
Clinical Observations:   Clinical observations post-challenge were consistent with those reported 
in the natural history studies summarized above.  There was no difference in increase in 
temperature (SIBT; measured as for the natural history studies) among the animals in the three 
groups prior to treatment and resolution of temperature post-treatment.   Animals that survived 
following treatment were documented as having hunched posture, lethargic and not eating. 
Surviving animals treated with ETI-204 returned to normal (generally between 8-10 day post-
challenge) but still had the occasional inappetence and/or diarrhea/soft stool notation, which is 
common with laboratory housed nonhuman primates (Figure 33).  
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Figure 33: Study AP201 – Clinical observations 
 

 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)   

 
In all animals that survived to the end of the study, body weights on Day 28 were greater than or 
equal to Day 0 weights. 
 
Necropsy and Histopathology:  Gross lesions in animals found dead or euthanized due to 
moribund condition post-challenge included discoloration of the brain, lung, spinal cord and/or 
enlarged lymph nodes (bronchial and/or renal), and/or fluid in the thoracic or abdominal cavities 
(Table 48). These lesions are typical of acute fulminant anthrax in NHPs and similar to those 
reported in the natural history studies summarized above. 

 
Monkeys that were found dead or were euthanized in moribund condition all had one or more 
microscopic lesions consistent with anthrax.  Monkeys that survived until Day 30 had no 
findings attributable to anthrax or ETI-204 administration.  Inflammatory reaction was more in 
animals treated with ETI-204 compared to the control animals that died (Table 48).  Such an 
effect may be due to immune response to B. anthracis infection. 
 
Neuropathological evaluations:  The areas of the brain that were most affected tended to be 
those with the greatest surface area (cerebrum and cerebellum) and therefore with the most 
exposure to the meninges. Microscopic changes, indicative of a response by the host animal 
(inflammation including vasculitis and hemorrhage), were more pronounced in ETI-204 treated 
animals as compared to the vehicle controls. Bacteria were more commonly observed compared 
to the ETI-204-treated animals (4 or 8 mg/kg) among the non-surviving animals.   
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Table 48 (continued): Study AP201-Incidence of gross, microscopic, and severity of lesions in bacteremic monkeys at the time of treatment 
 

 

 

 
NA, not applicable  
* Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, enriched, quantitative).  
1Gross necropsy and histopathology pathology performed at   
2Neuropathology performed at   
3All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (slight); 2 (minimal); 3 (mild); 4 (moderate); 5 (severe)  
4All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable 
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Tissue bacterial assessments:  
Histology: No bacteria were observed in any of the tissues from surviving animals.  However, 
bacteria were observed in a majority of the tissues from non-survivors (Table 49). 
 
Culture:  Of the 19 animals that died on study, 95% (18/19) of the animals had a positive culture 
finding for either the spleen or bronchial/mediastinal lymph node. Seventy-nine percent (15/19) 
of the animals were culture positive for bronchial/mediastinal lymph node while 74% (14/19) of 
the animals had a positive bacteremia results for spleen.   All of the spleen or lymph nodes from 
surviving animals were culture negative (Table 49). 
 
Table 49: Study AP201 - Number of animals histologically and culture positive for B. anthracis in tissues 
 

 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Neuropathology performed at  and  
[4] Animals that were positive in at least one area for either extra- or intra-vascular bacteria 
[5] Histopathology performed at  Not all animal were assessed microscopically; numbers examined are 
shown 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: None 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: None 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: C38277 

 
 
Comments: 
The study showed that ETI-204 at a dose of 4 or 8 mg/kg was effective in improving survival in 
approximately 75% of the animals up to Day 28; 2 (14%) of the animals in the control group 
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Table 50: AP203 - Blood collection and assay schedule 
 

 
 

 
Results:  
Baseline characteristics: All animals were culture negative as well as PA negative by the ECL 
assay and ELISA on Day-6 i.e., prior to challenge.  Age, gender, body weight, and challenge 
dose (mean LD50 289; cfu) were comparable among the animals in the three groups; the 
LD50 dose was ≥ 200 for approximately 94% of the animals and was comparable among the three 
groups (Table 51).  The MMAD for each exposure day ranged from 1.17 - 1.24 µm which is 
consistent with the particle size range that would reach the alveoli.   
 
All animals were PA positive by ECL assay between 24 and 48 hours post-challenge (Table 51).  
However, by ELISA one animal in the control group, one treated with ETI-204 8 mg/kg and 2 
animals treated with ETI-204 32 mg/kg treated group were negative for PA (Table 51).  All 
animals were bacteremic between 24 and 42 hours post-challenge (Table 51).  At the time of 
initiation of therapy, PA and bacteremia levels were higher in animals treated with 8 mg/kg ETI-
204 compared to the other two groups (Table 51).  There was a positive correlation between 
quantitative bacteremia and free PA levels at 36 hours post-challenge, prior to treatment, 24 
hours post-treatment, and 48 hours post-treatment suggesting a linear relationship between 
quantitative bacteremia and PA levels. 
 
The mean time to trigger (about 33 hours) and treatment (37 hours) was similar in all the three 
groups (Table 51).  The microbial burden (bacteremia and PA levels) were higher in the Group 2 
animals compared to the other two groups.  
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Table 51: Study AP203 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival  
Parameters Placebo   

(Group 1) N=16 
ETI-204: 8 mg/kg 
(Group 2) N=16 

ETI-204: 32 mg/kg 
(Group 3) N=16 

Baseline characteristics 
Age (years) Mean ±SD 4.4±0.6 4.3±0.6  4.4±0.6  
Body weight (kg) Mean ±SD 3.88±0.56 3.83±0.64 3.99±0.62 
Total Inhaled Dose: cfu x 107  
Mean ± SD (Range)  
LD50 dose  
Mean ± SD (Range)  

294.6±76.7 
(166-462) 

279.4±59.2 
(160-384) 

291.8±79.7 
(185-430) 

<200 LD50 dose n (%) 1 (6.3) 1 (6.3) 1 (6.3) 
≥200 LD50 dose n (%) 15 (93.8) 15 (93.8) 15 (93.8) 

Trigger (PA by ECL) for treatmenta and microbial  burden prior to treatment 
Positive screening PA/ECL Assay n (%) 16 (100) 16 (100) 16 (100) 
Bacteremia (cfu/mL) 
Enriched (qualitative) bacteremia  
n (%) 

16 (100) 16 (100) 16 (100) 

Quantitative bacteremia n (%) 16 (100) 16 (100) 15 (93.8)* 
Log10 bacteremia (cfu/mL)  
Mean±SD (Range) 

4.77±1.08  
(3.21-6.93) 

5.07±1.30  
(3.26-7.72) 

4.39±1.66 
(2.18-6.61) 

Quantitative (cfu/mL x 104)  
Geometric mean 5.9 11.9‡ 2.5 

PA levels by ELISA (ng/mL) 
Log10±SD 
Geometric mean 

1.89±0.72 
77.6  

2.12±0.87 
133.3 

1.96±0.75 
90.3 

Time (hours) between challenge, trigger, and treatment 
Time to trigger (PA+ve) post challengea    
Mean±SD (Range) 

33.3±4.7 
(27.9-45.1) 

32.5±5.5 
(22.8-45.5) 

33.4±4.2 
(28.5-42.7) 

Time to bacteremia  
Mean±SD (Range) 

29.98±4.9 
(22.7-39.2) 

28.3±5.0 
(22.2-37.3) 

29.9±4.7* 
(22.4-39.2) 

Time to treatmentb  
Mean±SD (Range) 

37.1±4.2 
(32.4-47.4) 

36.2±5.2 
(26.3-47.5)  

37.5 ±4.0 
(32.6-46.5) 

Time from trigger to treatment  3.8±0.6  3.8±0.7 4.1±0.4 
Survivors at the end of study (Day 28) 

Survivors*  2 (12.5) 1 (6.3) 6 (37.5) 
Survivors in bacteremic animals* 2 (12.5) 1 (6.3) 5/15 (33.3) 
‡Animal C40915 treated with 32 mg/kg had no bacteremia count and not included in the calculation of cfu.  If 
this animal was excluded, the values were 4.64x104 [8.97x103, 2.40x105].  However, by enriched culture, the 
animal was bacteremic prior to treatment. 
SD Standard deviation 
PTT Prior to treatment; Quantitative bacteremia LOD Limit of detection=3 cfu/mL; PA ELISA LLOQ Lower 
limit of quantification=9.68 ng/mL. 
a The trigger for treatment was defined as the time from challenge to a positive PA-ECL post-challenge.  
b The time to treatment was defined as the time from challenge to treatment. 
*No statistically significant between the ETI-204 treated animals and the control group by exact method and 
Boschloo’s one-sided test.  

 
 
Detection of Bacteremia and PA: The variability among the results of two bacterial culture 
methods and the detection of PA by ECL and ELISA are shown in Table 52. The samples used 
for these assays were collected at the same time points post-challenge. Of the 48 monkeys in the 
study, all animals were positive by the qualitative enriched culture method and 47 (98%) were 
positive by the quantitative culture method.   All animals were PA positive by the ECL assay and 
44 (91.7%) by ELISA.  Both enriched and quantitative culture methods for measuring 
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bacteremia were equally sensitive.  However, ECL assay was more sensitive than the ELISA for 
detection of PA.  
 

Table 52: Study AP203 - Agreement among detection methods of bacteremia and serum PA any time prior to 
treatment of the animals 

 

 
n = Number of treated animals. Results determined on a per animal basis, not for individual tests.  
Animal with a positive test from any time prior to treatment is considered as positive.  
ND = Not Done  
Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
LOD by enriched culture: sample considered positive if at least 1-5 colonies were present in the primary streak after 
plating 40 μL of overnight culture of 1 mL of whole blood diluted 1:10 and thus LOD can be estimated as 1 cfu/mL of 
whole blood; PA ECL is a qualitative assay, for a sample to be reported as positive, the results had to be greater than 
the positive control (2 ng/mL); LOD 4 ng/mL  
‡LLOQ by quantitative culture 100 cfu/mL; LLOQ by free PA ELISA 9.68 ng/mL 

 
 
Effect of treatment on survival and microbial burden: The results show that ETI-204 at a dose of 
32 mg/kg was more effective in improving survival compared to the lower dose (8 mg/kg) and 
the control group (Figure 34 and Table 51); however, the differences were not statistically 
significant.  All the non-surviving animals died within 7 days of challenge.   
 
Of the 16 animals in the control group, two (C49041 and C49058) survived the period of 
observation.  Both animals were PA positive by the ECL assay and were bacteremic at the time 
of treatment.  PA by ELISA was below the LLOQ for one animal (C49058) at the time of trigger.  
However, animal C49058 was PA positive between15 minutes and 96 hours post-treatment. Both 
animals were PA and culture negative at Day 7 post-treatment and remained negative until the 
end of study.  Brain of one of the surviving animal (C49041) was culture positive. 
 
The PA and bacteremia levels decreased after initiation of treatment (Figures 34 and 35).  PA 
was undetectable in a majority of the animals within 15 minutes of treatment. All animals, except 
one (C48922) treated with 32 mg/kg of ETI-204, remained PA negative until Day  28; Animal 
C48922 became PA negative within 15 minutes of treatment; this was followed by a PA positive 
finding at Day 7 post-treatment and remained positive until Day 16 post-challenge. Of the 25 
animals that died after treatment with ETI-204, PA (107 ng/mL and 13 ng/mL) was detected by 
ELISA in only 2 animals (C44167 and C49020) at 15 minutes post-treatment. 
 
All animals treated with ETI-204 that survived to the end of the study were culture negative by 
Day 4 following treatment (Figure 34 and 35).   
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Figure 34: Study AP203 - Survival and microbial burden at different time points post-challenge 
A: Kaplan-Meier curves representing time-to-death and survival by group 

 
 

 

B: Bacteremia 

 
 

 

C: PA levels 

 
 

+=Survivors to Day 28; ○=Death before Day 28 
Source: Statistics review              
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Figure 35: Study AP203 - Bacteremia and free PA levels over time in survivors and non-survivors.  
A: Bacteremia levels versus time point by survival status 

Group 1 (Control) 

 
 

Group 2 (ETI-204: 8 mg/kg) 

 

Group3 (ETI-204: 32 mg/kg) 

 

Bacteremia at different time points* 

 
 

B: PA levels versus study time by survival status 
Group 1 (Control) 

 
 

Group 2 (ETI-204: 8 mg/kg) 

 

Group 3 (ETI-204: 32 mg/kg) 

 

PA levels at different time points* 

 
 

PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge. Results represent geometric means and 95 percent confidence intervals 
*Note: Confidence intervals were not plotted or study time points with fewer than 3 observations or if all observations were the same. 
Source: BLA submission 
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Effect of microbial burden on survival: Animals with higher bacteremia and PA levels at the time 
of initiation of therapy are less likely to survive after treatment with ETI-204 (Figure 36).    
 

Figure 36: Study AP203 - Relationship between microbial burden at the time of treatment and survival status at Day 28 
A: Time to death versus bacteremia  

 
 

B: Time to death versus PA levels  

 
 

+=Survivors to Day 28; ○=Death before Day 28 
Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)               

 
Hematological parameters: The hematological parameters were measured at Day-6 and Day 16 
post-challenge.  All animals had white blood cell counts within the normal range (6.90-19.00 x 
103/µL) or only slightly above the normal range on Day -6, except for one animal (C50265) in 
the control group.   There was an extended period of time between the baseline collection for 
hematology and CRP data and the first post-challenge time point. These results should be 
interpreted with caution due to infrequent sampling time points to evaluate the effect of anthrax 
infection and treatment on hematological parameters and CRP.   
 
Clinical Observations:  The majority of placebo treated animals exhibited abnormal clinical 
signs consistent with anthrax following challenge (Figure 37); these signs were consistent with 
those reported in the natural history studies summarized above.  In ETI-204 treated animals that 
survived to the end of the study, most of these abnormal observations were not observed (other 
than sporadic stool abnormalities which is common with laboratory housed non-human 
primates).   
 
In all animals that survived to the end of the study, body weights on Day 28 were greater than or 
equal to Day 0 weights. 
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Figure 37: Study AP203 – Clinical observations 
 

 

 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)   

 
 
Necropsy and Histopathology:  Gross lesions in animals found dead or euthanized due to 
moribund condition post-challenge included inflammation (suppurative to necrotizing), 
hemorrhage, edema, fibrin exudation, and necrosis (Table 53).  Brain discoloration or foci were 
slightly more common among treated animals than those in the control group that died on study 
(3/14 for control animals, 12/15 for 8 mg/kg ETI-204 animals, and 5/10 for 32 mg/kg ETI-204 
animals).  These observations are similar to those observed in the natural history studies 
summarized above.   
 
Animals surviving until Study Day 28 lacked significant microscopic lesions; some 
inflammation or lymphoid depletion were reported. 
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Table 53: Study AP203-Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

     
NA, not applicable  
* Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, enriched, quantitative).  
1Gross necropsy and histopathology pathology performed at   
2Neuropathology performed at   
3All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (slight); 2 (minimal); 3 (mild); 4 (moderate); 5 (severe)  
4All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
5Tissues examined microscopically and found unremarkable  
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Table 53 (continued): Study AP203-Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

 
NA, not applicable  
* Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, enriched, quantitative).  
1Gross necropsy and histopathology pathology performed at   
2Neuropathology performed at   
3All microscopic findings were graded at  according to the following scale, with the associated numerical score:  
1 (slight); 2 (minimal); 3 (mild); 4 (moderate); 5 (severe)  
4All microscopic findings were graded at  according to the following scale, with the associated numerical score:  
1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
5Tissues examined microscopically and found unremarkable  
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Of the two control animals that survived, all the tissues (lung, lymph nodes, spleen, kidney, and 
liver) except brain were culture negative from both the animals; brain from one animal 
(C49041)was culture positive but negative for animal C49058 .  One control animal (C49025) 
that died was negative for all the tissues tested (Table 54).  
 
Table 54: Study AP203-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Neuropathology performed at  
[4] Animals that were positive in at least one area for either extra- or intra-vascular bacteria 
[5] Histopathology performed at  with exception of brain. Not all animals were assessed microscopically; 
numbers examined are shown 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: None 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: None 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: None 
 
Neuropathological evaluations: The brains of all 9 surviving animals and 15 (5 per group) non-
surviving animals that were moribund or found dead were processed for microscopic 
examination (Table 55).  Bacteria (intravascular and/or extravascular) were observed in all the 15 
non-survivors. Hemorrhage and extravascular bacteria were noted in control animals, but 
inflammation was limited to the ETI-204 treated animals. None of the animals that survived to 
scheduled termination had any evidence of bacteria in their brain tissue. Microscopic changes 
noted in surviving animals treated with ETI-204 were similar to those noted in a surviving 
control animal, indicating the microscopic changes in the surviving ETI-204 treated animals 
were not related to treatment with ETI-204.   
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Table 55:  Study AP203 - Select microscopic findings in brain tissues of survivors and non-survivors 
 

 
 

 
The applicant states that “In general, in the opinion of the study neuropathologist, animals that 
received ETI-204 were more likely to mount some sort of an inflammatory response (and thus 
have more evidence of inflammation) as compared to the animals that were given saline alone. 
Because the inflammatory reactions were always associated with extravascular bacteria, the 
bacteria (and not ETI-204) were interpreted to be the cause.”  As this study lacked an uninfected 
control group of animals administered ETI-204, the applicant refers to another study in 
uninfected pregnant rabbits where administration of ETI-204 was shown to have no adverse 
morphologic effects in the brain (at least in uninfected animals). All the “morphologic lesions 
encountered in this study were either related to the bacteria (the majority of the findings, 
including hemorrhage and inflammation) or were spontaneous/incidental changes of no biologic 
significance (hemorrhage; occasional mononuclear cell infiltrates).” 
 
 
Comments: 
The study showed that ETI-204 at a dose of 32 mg/kg was more effective in improving survival 
(38%) up to Day 28 compared to the lower dose group of 8 mg/kg (6.3%) or untreated control 
group (13%).  However, such differences were not significant.  All of the non-surviving animals 
died within 7 days of challenge.  
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All animals were bacteremic and/or PA positive at the time of initiation of treatment.  Higher 
bacteremia levels and higher PA levels at the time of initiation of treatment appear to be 
associated with a lower survival rate.   The study suggests that an animal with a higher 
microbial burden prior to treatment is more likely to die after treatment with ETI-204. 
 
Among monkeys that were found dead or euthanized, gross lesions were consistent with acute B. 
anthracis infection; additionally, the tissues from animals found dead or euthanized were 
positive for bacteria.  No gross lesions were found in surviving animals; some of the tissues 
especially lungs from the animals that survived showed evidence of bacteria by culture.  This is 
consistent with the results from previous studies which have shown that spores can be found in 
the lung up to 56 days after challenge in surviving nonhuman primates (Henderson et al., 19561).  
 
All of the non-surviving animals that were examined for neuropathology had intravascular 
and/or extravascular bacteria, suggesting the cause of death in these animals was a bacterial 
infection. Only ETI-204-treated non-surviving animals had evidence of an inflammatory 
response, and always in association with extravascular bacteria. None of the deaths were 
attributed to ETI-204. 
 

6.2.2.4.  Study AP204 
This was a randomized, placebo-controlled GLP study to evaluate the efficacy of ETI-204 
(Baxter) when administrated IV, in 48 cynomolgus monkeys infected with the spores (spore lot 
no. B36) of the Ames strain of B. anthracis by inhalational route.49  The primary objective was 
to evaluate the efficacy of single IV doses of 4 or 16 mg/kg ETI204 (Baxter). The secondary 
object was to perform expanded microscopic evaluations of brain and meninges for non-
surviving and surviving monkeys as well as neurological examinations pre-study and at 28 and 
56 days post challenge. 
 
The study design was same as for Study AP203.  Blood was collected for microbiological 
measurements and other parameters at different time point (Table 56). 
 

                                                 
49  Study Number 1121-G924204: AP204: Evaluating the efficacy of ETI-204 when administered 
therapeutically in the cynomolgus macaque inhalational anthrax model (December 20, 2012). 
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Table 56: Study AP204 - Blood collection and assay schedule 
 

 
 

 
  
Results:  
Baseline characteristics: All animals were culture negative prior to challenge (Day -6).  
Although all animals, prior to challenge, were PA negative by ECL assay, one animal (C42724, 
saline group) was PA positive (10.7 ng/mL) by ELISA.  Age, gender, body weight, and 
challenge dose (mean LD50 212; cfu) were comparable among the animals in all 
groups.  The LD50 dose was ≥ 200 for approximately 58% of the animals and was comparable 
among the three groups (Table 57).  The MMAD was 1.14 µm which is consistent with the 
particle size range that would reach the alveoli.   
 
All animals were treated between 25 and 59 hours post-challenge (Table 57). At the time of 
treatment, two animals in the 16 mg/kg group were PA negative by the ECL assay (Table 57).  
By ELISA the three animals in the control and 4 animals in the ETI-204 16 mg/kg group were 
negative for free PA (Table 57).  A majority (47/48) of the animals were culture positive. The 
quantitative bacteremia and PA-ELISA levels though variable were comparable among animals 
across different groups (Table 57). Bacteremia and PA levels were slightly lower in all the 
animals in this study compared to other studies summarized above.  The mean time to trigger and 
treatment was similar among the animals in all the three groups (Table 57).    
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Table 57: Study AP204 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 
Parameters Placebo   

(Group 1) N=16 
ETI-204: 4 mg/kg 
(Group 2) N=16 

ETI-204: 16 mg/kg  
(Group 3) N=16 

Baseline characteristics 
Age (years) estimated range 3.1±0.2 

(2.6-3.3) 
3.0±0.2  
(2.7-3.3) 

3.1±0.2  
(2.8-3.3) 

Body weight (kg) Mean ±SD 2.8±0.3 2.8±0.2 2.8±0.2 
Total Inhaled Dose: cfu x 107  
Mean ± SD (Range) 
LD50 dose  
Mean ± SD (Range)  

220.1±49.2 
(136-327) 

207.4±34.7 
(155-279) 

209.2±47.0 
(136-325) 

<200 LD50 dose n(%) 6 (37.5) 7 (43.8) 7 (43.8) 
≥200 LD50 dose n(%) 10 (62.5) 9 (56.3) 9 (56.3) 

Trigger for treatment (PA by ECL)a and microbial  burden prior to treatment 
Positive screening PA/ECL assay  
n (%) 

16 (100) 16 (100) 14 (87.5) 

Bacteremia prior to treatment  
Enriched (qualitative) bacteremia  
n (%) 

16 (100) 16 (100) 15 (93.8) 

Quantitative bacteremia        n (%) 16 (100) 16 (100) 15 (93.8)* 
Log10 bacteremia (cfu/mL)  
Mean±SD (Range) 

4.09±1.06  
(2.12-5.68) 

4.17±0.88  
(2.48-5.36) 

3.50±1.34 
(0.30-5.63)* 

Quantitative bacteremia (cfu/mLx104)  
Geometric mean 1.22 1.46‡ 0.31 

Free PA levels (ng/mL) prior to treatment 
 N (%) 
Log10 ± SD 
Geometric mean 

13 (81.3) 
1.58±0.59 

38.1 

16 (100.0) 
1.78±0.41 

60.7 

12 (75.0) 
1.49±0.55 

31.0 
Time (hours) between challenge, trigger, and treatment 

Time trigger (PA+ve) post challengea    
Mean±SD (Range) 

35.7±5.3 
(25.1-46.5) 

37.1±6.2 
(29.7-48.1) 

41.4±9.0 
(27.1-55.9) 

Time to bacteremia  
Mean±SD (Range) 

29.9±3.6 
(21.9-34.8) 

31.7±5.6 
(23.6-42.3) 

33.2±10.0 
(21.6-58.7) 

Time to treatmentb  
Mean±SD (Range) 

39.2±5.0 
(28.5-49.7) 

40.4 ±6.0 
(33.3-51.2) 

44.4±8.7 
(30.2-58.8) 

Time from trigger to treatment  3.5±1.0  3.3±0.9 3.1±1.3 
Survivors at the end of study (Day 28 and Day 56) 

Survivors  1 (6.3) 4 (25.0) 8 (50.0)** 
Survivors in bacteremic animals  1 (6.3) 4 (25.0) 7/15 (46.7)** 
*C43304’s bacteremia level was 1 cfu/mL in the ADSL data set and 50 cfu/mL in the LB data set at the prior 
to treatment visit. 
‡Excluding 3 and 4 animals in the placebo and ETI-204 groups, respectively, with a measurement ≤LLOD 
SD Standard deviation 
PTT Prior to treatment; Quantitative bacteremia LOD Limit of detection=3 cfu/mL; PA ELISA LLOQ Lower 
limit of quantification 9.68 ng/mL. 
a The trigger for treatment was defined as the time from challenge to a positive PA-ECL post-challenge.  
b The time to treatment was defined as the time from challenge to treatment. 
**Statistically significant between the ET-204 32 mg/kg treated group and the control group by exact method 
and Boschloo’s one-sided test; no difference between the ET-204 8 mg/kg treated group and the control group 

 
 
Detection of Bacteremia and PA: The variability among the results of three bacterial culture 
methods and detection of PA by ECL and ELISA is shown in Table 58.  The samples used for 
these three assays were collected at the same time post-challenge. Of the 48 animals, 47 (98%) 
were positive by both enriched and quantitative culture methods and 46 (96%) by all the three 
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culture methods.  Of the 48 monkeys in the study, 46 and 43 were PA positive by ECL assay or 
ELISA, respectively.  All the culture methods for measuring bacteremia as well as detection of 
PA by ECL method were equally sensitive.  
 

Table 58: Study AP204 - Agreement among detection methods of bacteremia and serum PA any time prior to 
treatment of the animals 

 

 
n = Number of treated animals. Results determined on a per animal basis, not for individual tests.  
Animal with a positive test from any time prior to treatment is considered as positive.  
ND = Not Done  
*Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
Approximately 40μL of whole blood was directly plated on solid medium for qualitative culture assessment and LOD 
by qualitative culture can be estimated as 25 cfu/mL; LOD by enriched culture: sample considered positive if at least 
1-5 colonies were present in the primary streak after plating 40 μL of overnight culture of 1 mL of whole blood diluted 
1:10 and thus LOD can be estimated as 1 cfu/mL of whole blood; PA ECL is a qualitative assay, for a sample to be 
reported as positive, the results had to be greater than the positive control (2 ng/mL)  
‡LLOQ by quantitative culture 100 cfu/mL; LLOQ by free PA ELISA 9.68 ng/mL 

 
There was a significant positive correlation between quantitative bacteremia and free PA levels 
at 36 hours post-challenge, prior to treatment, 24 hours post-treatment, and 48 hours post-
treatment. This suggests a linear relationship between bacteremia and the free PA levels at these 
study time points. 
 
Effect of treatment on survival and microbial burden: The results show that ETI-204 at a dose of 
16 mg/kg was effective in improving survival compared to the control group; the lower dose (4 
mg/kg) of ETI-204 was less effective (Figure 38). All of the non-surviving animals died within 8 
days of challenge.  All animals except two (C41563 in the placebo group and C42573 treated 
with 16 mg/kg ETI-204) that were found dead or moribund were bacteremic at the unscheduled 
terminal time point.   
 
One animal (C42861) that survived became PA negative and culture negative by Day 7; lung, 
collected at the time of necropsy, was culture positive whereas other tissues were culture 
negative. Animal C42724 in the control group, that was PA positive by ELISA but culture 
negative, prior to challenge, died on the study. 
 
PA and bacteremia levels decreased after initiation of treatment (Figures 38 and 39).  For all 
animals surviving to the end of the study, quantitative bacteremia levels at 7 days following 
treatment and thereafter (until 56 days post-challenge) were below than the LOD.  PA was 
undetectable in a majority of the animals within 6 hours of treatment. 
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Figure 38: Study AP204 - Survival and microbial burden at different time points 
A: Kaplan-Meier curves representing time-to-death and survival by group 

 
 

B: Bacteremia levels 

 

C: PA levels 

 
+=survivors; o=non-survivors 
Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
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Figure 39: Study AP204 - Observed bacteremia and free PA levels over time in survivors and non-survivors 
A: Bacteremia levels versus time point by survival status 
Group 1 (Control)  

 

Group 2 (ETI-204: 4 mg/kg) 

 

Group3 (ETI-204: 16 mg/kg) 

 

Bacteremia at different time points* 

 
 

B: PA levels by ELISA versus study time by survival status  
Group 1 (Control) 

 
 
 

Group 2 (ETI-204: 4 mg/kg) 

 

Group 3 (ETI-204: 16 mg/kg) 

 

PA levels by ELISA at different time points* 

 
 

PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge  
*Note: Plot of Group geometric means and 95 percent confidence intervals for bacteremia and PA levels versus study time; confidence intervals not included for time points with all animals less than LOD 
Source: BLA submission 
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Effect of microbial burden on survival:   Animals with higher bacteremia and PA levels at the 
time of initiation of therapy are less likely to survive after treatment with ETI-204 (Figures 39 
and 40).    
 
Figure 40: Study AP204 - Survival and microbial burden at different time post-challenge 
B: Time to death versus bacteremia prior to treatment by 
survival status at Day 28 

 
 

C: Time to death versus PA levels prior to treatment by 
survival status at Day 28 

 
 

PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge.   LOD= lower limit of detection 
+=survivors; o=non-survivors 
Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
 
Hematological parameters: The results for most of the hematological parameters measured were 
within the normal ranges at baseline and Day 16 post-challenge.  Slightly elevated white blood 
cell counts and lymphocytes were observed post-challenge which is consistent with a recovery 
from B. anthracis infection.  An increase in CRP levels on Day 16 and terminal samples were 
observed compared to baseline in all the 3 groups including the control group.  However, these 
results should be interpreted with caution due to infrequent sampling times. 
 
Clinical Observations:  The majority of animals exhibited abnormal clinical signs consistent with 
anthrax following challenge; these signs were consistent with those reported in the natural 
history studies summarized above.  In ETI-204 treated animals that survived to the end of the 
study, most of these abnormal observations were not observed (other than sporadic stool 
abnormalities which is considered to be common with laboratory housed NHPs) after Day 7 to 
10 days post-challenge (Figure 41).   
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Figure 41:  Study AP204 – Clinical observations 
 

 

Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
 
There was no difference in the proportion of animals reaching SIBT, prior to treatment, among 
the animals in the 3 groups (Figure 42).  However, these observations should be interpreted with 
caution due to diurnal variability in non-human primates. 
 

Figure 42:  Study AP204 - Proportion of animals reaching SIBT prior to treatment 
Average baseline adjusted temperature by dose group for Day 0 to 28 post-challenge 

 
 

Proportion of animals reaching SIBT prior to treatment 
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In all animals that survived to the end of the study, body weights on Day 28 were greater than or 
equal to Day 0 body weights. 
 
Necropsy and Histopathology:  Gross lesions and microscopic lesions in animals found dead or 
euthanized due to moribund condition were consistent with anthrax and included hemorrhage, 
necrosis or necrosis/atrophy, inflammation, edema/exudates, neutrophil infiltration, and fibrin 
deposition (Table 59). These observations are consistent with those summarized above for 
natural history studies.  The applicant states that no gross lesions were found in animals that 
survived the period of observation. 
 
The majority of ETI-204-treated monkeys dying on study, in either of the dose groups, showed 
marked morphologic/inflammatory changes. Microscopic changes were absent in monkeys that 
survived until their scheduled sacrifice (Day 28 or 56) except for occasional background 
changes, that include mononuclear cell infiltrates in the meninges and/or choroid plexus 
(changes not correlated with treatment).  
 
Intravascular bacteria were observed in control animals; no morphologic/ inflammatory response 
was observed. The one female monkey that survived to scheduled sacrifice had no anthrax-
related changes. The presence of bacteria without other morphologic signs suggests that the 
untreated animals died before they could mount an inflammatory response or were prevented 
from doing so by the bacteria/bacterial toxins. 
 
 
Neurological and neuropathological evaluations: Neurological evaluations were performed in 19 
animals.  A majority of the animals were stated to be normal.  A decreased range of motion in 
thoracic limbs was reported in six animals post-challenge and 2 animals prior to challenge.  One 
animal had a head tilt; however, the neuropathology analysis of the brain for this animal was 
normal (Table 60).  All these observations (decrease range of motion of thoracic limbs or a 
transient head tilt) can occur in captive non-human primates.   
 
Although changes were noted in the meninges and brain, the predominant change was 
consistently in the meninges.  Morphologic changes were relatively consistent and typically 
included: 
• Bacteria, hemorrhage and inflammation in the meninges (bacterial meningitis). 
• Vasculitis (inflammation/destruction of blood vessel walls) in the meninges and brain. 
• Bacteria, hemorrhage and inflammation in the brain (bacterial encephalitis). 
 
The meninges were most commonly and typically the most severely affected area, indicating 
meningitis was the main morphologic finding associated with inhalation anthrax in ETI-204 
treated animals. In the brain, the areas most affected tended to be those with the greatest surface 
area (cerebrum and cerebellum) and therefore with the most exposure to the meninges.  
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Table 59 (continued): Study AP204- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

 
NA, not applicable  
* Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, enriched, quantitative).  
1Gross necropsy and histopathology pathology performed at   
2Neuropathology performed at   
3All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (slight); 2 (minimal); 3 (mild); 4 (moderate); 5 (severe)  
4All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
5Tissues examined microscopically and found unremarkable 
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Table 60:  Study AP204 - Comparison of published morphologic changes in the brain of 
anthrax infected (inhalation) monkeys with those in the current study 

 

  
 

 
Tissue bacterial assessments:  
Histology: No bacteria were reported in any of the tissues examined from the animals that 
survived; however, bacteria were observed in most of the tissues from a majority of the animals 
that died or were found moribund and euthanized (Table 61). 
 
Culture:  Most of the tissues including brain and lungs, from animals treated with either of the 
dose of ETI-204 and either died or were moribund/euthanized on study, were culture positive 
(Table 61).  Of the 13 animals that survived, lung tissue was culture positive in 9 animals 
whereas the remaining tissues were culture negative; of these, one animal was in the control 
group (Table 61).  The lungs from surviving animals were culture positive but no bacteria were 
observed by microscopic examination; this suggests the possibility of the presence of bacteria at 
a level that were not detected by light microscopic evaluation compared to cultures. Therefore, 
cultures are more sensitive than microscopic examination. 
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Table 61: Study AP204-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Neuropathology performed at  
[4] Animals that were positive in at least one area for either extra- or intra-vascular bacteria 
[5] Histopathology performed at  with exception of brain; Not all animals were assessed microscopically; 
numbers examined are shown 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: C43316 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: None 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: C43304 
 
The applicant investigated if the B. anthracis contained in the lungs at the time of sacrifice was 
vegetative bacteria or spores; for this, the lung tissue was heat-shocked (60oC for 60 minutes) to 
kill any vegetative bacteria present and the samples were re-plated and incubated for >48 hours. 
Any growth after heat-shock would suggest the presence of spores in the lung tissue. The 
applicant states that “data suggest that there were B. anthracis spores present in the lung tissue 
for 71.4% (5/7) of the monkeys sacrificed at Day 28, and 33% (2/6) of the monkeys sacrificed at 
Day 56. This indicates that monkeys can survive with sporulated B. anthracis in their lung tissue 
up to 56 days after challenge without showing any signs of infection.”  However, these results 
should be interpreted with caution as data for animals prior to heat shock of the refrigerated 
samples were not available. 

Reference ID: 3861561

(b) (4)

(b) (4)



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509  Page 172 of 340 

 

Comments: 
The study showed that ETI-204 (Baxter) at a dose of 16 mg/kg was more effective in improving 
survival (47%) up to Day 56 compared to the lower dose group of 4 mg/kg (25%) or untreated 
control group (6%).  All of the non-surviving animals died within 7 days of challenge. One 
animal in the control group survived until the end of study. 
 
A majority of the animals were bacteremic and PA positive at the time of initiation of treatment.  
Higher bacteremia levels and higher PA levels at the time of initiation of treatment appear to be 
associated with a lower survival rate.    
 
Among monkeys that were found dead or euthanized, gross lesions were consistent with acute B. 
anthracis infection; additionally, the tissues from animals found dead or euthanized were 
positive for bacteria.  No gross lesions were found in surviving animals; some of the tissues 
especially lungs from the animals that survived were culture positive consistent with B. 
anthracis. The applicant states that this is consistent with the results from previous studies which 
have shown that spores can be found in the lung up to 56 days after challenge in surviving 
nonhuman primates (Henderson et al., 19561). The applicant did examine the presence of spores 
or vegetative bacteria in the lung by heat treatment of the tissue suspensions at 60oC for 60 
minutes; the applicant concluded that the spores were present in the lung of surviving animals at 
Day 28 or Day 56.  However, the results should be interpreted with caution as the data for 
isolates prior to heat shock of the refrigerated samples were not available. 
 
The neuropathological examination of the non-surviving animals had intravascular and/or 
extravascular bacteria, suggesting the cause of death in these animals was a bacterial infection. 
Only ETI-204-treated non-surviving animals had evidence of an inflammatory response that was 
always in association with extravascular bacteria. None of the deaths were attributed to ETI-
204. 
 
ETI-204-treated animals that died or were sacrificed in a moribund condition (compared to 
controls) more commonly developed an appreciable morphologic/inflammatory response. It is 
possible that the affected ETI-204-treated animals' immune system was able to mount a response 
whereas the saline-treated animals lacked this ability.  
 

6.3.  Efficacy of ETI-204 in combination with an antibacterial drug  
The efficacy of different products of ETI-204 (see Appendix-4) in combination with antibacterial 
drugs was measured in experimentally naive NZW rabbits and cynomolgus monkeys.   
 

6.3.1.  New Zealand White rabbits 
The efficacy of ETI-204 in combination with levofloxacin (NIAID Study 1030, NIAID Study 
1045, AR034, AR028, and AR007) or doxycycline (NIAID Study AP-10-055) was evaluated in 
six studies.  

6.3.1.1.  ETI-204 in combination with levofloxacin 
All studies except one (Study AR028) were performed using human equivalent dose (50 mg/kg) 
of levofloxacin; the levofloxacin dose used for Study AR028 was 6.5 mg/kg.   
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6.3.1.1.1.  Study 1030 
This was an open-label, randomized, controlled, factorial design non-GLP study to assess the 
efficacy of  ETI-204 (IV) and levofloxacin (oral) in 54 NZW rabbits 4 days post-challenge with 
the spores (spore lot no. B34) of the Ames strain of B. anthracis weighing 2.2 to 2.7 kg, 
conducted at 50    The primary objective was to demonstrate that post-exposure 
administration of ETI-204 leads to increased survival above that of levofloxacin (50 mg/kg – 
human equivalent dose).  Other objectives were to determine the efficacy of 
• an anti-PA monoclonal antibody when administered following a SIBT. 
• delayed treatment with levofloxacin or anti-PA monoclonal antibody in combination with 

levofloxacin. 
 

Study design: 
The study design was similar to the rabbit studies summarized above in section 6.2 except that 
animals were divided into four groups and treatment with ETI-204 (8 mg/kg) was initiated based 
on SIBT; treatment with levofloxacin (50 mg/kg) for 3 days or a combination of ETI-204 (8 
mg/kg) and levofloxacin (50 mg/kg for 3 days) was initiated at a fixed time point (Day 4) post-
challenge (Table 62).  Microbiologic parameters measured include bacteremia by qualitative 
culture as well as PA by ECL assay and ELISA.  Levofloxacin MICs were determined on 
isolates collected from positive blood cultures at the end of the study.   MICs were determined by 
the broth dilution method using Mueller Hinton Broth (MHB) and cultures incubated for 16-20 
hours.  TNA was performed on residual serum samples collected at Study Day -1 and Day 28 at 
the applicant’s discretion.  
 

Table 62: Study 1030 - Study design and blood collection assay schedule 
 

 
* = TNA analysis was performed based on Applicant’s discretion 
^ = a portion of the blood was used to determine levofloxacin baseline levels 
PTT = A blood sample (EDTA and SST) was collected within 30 minutes prior to treatment. 
EDTA = Ethylene diamine tetra acetic acid.     N/A = not applicable.    PA = protective antigen 
PTT = prior to treatment.    SIBT = significant increase in body temperature 
SID = solution once daily.   SST=serum separator tube 

 

                                                 
50  Study Number 1030-G607604: NIAID 1030 - Determining the therapeutic efficacy of a novel anti-PA 
antibody administered alone or in combination with levofloxacin to New Zealand White rabbits following a Bacillus 
anthracis inhalation challenge (May 2, 2012). 
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Animals in Group 1 were treated with ETI-204 within three hours of obtaining a positive PA-
ECL assay finding.  However, treatment of animals in Groups 2 and 3 was delayed and 
administered at 96 hours.  Of the 54 rabbits randomized to the four study groups 23 died before 
treatment initiation in Groups 2 and 3 (Table 63); this was perhaps due to a delay in treatment 
after PA positive findings. 
 
Table 63: Study 1030: Animal disposition before treatment initiation 
 Group 4 

Control 

 

Group 1‡ 
ETI-204 

(8 mg/kg) 

Group 2‡ 
Levo 

(50 mg/kg)§ 

Group 3‡ 
Levo (50 mg/kg)§ + 
ETI-204 (8 mg/kg)  

Total 

Animals challenged 6 16 16 16 54 
Animals who died before treatment NA‡ 0 11 12 23/48 (52%) 
Animals who survived to be treated* NA‡ 16 5§ 4§ 34/40 (85%) 
*Represent modified intent to treat (mITT) 
‡No vehicle was administered to control group animals. 
§Group 2: levofloxacin (50 mg/kg) treatment initiated by gavage at 96 hours, for 3 days.   
Group 3: levofloxacin administered as for Group 2 animals + ETI-204 (single dose). 
Levo=levofloxacin 
Animal L23016 in Levo group was never bacteremic. 
Animal L23040 in ETI-204 & Levo group become bacteremia post treatment. 
 
Results: 
Baseline characteristics:  Prior to challenge, all animals were PA negative by the ECL assay; 
however one animal (L23009) in Group 4 (control group) was PA positive (1.22 ng/mL) by 
ELISA.  Cultures were not done.  Age, gender, body weight, and challenge dose (mean LD50 
175.6; cfu) were comparable among different groups; the LD50 was ≥ 200 for 
approximately 30% of the animals (Table 64). The MMAD for each exposure day was 1.11 µm 
which is consistent with the particle size range that would reach the alveoli.  
  
Time between challenge and treatment initiation was approximately 31 hours for animals treated 
with ETI-204 and 96 hours for animals treated with levofloxacin or levofloxacin+ETI-204. 
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Table 64: Study 1030 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 

Parameters 
Group 4§ 
Control 

N = 6 

Group 1 
ETI-204 (8 mg/kg) 

N = 16 

Group 2 
Levo (50 mg/kg) 

N = 16 

Group 3 
ETI-204 (8 mg/kg) 
+ Levo (50 mg/kg) 

N = 16 
Baseline characteristics 

Age (months) estimated 
range 4.0±0 4.0±0 4.0±0 4.0±0 

Body weight (kg) 2.5±0.1 2.5±0.1 2.5±0.1 2.5±0.1 
PA-ECL n/N 0/6 0/16 0/16 0/16 
PA-ELISA n/N (ng/mL) 1/6 (1.22) 0/16  0/16 0/16 
Inhaled dose  
Total Inhaled Dose: 
cfux107  
Mean ± SD (Range) 
LD50  Mean ± SD (Range)  183.8±20.1 

(157-209) 
178.9±68.9 

(87-362) 
185.4±42.4 

(83-251) 
159.3±37.6 

(93-227) 
<200 LD50 n (%) 5 (83.3) 11 (68.8) 9 (56.2) 13 (81.2) 
≥200 LD50 n (%) 1 (16.7) 5 (31.2) 7 (43.8) 3 (18.8) 

Microbial findings [(PA (by ECL and ELISA), bacteremia] and SIBT prior to treatment 
PA 
PA/ECL Assay n (%) 6 (100)§ 13 (81.3) 16 (100) 16 (100) 
PA/ELISA n (%) 6 (100)§ 8 (50.0) 16 (100) 15 (93.8) 
Bacteremia  
Qualitative bacteremia 
n (%) 6 (100)§ 12 (75.0) 15 (93.8) 16 (100) 

SIBT  
 n (%) 6 (100)§ 15 (93.8) 16 (100) 16 (100) 

Time (hours) to first PA+, bacteremia, SIBT and treatment post-challenge  
Time to first PA+ve (ECL) 
post-challenge   

Mean±SD (Range) 

40.9±24.1§ 
(22.2-72.6) 

n=6 

33.4±12.9 
(22.9-70.1) 

n=14 

39.3±12.1 
(21.9-50.8) 

n=16 

37.3±14.6 
(22.7-70.1) 

n=16 
Time to first PA+ve 
(ELISA) post-challenge   

Mean±SD (Range) 

50.7±19.7 
(26.7-87) 

n=6 

46.5±42.5 
(24.3-168.6) 

n=11 

56.3±15.9 
(44.7-97.7) 

n=16 

45.3±23.4 
(24.9-97.8) 

n=15 
Time to bacteremia  
Mean±SD (Range) 

43.9±21.7§ 
(23.3-70.3) 

n=6 

29.8±8.4 
(21.6-51.5) 

n=13 

43.8±19.8 
(20.9-73.2) 

n=15 

49.8±36.8 
(24.1-165) 

n=16 
Time to SIBT 
Mean±SD (Range) 

29.8±2.6 
(27.7-34.2) 

n=6 

31.8±6.7 
(25.2-51.2) 

n=15 

32±4.8 
(26.6=46.5) 

n=16 

30.4±4.7 
(21.6-38.9) 

n=16 
Time to treatment post 
challenge; Mean ± SD NA 31.4±7.0a 95±1.4 94.9±2 

Survivors at the end of study (Day 28) 
Survived to be treated 0 (0) 12/16 (75.0)** 2/5 4/4 
Bacteremic animals that 
survived to be treated   0 (0) 8/12 (66.7)** 2/4  3/3 

*Animal L23016 in levofloxacin group was never bacteremic. 
** Animal L23040 in ETI-204 & levofloxacin group become bacteremia post treatment. 
§All animals in the control group were PA+ve by ECL at least one time between 24 and 72 hours post-challenge.  By ELISA, 
all animals were PA+ve at least at one time point post-challenge. All animals were bacteremic by quantitative culture at 48 
hours. However, there is no PTT as no vehicle was administered. 
SD=Standard deviation; PTT=Prior to treatment;  
Qualitative culture LOD =25 cfu/mL; PA ELISA LOD 2 ng/mL and LLOQ=4.9 ng/mL. PA ECL LOD=4 ng/mL; 
however, a positive control of 2 ng/mL was positive. 
a The time to treatment was defined as the time from challenge to treatment. 
**Statistically significance by exact method and Boschloo’s one-sided test between Groups 1 and 4; Differences between 
Groups 2 and 3 not significant (for details see statistics reviews by Drs Xianbin Li and Ling Lan) 
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Detection of Bacteremia and PA:  The variability among the results of qualitative culture and the 
detection of PA by ELISA and ECL assays is shown in Table 65. The samples used for all these 
assays were collected at the same time points post-challenge. Of the 31 rabbits in the four 
Groups, 26 were culture positive; 28 were PA positive by ECL and 22 by ELISA.  About 68 % 
(21/31) were culture positive as well as PA positive by both ELISA and ECL assays. ELISA for 
the detection of PA was the least sensitive in this study. 
 

Table 65: Study 1030 - Agreement among detection methods of bacteremia and serum PA any time prior to treatment 
of the animals 

 

 
n = Number of treated animals. Control group was not treated and all control animals are included  
Results determined on a per animal basis, not for individual tests.  Animal with a positive test from any time prior to 
treatment is considered as positive.  
ND = Not Done.  NA=Not applicable 
*Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
Approximately 40 μL of whole blood was directly plated on solid medium for qualitative culture assessment and LOD 
by qualitative culture can be estimated as 25 cfu/mL; PA ECL is a qualitative assay, for a sample to be reported as 
positive, the results had to be greater than the positive control (1 ng/mL); LOD) was 4.0 ng/mL  
‡LLOQ by free PA ELISA 4.9 ng/mL; the putative limit of detection (LOD) was stated to be 2.0 ng/mL. 

 
 
Effect of ETI-204 treatment on survival:  ETI-204 at a dose of 8 mg/kg was effective in 
improving survival in 75% of the animals until Day 28; 4 animals died by Day 10 (Table 64 and 
Figure 43).  All the animals in the control untreated group died by Day 5.  
 
About 75% of the animals in the ETI-204 treated group were bacteremic at the time of treatment.  
Culture negative findings were reported for three rabbits (L23003, L23035, and L20043) at all 
the time points in the ETI-204 treated group; two of these rabbits (L23003 and L23035) were 
also PA negative by ECL assay at all the time points tested.  One rabbit (L23035) was PA 
negative by ELISA as well. 
 
Effect of ETI-204 + levofloxacin treatment on survival:  There were 5 animals in levofloxacin 
(Group 2) and 4 animals in the ETI-204 + levofloxacin (Group 3) treated groups that survived 
until the time of treatment initiation (96 hours).  Of these, one animal in the levofloxacin group 
and one animal in the ETI-204 + levofloxacin group was culture negative at the time of treatment 
administration.   
 
Two of the animals in the levofloxacin group and all the 4 animals in the ETI-204 + levofloxacin 
survived the period of observation (Table 64 and Figure 43); these observations should be 
interpreted with caution due to a small number of animals in each group.   
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Figure 43: Study 1030 - Kaplan-Meier curves representing time-to-death and survival by group  in treated animals 
All treated animals 

 
 

Bacteremic animals 

 

Figures constructed by Dr Ling Lan, PhD (Statistics reviewer)    
 
 
Effect of treatment on PA and bacteremia at different time points: All the surviving animals 
treated with ETI-204 (Group 1) were PA negative by the ECL assay by Day 7; all animals were 
PA negative by ELISA as well as culture negative by Day 14 (Table 66).  In the levofloxacin 
treated group, the surviving animals were PA negative (by ECL and ELISA) by Day 14 and 
culture negative by Day 7.  The four animals treated with ETI-204 + levofloxacin, were PA 
negative and culture negative by Day 14 (Table 66). 
 
The changes in PA levels over time were similar in the animals treated with ETI-204 + 
levofloxacin or levofloxacin treated groups (Figure 44).  PA levels in animals treated with ETI-
204 were lower than the control group animals or those treated with a combination of ETI-204 + 
levofloxacin or levofloxacin at 96 hours and Day 7.  
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Table 66: Study 1030 – Number of animals PA positive (by ECL and ELISA) and bacteremic at different time 
points post-challenge 

Study Time Group 4 Control Group 1 
ETI-204 (8 mg/kg) 

Group 2 
Levo (50 mg/kg) 

Group 3 
ETI-204 (8 mg/kg) 
+ Levo (50 mg/kg) 

Number of animals PA+ve by ECL 
-24 hours 0/6 0/16 0/16 0/16 
24 hours 4/6 5/16 6/16 9/16 
48 hours 5/6 2/16 16/16 15/16 
72 hours 5/5 2/16 9/10 9/9 
96 hours 2/2 3/15 5/5 4/4 
Day 7 * 0/12 1/3 1/4 
Day 14, 28 * 0/12 0/2 0/4 
PTT * 13/16 NA NA 
Unscheduled terminal * ND ND ND 

Number of animals PA+ve (Range) by ELISA 
-24 hours 0/6 0/16 0/16 0/16 
24 hours 1/6 1/16 (17) 0/16 6/16 (2-86) 
48 hours 5/5 9/16 (2-275) 11/16 (2-434) 13/15 (2-232) 
72 hours 4/5 9/16 (2-1105) 8/10 (3-480) 6/9 (6-7737) 
96 hours 2/2 5/13 (2-1049) 5/5 (8-314) 3/4 (30-629) 
Day 7 * 1/12 (4) 0/3 2/4 (241-261) 
Day 14, 28 * 0/12 0/2 0/4 
PTT * 9/16 NA NA 
Unscheduled terminal 5/5 0/1 11/12 (7-21220) 10/10 (67-19604) 

Number of animals bacteremic 
24 hours 3/6 6/16 6/16 7/16 
48 hours 4/6 9/16 11/16 13/16 
72 hours 5/5 10/16 9/10 7/9 
96 hours 2/2 9/15 4/5 3/4 
Day 7 * 5/12 0/3 1/4 
Day 14, 28 * 0/12 0/2 0/4 
PTT * 12/16 * * 
Unscheduled terminal 6/6 3/4 11/14 12/12 

TNA in animals that survived n/N Mean±SD (Range) 
Day -1 ED50 ! 0/12 0/2  0/4 

Day 28 ED50 ! 
12/12  

1682.6±1275.9 
(155.9-4625.6) 

2/2 
 

(3380.6-4106.2) 

4/4 
1664.5±832.3 
(452.0-2305.9) 

Day -1 NF50 ! 0/12 0/2  0/4 

Day 28 NF50 ! 
12/12  

3.53±2.71 
(0.32-9.92) 

2/2 
(7.2-8.8) 

4/4 
3.5±1.8 
(0.9-4.9) 

*No animals survived;     ND=not done;  NA=not applicable as animals were treated at 96 hours;  !No survivors 
ED50 - effective dilution-50 is defined as the reciprocal of the dilution corresponding to the inflection point (‘c’ 
parameter) of a 4-parameter logistic log fit of the curve.   
NF50 - neutralization factor-50 is a quotient of the ED50 of the test sample and the ED50 of the reference serum. 
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Figure 44: Study 1030 - PA levels at different time points 
 

 
Figure constructed by Dr Ling Lan, PhD (Statistics reviewer)   

 
In vitro susceptibility testing: The in vitro susceptibility of the isolates to levofloxacin collected 
at the time animals died or last positive culture prior to death (0.5 and 4 µg/mL) were similar to 
challenge strain used (spore lot no. B34 MIC 2 and 4 µg/mL) for aerosolization.  The 
levofloxacin MIC for another spore lot (no. B21) was 4.00 μg/mL. 
 
Toxin neutralizing antibodies: Toxin neutralizing antibodies were measured by the TNA assay 
using J774A.1 cells and serum from rabbits surviving until Day 28.  The results were expressed 
as ED50

47 and neutralization factor-50 (NF50)51.  The results showed that neutralizing antibodies 
were present at Day 28; all the animals at Day -1 were antibody negative (Table 66).  Antibody 
response in non-survivors at different time interval during the study was not measured. 
 
Clinical Observations:  Abnormal clinical signs were observed starting approximately 48 hours 
post-challenge; these signs include lethargy, inappetence, respiratory and stool (soft stool; 
diarrhea) abnormalities that were similar to those reported in the natural history studies 
summarized above. After Day 7 post-challenge, clinical signs of illness were not observed, 
except for sporadic documentation of decreased appetite or diarrhea (with the exception of 
Animal L23004). Animal L23004 (Group 2) had continual lethargy, persistent decreased appetite 
and respiratory abnormalities through Day 15 post-exposure; however, this animal was 
documented as normal after Day 15 and survived to the scheduled euthanasia on Day 28 post-
challenge. 
 
Body temperatures returned to normal in all the treated animals in Groups 1 to 3.  The time from 
treatment until resolution appears to be shorter in levofloxacin-treated animals compared to those 
treated with ETI-204 alone; however, such differences should be interpreted with caution due to 
a small number of animals in Groups 2 and 3. 
 
Necropsy and Histopathology:  Gross lesions in rabbits were similar to those reported in the 
natural history and other studies summarized above and include discoloration of the brain or 
                                                 
51 Neutralization factor-50 (NF50) is a relative measure of toxin neutralization and represents a quotient of the ED50 
of the test sample and the ED50 of the reference serum.  
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lung, foci in the appendix or large intestine, enlargement of the mediastinal and/or bronchial 
lymph nodes, fluid in the thymus, and fluid (effusion) in the thoracic cavity or pericardial cavity. 
These lesions correlated histologically with hemorrhage, necrosis, edema, and acute 
inflammation. No rabbits surviving to scheduled euthanasia on Day 28 had gross lesions (Table 
67). 
 
Microscopic findings considered consistent with anthrax infection were present in all rabbits that 
died or became moribund during the study (Table 67). Lesions typical of anthrax included acute 
suppurative inflammation, necrosis, hemorrhage, edema, and the presence of large rod-shaped 
bacteria in the appendix, brain, liver, lung, thymus, bronchial and/or mediastinal lymph nodes, 
kidney and/or spleen. Brain lesions in these rabbits occasionally had minimal areas of necrosis in 
the submeningeal parenchyma, in areas of the most severe inflammation, and rare fibrinoid 
necrosis of associated meningeal vessels. Rabbits that survived until Day 28 often had minimal 
chronic inflammation in the lung. The applicant stated that most of the animals that survived to 
scheduled euthanasia on Day 28 also had variable clusters of hemosiderin or eosinophilic 
granular debris-laden macrophages within the spleen supporting inflammation/infection of these 
animals prior to Day 28. Most lesions of anthrax were qualitatively similar across study groups, 
regardless of treatment. 
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Table 67: Study 1030- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

      
NA, not applicable 
* Mean severity of lesion 
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the 
bacteremia assays (qualitative, enriched, quantitative). 
1Gross necropsy and histopathology pathology performed at  
2All microscopic findings were graded at  according to the following scale, with the associated numerical 
score: 1 (minimal); 2 (mild); 3 (moderate); 4 (marked) 
3Tissues examined microscopically and found unremarkable   
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Table 67 (continued): Study 1030- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

 
 NA, not applicable 
* Mean severity of lesion 
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays (qualitative, enriched, 
quantitative). 
1Gross necropsy and histopathology pathology performed at  
2All microscopic findings were graded at  according to the following scale, with the associated numerical score: 1 (minimal); 2 (mild); 3 (moderate); 4 
(marked) 
3Tissues examined microscopically and found unremarkable 

 
 
Tissue bacterial assessments:  
Histology: No bacteria were observed in any of the surviving animals irrespective of the 
treatment.  However, bacteria were observed in almost all the tissues from all the animals in the 
control group and some of the tissues from animals treated with ETI-204 or levofloxacin that 
died (Table 68).   
 
Cultures: Cultures not done.   
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Table 68: Study 1030 - Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
ND=Not Done 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Histopathology performed at  
[4] Not all animals were assessed microscopically; numbers examined are shown 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: L23003, L23035, L23043 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: L23016, L23040 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: None 
 
 
Comments: 
The study showed that treatment with ETI-204 at a dose of 8 mg/kg administered after a 
significant increase in body temperature was effective in improving survival.  A delayed 
treatment with ETI-204 + levofloxacin improved survival in all the 4 animals that survived until 
Day 4 post-challenge.  Treatment with levofloxacin improved survival in 2 of the 5 animals.   
Overall, the study suggests that treatment with ETI-204 following exposure to B. anthracis is 
effective in improving survival and decreasing bacteremia. Bacteria were observed by 
microscopic examination of many of the tissues from the treated animals, regardless of 
treatment, that died or found moribund.  However, no bacteria were observed in tissues from 
animals that survived the period of observation. 
 
Two of the four bacteremic animals in the levofloxacin group and 3 of the 3 bacteremic animals 
in the ETI-204 + levofloxacin survived the period of observation; the number of animals was too 
small to evaluate added benefit. 
 
TNAs were present in the animals that survived.  It would have been useful to measure TNA in 
non-surviving animals. 
 
Clinical and necropsy findings were similar to those observed in the natural history and ETI-204 
monotherapy studies summarized above. 
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6.3.1.1.2.  Study 1045 
This was an open-label, randomized, controlled, factorial design non-GLP study to assess the 
efficacy of  ETI-204 (IV) and levofloxacin (oral) in 54 NZW rabbits 3 days post-challenge with 
the spores (spore lot no. B34) of the Ames strain of B. anthracis weighing 2.5 to 3.1 kg, 
conducted at 52    The primary objective was to demonstrate that post-exposure 
administration of ETI-204 leads to increased survival above that of levofloxacin (50 mg/kg – 
human equivalent dose).  
 
Other objectives were to determine the efficacy of 
• an anti-PA monoclonal antibody when administered following a SIBT, 
• delayed treatment with levofloxacin or anti-PA monoclonal antibody in combination with 

levofloxacin. 
 

Study design: 
The study design was similar to that of the Study 1030 summarized above except that treatment 
with levofloxacin (Group 1) or ETI-204 + levofloxacin (Group 2) was initiated at 72 hours post-
challenge instead of 96 hours post-challenge (Table 69).   
 

Table 69: Study 1045 - Study design and blood collection assay schedule 
 

 
 

 
Of the 54 rabbits randomized to the four study groups, 17 died before treatment initiation in 
Groups 1, 2 and 3 (Table 70).  
 

                                                 
52  Study Number 1045-G607604: NIAID 1045 - Determining the therapeutic efficacy of a novel anti-toxin 
administered alone or in combination with levofloxacin to New Zealand White rabbits following a Bacillus 
anthracis inhalation challenge (September 27, 2012). 
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Table 70: Study 1045: Animal disposition before treatment initiation 
 Group 4 

Control 

 

Group 3 
ETI-204 

(8 mg/kg) 

Group 1§ 
Levo 

(50 mg/kg) 

Group 2§ 
Levo (50 mg/kg) + 
ETI-204 (8 mg/kg)  

Total 

Animals challenged 6 16 16 16 54 
Animals who died before treatment NA‡ 5 7 5 17/48 (35.4%) 
Animals who survived to be treated* NA‡ 11 9§ 11§ 31/48 (64.6%) 
*Represent modified intent to treat (mITT) 
‡No vehicle was administered to control group animals. 
§ Group 2: levofloxacin (50 mg/kg) treatment initiated by gavage 72 hours, for 3 days.   
Group 3: levofloxacin administered as for Group 2 animals + ETI-204 (single dose). 
Levo=levofloxacin 
 
 
Results: 
 
Baseline characteristics: Prior to challenge, all animals were PA negative by the ECL assay and 
ELISA; however, blood cultures were not done. Age, gender, body weight, and challenge dose 
(mean LD50 196.3) were comparable among the animals in the three groups; the LD50 was ≥ 200 
for approximately 46% of the animals (Table 71). The MMAD for each exposure day was 1.11 
µm which is consistent with the particle size range that would reach the alveoli.  
  
Time between challenge and treatment initiation was between 69 and 76 hours. 
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Table 71: Study 1045 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 

 
Parameters 

Group 4§   
Control 

N = 6 

Group 3 
ETI-204 (8 mg/kg) 

N = 16 

Group 1 
Levo (50 mg/kg) 

N = 16 

Group 2 
ETI-204 (8 mg/kg) 
+ Levo (50 mg/kg) 

N = 16 
Baseline characteristics 

Age (months) estimated 
range 5±0 5±0 5±0 4.8±1 

Body weight (kg) 2.8±0.2 2.7±0.2 2.7±0.1 2.8±0.1 
PA by ECL and ELISA 0/6 0/16 0/16 0/16 
Inhaled dose  
Total Inhaled Dose: cfu x 
107  
Mean ± SD (Range) 
LD50  Mean ± SD (Range)  202.3±30.3 

(164-247) 
178.5±30.4 
(120-229) 

213.9±38.3 
(150-289) 

194.4±57.9 
(108-289) 

<200 LD50 n(%) 4 (66.7) 11 (68.8) 6 (37.5) 8 (50.0) 
≥200 LD50 n(%) 2 (33.3) 5 (31.2) 10 (62.5) 8 (50.0) 

Microbial  findings [(PA (by ECL and ELISA), bacteremia] and SIBT prior to treatment (72 hours) 
PA 
PA/ECL Assay n (%) 6 (100) 14 (87.5) 16 (100) 16 (100) 
PA/ELISA n (%) 6 (100) 13 (81.3) 12 (75.0) 15 (93.8) 
Bacteremia  
Qualitative bacteremia 
n (%) 6 (100) 13 (81.3) 16 (100) 16 (100) 

SIBT  
 n (%) 6 (100) 15 (93.8) 16 (100) 16 (100) 

Time (hours) to first PA+ve, bacteremia, SIBT, and treatment post-challenge  
Time to first PA+ (ECL) 
post-challenge   

Mean±SD (Range) 

36.1±13.2  

(23.1-49.2) 
N=6 

43.6±13.3 
(22.2-70.7) 

N=14 

36.5±11.8 
(21.9-50.5) 

N=16 

40.9±11.1 
(23.4-50.5) 

N=16 
Time to first PA+ve 
(ELISA) post-challenge   

Mean±SD (Range) 

60±19.9 
(47-96.3) 

N=6 

48.9±12.8 
(26.9-72.2) 

N=13 

43.5±10.9 
(24.6-60.2) 

N=12 

51.4±16.8 
(25.7-74.3) 

N=12 
Time to bacteremia  
Mean±SD  
(Range) 

55.4±54.5 
(23.1-164) 

N=6 

48.8±15.9 
(25.7-72.9) 

N=13 

38±16.7 
(21.9-73.6) 

N=16 

40.9±14.4 
(23.4-74.3) 

N=16 
Time to SIBT 
Mean (Range) 

33.6  
(25.7-43.9) 

33.2  
(29.9-36.9) 

31.45 
(27.5-36.4) 

31.3  
(28.7-34.1) 

Time to treatment post 
challenge  
Mean ± SD (Range) 

NA 
73.2±2.1 

(69.8-75.9) 
N=11 

73.2±2.1 
(69.5, 75.3) 

N=9 

72.2±1.8 
(69.8, 74.8) 

N=11 
Survivors at the end of study (Day 28) 

Survived to be treated 0/6 (0) 7/11 (63.6)* 7/9 (77.8%) 9/11 (81.8%) 
Bacteremic animals 
survived to be treated   0/3 (0) 5/9 (55.6%)* 7/9 (77.8%) 9/11 (81.8%) 
§ No vehicle was administered in the control group animals. 
SD=Standard deviation; PTT=Prior to treatment;  
Qualitative culture LOD =25 cfu/mL; quantitative culture LLOQ 250 cfu/mL; PA ELISA LLOQ=2.4 ng/mL. PA ECL 
positive based on positive control 2 ng/mL; LOD 4 ng/mL  
 (1) ETI-204 group: Animals L20651 and L20655 were negative for PA-ECL, animals L20646, L20651 and L20655 were 
negative for PA- ELISA, and animals L20602, L20651 and L20655 were negative for bacteremia. Animals L20602 and 
L20651 both survived through Day 28, but Animal L20655 died prior to the 48 hour post-challenge blood collection and 
exhibited a negative culture at death. 
(2) Levo group: Animals L20614, L20625, L20644 and L20652 were negative of PA-ELISA.  
(3) ETI-204 & Levo group: L20624 was negative for PA-ELISA. 
*Statistically significance by exact method and Boschloo’s one-sided test between Groups 1 and 4; Differences between 
Groups 2 and 3 not significant (for details see statistics reviews by Drs Xianbin Li and Ling Lan) 
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Detection of Bacteremia and PA:  Of the 54 rabbits, 31 were treated with ETI-204, levofloxacin, 
or ETI-204+levofloxacin and 6 were in the control group.  The variability among the results of 
qualitative culture and the detection of PA by ELISA and ECL assays in 37 rabbits at the time of 
treatment is shown in Table 72. The samples used for all these assays were collected at the same 
time points post-challenge. Of the 37 animals, 34 were culture positive, 36 were PA positive by 
the ECL assay and 29 by ELISA (Table 72).  All the culture positive animals were PA positive 
by ECL.  PA detection by ELISA was the least sensitive in this study. 
 

Table 72: Study 1045 - Agreement among detection methods of bacteremia and serum PA any time prior to treatment 
of the animals 

 

 
n = Number of treated animals. Control group was not treated and all control animals are included  
Results determined on a per animal basis, not for individual tests.  Animal with a positive test from any time prior to 
treatment is considered as positive.  
ND = Not Done.  NA=Not applicable 
* *Qualitative methods were used on occasions when only positive/negative result was desired and are not 
quantitative. Approximately 40 μL of whole blood was directly plated on solid medium for qualitative culture 
assessment and LOD by qualitative culture can be estimated as 25 cfu/mL; PA ECL is a qualitative assay, for a sample 
to be reported as positive, the results had to be greater than the positive control (1 ng/mL) 
‡LLOQ by free PA ELISA 4.9 ng/mL. 

 
 
Effect of treatment with ETI-204 on survival:  ETI-204 was effective in improving survival in 
about 64% of the animals until Day 28; 7 animals died by Day 8 (Table 71 and Figure 45).  All 
the animals in the control untreated group died by Day 6.  Two of the animals in the ETI-204 
treated group were culture negative at the time of treatment. 
 
Effect of treatment with levofloxacin + ETI-204 on survival: There were 9 animals in 
levofloxacin and 11 animals in the ETI-204 + levofloxacin treated groups that survived until ~72 
hours i.e., the time of initiation of treatment.  All the animals were culture positive at the time of 
treatment administration.  Seven (78%) of the animals in the levofloxacin group and 9 (82%) 
animals in the ETI-204 + levofloxacin survived the period of observation (Table 71 and Figure 
45). 
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Figure 45: Study 1045 – (A) Kaplan-Meier curves representing time-to-death and survival and (B) PA levels by group  
in treated animals 

 

A:  Kaplan-Meier curves 

 

B: PA levels by ELISA over time 

 
Figures constructed by Dr Ling Lan, PhD (Statistics reviewer)     

 
 
Effect of treatment on PA and bacteremia at different time points: All the surviving animals 
treated with ETI-204 (Group 3) or ETI-204 + levofloxacin (Group 2) were PA negative by the 
ECL assay by Day 4 (Table 73).  In the levofloxacin treated group, the surviving animals were 
PA negative by the ECL assay by Day 7 (Table 73).  
 
The changes in PA levels by ELISA over time were similar in the animals treated with ETI-204, 
ETI-204 + levofloxacin, or levofloxacin alone (Figure 45B).   
 
All animals treated with ETI-204 or levofloxacin were culture negative by Day 7; all animals 
treated with a combination of ETI-204 and levofloxacin were culture negative by Day 4 (Table 
73).   
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Table 73: Study 1045 – Number of animals PA positive findings (by ECL and ELISA) and bacteremic at different 
time points post-challenge 

Study Time Group 4 Control Group 3 
ETI-204 (8 mg/kg) 

Group 1 
Levo (50 mg/kg) 

Group 2 
ETI-204 (8 mg/kg) 
+ Levo (50 mg/kg) 

Number of animals PA+ve by ECL 
-24 hours 0/6 0/16 0/16 0/16 
24 hours 3/6  4/16 8/16 5/16 
48 hours 6/6 13/15 16/16 16/16 
72 hours 4/4 10/11 9/9 11/11 
96 hours 1/1 0/10 6/8 0/10 
Day 7 * 1/7 0/7 0/10 
Day 14, 28 * 1/7 0/7 0/9 
PTT * NA NA NA 
Unscheduled terminal * ND ND ND 

Number of animals PA+ve (Range) by ELISA 
-24 hours 0/6 0/16 0/15 0/16 
24 hours 0/6 2/16 (21-60) 3/16 (8-19) 3/16 (4.4-17) 
48 hours 4/6 (7-384) 11/15 (4-217) 11/15 (4-428) 10/16  (4-407) 
72 hours 3/4 (50-280) 9/9 (10-290) 5/5 (10-1672) 10/10 (8-758) 
96 hours 1/1 (6) 6/9 (34-22767) 2/6 (18-37) 7/8 (7-636) 
Day 7 * 2/7 (9-900) 0/7 2/10 (3-17) 
Day 14 * 1/7 (2.2) 0/7 1/9 (15) 
Day 28 * 0/7 0/7 0/9 
Unscheduled terminal 3/3 5/7 (44-7792) 6/6 (41-8042) 4/4 (3-12273) 

Bacteremia 
Baseline ND ND ND ND 
24 hours 3/6 3/16 9/16 6/16 
48 hours 4/6 10/15 14/16 15/16 
72 hours 3/4 9/11 9/9 11/11 
96 hours 0/1 8/10 2/8 0/10 
Day 7 * 0/7 0/7 0/10 
Day 14, 28 * 0/7 0/7 0/9 
PTT * NA NA NA 
Unscheduled terminal 5/6 7/9 8/9 5/6 
*No animals available at this time point;     ND=not done;  NA=not applicable as animals were treated at 72 hours 
 
In vitro susceptibility testing: The levofloxacin MICs (MICs <0.06 and 1.00 µg/mL) of the 
isolates, collected at the terminal time point i.e., time animal died or last positive culture prior to 
death,  were similar to that of the challenge strain used (spore lot no. B34 0.5 µg/mL) for 
aerosolization.  The levofloxacin MIC for a standard control spore lot (no. B35) was 0.25 μg/mL. 
 
Clinical Observations:  Abnormal clinical signs were observed starting approximately 48 hours 
post-challenge; the signs include lethargy, inappetence, respiratory and stool (soft stool; 
diarrhea) abnormalities were the most common abnormal clinical observations post-challenge. 
After Day 7 post-challenge, clinical signs of illness were not observed, except for sporadic 
documentation of decreased appetite or diarrhea (with the exception of Animal L20635). Animal 
L20635 (Group 3; treated with ETI-204) was observed to have continual lethargy, persistent 
decreased appetite and respiratory abnormalities through Day 15 post-exposure.  Overall, these 
observations are consistent with those reported for the natural history and other studies 
summarized above. The time from treatment until resolution was similar in all the treatment 
groups.  
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Necropsy and Histopathology:  Gross lesions in rabbits dying post-challenge included fluid 
within the thoracic cavity and thymus; discoloration of the meninges, large intestine, liver and 
cecum (appendix); and foci of the cecum (appendix) and large intestine. There were no gross 
findings reported in animals that survived to scheduled euthanasia on Day 28 (Table 74). 
 
Microscopic findings considered consistent with anthrax infection were present in all rabbits that 
died or became moribund during the study (Table 74). These findings included tissue necrosis, 
hemorrhage, edema, inflammation and the presence of large rod-shaped bacteria (consistent with 
B. anthracis) in one or more organs. In the brain, bacteria were often restricted to the meninges 
and often accompanied by meningeal hemorrhage and/or inflammation. In these rabbits, bacteria 
were also found in the vasculature of additional organs in association with hemorrhage, necrosis 
and/or inflammation. It should be noted that meningeal inflammation was only noted in animals 
treated with ETI-204 and the most number of cases were noted in animals treated with ETI-204 
alone. Other pathological findings appear to be consistent across treatment groups. There were 
no anthrax-related microscopic findings in rabbits surviving to scheduled euthanasia on Day 28, 
regardless of treatment assignment. A few additional microscopic findings were observed, but 
these findings did not correlate with typical lesions associated with anthrax and were considered 
incidental to infection and treatment. 
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Table 74: Study 1045- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

  

 

  

 
NA, not applicable     * Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the 
bacteremia assays (qualitative, enriched, quantitative).  
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical 
score: 1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable  
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Table 74 (continued): Study 1045- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

 

 

 

 
NA, not applicable  
* Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the 
bacteremia assays (qualitative, enriched, quantitative).  
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical 
score: 1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable 
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Tissue bacterial assessments:  
Histology: No bacteria were observed in any of the surviving animals irrespective of the 
treatment.  However, bacteria were observed in almost all the tissues from all the animals in the 
control group and some of the tissues from animals treated with ETI-204, levofloxacin or a 
combination of ETI-204+levofloxacin that died (Table 75).   
 
Cultures: Cultures not done.   
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Table 75: Study 1045- Number of animals histologically and culture positive for B. anthracis in tissues 
 

 

 

 
ND=Not Done 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Histopathology performed at  
[4] Not all animals were assessed microscopically; numbers examined are shown 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: L20651 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: L20653, L20602 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: None 
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Comments: 
Treatment with ETI-204, 72 hours post-exposure, was effective in improving survival of 64% of 
the bacteremic animals prior to treatment. Treatment with levofloxacin resulted in 78% survival 
and treatment with a combination of levofloxacin and ETI-204 resulted in 82% survival. All the 
untreated control animals succumbed to disease by Day 6.  A majority of the animals were 
febrile, bacteremic, and/or toxemic prior to treatment.  Bacteria were observed by microscopic 
examination of many of the tissues from the treated animals, regardless of treatment, that died or 
found moribund.  However, no bacteria were observed in tissues from animals that survived the 
period of observation. 
 
Clinical and necropsy findings were similar to those observed in the natural history and ETI-204 
monotherapy studies summarized above. 
 

6.3.1.1.3.  Study AR028 
This was an exploratory open-label, randomized, controlled, parallel group non-GLP study to 
assess additive effects of concurrent administration of ETI-204 (16 mg/kg, IV; Baxter) and 
levofloxacin (6.5 mg/kg for 3 days, oral) under conditions in which levofloxacin is given at 
lower than humanized dose and in a delayed treatment regimen in rabbit model of inhalational 
anthrax; and could provide only partial protection in NZW rabbits after challenge with the spores 
of the Ames strain of B. anthracis.53     
 
The objectives of this study was to determine if ETI-204  
• could improve the rate of survival when co-administered with a levofloxacin dose that 

resulted in approximately 50% survival.  
• had a negative impact on the rate of survival when co-administered with a levofloxacin dose 

that resulted in approximately 50% survival. 
 
Study design: 
Of the 120 animals that were challenged with B. anthracis spores (spore lot no. B39; target 200X 
LD50) by aerosolization, 84 survived until the time of treatment i.e., approximately 72 hours 
post-challenge (Table 76). The study design was similar to other studies conducted at  
summarized above, except for the following: 
• The study was conducted in two phases (60 rabbits in each phase).  
• Treatment was initiated at approximately 72 hours post-challenge. 
• Tissues were not processed for bacterial culture. 
• ECL assay for detecting PA was not performed. 
• Anti-PA IgG antibodies were measured prior to challenge and on Day 25 in surviving 

animals by an ECL assay. 
• In vitro susceptibility testing to levofloxacin was performed. 
• Neuropathological evaluation was performed on selected surviving and non-surviving 

animals.  The goal of evaluation in surviving animals was to examine whether the treatment 
exacerbates brain lesions during infection and leads to lasting tissue pathology in surviving 
animals.  For this, animals with the highest prior to treatment CFUs were selected as the most 

                                                 
53  Study Number 2395-100008193: AR028 - An exploratory study to evaluate the effects of ETI-204 when 
given in combination with levofloxacin on survival in anthrax-challenged NZW rabbits (May 15, 2013). 
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likely candidates for the development of pathology.  The goal of evaluation in non-surviving 
animals was to assess the potential adverse effects of the treatment. For this, animals with the 
longest treatment exposure were selected i.e., animals that had survived for at least 6 hours 
after treatment).  Animals were further selected to achieve comparability between 
levofloxacin only and combination treatment groups with respect to: (1) duration of 
exposure, (2) prior to treatment CFU profile, (3) gender, and (4) percent brain bacteremia. 

 
Interim analysis of survival results from Phase I was conducted following completion of Phase I 
to select the dose for Phase II. A statistically significant difference in the survival rate of animals 
treated with the combination of ETI-204 + levofloxacin compared to levofloxacin would have 
resulted in selection of lower dose of ETI-204 in Phase II, to provide information regarding the 
minimal effective dose of ETI-204 at which an additive effect or interference may be observed.   
The applicant states that as statistical significance was not achieved based on survival results of 
Phase I, ETI-204 was administered at 16 mg/kg in Phase II which is same as that in Phase I. 
Therefore, animals in the groups with the same treatment regimen were combined in a single 
study population. 
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Table 76: Study AR028 – Study design and blood collection schedule for different assays 
Study design 

 
 

Blood collection and assay schedule 

 
 

 
 
Results: 
Baseline characteristics: Age, gender, body weight, and challenge dose (mean LD50 219) were 
comparable among the three groups; the LD50 was ≥ 200 for approximately 58% of the animals 
(Table 77). The MMAD for each exposure day was 1.15 µm which is consistent with the particle 
size range that would reach the alveoli or was consistent with lower respiratory tract deposition. 
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Table 77: Study AR028 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 

 
Parameters 

Group 1  
Control 
N = 12 

Group 2 
Levofloxacin  

N = 38 

Group 3 
ETI-204‡ 

+ Levofloxacin  
N = 34 

Baseline characteristics and inhaled dose 
Age (months) estimated range‡ 7.6±1.1 7.8±1.1 8.2±0.8  
Body weight (kg) 3.2±0.2 3.2±0.1 3.2±0.2 
PA-ELISA 0/12 0/38 0/34 
Quantitative cultures 0/12 0/38 0/34 
Inhaled dose 
cfu x 107  
Mean ± SD (Range) 
LD50  Mean ± SD (Range)  191.8±52.2 

(94.7-270.1)  
215.8±41 

(114.7-316.6) 
232.2±40.1 

(160.2-326.1) 
<200 LD50 n(%) 7 (58.3) 14 (36.8) 5 (14.7) 
≥200 LD50 n(%) 5 (41.7)** 24 (63.2) 29 (85.3) 

Microbial burden prior to treatment (72 hours) 
PA by ELISA 
n (%) 10 (100) 24 (63.2) 23 (67.6) 
Log10 mean±SD (Range)1 1.8±0.7 

(0.7-3.3) 

n = 35 
1.4±0.8 
(0.7-3.4) 

1.6±0.9 
(0.7-3.6) 

Geometric mean 58.3 27.1 37.3 
Quantitative bacteremia 
n (%) 12 (100) 37 (97.4) 34 (100) 
Log10 mean±SD (Range)2 4.3±0.9 

(3.2-6.7) 

n=37 
3.9±1.2 
(1.7-6.9) 

3.8±1.5 
(0.3-7.5) 

Geometric mean (cfu/mL x 104) 58.3 27.1 37.3 
Time (hours) to PA positive, bacteremia and treatment post-challenge 

Time to first PA+ve (ELISA)  
Mean±SD  

n = 10 
60±12.6 
(48-72) 

n = 24 
71±4.9 
 (48-72) 

n = 23 
69.9±6.9 
 (48-72) 

Time to bacteremia  
Mean±SD  
(Range) 

48±20.5 
 (24-72) 

n = 37 
58.4±19.2 
 (24-72) 

70.6±5.7 
 (48-72) 

Time to treatment  
Mean ± SD 

74.8±0.8 
 (73.2-75.7) 

72.5±1.7 
 (69.2-75.4)§  

72.3±1.5 
 (69.8-75.2) 

Survivors at the end of study (Day 25) 
Survived to be treated n/N (%) 

0/12 (0) 
22/38 (58) 

23/34 (68) Bacteremic animals survived to 
be treated n/N (%) 22/37 (59) 
‡Age was not provided for animals in Phase II. 

1 For analyses, PA-ELISA of 24 animals was <LLOQ (9.68 ng/ml) and replaced with 4.84 ng/ml. Animals L43139 
(Levo, Phase I), L43720 & L43744 (Levo, Phase II) had missing values for PA-ELISA PTT and was excluded from 
this analyses. 
2 For analyses, quantitative bacteremia of animal L43132 (ETI-204 & Levo, Phase I) was <LOD (3 cfu/ml) and the 
value was replaced by 2; six animals were “+” (<LOQ = 100 cfu/ml) and replaced by 50. Animal L43701 (Levo, 
Phase II) was negative for bacteremia prior or at the treatment initiation and was not included in the analyses for 
bacteremia. 
§Animal L43757 in Levo (Phase II) received treatment at 52.1 hours post challenge and had bacteremia of <LLOQ 
at 24 hours post-challenge. 
SD=Standard deviation; PTT=Prior to treatment;  
Statistically significance by exact method and Boschloo’s one-sided test between Groups 1 and 4; Differences 
between Groups 2 and 3 not significant (for details see statistics reviews by Drs Xianbin Li and Ling Lan) 
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Detection of Bacteremia and PA:  Of the 84 rabbits, 72 were treated with levofloxacin or ETI-
204+levofloxacin and 12 were in the control group.  The variability among the results of 
quantitative culture and the detection of PA by ELISA and ECL assays in 84 rabbits at the time 
of treatment is shown in Table 78. The samples used for all these assays were collected at the 
same time points post-challenge. Of the 84 animals, 83 were culture positive and 57 PA positive 
by ELISA (Table 78).  All the PA positive animals were culture positive.  PA detection by 
ELISA was less sensitive than measurement of bacteremia in this study.   
 

Table 78: Study AR028 - Agreement among detection methods of bacteremia and serum PA any time prior to 
treatment of the animals 

 

 
n = Number of treated animals. Control group was not treated and all control animals are included  
Results determined on a per animal basis, not for individual tests.  Animal with a positive test from any time prior to 
treatment is considered as positive.  
ND = Not Done.   
*Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
Approximately 40 μL of whole blood was directly plated on solid medium for qualitative culture assessment and LOD 
by qualitative culture can be estimated as 25 cfu/mL; PA ECL is a qualitative assay, for a sample to be reported as 
positive, the results had to be greater than the positive control (1 ng/mL); LOD 4 ng/mL  
‡LLOQ by free PA ELISA 4.9 ng/mL 

 
Bacteremia and PA levels were positively correlated (Figure 46). 
 

Figure 46: Study AR028 - Correlation between bacteremia and PA-ELISA by group for treated 
animals 

 

 

 
 
 
 
 
 
Pearson Correlation between 
Log10 Bacteremia and 
Log10 PA-ELISA by group 
for treated animals 

Figure constructed by Dr Ling Lan, PhD (Statistics reviewer)   
 
 
Effect of treatment on survival: ETI-204 in combination with levofloxacin was effective in 
improving survival; the survival rate was similar in animals treated with levofloxacin or 
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levofloxacin + ETI-204.  None of the control group animals survived the period of observation 
(Figure 47 and Table 77).  
 
Figure 47: Study AR028 - Kaplan-Meier curves for treated animals 

All treated animals 

 
 

Bacteremic animals 

 

Figures constructed by Dr Ling Lan, PhD (Statistics reviewer)   
 
 
Effect of treatment on microbial burden: 
Bacteremia:  All animals were culture negative by Day 7 post-treatment (Table 79). The changes 
in bacteremia over time were similar in the ETI-204+levofloxacin or levofloxacin treated 
animals (Table 79 and Figures 48 and 49).  All the control animals remained culture positive 
until they were found moribund, died, or were necropsied at the end of study. 
 
PA levels: By 24 hours post-treatment, all the animals treated with ETI-204 + levofloxacin were 
PA negative whereas all the control animals and about 50% of the animals treated with 
levofloxacin were PA positive  (Table 79). All the treated animals were PA negative by 72 hours 
post-treatment (Figures 48 and 49).   
 
All the control animals remained PA positive until they were found moribund or died. 
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Table 79:  Study AR028 - Number of animals bacteremic and PA positive by ELISA over time 

Study Time Group 1 Control Group 2 
Levofloxacin 

Group 3 
ETI-204+Levofloxacin  

Number of bacteremic animals 
Day 0 0/12 0/38 0/34 
24 hours PC 8/12 16/38 17/34 
48 hours PC 12/12 26/38 26/34 
72 hours PC 12/12 37/38 33/34 
24 hours PT 6/6 20/30 17/27 
49 hours PT NA 14/24 15/25 
72 hours PT NA 10/23 13/23 
96 hours PT NA 11/22 13/23 
7 days PT NA 0/22 0/23 
14, 25 days PT NA 0/22 1/23 
Terminal 7/7 11/15 6/10 

Number of PA+ve animals 
Day 0 0/12 0/38 0/34 
24 hours PC 1/12 0/38 0/34 
48 hours PC 6/12 8/38 14/34 
72 hours PC 10/12 24/35 23/34 
24 hours PT 5/5 14/30 0/27 
49 hours PT NA 4/24 1/25 
72 hours PT NA 0/23 0/23 
96 hours PT NA 0/23 0/23 
7 days PT NA 0/22 0/23 
14, 25 days PT NA 0/22 2/23 
Terminal 5/5 6/11 2/9 
 
 
Effect of microbial burden on survival: Increased quantitative bacteremia levels and PA-ELISA 
levels at the time of or prior to treatment appear to be associated with decreased probabilities of 
survival (Figure 48).
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Figure 48: Study AR028 – Bacteremia and PA levels over time in different group of animals 

Group 1: Control 
 

Group 2: Levofloxacin 
 

Group 3: Levofloxacin+ETI-204 
 

Geometric mean and 95% confidence 
interval by group over time* 

Bacteremia 
 

 
 

 

 
 

 

 
 

 

 

PA 
 

 
 
 

 

 

 

 

 

 
 

*Note: Confidence intervals were not plotted for study time points with fewer than 3 observations or if all observations were the same. 
Source: BLA submission 

Reference ID: 3861561



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509  Page 203 of 340 

 

Figure 49:  Study AR028 – Bacteremia and PA levels over time 
Bacteremia 

 
 

PA levels - ELISA 

 
 

Results represent geometric mean and 95% confidence interval 
Figures constructed by Dr Ling Lan, PhD (Statistics reviewer)   
 
 
In vitro susceptibility testing: The in vitro susceptibility of the isolates to levofloxacin collected 
at the time animals died or last positive culture prior to death (MICs between 0.25 and 2.0; MIC 
for one isolate collected from one animal treated with levofloxacin was 2 µg/mL) were similar to 
challenge strain used (MICs between 0.25 and 0.5 µg/mL) for aerosolization.   
 
Anti-PA IgG antibodies:  Anti-PA IgG antibodies were measured prior to challenge and on Day 
25 in 45 surviving animals by an ECL assay which targets ETI-204 and any endogenous anti-PA 
antibody formed. PA was used as a capture reagent and protein A/G as a detection reagent and, 
therefore, both ETI-204 and endogenous anti-PA IgG antibodies are detected by this assay.  
There were 4 animals which were antibody positive prior to challenge.  As none of the animals 
were stated to have ETI-204 at Day 25, the results reflect endogenous anti-PA antibody.  The 
results suggest presence of anti-PA antibodies in all surviving animals (Table 80).  Antibody 
levels in non-surviving animals were not measured.   
 
Table 80: Study AR028 - Anti-PA IgG* in surviving animals at baseline and Day 25 in surviving animals 

Study Time Group 1 Control Group 2 
Levofloxacin 

Group 3 
ETI-204+Levofloxacin  

Proportion of animal anti-PA IgG positive 
Day -7 ND 3/22 (13.6%)† 1/23 (4.3%)† 
Day 25 NA 22/22 (100%) 23/23 (100%) 

Anti-PA IgG concentration (ng/mL)* Mean±SD  (Range) 
Day -7 ND 282±210 (77-497) 754 
Day 25 NA 19080±12.9  

(19067-19093) 
19041±17.4 

(19023-19058) 
*Anti-PA IgG by ECL assay - LOD <50 ng/mL at MesoScale discovery at ; testing performed on 
animals that were treated 
†The following animals that were anti-PA IgG positive  prior to treatment survived 
• 3 animals (L43147, L43157, L43721) treated with levofloxacin, and  
• 1 animal (L43160) treated with a combination of ETI-204 + levofloxacin 

 
Although the applicant stated that “Among animals that survived to receive treatment, positive 
results were obtained in 4/84 animals” at Day -7, however, such information was not available in 
the datasets. It appears that anti-PA antibodies were not measured in the non-surviving animals. 
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Clinical observations:  Documentation of reduced food consumption, lethargy, respiratory 
abnormalities, and reduced amount of stool were most commonly noted. Generally, surviving 
animals, treated with levofloxacin alone or the combination of levofloxacin and ETI-204, 
returned to normal between 7 and 10 days post-challenge with the exception of food 
consumption and scabbing around the port. Animals that succumbed to disease demonstrated a 
characteristic progression of signs that followed from unremarkable to observations of lethargy, 
respiratory abnormalities to moribundity and death.  These observations are consistent with those 
observed in other studies summarized above. 
 
Necropsy and Histopathology: Gross lesions examined from animals dying post-challenge 
included discoloration or foci in the brain and large intestines, enlargement of the mediastinal 
lymph nodes, and fluid (effusion) in the thymus, and thoracic cavity. These observations are 
consistent with those observed in other studies summarized above. There were no gross lesions 
present in any of the animals surviving to study termination on Study Day 25 (Table 81). 
 
No significant microscopic lesions were present in animals that survived treatment; however, 
microscopic findings consistent with anthrax were present in all animals selected for examination 
that became moribund prior to the scheduled Study Day 25 necropsies. Lesions typical of 
anthrax in this study included acute inflammation, necrosis, hemorrhage, fibrin exudation, and 
lymphoid depletion/necrosis (Table 81). 
 
Neuropathological examination was performed on brains from a subset of surviving and non-
surviving animals. Microscopic changes suggesting hemorrhagic meningoencephalitis, a known 
complication of systemic anthrax were present in all groups including the control group.  The 
incidence and average severity of microscopic changes indicative of hemorrhagic 
meningoencephalitis (extravascular bacteria, hemorrhage, congestion, inflammation, vasculitis) 
were comparable in the groups that received levofloxacin or levofloxacin + ETI-204. None of the 
study survivors had evidence of intravascular or extravascular bacteria or signs or reaction to the 
bacteria; exception was one animal, treated with a combination of ETI-204 and levofloxacin, 
with mild hemorrhage in/near meninges – this was interpreted to be unrelated to ETI-204. In the 
animals that were found dead or were euthanized, none of the morphologic changes were 
interpreted to be due to the presence of ETI-204 (or levofloxacin), and all of the changes were 
consistent with anthrax infection.   
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Table 82:  Study AR028-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 

 
ND=Not Done 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Neuropathology performed at  
[4] Animals that was positive in at least one area for either extra or intra-vascular bacteria 
[5] Histopathology performed at  with exception of brain; Not all animals were assessed microscopically; 
numbers examined are shown 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: L43701 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: None 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: L43144, L43145, 
L43107, L43146, L43147, L43155, L43166, L43717, L43720, L43721, L43722, L43753, 
L43139, L43705, L43744, L43103, L43132, L43151, L43160, L43707, L43708, L43752, L43755, L43760, L43117, 
L43142 
 
 
Comments: 
The study showed that levofloxacin or a combination of ETI-204 and levofloxacin, administered 
at approximately 72 hours post-challenge, were effective in improving survival in 58% and 69% 
of the rabbits, respectively; however, the survival was not significantly different between the two 
groups. A majority (99%) of the animals were bacteremic at the time of treatment whereas 57 of 
84 animals were PA positive.  All the PA positive animals were culture positive.  PA detection by 
ELISA was less sensitive than measurement of bacteremia in this study.  However, there was a 
positive correlation between bacterial load and PA levels. 
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By 24 hours post-treatment, all the animals treated with ETI-204+ levofloxacin were PA 
negative whereas all the control animals and a majority of the animals treated with levofloxacin 
were PA positive; all the treated animals were PA negative by 72 hours post-treatment. All the 
animals treated with a combination of ETI-204+levofloxacin or levofloxacin were culture 
negative by Day 7 post-treatment.  The changes in bacteremia over time were similar in the ETI-
204+levofloxacin or levofloxacin treated animals.  All the control animals remained culture and 
PA positive until they were found moribund or died. Increased quantitative bacteremia levels 
and increased PA levels prior to or at the time of treatment, were both associated with decreased 
probabilities of survival. 
 
Anti-PA IgG antibodies were measured prior to challenge and on Day 25 by an ECL assay 
which detects ETI-204 and any endogenous anti-PA antibodies formed as the method uses PA as 
a capture reagent and protein A/G as a detection reagent.  As none of the animals were stated to 
have ETI-204 at Day 25, the results reflect endogenous anti-PA antibody.  The results suggest 
presence of anti-PA antibodies in all surviving animals.  Antibody levels in non-surviving 
animals were not measured. 
 
Bacteria were observed by histological examination in the brain, liver, lymph nodes, lung, and 
spleen of the majority of the animals in the control group and in some of the non-surviving 
animals treated with levofloxacin or levofloxacin + ETI-204; however, no bacteria were 
observed in the tissues from all the surviving treated animals. Some of the tissues from the 
animals that died were processed for culture. Almost all the tissues (brain, liver, lymph nodes 
and spleen) from control animals as well as the treated animals that died were culture positive. 
 
Clinical and necropsy findings were similar to those observed in the natural history and ETI-204 
monotherapy studies summarized above.  Neuropathological examination was performed in 
select survivors and non-survivors.  The neuropathologist concluded those animals treated with 
levofloxacin with or without ETI-204 and succumbed to the anthrax infection were more likely to 
mount an inflammatory response as compared to the untreated animals. However, survivors did 
not have microscopic changes with the exception of one combination treated animal with mild 
hemorrhage in/near meninges interpreted to be unrelated to ETI-204. Overall, it was concluded 
that study survivors did not have any CNS lesions (morphologic changes) due to ETI-204. 
 

6.3.1.1.4.  Study AR034 
This was an open-label, randomized, controlled, factorial design non-GLP study to assess the 
efficacy of 16 mg/kg ETI-204 (IV; Lonza product) and  levofloxacin (50 mg for 3 days, oral) in 
NZW rabbits after primary and secondary challenge with the spores of the Ames strain of B. 
anthracis.54     
 
The primary objective was to demonstrate that ETI-204 administered IV alone or in 
combination with antibiotics following primary challenge with spores of B. anthracis results in 
development of protective immunity as measured by increased survival in the absence of 
treatment following secondary challenge.  

                                                 
54  Study Number 2637-100012211: AR034 - Re-challenge of rabbits treated previously for inhalational 
anthrax with intravenous ETI-204 to assess protective immunity (March 18, 2014). 
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The secondary objectives were to determine whether rabbits treated with ETI-204 or ETI-204 in 
combination with levofloxacin following primary challenge 
• were more likely to survive a secondary challenge with spores of B. anthracis as compared to 

rabbits treated with antibiotics alone,  
• demonstrated longer time to death following secondary challenge with spores of B. anthracis 

as compared to rabbits treated with antibiotics alone, and  
• have significantly higher levels of circulating anti-PA IgG antibodies at the time of 

secondary challenge as compared to rabbits treated with antibiotics alone. 
 
Study design: 
There were two phases for this study.   
Phase I: Animals weighing 2.8 to 4.2 kg were randomized to four groups (Table 83).  The 
animals were treated with ETI-204, levofloxacin or a combination of ETI-204+levofloxacin at 30 
hours post-challenge.  The aerosolized procedure, the targeted 200X LD50 (spore lot no. B39), 
maintenance and follow-up of the animals such as measurement of survival, time to death, 
microbial burden (bacteremia by qualitative and quantitative cultures and PA by ELISA), anti-
PA IgG antibodies by ELISA, and TNA were similar to those summarized above for rabbit 
studies conducted at   Animals were followed for up to 6 months post-challenge in 
phase I (Table 83).  
 
Phase II: The surviving treated rabbits from Groups 1, 2, and 3 (average body weight 3.9 kg) 
from Phase I were included in Phase II of the study; in addition, 12 experimentally naïve rabbits 
that age matched the survivors of Phase I study were included. 
 
The time of secondary challenge (C2) was determined by the Study Director in consultation with 
the Applicant after observing the profiles of circulating endogenous anti-PA IgG antibodies 
analyzed throughout the first month of primary challenge (C1; phase I) and monthly thereafter 
though 6 months post-primary challenge (PC1). It was decided that a secondary challenge 9 
months after primary challenge would be suitable to assess the objectives of this study.   
 
The targeted LD50 and other study procedures were same as that for the Phase I study except that 
no treatment was administered in phase 2 and animals were followed up to Day 21 post-second 
challenge (PC2).  The follow-up measurements were same as for phase I (Table 84). 
 
The phase I part of the study was not blinded whereas the phase II was blinded.    
 
At the time of gross necropsy of animals, a small tissue section of brain, spleen, liver, and 
bronchial lymph nodes were collected and processed for bacterial cultures. 
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Table 83: Study AR034 - Study design  
 

 
Note: Group 3 animals were administered ETI-204 and within 10 minutes levofloxacin was administered 
C1= Primary challenge;  C2= Secondary challenge;  d=Day 
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Table 84: Study AR034 - Blood collection assay schedule 
 

 
Phase II 

 
 

 
Results: 
 
Baseline characteristics: Age, gender, body weight, and challenge dose (Phase I: mean LD50 was 
218.5; Phase II: mean LD50 was 301.  These LD50s were comparable among the animals in the 
four groups; the LD50 was ≥ 200 for approximately 65% of the animals in Phase I and 100% 
animals in Phase II (Table 85). The MMAD for each exposure day was between 1.11 – 1.22 µm 
which is consistent with the particle size range that would reach the alveoli.   
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Phase I:  All animals were culture negative on Day -2 i.e., prior to primary challenge.  All 
animals except one (L40854 in Group 3 – PA concentration 29.3 ng/mL) were PA negative prior 
to challenge (Table 85).  This could be due to past exposure, or may be a false positive finding 
due to cross-reactivity with other organisms (for details see microbiology review by Dr 
Berkeley). 
 
All animals except one animal (L40845 in Group 3 – anti-PA IgG 57.4 ng/mL) were anti-PA IgG 
antibody negative; this could be due to past exposure, or may be a false positive finding due to 
cross-reactivity with other organisms.  All the treated animals (Groups 1, 2, and 3) were TNA 
negative prior to challenge (Table 85).  
  
Time between challenge and treatment initiation was between 26 and 30 hours.   
 
Phase II: Prior to secondary challenge (Day -7), the mean body weights for animals in all four 
groups were similar (Table 85).  All animals were culture negative prior to second challenge.  
Except for one animal (L40836 – PA positive in Group 1), all animals were PA negative.  The 
anti-PA IgG antibodies by ELISA were reported in all animals except 2 (L40845 and L40866) in 
Group 3.  A majority of the treated animals in Groups 1, 2 and 3 were TNA positive; 3 animals 
[one in Group 2 (L40821) and 2 in Group 3 (L40845 and L40866)] were TNA negative. 
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Table 85: Study AR034  - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival  

Parameters 

Phase I Phase II 

Group 4  
Control 

N = 8 

Group 1 
ETI-204‡  

N = 20 

Group 2 
Levofloxacin§  

N = 20 

Group 3 
ETI-204‡ 

+ Levofloxacin§  
N = 20 

Group 4 
Experimentally 

naïve control 
N = 12 

Group 1 
ETI-204‡  

N = 13 

Group 2 
Levofloxacin§  

N = 20 

Group 3 
ETI-204‡  

+ Levofloxacin§  
N = 19 

Baseline characteristics prior (Day -2) to first challenge Baseline characteristics prior (Day -7) to second challenge  
Age (months) estimated 8.0±0 8.0±0 8.0±0 8.0±0 11.3±0.98 NA NA NA 
Body weight (kg) 
Mean±SD 3.2±0.3 3.3±0.3 3.3±0.3 3.3±0.3 3.93±0.12 3.85±0.43 3.91±0.41 3.93±0.39 

PA ELISA n (%) <LLOQ <LLOQ <LLOQ 1 (5) <LLOQ 1 (5) <LLOQ <LLOQ 
Bacteremia (Qualitative) <LLOQ <LLOQ <LLOQ <LLOQ <LLOQ <LLOQ <LLOQ <LLOQ 
Anti-PA IgG -ELISA  
n (%) <LLOQ <LLOQ <LLOQ 1 (5) <LLOQ  13 (100) 19 (95.0) 17 (89.5)  

TNA ED50 ND <LLOQ <LLLQ <LLLQ ND 13 (100) 19 (95.0) 17 (89.5) 
TNA NF50 ND <LLOQ <LLOQ <LLOQ ND 13 (100) 19 (95.0) 17 (89.5) 

Inhaled dose 
Total Inhaled Dose: 
cfu x 107 
Mean ± SD (Range) 
LD50  Mean ± SD 
(Range) 

221.9±47 
(150-279) 

238.1±58.6 
(136-367) 

209.2±41 
(128-320) 

207.1±37.4 
(149-297) 

316.3±69.2 
(238-421) 

314.5±87.3 
(220-520) 

286.9±59.6 
(196-413) 

298.1±64.7 
(204-404) 

<200 LD50 n (%) 3 (37.5) 4 (20.0) 8 (40.0) 9 (45.0) 0 0 0 0 
≥200 LD50 n (%) 5 (62.5) 16 (80.0) 12 (60.0) 11 (55.0) 12 (100) 13 (100) 20 (100) 19 (100) 

Time (hours) to treatment and bacteremia post challenge 
Time to treatment  
Mean ± SD (Range) 

27.4±1.3 
(25.8-29.4) 

28±1.4 
(26-30.3) 

27.9±1.5 
(25.7-30.2) 

27.5±1.2 
(25.5-29.5) NA1 NA1 NA1 NA1 

Time to bacteremia  
Mean±SD (Range) 62.8±46.8 

(26-139) 
28.1±1.3 
(26-30) 

27.8±1.5 
(26-30) 

27.4±1.1 
(26-30) 

44.2±31.7 
(22.9-118.2) 

71.2  
(n=1) 

95.7±35.5 
 (71-121)  

(n=2) 

83.9±43.9 
(26-119) 

(n-4) 
Survivors at the end of Phase I  Survivors at the end of Phase II 

Survival 0/8 (0) 13/20 (65.0)* 20/20 (100) 19/20 (95.0) 0/12 13/13 (100) 19/20 (95.0) 17/19 (89.5) 
Survival in animals 
bacteremic PTT 0/4 10/17 (59.0)* 18/18 (100) 16/17 (94.1) NA1 NA1 NA1 NA1 

SD=Standard deviation; PTT=Prior to treatment;     ‡ETI-204 single dose (16 mg/kg); §Levofloxacin dose and duration  (50 mg/kg for 3 days) 
1Not applicable as no treatment was administered in phase II. 
Qualitative culture LOD =25 cfu/mL; quantitative culture LLOQ 100 cfu/mL; PA ELISA LLOQ=9.68 ng/mL. PA ECL positive control 2 ng/mL LOD=4 ng/mL  
*Statistically significance by exact method and Boschloo’s one-sided test between Groups 1 and 4; Differences between Groups 2 and 3 not significant (for details see statistics 
reviews by Drs Xianbin Li and Ling Lan) 
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Microbial burden and antibody response of the animals at the time of or prior to treatment: 
Phase I: At the time of treatment, the PA levels were below the LLOQ for a majority of the 
animals (56/68, 82%) in all four groups; the bacteremia levels were similar among the animals in 
Groups 1-3, and lower in the control Group 4 animals (Table 86).   

  
Phase II: No treatment was administered immediately prior to or after second challenge.  A 
majority of the animals were culture negative and PA negative prior to second challenge (Table 
85). However, a majority of the animals were anti-PA IgG and TNA positive 7 days prior to 
challenge (Table 85).   
 
 
Effect of treatment on survival:   
Phase I: ETI-204 was effective in improving survival in 65% of the animals; 7 animals died by 
Day 5.  Levofloxacin or levofloxacin + ETI-204 were more effective in improving survival 
(Table 85 and Figure 50A).  All the animals in the control untreated group died by Day 6.  
 
Phase II: All the experimentally naïve control animals died by Day 7.  A majority of the animals 
treated with ETI-204, levofloxacin, or a combination of ETI-204 and levofloxacin survived until 
Day 21 post second challenge (Figure 50B and Table 85).    
 
 

Table 86: Study AR034 (Phase 1) – Number of animals PA positive and bacteremic prior to treatment   

Parameters 
 

Group 4  
Control 

N = 8 

Group 1 
ETI-204 (16 mg/kg) 

N = 20 

Group 2 
Levo (50 mg/kg) 

N = 20 

Group 3 
ETI-204 (16 mg/kg) 
+ Levo (50 mg/kg) 

N = 20 
PA - ELISA 
 n (%) 0 (0) 4/19 (21.1) 1 (5) 4/19 (21.1) 
Log10 (ng/mL) mean±SD 
(Range) <LOD 0.83±0.31 

(<LOD-4.1) 
 

(<LOD-52.1) 
 

(<LOD-28.5) 
Quantitative Bacteremia  
n (%) 4 (50) 17 (85) 18 (90) 17 (85) 
cfu/mL 
Log10 Mean±SD 

1.4±1.3 
(0.3-3.7) 

2.8±1.5 
(0.3-5.2) 

2.5±1.2 
(0.3-4.1) 

2.8±1.6 
(0.3-5.3) 

Geometric mean  
(cfu/mL) 

24.4 
 

594.7 
 

338.0 
 

588.0 
 

Time (hours) to treatment post-challenge 

Mean ± SD 27.4±1.3 
(25.8-29.4) 

28±1.4 
(26-30.3) 

27.9±1.5 
(25.7-30.2) 

27.5±1.2 
(25.5-29.5) 

SD=Standard deviation; PTT=Prior to treatment;  
Qualitative culture LOD =25 cfu/mL; quantitative culture LLOQ 100 cfu/mL; PA ELISA LLOQ=9.68 ng/mL.  
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Figure 50: Study AR034 - Kaplan-Meier curves representing time-to-death and survival by group in phase I and 
phase II 

A: Phase I survival for animals in each group 

 

B: Phase II survival for animals in each group 

 
 

Source:  BLA submission 

 
 
Effect of treatment on bacteremia and PA levels at different time points:   
Phase I:   
Bacteremia: Complete resolution of bacteremia occurred by Day 7 after the first challenge 
(Table 87 and Figure 51). All terminal specimens (blood collected prior to euthanasia or after an 
animal was found dead) were culture positive, except for animal L40832 (Group 1, ETI-204 
treatment). This animal was bacteremic prior to treatment, but had a negative terminal blood 
culture on Day 5 PC1. However, the brain tissue from this animal was positive for B. anthracis. 
 
PA:  A majority of the animals were PA negative by Day 7 post challenge (Table 87 and Figure 
51).  All terminal specimens (blood collected prior to euthanasia or after an animal was found 
dead) from control animals that were assessed (n=4) had a quantifiable level of free PA. 
However, all terminal specimens assessed from animals treated with ETI-204 alone were below 
the LLOQ (n=6).  
 
One animal (#L40854), treated with ETI-204 + levofloxacin had a positive baseline PA-ELISA 
result at Phase I baseline i.e., prior to primary challenge; the animal survived to the end of study 
in Phase II. 
 
Phase II: 
Bacteremia: All animals in Groups 1 through 3 that were exposed to second challenge had no 
detectable bacteremia at nearly all time points; bacteremia in survivors was transient and present 
in low numbers (Table 87 and Figure 51).  However, the three animals that succumbed to disease 
after the second challenge were bacteremic. In addition, all naïve control animals that were 
challenged during Phase II were bacteremic; the bacteremia levels at 24, 72, and 120 hours post-
secondary challenge were greater than the animals in either of the treatment groups. 
 
PA:  All animals, except one, in Groups 1, 2 and 3 were PA negative (Table 87 and Figure 51); 
one animal in Group 1 (ETI-204 treatment; animal # L40836) that was PA positive prior to 
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second challenge remained PA positive at scheduled sacrifice on Day 21 after re-challenge. It 
appears that the detection of PA in the Phase II samples for this animal was not related to an 
assay conduct issue (QCs, curve, and samples ran as expected on the plate), but was most likely 
related to something specific for this animal (i.e., interference, cross-reactivity) (for details see 
Dr Berkeley’s review).  Two Group 2 animals (#L40821 and #L40833) treated with levofloxacin 
were PA positive at Day 5 post second challenge time point; animal L40821 survived to the 
scheduled sacrifice, while animal L40833 died shortly after the Day 5 of second challenge time 
point and also had detectable free PA levels in the terminal sample. Two of the Group 3 animals 
(L40829 and L40859) treated with ETI-204 and levofloxacin were PA positive at 72 hours post 
second challenge; animal L40829 continued to have a quantifiable free PA level until the 
scheduled sacrifice, while animal L40859 died shortly after the Day 5 of second challenge time 
point even though the PA was below LLOQ at Day 5. 
 
The Phase II naïve control animals had detectable free PA levels as early as 24 hours of 
challenge. At Days 3 and 5, the geometric mean free PA level in the Phase II control group was 
significantly greater than those in Groups 1-3 (Figure 51). 
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Table 87: Study AR034  - Number of animals bacteremic and PA positive at different time points 

Time points 

Phase I Phase II 

Group 4  
Control 

Group 1 
ETI-204‡  

Group 2 
Levofloxacin§  

Group 3 
ETI-204‡ 

+ Levofloxacin§  

Group 4 
Experimentally 

naïve control 

Group 1 
ETI-204‡  

Group 2 
Levofloxacin§  

Group 3 
ETI-204‡  

+ 
Levofloxacin§  

Bacteremia n/N (Range - cfu x 103/mL) 
Prior to challenge 
(qualitative) 0/8 0/20 0/20 0/20 0/12 0/13 0/20 0/19 

24 hours PC ND ND ND ND 8/12 (0.001-65.3) 0/13 0/20 1/19 

PTT (~30 hours) 4/8 
(0.001-5.3) 

17/20 
(0.001-158) 

18/20 
(0.001-10.3) 

17/20 
(0.001-4130) NA NA NA NA 

Day 3 ND ND ND ND 6/7 (0.001-34700) 1/13 (0.1) 1/20 (1) 1/19 (0.001) 
Day 5 ND ND ND ND 2/2 (0.2-7.6) 0/13 2/20 (1) 1/19 (0.001) 
Day 7 NA 0/13 0/20 0/19 NA 0/13 0/19 1/18 (0.001) 
Day 14 NA 0/13 0/20 0/19 NA 0/13 0/19 0/18 
Day 21 NA ND ND 0/19 NA 0/13 0/19 0/18 
Day 28 NA 0/13 0/20 0/19 NA ND ND ND 

Unscheduled terminal 7/7 
(0.001-523000) 

7/7 
(0.001-165) NA 1/1 

(3.1) 
9/12 

(0.001-62300) NA 1/1 
(177) 

2/2 
(0.4-3120) 

Free PA ELISA n/N  (Range - ng/mL) 
Prior to challenge 0/8 0/20 0/20 1/20 (29.3) 0/12 1/13 (80) 0/20 0/19 
24 hours PC ND ND ND ND 2/12 (10-34) 1/13 (32.4) 0/20 0/19 

PTT (~30 hours) 0/8 4/19 
(14.6-42.1) 1/20 (52.1) 4/19 

(12.9-28.5) NA NA NA NA 

Day 3 NA ND ND ND 5/7 (25-15400) 1/13 (108) 0/20 2/19 (10.1-26.6) 

Day 5 NA ND ND ND 2/2  
(54.8-99.2) 

1/13  
(212) 

2/20 
(24.7-84.7) 1/18 (15.3) 

Day 7 NA 0/13 0/20 2/19 (11.2-12.3) NA 1/13 (205) 0/19 1/17 (10.6) 
Day 14 NA 1/13 (13) 1/20 (15.6) 2/19 (11.0-11.2) NA 1/13 (119) 0/19 1/17 (36.3) 
Day 21 ND ND ND ND NA 1/13 (47.2) 0/19 1/17 (17.3) 
Day 28 ND 1/13 (10.9) 1/20 (16.0) 0/19 NA ND NA ND 

Unscheduled terminal 4/4 
(2400-18500) 0/6 NA NA 5/5 

(682-17000) NA 1/1 
(181) ND 

‡ETI-204 single dose (16 mg/kg); §Levofloxacin dose and duration  (50 mg/kg for 3 days) 
PC=post-challenge 
PTT=prior to treatment 
 

Reference ID: 3861561



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509      Page 219 of 340 

 

Figure 51: Study AR034 – Bacteremia, PA, anti-PA IgG, and TNA levels at different time points 
 

Bacteremia 

 
 

PA by ELISA 

 
Anti-PA IgG (ELISA) 

 

TNA (ED50) 

 

TNA (NF50) 

 
Source:  BLA submission 
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Anti-PA IgG and toxin neutralizing antibody response: 
Anti-PA IgG levels:  
Phase I: A majority of the animals were anti-PA IgG antibody positive between Day 7 and 
Month 7 post-challenge.  At Days 7, 14, and 28 post-challenge, the anti-PA IgG levels in animals 
treated with levofloxacin (Group 2) were lower than animals treated with ETI-204 (Group 1) or 
ETI-204 + levofloxacin (Group 3). As ETI-204 is also detected in the anti-PA IgG ELISA, the 
high levels of anti-PA IgG antibodies in animals administered ETI-204 (Groups 1 and 3) may be 
a reflection of endogenous IgG +ETI-204; the anti-PA IgG in animals treated with levofloxacin 
(Group 2) is a reflection of endogenous anti-PA IgG (Table 88).  However, by Day 28 PC1, the 
ETI-204 levels were either BLOQ or reduced compared to previous time points.  Therefore, 
antibody levels at Day 28 and after may reflect anti-PA IgG levels. 
  
Phase II:  A majority of the treated animals were anti-PA IgG positive at all the time points 
tested until Day 21 post-challenge (Table 88 and Figure 51);  antibody levels increased at Day 7 
after second challenge and there were no significant differences among the groups for anti-PA 
IgG levels at any of these time points. All treated animals (Groups 1, 2 and 3) that survived the 
primary challenge were anti-PA IgG positive prior to the secondary challenge except animals 
L40845 and L40866 (Group 3; ETI-204 and levofloxacin treatment); animal L40845 had an anti-
PA IgG titer that was below the LLOQ by 4 months post-primary challenge. However, there was 
a quantifiable titer for this animal starting on Day 7 PC2 until the scheduled sacrifice (Day 21 
post-challenge). The anti-PA IgG level for animal L40866 was below the LLOQ by Month 5 
post-challenge. The antibody titer remained below the LLOQ through the 72 hour PC2 time 
point and this animal died prior to the next time point to be assessed for antibody levels. 
 
The anti-PA IgG level for animal L40821 (Group 2; levofloxacin treatment) was below the 
LLOQ at all the time points through 6 months PC1, but this animal had a quantifiable level on 
Day -7 C2. This titer was quantifiable 24 hours PC2, and from Day 5 PC2 through the scheduled 
sacrifice. 
 
Based on applicant analysis (logistic regression models fitted to the Phase II survival data from 
treated animals to examine the effects of treatment in Phase I and Phase II Day -7 anti-PA IgG 
levels on survival), the effect of Day -7 prior to second challenge anti-PA IgG levels on survival 
was significant, suggesting a probability of survival increased as Day -7 C2 anti-PA IgG levels 
increased.  The relationship between the Day -7 prior to second challenge anti-PA IgG level and 
survival was not significantly different between the groups. The applicant states that these model 
results should be interpreted with caution since they included only three animals that died in 
Groups 2 and 3.  
 
 
 
 
 
 
 
 
 
 

Reference ID: 3861561



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509      Page 221 of 340 

 

Table 88: Study AR034  - Number of animals bacteremic and PA positive at different time points 

Time points 

Phase I Phase II 

Group 4  
Control 

Group 1 
ETI-204‡  

Group 2 
Levofloxacin§  

Group 3 
ETI-204‡ 

+ Levofloxacin§  

Group 4 
Experimentally 

naïve control 
Group 1 
ETI-204‡  

Group 2 
Levofloxacin§  

Group 3 
ETI-204‡  

+ Levofloxacin§  

Anti-PA IgG ELISA n/N (µg/mL) 
Prior to challenge 0/8 0/20 0/20 1/20 (0.06) 0/12 13/13 (0.7-7) 20/20 (0.05-21.5) 17/19 (0.4-6.5) 
24 hours PC ND ND ND ND 0/12 13/13 (0.8-8.3) 20/20 (0.06-20.6) 17/19 (0.4-7.0) 
Day 3 ND ND ND ND 0/7 13/13 (0.7-9.6) 19/20 (0.7-21.6) 17/19 (0.08-8.4) 
Day 5 ND ND ND ND 0/2 13/13  

(2.3-46.9) 
20/20  

(0.2-28.7) 
18/19  

(1.7-31.1) 
Day 7 NA 13/13 (49.3-128) 12/20 (0.06-0.3) 19/19 (58.9-158) NA 13/13  

(11.9-250) 
19/19 

(5.6-190) 
17/17  

(9.0-177) 
Day 14 NA 13/13 (2-53.4) 19/20 (0.2-37.4) 19/19 (1.7-82.1) NA 13/13  

(20.3-158) 
19/19  

(14.5-400) 
17/17  

(11.3-275) 
Day 21 NA ND ND ND NA 13/13 

(12.7-147) 
19/19  

(13.5-129) 17/17 (22.9-252) 

Day 28 NA 13/13 (3.7-19.2) 19/20 (0.9-44.3) 19/19 (3.3-30.1) NA NA NA NA 
Month 2 NA 13/13 (2.2-13.4) 19/20 (1.3-24.2) 19/19 (1.4-11.4) NA NA NA NA 
Month 3 NA 13/13 (1.6-11.6) 19/20 (1.3-24.9) 19/19 (0.1-11.3) NA NA NA NA 
Month 4 NA 13/13  

(1.8-15.4) 
19/20  

(12.5-35.8) 
18/19  

(0.06-11.5) 
NA NA NA NA 

Month 5 NA 13/13 (1.5-13.8) 19/20 (1.2-26.5) 17/19 (0.8-9.1) NA NA NA NA 
Month 6 NA 13/13 (1.3-9.5) 19/20 (1.5-21.8) 17/19 (0.6-8.4) NA NA NA NA 
Unscheduled terminal ND    0/6 NA 1/1 (0.01) NA 

TNA (ED50) 
Prior to challenge ND 0/13 0/20 0/19 ND 13/13 (95-658) 19/20 (44-4373) 17/19 (22-612) 
Day 21 NA ND ND ND ND 13/13  

(1369-12194) 
19/20  

(4314-16347) 
17/17  

(1304-16824) 
Day 28 NA 13/13  

(392-3203) 
19/20  

(94-6951) 
19/19  

(306-1421) ND NA NA NA 

Month 2 NA 13/13 (356-1108) 19/20 (110-4579) 19/19 (35-1282) ND NA NA NA 
TNA (NF50) 

Prior to challenge ND 0/13 0/20 0/19 ND 13/13 (0.1-0.9) 19/20 (0.05-5.5) 17/19 (0.03-1.1) 
Day 21 NA ND ND ND ND 13/13  

(3.6-22.0) 
19/20  

(3.2-42.1) 
17/17 

 (2.2-32.0) 
Day 28 NA 13/13 (0.5-3.7) 19/20 (0.1-3.8) 19/19 (0.5-1.8) ND NA NA NA 
Month 2 NA 13/13 (0.4-1.7) 19/20 (0.1-6.8) 19/19 (0.05-1.5) ND NA NA NA 
ETI-204 single dose (16 mg/kg); §Levofloxacin dose and duration (50 mg/kg for 3 days) 
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Toxin neutralization antibody: 
The primary endpoints of the TNA assay are the ED50

47 and the NF50
51.  

 
Phase I:  A majority of the surviving animals in Groups 1, 2, and 3 were TNA (ED50 and NF50) 
positive at Day 28 and Month 2 post-challenge. One animal (L40821 in Group 2) treated with 
levofloxacin survived but was TNA negative; this animal did not have a detectable ED50 or NF50 
titer at Day 28 or 2 months post-challenge, which was consistent with the lack of an anti-PA IgG 
level in this animal through 6 months after primary challenge.  There were no significant 
differences among the treatment groups for TNA at any time point during Phase I (Table 88).  
The TNA levels were not measured in non-surviving animals. 
 
Phase II: A majority of the surviving animals in Groups 1, 2, and 3 were TNA (ED50 and NF50) 
positive at Day 21 post second challenge (Table 88). Three animals [L40833 (Group 2; 
levofloxacin treatment), L40866 (Group 3; ETI-204 and levofloxacin treatment), and L40845 
(Group 3; ETI-204 and levofloxacin treatment)] that did not survive were TNA negative on Day 
-7 prior to second challenge; the TNA titer at Day 21 was not measured. As discussed above, 
animal L40821 was TNA (ED50 or NF50) negative at the time points assessed after the primary 
challenge; however, this animal did survive to the scheduled sacrifice and was TNA (ED50 and 
NF50) positive at Day 21 after second challenge. 
 
TNA titer increased at Day 21 compared to Day-7 of second challenge (Figure 51). There were 
no significant differences in TNA positive response among the animals in different treatment 
groups for TNA ED50 and NF50 values either before or after secondary challenge. 
 
Based on applicant analysis (logistic regression models fitted to the Phase II survival data from 
treated animals) the effects of treatment during Phase I and Day -7 prior to second challenge 
TNA ED50 or NF50 titers on survival was examined.  Like for the anti-PA IgG antibody response 
by ELISA, the effect of Day -7 prior to second challenge, TNA ED50 or NF50 values on survival 
was significant.  Overall, the results suggest that the probability of survival increased as the Day 
-7 second challenge TNA ED50 or NF50 levels increased after adjusting for group differences. 
These model results should be interpreted with caution since they included only three animals 
that died. 
 
In vitro susceptibility testing: Not done. 
 
Clinical Observations:   
Phase I: Following challenge, the majority of animals exhibited abnormal outward clinical signs 
consistent with inhalational anthrax; these include lethargy, reduced food consumption, 
lacrimation, stool abnormalities, and respiratory abnormalities were most commonly noted. 
Animals that succumbed to disease demonstrated a characteristic progression of signs that 
followed from unremarkable to observations of lethargy, respiratory abnormalities, and finally 
moribundity. Animals were observed as normal during one month PC1 until secondary challenge 
(9 months PC1), except for occasional stool abnormalities and a clinical observation for animal 
L40823. 
 
Phase II: Following secondary challenge through Day 7 post-challenge, animals in Groups 1-3 
were documented as lethargic (5/49 survivors; 2/3 non-survivors) with signs of respiratory 
abnormalities (2/49 survivors; 2/3 non-survivors), stool abnormalities (17/49 survivors; 1/3 non-
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survivors), and reduced food consumption (24/49 survivors; 3/3 non-survivors). The animals 
returned to normal observations generally between 7-11 days PC2 with occasional stool 
abnormalities or reduced food consumption noted. 
 
The body weights taken during quarantine, Phase I Day 0, monthly starting approximately 2 
months PC1 through approximately 9 months PC1 and Phase II Day 0 were recorded. Animals 
that survived scheduled sacrifice increased in weight compared to their quarantine weights. 
 
Necropsy and Histopathology:  No gross lesions were reported in rabbits that died or became 
moribund following challenge in Phase I. In Phase II, only one animal (L64197; Group 4 
control) that died had gross lesions as reflected by red foci in the large intestinal sacculus 
rotundus and appendix, which are lesions typical of anthrax in rabbits.  Histopathology was not 
performed.    
 
Assessment of bacteria in tissues: 
Histology:  Microscopic examination of tissues was not performed. 
 
Culture: 
Phase I:   Bronchial lymph nodes, brain, liver and spleen from 8 treated animals that died during 
phase I of the study were processed for bacterial cultures (Table 89).  Of the seven animals 
treated with ETI-204 that died, at least one of the tissues was culture positive in six animals.  All 
the tissues from two animals (L40872 treated with ETI-204 and L40824 treated with 
levofloxacin + ETI-204) were culture negative; however blood cultures collected at terminal time 
point were positive.  
 
Phase II: All of the animals that died during phase II had a positive tissue culture result for at 
least three of the tissues tested. All animals that survived the re-challenge did not have a positive 
culture from the tissues assessed (Table 89). 
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Table 89: Study AR034 - Number of animals culture positive for B. anthracis in tissues 
 

Phase I 

 
Phase II 

 
ND=Not Done 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
 
 
Comments: 
The study was performed in two phases to evaluate the effect of re-challenge with B. anthracis 
spores.  In phase I, rabbits were treated with either ETI-204, levofloxacin, or a combination of 
ETI-204 + levofloxacin at approximately 30 hours post-exposure and followed for up to 9 
months post-exposure.  The results show that levofloxacin (20/20) or a combination of ETI-204 
+ levofloxacin (19/20) were more effective in improving survival compared to ETI-204 (13/20) 
monotherapy.  All the control animals succumbed to B. anthracis infection.  All the animals that 
died were bacteremic and PA positive whereas all the animals that survived were culture and PA 
negative by Day 7 post-challenge.  Phase I part of the study was not blinded.   
 
The 52 survivors from Phase I and 12 experimentally naïve animals (approximate age- and 
weight-matched) were challenged with an average dose of 301 (± 69) LD50 equivalents of B. 
anthracis Ames spores via aerosol exposure nine months after the primary challenge; the LD50 
was 200 or above in all animals in second exposure compared to primary challenge (65% of the 
animals.  All animals were culture negative prior to re-challenge; only one animal was PA 
positive prior to re-challenge.  Phase II part of the study was blinded to prevent potential bias in 
the study conduct and outcome assessment.  
 
Bronchial lymph nodes, brain, liver and spleen from 8 treated animals that died during phase I 
of the study were processed for bacterial cultures; seven of the 8 animals treated with ETI-204 
that died, at least one of the tissues was culture positive in seven animals.  All the tissues from 
two animals were culture negative; however blood cultures collected at terminal time point were 
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positive. No gross lesions were observed in rabbits that died or became moribund following B. 
anthracis challenge in Phase I.  
 
No treatment was administered during Phase II.  Animals were followed for up to 21 days after 
second challenge.  A majority of the re-challenged animals survived until Day 21 (13/13 treated 
with ETI-204; 19/20 treated with levofloxacin and 17 of 19 treated with the combination of ETI-
204 + levofloxacin) and were culture and PA negative; bacteremia and PA positive findings in 
survivors was transient and present in small number (10%) of the animals.  All animals that 
survived the re-challenge did not have a positive culture from the tissues assessed; however, all 
of the animals that died during phase II had a positive B. anthracis tissue culture result for at 
least three of the tissues tested. All naïve control animals that were re-challenged were 
bacteremic and PA positive; the bacteremia and PA levels at 24, 72, and 120 hours post- 
secondary challenge were greater than the animals in either of the treatment groups.  Only one 
animal (control) that died post-challenge had gross lesions in Phase II; lesions were consistent 
with acute B. anthracis infection. 
 
A majority of the animals were anti-PA IgG positive between Day 7 and Month 7 post-challenge 
as well as at all-time points tested after re-challenge.  In phase II, there were no significant 
differences among the groups for anti-PA IgG levels at any of these time points; however in 
phase I, ,the anti-PA IgG levels in animals treated with levofloxacin (Group 2) were lower than 
those in animals treated with ETI-204 (Group 1) or ETI-204 + levofloxacin (group 3) at Days 7, 
14, and 28 post-challenge.  This could be due to the detection of ETI-204 in anti-PA IgG ELISA 
assay used.  The TNAs at Day 28 after primary challenge as well as Day-7 and Day 21 after 
second exposure were detected in surviving animals.  TNA titer increased at Day 21 compared to 
Day-7 second challenge. There was no difference in antibody levels among the animals in the 
three treatment groups.    Overall, the study suggests development of immunity in animals 
surviving after primary challenge.  One of the limitations of the study is that the anti-PA IgG 
levels and TNA were not measured in non-surviving animals (both treated and control). 
 

6.3.1.1.5.  Study AR007 
This was an open-label, controlled, factorial design GLP study with ETI-204 and levofloxacin in 
57 NZW rabbits challenged with the spores (spore lot no. B24) of the Ames strain of B. 
anthracis weighing 2.2 to 2.7 kg, conducted at 55    The primary objective was to 
demonstrate that post-exposure administration of ETI-204 leads to increased survival above that 
of levofloxacin (50 mg/kg).  
 
Study design: 
The study design was similar to the rabbit studies summarized above except that animals were 
divided in to six groups; treatment with ETI-204 (  monoclonal antibody) was 
administered IV or IM 9±3 hours post-exposure alone or in combination with human equivalent 
dose of levofloxacin by gavage (Table 90).  Body temperature was not measured.  Blood samples 
were collected in EDTA to determine bacteremia (probably qualitative) in moribund rabbits, 
rabbits found dead, and from the survivors on Study Day 34 (end of study).  PA was not 

                                                 
55  Study Number 538-G005372: AR007 - Test of ETI-204 in rabbit spore challenge model post-exposure 
with/without levofloxacin (June 27, 2006). 
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measured.  Gross necropsies were performed on rabbits found dead or moribund euthanized to 
confirm death or illness due to anthrax infection; tissues such as brain, liver, spleen, kidney, 
lung, mediastinal lymph node and gross lesions were collected and processed for histopathology. 
 

Table 90: Study AR007 – Study design 

Group Treatment ETI-204 Dose Levo 
Dose 

Treatment 
Initiation 

Therapy 
Duration (Route) 

No. of 
Animals 

1 Control 
(PBS*) N/A** N/A 9±3 hours Single dose (IV) 9 

2 Levo + 
PBS N/A 50 mg/kg 9±3 hours 5 days (oral) 12 

3 ETI-204 + 
Levo control 

10 mg 
(4 mg/kg) N/A 9±3 hours Single dose (IV) 9 

4 ETI-204 + Levo 10 mg 
(4 mg/kg) 50 mg/kg 9±3 hours Single dose (ETI-204; IV) 

+ 5 days (Levo; oral) 9 

5 ETI-204 
+ Levo control 

20 mg 
(8 mg/kg) N/A 9±3 hours Single dose (IM) 9 

6 ETI-204 + Levo 20 mg 
(8 mg/kg) 50 mg/kg 9±3 hours Single dose (ETI-204; IM) 

+ 5 days (Levo; oral) 9 

ETI-204 dose 10 mg (4 mg/kg) or 20 mg (8 mg/kg) single dose;  Levo=levofloxacin 50 mg/kg for 5 days 
* ETI-204 control used phosphate buffered saline (PBS) IV  
** N/A – Not applicable 

 
 
Results: 
Baseline characteristics: Age, gender, body weight, and challenge dose (mean LD50 274±51;  

cfu) were comparable among different groups; the LD50 dose was ≥ 200 for approximately 
91% of the animals (Table 91). The MMAD for each exposure day was 1.15 µm which is 
consistent with the particle size range that would reach the alveoli.  
  
Time between challenge and treatment initiation was similar among the animals in different 
study groups. 
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Table 91: Study AR007 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 

Parameters 
Group 1 
Control 

N = 9 

Group 2 
Levoδ  
N =12 

Group 3 
ETI-204  

(10 mg IV)‡ 
N = 9 

Group 4 
ETI-204 

 (10 mg IV)‡ + 
Levoδ 
N = 9 

Group 5 
ETI-204  

(20 mg IM)‡ 
N = 9 

Group 6 
ETI-204 

(20 mg IM)‡ + 
Levoδ 
N = 9 

Baseline characteristics 
Age (years) estimated 4.0±0 4.0±0 4.0±0 4.0±0 4.0±0 4.0±0 
Body weight (kg) 2.5±0.1 2.5±0.1 2.5±0.1 2.5±0.2 2.5±0.1 2.5±0.1 
Inhaled challenged dose 
Total Inhaled Dose: 
cfu x 107  
Mean ± SD (Range) 
LD50  
Mean ± SD (Range)  

268.6±47.5 
(153-304) 

297.3±55.2 
(222-396) 

287.8±69.5 
(158-400) 

262.3±40.8 
(191-320) 

270.4±38.4 
(201-317) 

252.6±41.7 
(199-299) 

<200 LD50 n(%) 1 (11.1) 0 (0.0) 1 (11.1) 1 (11.1) 0 (0.0) 2 (22.2) 
≥200 LD50 n(%) 8 (88.9) 12 (100.0) 8 (88.9) 8 (88.9) 9 (100.0) 7 (77.8) 

Time (hours) between challenge and treatment 
Time to treatment; 
Mean ± SDb 7.9±1 8.7±1 8.4±0.9  8.2±0.7 8.4±1.2 9.1±1.1 

Survivors and number of bacteremic animals at the end of study (Day 34) 
n (%) 0 (0)§ 4 (33)** 9 (100)** 8 (88.9)** 9 (100)** 9 (100)** 
Time to death 
(hours) Range 2.4-5 11.9-34  34  16.8-34 34 34 

Bacteremiaa  n (%) 8 (88.9) § 8 (66.7) 0 (0) 1 (11.1) 0 (0) 0 (0) 
‡ETI-204 dose was a fixed dose of 10 mg or 20 mg represent 4 mg/kg and 8 mg/kg, respectively. 
§One animal in the control group was found moribund and sacrificed on Day 5; this animal was culture negative and no bacteria 
found in spleen. 
SD=Standard deviation; PTT=Prior to treatment; Levo=levofloxacin. 
aPresence of bacteria by qualitative culture in blood and spleen at terminal time point (day of death, moribund, or 
terminal sacrifice); LOD =not specified  

b The time to treatment was defined as the time from challenge to treatment. 
**Statistically significance by one-sided Fisher’s exact test; this varies with the test used (for details see statistics 
reviews by Drs Xianbin Li and Ling Lan) 

 
Detection of bacteremia and PA: Not applicable as bacteremia and PA levels were not measured 
at different time points.    
 
Effect of treatment on survival: ETI-204 administered IV (10 mg i.e., ~4 mg/kg) or IM (20 mg 
i.e., ~8 mg/kg) was effective in improving survival in all the animals whereas levofloxacin at a 
dose of 50 mg/kg improved survival in 33% of the animals (Table 91 and Figure 52) i.e., about 
67% of the animals in the levofloxacin treated group died after cessation of treatment.  Although 
the reason for lower survival (33%) in animals treated with levofloxacin is unclear, it is possible 
that this could be due to shorter duration of treatment with the antibacterial drug alone.  It would 
have been useful if bacteremia and PA levels were measured in the animals at different time 
points. 
 
All animals treated with ETI-204 IM (20 mg) in combination with levofloxacin survived the 
period of observation.  However, one animal treated with ETI-204 (10 mg) died on Day 17.  Of 
the 9 untreated control group animals, 8 died within 4 days of exposure; one animal was found 
moribund and sacrificed on Day 5 and no bacteria were found in blood or spleen.  All animals 
that died were bacteremic. All the rabbits that survived were culture negative. 
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Figure 52: Study AR007 - Kaplan-Meier curves representing time-to-death and survival by group 
 

 
Figure constructed by Dr Ling Lan, PhD (Statistics reviewer)                

 
 
Clinical observations: Following challenge, the majority of animals that died were lethargic, 
uncoordinated and showed stool abnormalities as well as ulceration (skin).  A majority of the 
animals that died and some of the surviving rabbits exhibited inappetance; such findings were 
not reported in a majority of the animals that survived (Table 92). 
 

Table 92: Study AR007 - Summary of clinical observations 
 

 

 
 

 
 
Necropsy and Histopathology:  Gross lesions reported include discolorations (hemorrhage) in the 
brain and intestine (cecum); fluid (transudate) in the thoracic cavity; enlargement of mediastinal 
lymph nodes; and edema of skin (eyelid or ventral neck).  
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Tissue bacterial assessments:  
Histology:  No bacteria were observed in one non-surviving animal in the control group and one 
surviving animal treated with 20 mg ETI-204 (IM) + levofloxacin (Table 93).  Other tissues from 
surviving and surviving animals were not examined histologically. 
 
Culture: The results showed absence of bacteria in spleen tissue from animals that survived the 
period of observation; spleen from most of the animals that died were culture positive (Table 93). 
Tissues other than spleen were not evaluated. 
 
Table 93: Study AR007-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Histopathology performed at  Not all animal were assessed microscopically; numbers examined are 
shown 
Qualitative bacteremia was performed only at end of study; PA (ECL and ELISA) analysis was not performed 
 
 
Comments: 
The study showed that treatment with ETI-204 IV (10 mg) or IM (20 mg) monotherapy or in 
combination with levofloxacin, approximately 9 hours post-exposure was more effective than 
levofloxacin monotherapy.  Lower survival rate in animals treated with levofloxacin could be 
due to administration of treatment before germination of spores to the vegetative form 
commences as well as shorter duration of treatment; germination of spores can take at least 12 
hours.6  Antibacterial treatment early after spore challenge can lead to persistence of spores and 
disease development following cessation of therapy.1  
 
A majority of the animals that survived were culture negative and no bacteria, by culture, were 
reported in the spleen.  However, most of the animals that died were culture positive in blood 
and spleen.  Tissues other than spleen were not evaluated by culture. Tissues from all animals 
were not examined for the presence of bacteria by histology.    
 
Lethargy and not-eating were the most common abnormal observations among the rabbits that 
died. Gross pathology lesions observed were typical of inhalation anthrax in rabbits and 
included discolorations (hemorrhage) in the brain and intestine (cecum); fluid (transudate) in 
the thoracic cavity; enlargement of mediastinal lymph nodes; and edema of skin (eyelid or 
ventral neck). 
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6.3.1.2.  ETI-204 in combination with of doxycycline 

6.3.1.2.1.  Study AP-10-055 
This was an open-label, non-randomized, controlled, factorial design non-GLP study to assess 
the efficacy of ETI-204 (IV; Baxter product) and low dose of doxycycline (IV, 2 mg/kg for 3 
days, administered by electric infusion pump over 5 minutes) in 24 NZW rabbits (  

) with the spores of the Ames strain of B. anthracis, conducted at the U.S. Army 
Medical Research Institute of Infectious Diseases (USAMRIID).56 The Ames strain was a 
primary subculture obtained by USAMRIID (February 2002; source not specified).  The 
objective was to determine the added benefit of adjunct therapy in combination with a low dose 
of doxycycline in comparison to the antibiotic alone.   
 
Study design: 
Animals were divided into 3 groups (Table 94).  Animals were infected by aerosolized route by 
placing in individual cat restraint bags in preparation for whole-body head-out plethysmography.  
Animals were exposed to 200 LD50 spores in a muzzle-only aerosol chamber within a class III 
biological safety cabinet for a time-calculated aerosol exposure. Aerosols were generated by a 
three-jet Collison nebulizer.  The presented dose was calculated for each NZW rabbit by 
multiplying the total volume (Vt) of experimental atmosphere inhaled (Vt = Vm × length of 
exposure) by the aerosol concentration (Ce) (“presented dose” Ce × Vt). This equation assumed 
constant minute volume and constant aerosol concentration over time with complete (100%) 
respiratory deposition. Aerosol concentration was calculated by:  

(Csampler × Vsampler)/(Qsampler × tsampled) 
where Csampler = the titrated concentration of the sampler, Vsampler = the volume of the collection 
media in the sampler, Qsampler = the flow rate through the sampler, and tsampled = the total time the 
sample was taken. 

 
Treatment with doxycycline (2 mg/kg, b.i.d. for 3 days57), doxycycline + ETI-204 (8 mg/kg), or 
saline were administered based on PA positive findings by the ECL assay or approximately 30 
hours post-exposure which ever occurred first.  Doxycycline was administered every 12 hours 
for 3 days.  Animals were followed at different time intervals for microbiological evaluations 
and blood cell count, until Day 21 post-challenge (Table 94); survival was measured until Day 
30 post-challenge.  Animals with a score indicative of a very poor health status (i.e., score ≥ 7) 
during the monitoring period were euthanized. Animals were necropsied and ear with tattoo, 
thoracic pluck (lungs, heart, trachea, esophagus, with attached mediastinum), spleen, kidneys, 
liver and brain were collected and processed for histological evaluations.   
 
Microbiological measurements:   
Bacteremia: Bacteremia was measured by culturing 0.3 to 0.5 mL blood with SPS (yellow top 
tubes) on sheep blood agar plates and incubated for 18 to 24 hours at 37oC.     
 

                                                 
56 U.S. Army Medical Research Institute of Infectious Diseases (Sponsor NIAID) Study Number AP-10-055: 
Efficacy of Anthim® ETI-204 monoclonal antibody as an adjunct therapy in a New Zealand White rabbit partial 
survival model for inhalational anthrax (Aug 23, 2013). 
 
57 The doxycycline dose of 2 mg/kg (twice daily x 3 days IV) was based on the results of previous studies conducted 
at USAMRIID in which this dose resulted in 40-60% survival.  2 mg/kg dose=0.6 mg/kg or 36 mg human dose 
based on body surface area. 
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ECL assay: PA was measured in whole blood (50 µL) by ECL assay using three PA-specific 
monoclonal antibodies (Critical Reagents Program, Aberdeen Proving Grounds Edgewood Area, 
Chesterton, MD) as a capture-antibody mix, and a polyclonal rabbit serum made against PA was 
used as a detector antibody to measure PA. Purified antibodies were labeled with biotin using 
standard coupling methods and biotinylated antibodies pre-bound to streptavidin-coated 
paramagnetic beads.  Two negative controls and two levels of positive controls (whole blood 
spiked with PA) were included. All samples were tested in duplicate and read using the M1M 
analyzer. Samples were considered positive if the ECL signal to noise (background) was ≥1.2 
times the average of the negative control or > three standard deviations of the negative controls, 
which ever was greater. Antigenemia results were determined within one hour of blood 
collection. 
 

Table 94: Study AP-10-055 - Study design and blood collection schedule  
Group Number of 

animals Treatment assignment‡ 

1 4 Vehicle (saline) 
2 10 Doxycycline (2 mg/kg, b.i.d. for 3 days)‡ 

3 10 Doxycycline (2 mg/kg, b.i.d. for 3 days) + ETI-204 (8 mg/kg, single 
dose IV)* 

*In Group 3, ETI-204 treatment occurred immediately after initiation of antibiotic alone treatment. 
‡Administered by electric infusion pump via IV 
Blood collection schedule 

 
 

 
Results: 
 
Baseline characteristics:  The age of the animals at the time of challenge and their body weights 
were not specified.  The animals were stated to be adults with body weight ranging between 3 
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and 5 kg.  It appears that one animal (#42 treated with ETI-204 + doxycycline) was PA positive 
by ECL prior to exposure; all animals were culture negative.   
 
The LD50 was highly variable and ranged from 34X to 773X LD50 with a mean of 379 (Table 
95); 71% of the rabbits were exposed to LD50 of ≥200.  The LD50 was <200 in 3 of the 4 animals 
in the control group (Table 95).   
 
A majority of the animals were PA positive by the ECL assay and bacteremic at the time of 
treatment; one animal treated with doxycycline and one treated with ETI-204+doxycycline were 
PA and culture negative at the time of treatment (Table 95).   
 
Table 95: Study AP-10-055 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 
Parameters 

Placebo  (Group 1) 
N=4 

Doxycycline  
(2 mg/kg b.id for 3 

days)  
(Group 2) 

N=10 

Doxycycline  
(2 mg/kg b.id for 3 

days) + 
ETI-204 (16 mg/kg) 

(Group 3) 
N=10 

Baseline characteristics and inhaled dose 
Age (years) estimated range NA NA NA 
Body weight (kg) 3 - 5 3 - 5 3 - 5 
PA-ECL 0/4 0/10 1/10 
Inhaled dose 
Total Inhaled Dose: cfu x 107  
Mean ± SD (Range) 
LD50 dose  
Mean ± SD (Range)  

173.5±198.3 
(50.4-467.4) 

381.03±239.8 
(33.6-708.3) 

458.6±182.2 
(209.7-773.3) 

<200 LD50 dose n(%) 3 (75.0) 4 (40.0) 0 
≥200 LD50 dose n(%) 1 (25.0) 6 (60.0) 10 (100) 

Trigger for Treatment (PA by ECL)a and bacteremia prior to treatment 
Positive Screening PA/ECL Assay   
n (%) 4 (100) 9 (90) 9 (90) 

Bacteremia n (%) 4 (100) 9 (90) 9 (90) 
Survivors at the end of study (Day 28) 

Survivors – all animals 0 (0) 5 (50.0) 9 (90.0) 
Survivor - bacteremic animals NA 5/9 (55.6) 8/9 (88.9) 
SD=Standard deviation 
PTT Prior to treatment; Quantitative bacteremia LOD Limit of detection=Not specified; PA ELISA LLOQ Lower 
limit of quantification=Not specified. 
The doxycycline dose of 2 mg/kg (twice daily x 3 days IV) was based on the results of previous studies conducted 
at USAMRIID in which this dose resulted in 40-60% survival. 
a The trigger for treatment was defined as the time from challenge to a positive PA-ECL post-challenge.  
Statistically significant by Fisher’s exact test and Boschloo’s one-sided test; no difference between the animals 
treated with the doxycycline or doxycycline+ETI-204 

 
 
Effect of treatment on survival:  The results showed that 90% of the animals treated with the 
combination of ETI-204 and doxycycline survived the 28 day period of observation; doxycycline 
was less effective (Table 95 and Figure 53).  All the treated non-surviving animals died between 
Day 6 and 9; the animals in the control group died between Days 1 and 2. 
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Of the two rabbits that never tested positive for the presence of PA in whole blood or became 
bacteremic, only one (#47) survived, while the other (#45), succumbed to disease at 7 days post-
exposure. 
 
Effect of treatment on microbial burden: All surviving animals became culture negative and PA 
negative.  Animals that succumbed to disease were culture positive and PA positive. 
 
Figure 53: Study AP-10-055 - Kaplan-Meier curves representing time-to-death and survival by treatment group 

Treated animals 

 
 

Bactermic animals 

 
Figures constructed by Dr Ling Lan, PhD (Statistics reviewer)                
 
 
Clinical observations:  Animals were monitored at least two times a day.  The scoring 
parameters were:  
• appearance - 0: normal (coat smooth, eyes/nose clear, nose twitching; 1: increased 

respirations/dyspnea or rough coat; 2: hunched up, listless or agitated, abdominal breathing, 
open mouth breathing, head not erect, recumbent.  

• natural behavior - 0: normal; 1: minor changes, teeth grinding, decreased food consumption; 
2: decreased mobility and alertness, aggression; 3: absence of eating/drinking, vocalization, 
decreased mobility). 

• provoked behavior - (0: normal (will hop when touched, may tense/resist handling); 1: 
subdued but normal only when touched/provoked, 2: subdued even when stimulated, 4: 
unresponsive when stimulated, weak, precomatose.  

• neurological behavior (yes/no). 
• over grooming/alopecia.  
• hyperactivity.  
• spinning in cage.  
• dilated or constricted pupils.  
The rabbits scoring between 4-6 were monitored with increased frequency (three times/day), 
with the endpoint criteria for humane euthanasia, indicative of very poor health status, being a 
score of ≥ 7. 
 
The intervention scores were within normal limits (0-3) up until time to-death. The single rabbit 
that was euthanized, exhibited the highest score (9); the scores ranged from normal to elevated 
(4-6) in rabbits that were found dead. It is possible that in those animals that exhibited scores 
within normal limits and were found dead was due to the rapid progression of disease.  The 
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scores in all surviving animals were within normal limits.  Although the clinical observations 
were not presented as scores in the studies performed at  clinical observations were 
consistent with those reported for  studies in rabbits summarized above. 
 
Necropsy and Histopathology: Gross changes in most animals that succumbed included non-
collapsing lungs that were sharply mottled red; an enlarged friable spleen and liver; hemorrhage, 
congestion, and/or edema in multiple tissues; and pleural effusion. Additionally, three animals, 
[#43 and #60 (treated with doxycycline); #55 (treated with doxycycline + ETI-204)], had lesions 
consistent with meningitis.  In animal #43 and #55, bacilli were observed within the meninges. 
Two animals (#59 and #62) treated with doxycycline and eight animals treated with ETI-
204+doxycyclcine), had mild to moderate aspiration pneumonia. 
 
All control group animals succumbed to disease within 2 days post-challenge with typical 
anthrax lesions. In addition, two animals (#39 and #37), had mild aspiration pneumonia. 
 
Histological changes included necrotizing splenitis; pneumonia (due to infection with B. 
anthracis); adrenal gland necrosis and hemorrhage; degeneration and necrosis of renal tubules; 
mediastinitis, meningitis; and bacilli noted within blood vessels of multiple tissues and organs. 
These are consistent with reported lesions in other studies summarized above. Atypical 
histologic findings included aspiration pneumonia (noted in twelve animals) and meningitis 
noted in three animals: #43, #60, and #55.  
 
Tissue bacterial assessments:  
Histology: Histological examination showed presence of bacteria in the tissues from all animals 
that succumbed to death. Presence of bacteria was not reported in any animal that survived the 
period of observation.  
 
Culture: Tissues were not processed for culture.  
 
Comments: 
The results showed that a majority (90%) of the animals treated with the combination of ETI-204 
and doxycycline survived the 28 day period of observation; doxycycline was less effective at the 
dose (2 mg/kg for 3 days) tested.  All the treated non-surviving animals died between Day 6 and 
9; the animals in the control group died between Day 1 and 2. Histological examination showed 
presence of bacteria in the tissues in all animals that succumbed to death. Presence of bacteria 
was not reported in any animal that survived the period of observation.  
 
Clinical and necropsy findings were similar to those observed in the natural history and ETI-204 
monotherapy studies summarized above. 
 

6.3.2.  Cynomolgus monkeys 
The applicant conducted two studies (NIAID 1056 and NIAID 2469) in cynomolgus monkeys to 
evaluate the efficacy of ETI-204 8 mg/kg in combination with a low dose (10 mg/kg) of 
ciprofloxacin. 
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Table 96: Study 1056 -  Study groups and blood collection/assay schedule 
Study groups 

 

Group 3 animals were administered ciprofloxacin followed by ETI-204 
 

Blood collection and assay schedule 

Blood collected in EDTA tubes for bacterial cultures 
 

Of the 48 monkeys randomized to the four study groups, 6 died before treatment initiation in 
Groups 2 and 3 (Table 97); this was perhaps due to a delay in treatment after PA positive 
findings. Animals in Group 1 were treated with ETI-204 within three hours of obtaining a 
positive PA-ECL finding.  However, treatment of animals in Groups 2 and 3 was delayed; in 
Group 2 animals, ciprofloxacin (10 mg/kg) was initiated by gavage 24±12 hours after ECL 
positive findings, for 4 days.  The animals in Group 3 were administered ciprofloxacin as for 
Group 2 animals.  Additionally, ETI-204 was administered after the first dose of ciprofloxacin. 
 
Table 97: Study 1056: Animal disposition before treatment initiation 
 Group 4 

Control 

 

Group 1‡ 
ETI-204 

(8 mg/kg) 

Group 2‡ 
Cipro 

(10 mg/kg) 

Group 3‡ 
Cipro (10 mg/kg) + 
ETI-204 (8 mg/kg)  

Total 

Animals challenged 8 8 16 16 48 
Animals who died before treatment 0‡ 0 3 3 6/40 (15%) 
Animals who survived to be treated* NA‡ 8 13§ 13§ 34/40 (85%) 
*Represent modified intent to treat (mITT) 
‡No vehicle was administered to control group animals. 
§ Group 2: ciprofloxacin (10 mg/kg) treatment initiated by gavage 24±12 hours after PA-ECL positive findings, for 
4 days.   
Group 3: ciprofloxacin as for Group 2 animals + ETI-204 administered after the first dose of ciprofloxacin. 
Cipro=ciprofloxacin 
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Results: 
All animals were PA negative (by both ELISA and ECL assay), culture negative as well as 
antibody negative (anti-PA IgG and TNA) on Day-7 i.e., prior to challenge.  Age, gender, body 
weight, and challenge dose (mean LD50 185±67) were comparable among the animals in 
different groups; the LD50 dose was ≥ 200 for approximately 29% of the animals (Table 98). The 
MMAD for each exposure day was 1.13 µm which is consistent with the particle size range that 
would reach the alveoli.   
 
The mean time to trigger ranged from 30 to 34 hours among the three groups.  All the animals 
were PA positive between 21 to 44 hours.  The mean time to treatment was approximately, 36 
hours for animals treated with ETI-204; however, the mean treatment time was approximately 49 
hours for animals treated with ciprofloxacin alone or ciprofloxacin + ETI-204 (Table 98).   
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Table 98: Study AP1056 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 

Parameters 
Group 4†  
Control 

N = 8 

Group 1 
ETI-204 (8 mg/kg) 

N = 8 

Group 2 
Cipro (10 mg/kg) 

N = 16 

Group 3 
ETI-204 (8 mg/kg) 
+ Cipro (10 mg/kg) 

N = 16 
Baseline characteristics 

Age (years) estimated 
range 3.0±0.5 3.0±0 3.0±0.4 2.9±0.3 

Body weight (kg) 2.9±0.4 2.9±0.4 2.9±0.3 2.9±0.4 
PA (ECL and ELISA) 0/8 0/8 0/16 0/16 
Anti-PA IgG 0/8 0/8 0/16 0/16 
TNA 0/8 0/8 0/16 0/16 
Inhaled dose 
Total inhaled dose: 
cfux107  
Mean ± SD (Range) 
LD50 dose  
Mean ± SD (Range)  

187±28 
(146-218) 

202±84 
(83-360) 

178±82 
(112-377) 

182±58 
(127-315) 

<200 LD50 dose n(%) 4(50) 5 (62.5) 14 (87.5) 11(68.8) 
≥200 LD50 dose n(%) 4(50) 3 (37.5) 2 (12.5) 5 (31.2) 

Trigger for Treatment (PA by ECL)a and microbial  burden prior to treatment 
Positive Screening 
PA/ECL Assay n (%) 8 (100%)§ 8 (100%) 13 (81.3%) 13 (81.3%) 

Bacteremia  
Qualitative bacteremia 
n (%) 8 (100)§ 8 (100%) 13 (81.3%) 13 (81.3%) 

Quantitative bacteremia  
n (%) 8 (100)§ 8 (100%) 13 (81.3%) 13 (81.3%) 

Log10 Mean±SD (Range) 
cfu/mL 

5.7±1.9§ 

(4.1-8.5) 
4.5±0.7 
(3.8-5.8) 

4.8±1.3 
(2.9-8.1) 

4.3±1.4 
(3.2-8.7) 

Geometric mean  
cfu/mL x 104  48.3§ 3.3 5.7 1.8 

PA levels by ELISA (ng/mL)  
Log10 ± SD ‡ 2.8±0.6§ 1.4±0.8 2.5±0.4 2.4±0.6 
Mean (Range) 1798.4±3619.5§ 

(224.5-9974.1) 
78.6±122.7 
(1.2-371.1) 

734.1±1614 
(113.4-6083) 

1002.9±2721.4 
(31.5-10000) 

Time (hours) between challenge, trigger, and treatment 
Time to trigger/PA+ve 
(ECL) post-challengea   

Mean±SD (Range)  

34.8±4.4§ 
(24.2-39) 

31.9±5  
(24.7-37.5) 

32.4±6.5 
(21.2-44) 

34.3±2 
(30.8-37.9) 

Time to bacteremia  
Mean±SD (Range) 

33.2±4.8§ 
(24.2-39.0) 

30.4±5.1 
(24.7-37.5) 

30.1±4.5 
(21.2-36.8) 

33.6±3.5 
(26.8-40.7) 

Time to treatment post 
challenge; Mean ± SDb NA 35.8±5.0 48.7±1.6  49.3±3.3 

Time from trigger to 
treatment Mean NA 3.9 16.3 15 

Survivors at the end of study (Day 28) 
mITT animals (Survived 
to be treated) 0/8 4/8 (50%)** 2/13 (15.4%) 8/13 (61.5%)** 
‡ PA PTT for monkey A07179 (Group 1) was below the limit of detection (<LOD) of 2.4 ng/mL and replaced with 1.2 ng/mL for the analysis; for 
animalsA07895 (Group 3) PA >10000 and replaced with 10000 for the analysis. 
§All animals in the control group were PA positive and bacteremic by 36 hours.  All animals were bacteremic by quantitative culture at 48 hours.  
†No vehicle was administered. 
SD=Standard deviation; PTT=Prior to treatment;  
Qualitative culture LOD =25 cfu/mL; quantitative culture LLOQ 250 cfu/mL; Total PA ELISA LLOQ=2.4 ng/mL. PA ECL the results had to be 
greater than the positive control (2 ng/mL); LOD 4 ng/mL 
a The trigger for treatment was defined as the time from challenge to a positive PA-ECL  

b The time to treatment was defined as the time from challenge to treatment. 
**Statistically significance by exact method and Boschloo’s one-sided test; this varies with the test used (for details see statistics reviews by Drs 
Xianbin Li and Ling Lan). 
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Detection of Bacteremia and PA: The variability among the results of two bacterial culture 
methods and the detection of PA by ELISA and ECL assays is shown in Table 99. The samples 
used for all these assays were collected at the same time points post-challenge. All animals 
(n=42) were positive for bacteremia by both the culture methods (Table 99).  Of the 34 monkeys 
in Groups 1, 2 and 3, only 1 one animal was PA negative by ELISA.  All the 8 animals in the 
control untreated group became PA positive by ELISA and ECL methods within 36 hours post-
challenge; these animals were also bacteremic within 36 hours by qualitative method and 48 
hours by quantitative method.  Both qualitative and quantitative culture methods for measuring 
bacteremia as well as ECL assay for measuring PA were equally sensitive in this study.  
 

Table 99: Study 1056 - Agreement among detection methods of bacteremia and serum PA any time prior to treatment 
of the animals 

 

 
n = Number of treated animals. Control group was not treated and all control animals are not included  
Results determined on a per animal basis, not for individual tests.  
Animal with a positive test from any time prior to treatment is considered as positive.  
ND = Not Done.  NA=Not applicable 
*Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
Approximately 40 µL of whole blood was directly plated on solid medium for qualitative culture assessment and LOD 
by qualitative culture can be estimated as 25 cfu/mL; PA ECL is a qualitative assay, for a sample to be reported as 
positive, the results had to be greater than the positive control (2 ng/mL) 
‡LLOQ by quantitative culture 250 cfu/mL; LLOQ by free PA ELISA 2.4 ng/mL  

 
Based on applicant’s analysis, there was a significant positive correlation between log-
transformed quantitative bacteremia values and log-transformed PA-ELISA values at 24 hours 
post-median challenge and at the prior to treatment time point (Pearson correlation). 
 
Effect of treatment on survival:  Treatment with ETI-204 (8 mg/kg) or ETI-204 + ciprofloxacin 
was effective in improving survival compared to the untreated group or ciprofloxacin (Figure 54 
and Table 98).  All the treated non-surviving animals died within 8 days of challenge.  All the 
animals in the control group died within 5 days. 
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Figure 54: Study AP1056 - Kaplan-Meier curves representing time-to-death and survival by group 
 
 

 
Figure constructed by Dr Ling Lan, PhD (Statistics reviewer)                

 
 
Effect of treatment on bacteremia: Bacteremia levels were measured at Days 1, 2, and 5 post-
challenge time points.  The results showed an increase in bacteremia until Day 2 followed by a 
decrease at Day 5 (Figure 55).  The mean time to resolution of bacteremia was shorter in animals 
treated with ciprofloxacin + ETI-204 (9.4 hours) or ciprofloxacin (8.2 hours; only 2 animals 
survived) compared to those treated with ETI-204 (36.7 hours) (Table 100).  A majority [33/34 
(97%)] of the terminal samples from animals that did not survive until Day 28 were bacteremic. 
 
Figure 55: Study 1056: PA levels and bacteremia over time by treatment group 

Bacteremia 

 
Source:  BLA submission  

PA levels 

 
Geometric mean and 95% confidence interval 
 
Figure constructed by Dr Ling Lan, PhD (Statistics reviewer)   
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Table 100: Study 1056-Proportion of bacteremic (qualitative and quantitative cultures) animals at each time point 

Group Study time 
point 

Bacteremia 
Group Study time 

point 

Bacteremia 
Qualitative 

n/N 
Quantitative 

n/N (CFU/mL range) 
Qualitative 

n/N 
Quantitative 

n/N (CFU/mL range) 

ETI-204 

Day-7 0/8 NA 

Cipro 

Day-7 0/16 NA 
Hour 24 1/8 2/8 (66.7 - 500) Hour 24 3/16 3/16 (100 - 4130) 
Hour 30 5/8 NA Hour 30 12/16 NA 
Hour 36 8/8 NA Hour 36 16/16 NA 

PTT  8/8 8/8 (5730 - 6.7x105) Hour 42 13/13 NA 
Hour 42 8/8 NA Hour 48 13/13 NA 
Hour 48 8/8 NA PTT 13/13 13/13 (867 - 1.4x108) 
Hour 54 7/8 NA Hour 54 11/13 NA 
Hour 60 7/8 NA Hour 60 5/12 NA 
Hour 66 6/8 NA Hour 66 2/12 NA 
Hour 72 5/8 NA Hour 72 3/12 NA 
Day 5 1/5 2/5 (33.3 – 433) Day 5 1/4 1/4 (5.8x103) 

Day 8, 14, 
28 0/5 NA Day 8, 14, 

28 0/2 NA 

ETI-204 
+ Cipro 

Day-7 0/16 NA 

Control 

Day-7 0/8 NA 
Hour 24 1/16 1/16 (333) Hour 24 1/8 1/8 (1x104) 
Hour 30 7/16 NA Hour 30 3/8 NA 
Hour 36 15/16 NA Hour 36 8/8 NA 
Hour 42 16/16 NA Hour 42 8/8 NA 
Hour 48 14/14 NA Hour 48 8/8 8/8 (1.3x104 - 3x108) 

PTT 13/13 8/8 (1.5x103-4.6x108) Hour 54 6/6 NA 
Hour 54 9/12 NA Hour 60 6/6 NA 
Hour 60 2/12 NA Hour 66 3/3 NA 
Hour 66 2/12 NA Hour 72 2/2 NA 
Hour 72 2/12 NA PTT NA NA 
Day 5 0/8 0/8 Day 5 0/0 NA 

Day 8, 14, 
28 0/8 NA Day 8, 14, 

28 0/0 NA 

Cipro=ciprofloxacin 
 
 
Effect of treatment on PA: All animals treated with ETI-204 following a positive ECL result 
(Group 1) were negative for PA by 66 hours post-median challenge. Similarly, all animals 
treated with ciprofloxacin and ETI-204 approximately 24 hours after a positive PA-ECL result 
(Group 3) were negative for PA by ECL by 60 hours post-median challenge.  However, all 
animals that were treated with only ciprofloxacin approximately 24 hours after a positive PA-
ECL result (Group 2) remained PA positive by ECL at 72 hours post-median challenge (Table 
101).  
 
PA levels were measured at different time points by ELISA until Day 28 in all surviving 
animals. Challenged animals exhibited peaks in circulating PA levels around Day 2 that 
decreased around Day 5 and were resolved in survivors following treatment (Figure 55).   
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Table 101: Study 1056-Proportion of animals positive for PA-ECL at each time point 
 

 
Antibody=ETI-204 
Source:  BLA submission 

 
Effect of microbial burden on survival:  Based on applicant’s analysis (fitted logistic regression 
model), the PA levels detected by ELISA or bacteremia levels measured by quantitative cultures 
prior to treatment time point was not a significant predictor of survival (p = 0.1794 and p = 
0.7810, respectively) in this study.  However, based on FDA analysis (for details see Dr Ling 
Lan’s statistics review), an increase in PA levels at the time of treatment were associated with 
decreased survival time in animals treated with ETI-204 in combination with ciprofloxacin.  
These analyses are limited by a small sample size.  
 
In vitro susceptibility testing: The in vitro susceptibility of the isolates to ciprofloxacin (MICs 
0.25 to 0.5 µg/mL) collected at the time animals died or last positive culture prior to death were 
similar to the challenge strain used (spore lot no. B35 - MIC 0.5 µg/mL) for aerosolization.  The 
ciprofloxacin MIC against another spore lot (no. B34) was stated to be 0.25 µg/mL. 
 
Clinical observations: The majority of placebo treated animals exhibited abnormal clinical signs 
consistent with anthrax following challenge; these observations are consistent with those 
reported in the natural history studies and other studies summarized above.  In treated animals 
that survived to the end of the study, most of these abnormal observations were not observed. 
 
The body weights of animals post-challenge or post-treatment were not specified.  
 
Necropsy and Histopathology:  Gross lesions in animals found dead or euthanized due to 
moribund condition post-challenge included fluid within the thoracic cavity, skin and thymus; 
discoloration (hemorrhage) of the adrenal glands, meninges, lungs, duodenum, jejunum, and 
colon; and enlargement (hemorrhage) of the bronchial lymph nodes. These lesions corresponded 
microscopically to tissue necrosis, hemorrhage, edema, and inflammation in affected tissues. 
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There were no anthrax infection-associated gross findings in animals that survived to scheduled 
euthanasia on Day 28 post-challenge (Table 102). These observations are consistent with those 
reported in the natural history studies and other studies summarized above. 
 
Microscopic lesions such as tissue necrosis, hemorrhage, edema, and inflammation were 
observed in animals that died or were found moribund (Table 102).  Findings within the 
brain/meninges tended to predominate in animals treated with ciprofloxacin and/or ETI-204 
(similar incidence and severity among treatment groups).  Widespread intravascular bacteria 
were observed more often in untreated animals. Although some of the brain findings were 
observed in untreated animals that succumbed to infection, they were less severe.  There were no 
anthrax-related microscopic findings in animals that survived until the end of the study. 
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Table 102: Study 1056- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

 

      
NA, not applicable.          *Mean severity of lesion  
Animals bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, quantitative).  
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable  
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Table 102 (continued): Study 1056- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

 

  

 

 
NA, not applicable.      *Mean severity of lesion  
Animals’ bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays (qualitative, 
quantitative).  
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable  
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Table 102 (continued): Study 1056-Incidence of gross, microscopic, and severity of lesions in bacteremic monkeys at the time of treatment 
 

 

 

 

 
NA, not applicable.         *Mean severity of lesion  
Animals bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, quantitative).  
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable 
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Tissue bacterial assessments:  
Histology: The results showed absence of bacteria in the tissues from animals that survived the 
period of observation.  However, bacteria were observed in many of the tissues from the animals 
that died or were found moribund; there appear to be more tissues from animals from the control 
group with bacteria compared to the ciprofloxacin treated animals (Table 103).  
 
Culture: Tissues were not processed for bacterial cultures. 
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Table 103: Study 1056 - Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
ND=Not Done 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Histopathology performed at  
[4] Not all animals were assessed microscopically; numbers examined are shown 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: None 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: None 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: None 
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Primary Objective  
The primary objective was to assess the efficacy of ETI-204 (8 mg/kg) administered alone and in 
combination with ciprofloxacin (10 mg/kg) when administered in a delayed fashion (24±12 
hours after the first positive PA-ECL) following inhalational exposure to B. anthracis. 
 
Secondary Objectives  
Secondary objectives were to  
• evaluate the efficacy of two doses of ciprofloxacin (10 mg/kg and 26 mg/kg) when used in a 

similar delayed fashion as primary objective (there was no group of 26 mg/kg ciprofloxacin 
in combination with ETI-204).  

• evaluate untreated controls until death or euthanasia to provide data on disease progression in 
B. anthracis aerosol challenged cynomolgus monkeys.  

 
Study design: 
The study design was similar to that of the Study 1056 (summarized above) except that 
• during the pre-challenge period, blood was collected from each animal and assayed by TNA 

and anti-PA IgG ELISA to determine the presence of protective antibodies against anthrax 
(Table 104). All animals were negative by TNA and approximately 20% (15/72) of animals 
were anti-PA IgG positive (0.145 to 2.386 μg/mL) prior to randomization; of these 12 
animals were included in the study. 

• animals were randomized by gender, weight, Klebsiella status61, and anti-PA IgG ELISA 
status into four groups of 16 animals each and one group of eight animals. Although, animals 
were randomized to 5 groups; however, information for one of the group was redacted as 
another anti-PA agent (not specified) was administered.   

• The PA ELISA used in this study was performed at  and was different from that 
used in the Study 1056.  Total PA was measured using a purified polyclonal anti-PA IgG 
(rabbit anti-PA IgG); the LLOD 4.2 ng/mL, and the upper limit of detection (ULOD) was 
24,000 ng/mL (for details see Dr Lynette Berkeley’s microbiology review). 

 

 
 
61 On page 9 of the report, the applicant states that "Animals were tested for Klebsiella prior to shipment to  
Based on testing results provided from  11% (8/72) of the animals were positive for Klebsiella prior to 
shipment" These animals were listed as Klebsiella positive on medical records.  The method used for identification 
of Klebsiella was not specified. Six of the Klebsiella positive animals were included in the study.   
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Table 104: Study 2469 -  Study groups and blood collection/assay schedule 
Study design 

Group Treatment ETI-204 
Dose 

Ciprofloxacin 
Dose 

Treatment 
Initiation 

Therapy 
Duration 

No. of 
Animals 

1 Ciprofloxacin N/A 10 mg/kg ECL Positive + 
24±12 hours 4 days (oral) 16 

2 Ciprofloxacin N/A 26 mg/kg ECL Positive + 
24±12 hours 4 days (oral) 16 

3 ETI-204+ 
Ciprofloxacin 8 mg/kg 10 mg/kg ECL Positive + 

24±12 hours 

Single dose (ETI-
204; IV) + 4 days 

(Cirpo; oral) 
16 

4 Control N/A N/A N/A N/A 8 
That applicant redacted information for one of the groups (Group 3). Therefore, Groups 4 and 5 in applicant’s 
submission represented as Groups 3 and 4, respectively in this review  
Applicant’s group numbers -1: Cipro (10 mg/kg); 2: Cipro (26 mg/kg); 4: ETI-204 (8 mg/kg) + Cipro (10 
mg/kg); 5: untreated control  
Blood collection schedule 

 
NA=not applicable.  Cipro=ciprofloxacin 

 
Of the 56 monkeys randomized to the four study groups, 7 died before treatment initiation in 
Groups 1, 2 and 3 (Table 105); this was perhaps due to a delay in treatment after PA positive 
findings. Treatment of animals in Groups 1, 2 and 3 was delayed; ciprofloxacin (10 mg/kg or 26 
mg/kg) treatment was initiated by gavage 24±12 hours after ECL positive findings, for 4 days.   
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Table 105: Study 2469 - Animal disposition before treatment initiation 

 Group 4‡ 
Control 

Group 1§ 
Cipro 

(10 mg/kg) 

Group 2§ 
Cipro 

(26 mg/kg) 

Group 3§ 
ETI-204+ 

Cipro 

Total 
 

Animals challenged 8 16 16 16 56 
Anti-PA IgG positive pre-challenge 1 3 4 4 12 (21.4%) 
TNA 0 0 0 0 0 (0%) 
Klebsiella 1 1 2 2 6 (10.7%) 
PA positive by ECL or ELISA 0 0 0 0 0 (0%) 
Culture positive 0 0 0 0 0 (0%) 
Animals who died before treatment 0‡ 3 2 2 7/48 (15%) 
Animals who survived to be treated*  13 14 14 41/48 (85%) 
*Represent modified intent to treat (mITT) 
‡No vehicle was administered to control group animals. 
§Ciprofloxacin (10 mg/kg or 26 mg/kg) treatment initiated by gavage 24±12 hours after ECL positive findings, for 4 
days.   
Group 1: ciprofloxacin as for Group 2 animals + ETI-204 administered after the first dose of ciprofloxacin. 

Cipro=ciprofloxacin 
 
 
Results: 
All animals were PA negative (by both ELISA and ECL assay) as well as culture negative on 
Day-7 i.e., prior to challenge.  Age, gender, body weight, and challenge dose (mean LD50 
223.4±46.5) were comparable among three groups; however, the LD50 dose was ≥ 200 for 
approximately 67% of the animals (Table 106). The MMAD for each exposure day ranged from 
1.19 – 1.22 µm which is consistent with the particle size range that would reach the alveoli. 
 
The mean time to trigger ranged from 24 to 54 hours post-exposure among the three treatment 
groups.   The time to treatment was between 45 and 73 hours post-exposure (Table 106).   
 

Reference ID: 3861561



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509  Page 253 of 340 

 

Table 106: Study 2469 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 

Parameters 
Group 4§  
Control 

N = 8 

Group 1 
Cipro (10 mg/kg) 

N = 16 

Group 2 
Cipro (26 mg/kg) 

N = 16 

Group 3 
ETI-204 (8 mg/kg) 
+ Cipro (10 mg/kg) 

N = 16 
Baseline characteristics 

Age (months) estimated range 52.5±7.9 49.4±5.3 48.9±4.8 47.3±2.6 
Body weight (kg) 3.8±0.8 3.7±0.7 3.7±0.6 3.6±0.8 
Inhaled dose  
Total inhaled dose (cfu x107) 
Mean ± SD (Range) 
LD50  
Mean ± SD (Range)  

228.1±42.1 
(187, 307) 

219.4±31.8 
(163-266) 

227.1±65.4 
(156-374) 

203.2±38.7 
(156-298) 

<200 LD50 n(%) 1 (12.5) 4 (25.0) 7 (43.8) 9 (56.2) 
≥200 LD50 n(%) 7 (87.5) 12 (75.0) 9 (56.2) 7 (43.8) 

Trigger for Treatment (PA by ECL)a and microbial  burden prior to treatment 
Positive Screening PA/ECL 
Assay n/N (%) 8/8 (100)§ 14/14 (100) 13/13 (100) 14/14 (100) 

Bacteremia (cfu/mL) 
Qualitative bacteremia 
n (%) 8/8 (100)§ 13/13 (100) 14/14 (100) 14/14 (100) 

Quantitative bacteremia   
Log10 Mean±SD (cfu/mL)*  4.0±1.1§ 4.9±1.7 4.1±1.6 3.9±1.7 
Geometric mean  
(cfu/mL x 104) 1.0§ 8.8 1.4  0.8 

PA levels by ELISA (ng/mL)  
Log10 ± SD (n)* 2.0±0.5§ (8) 2.6±0.9 (11)† 2.6±0.5 (14) 2.5±0.5 (14) 
Mean± SD (Range) 151.3±110.1§ 

(12.1-365) 
2611.4±7104.6 

(6.7-24000) 
857.8±937.3 
(63.8-2680) 

632.9±778.2 
(99.6-2190) 

Time (hours) between challenge, trigger, and treatment 
Time to trigger/PA+ve (ECL) 
post challengea   

Mean±SD (Range)  

37.9±7.4 
(27.9-45.9) 

37.4±7 
(24.1-54.4) 

36.6±4.7 
(28.5-43.0) 

35.0±4.4 
(24.5-43.5) 

Time to PA+ve (ELISA) post 
challengea   

Mean±SD (Range) 

35.8±3.6 
(29.6-40.8) 

35.9±8.5 
(23.6-60.6) 

35.1±4 
(28.5-43.0) 

32.5±4.6 
(24.5-42.7) 

Time to bacteremia  
Mean±SD (Range) 

34.3±7.6§ 
(24.1-45.6) 

34.7±11.2 
(24.1-72.0) 

33.6±5.8 
(22.4-43.0) 

29.8±5.7 
(22.7-37.5) 

Time to treatment post 
challenge; Mean ± SDb NA 53.4±10.4 

(45.2-72.0) 
56.4±11.7 
(46.1-73.0) 

50.4±6.7 
(46.0-73.1) 

Time from trigger to 
treatment; Mean NA 16 19.8 15.4 

Survivors at the end of study (Day 28) 
mITT animals (Survived to 
be treated) n/N (%) 2/8 (25.0) 4/13 (30.8) 7/14 (50) 8/14 (57.1) 
§ No vehicle was administered. All animals in the control group were PA+ve and bacteremic by 48 hours; however, there is no 
PTT. 
*The result for animal A11973 treated with Cipro 10 mg/kg is greater than the ULOD (24000 ng/mL), replaced with 24000 
ng/mL for the statistical analysis.  
SD=Standard deviation; PTT=Prior to treatment;  
Qualitative culture LOD =25 cfu/mL; quantitative culture LLOQ 250 cfu/mL; PA ELISA LLOQ=0.87 ng/mL. PA ECL positive 
control - 2 ng/mL; LOD 4 ng/mL 
a The trigger for treatment was defined as the time from challenge to a positive PA-ECL  
b The time to treatment was defined as the time from challenge to treatment. 
**Statistically significance by exact method and Boschloo’s one-sided test; this varies with the test used (for details see statistics 
review by Ling Lan) 
 
Detection of Bacteremia and PA: The variability among the results of two bacterial culture 
methods and the detection of PA by ELISA and ECL assays is shown in Table 107. The samples 
used for all these assays were collected at the same times post-challenge. As stated above, all 
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animals were positive for bacteremia by the quantitative culture method and PA positive by ECL 
and ELISA (Table 107).  One animal in the ciprofloxacin 10 mg/kg group was culture negative 
by the qualitative culture method.  All 8 animals in the control untreated group, became PA 
positive by ELISA and ECL methods within 42 hours and 48 hours, respectively, post-challenge; 
these animals were also bacteremic within 48 hours by both qualitative method and quantitative 
method.  Both the culture methods for measuring bacteremia and ECL and ELISA for detecting 
PA were equally sensitive in this study.   
 

Table 107: Study 2469 - Agreement among detection methods of bacteremia and serum PA any time prior to treatment 
of the animals 

 

 
n = Number of treated animals. Control group was not treated and all control animals are not included  
Results determined on a per animal basis, not for individual tests.  
Animal with a positive test from any time prior to treatment is considered as positive.  
ND = Not Done.  NA=Not applicable 
*Qualitative methods were used on occasions when only positive/negative result was desired and are not quantitative. 
Approximately 40 μL of whole blood was directly plated on solid medium for qualitative culture assessment and LOD 
by qualitative culture can be estimated as 25 cfu/mL; PA ECL is a qualitative assay, for a sample to be reported as 
positive, the results had to be greater than the positive control (2 ng/mL)  
‡LLOQ by quantitative culture 250 cfu/mL; LLOQ by free PA ELISA 4.2 ng/mL  

 
The animals with lower quantitative bacteremia counts exhibited lower PA levels and animals 
with higher quantitative culture counts exhibited higher PA concentrations. Based on the 
applicant’s analysis, there was a positive correlation between log-transformed quantitative 
bacteremia and log-transformed PA-ELISA values at 24 hours post-median challenge and at the 
prior to treatment time point (Figure 56).  
 

Figure 56: Study 2469 - PA-ELISA versus quantitative bacteremia at PTT 
 

 
PTT = prior to treatment 
Source:  BLA submission 
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Effect of treatment on survival: 
Treatment with ETI-204 (8 mg/kg) + ciprofloxacin (10 mg/kg) or ciprofloxacin (26 mg/kg) was 
effective in improving survival compared to the untreated group or ciprofloxacin at a dose of 10 
mg/kg (Figure 57 and Table 106); however such differences were not statistically significant. 
Two of the 8 untreated control animals survived the period of observation; the reason for the 
survival of two untreated animals is unclear.   All the non-surviving animals died within 8 days 
of challenge.  
 

Figure 57: Study 2469 - Kaplan-Meier curves representing time-to-death and survival by group 
 
 

 
Figure constructed by Dr Ling Lan, PhD (Statistics reviewer)                

 
 
Effect of treatment on bacteremia: A majority of the animals became culture negative by Day 5 
post-challenge.  Quantitative bacteremia was measured at Days 1, 2, and 5 post-challenge time 
points.  The results showed an increase in bacteremia until Day 2 followed by a decrease at Day 
5 (Figure 58).  A majority of the animals that died or found moribund were bacteremic (Table 
108). 
 
 
Effect of treatment on PA: A majority of the animals treated with ETI-204 + ciprofloxacin 
approximately 24 hours after a positive PA-ECL result were PA negative by 60 hours post-
median challenge.  However, all animals that were treated with only ciprofloxacin (10 mg/kg or 
26 mg/kg) approximately 24 hours after a positive PA-ECL result remained PA positive by ECL 
until 72 hours post-median challenge (Table 109).  
 
An increase in PA levels, by ELISA, was observed post-challenge that peaked by 48 hours 
(Figure 58).   The PA levels decreased following treatment in all groups and resolved in 
survivors following treatment, which is consistent with previous studies. 
 
All the surviving monkeys treated with ciprofloxacin or ciprofloxacin + ETI-204 became culture 
negative and PA negative. 
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Table 108: Study 2469-Proportion of animals bacteremic (qualitative and quantitative culture) at each time point 

Group Study time 
point 

Bacteremia 
Group Study time 

point 

Bacteremia 
Qualitative 

n/N 
Quantitative 

n/N (CFU/mL range) 
Qualitative 

n/N 
Quantitative 

n/N (CFU/mL range) 

Cipro 
10 mg/kg 

Day-7 0/16 ND 

 
 

Cipro 
26 mg/kg 

Day-7 0/16 ND 
Hour 24 3/16 3/16 (2.7x102-8x103) Hour 24 1/16 2/16 (3.3-1.1x102) 
Hour 30 7/16  Hour 30 6/16  
Hour 36 14/16  Hour 36 14/16  
Hour 42 15/16  Hour 42 14/14  
Hour 48 14/15  Hour 48 12/14  
Hour 54 11/14  Hour 54 8/13  
Hour 60 5/14  Hour 60 7/13  
Hour 66 5/14  Hour 66 5/12  
Hour 72 5/14  Hour 72 5/12  
Day 5 0/5 0/5 Day 5 1/8 0/5 
PTT 12/13 13/13 (87-5.4x107) PTT 13/14 14/14 (3.33-1.1x108) 

Day 8, 14, 
28 0/4  Day 8, 14, 

28 1/7  

Unscheduled 
terminal 9/9  Unscheduled 

terminal 6/7  

ETI-204 + 
Cipro  

10 mg/kg 

Day-7 0/16 ND 

Control 

Day-7 0/8 ND 
Hour 24 4/16 6/14 (6.7-1x104) Hour 24 1/8 1/8 (1.0x103) 
Hour 30 10/16  Hour 30 4/8  
Hour 36 16/16  Hour 36 5/8  
Hour 42 14/15  Hour 42 7/8  
Hour 48 14/15  Hour 48 8/8  
Hour 54 9/15  Hour 54 8/8  
Hour 60 5/14  Hour 60 7/8  
Hour 66 2/14  Hour 66 5/6  
Hour 72 1/13  Hour 72 3/5  
Day 5 1/9 1/9 (5.6x103) Day 5 1/3 1/3 (20) 
PTT 13/14 14/14 (23-4.8x107) PTT NA NA 

Day 8, 14, 
28 0/8  Day 8 1/3  Day 14, 28 0/2 

Unscheduled 
terminal 5/6  Unscheduled 

terminal 6/6  

Cipro=ciprofloxacin 
 
 
Figure 58: Study 2469 - Bacteremia and PA levels over time by treatment group 

Bacteremia  

 
Source:  BLA submission 

 PA levels 

 
 
Geometric mean and 95% confidence interval 
Figure constructed by Dr Ling Lan, PhD (Statistics reviewer)   
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Table 109: Study 2469 - Proportion of animals positive for PA-ECL at each time point 
 

 

   
1: Ciprofloxacin (10 mg/kg); 2: Ciprofloxacin (26 mg/kg); 4: ETI-204 (8 mg/kg) + Ciprofloxacin (10 mg/kg); 5: 
untreated control  
Source:  BLA submission 
 
Effect of microbial burden on survival:  Higher bacteremia and PA levels at the time of trigger 
were associated with a decreased probability of survival.   
 
 
Anti-PA antibodies: As stated above, all animals included in the study were tested for anti-PA 
IgG antibodies by ELISA and TNA.  Of all the animals included in the study, 12 were anti-PA 
IgG antibody positive by ELISA but none of the animals were TNA positive.  There does not 
appear to be any correlation between presence of anti-PA IgG antibodies and response to 
challenge or treatment (Table 110).  For example, three control animals were antibody positive 
and only one of them survived; of the two control animals that survived, only one animal tested 
positive for anti-PA IgG (Animal A12335); nine anti-PA IgG positive animals that were 
randomized to treatment groups, three succumbed to challenge.  The reason for anti-PA IgG 
positive findings in experimentally naïve animals is unclear.  The possibility of cross-reactivity 
or false positive findings by the anti-PA IgG assay was not examined and cannot be ruled out 
(for details see microbiology review by Dr Lynette Berkeley).   
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Table 110:  Study 2469 - Survival status of animals positive for anti-PA IgG prior to challenge 
Group Animal ID Survived 

Untreated control 
A07577  No  
A07712  No 
A12335  Yes 

Ciprofloxacin 10 mg/kg 
A07681  No 
A11047  Yes 
A11436  No 

Ciprofloxacin 26 mg/kg 
A10641  Yes 
A12134  No 
A11039  No 

ETI-204 8 mg/kg + Ciprofloxacin 10 
mg/kg 

A11978  No 
A12170  No 
A12050  Yes 

 
In vitro susceptibility testing: The in vitro susceptibility of the isolates to ciprofloxacin collected 
at the time animals died or last positive culture prior to death (MICs 0.25 to 0.5 µg/mL; MIC for 
the isolate from one animal A10650 treated with ciprofloxacin 10 mg/kg+ETI-204 was 1 µg/mL) 
were similar to that of the challenge strain used (spore lot no. B36; MIC between 0.125 and 0.25 
µg/mL) for aerosolization.  The MIC against another spore lot (no. B35) was stated to be 0.25 
µg/mL. Treatment with 10 mg/kg or 26 mg/kg of ciprofloxacin for four days did not promote the 
growth of ciprofloxacin resistant bacteria. 
 
Clinical Observations: The majority of placebo treated animals exhibited abnormal clinical signs 
consistent with anthrax following challenge; these observations were consistent with those 
reported in the natural history studies summarized above.  In treated animals that survived to the 
end of the study, most of these abnormal observations were not observed. 
 
The body weights of animals post-challenge or post-treatment were not specified.  
 
Necropsy and Histopathology:  Gross lesions in animals found dead or euthanized due to 
moribund condition post-challenge included fluid within the abdominal and thoracic cavities, 
thymus, and skeletal muscle; discoloration (hemorrhage) of the meninges, lungs, liver; and 
enlargement (hemorrhage) of the bronchial and mediastinal lymph nodes. There were no anthrax 
infection-associated gross findings in animals that survived to scheduled euthanasia on Day 28 
post-challenge (Table 111). These observations are consistent with those summarized above in 
the natural history and treatment studies summarized above. 
 
Microscopic lesions such as tissue necrosis, hemorrhage, edema, and inflammation were 
consistent with anthrax infection and those observed in the natural history studies and treatment 
studies summarized above.  Large rod-shaped bacteria consistent with B. anthracis were reported 
in at least one organ and often widespread in animals that died (Table 111). The applicant states 
that in untreated animals, bacteria were found in the vasculature of most or all organs, with 
hemorrhage, necrosis, and/or inflammation in one or more organs.  In a majority of the treated 
animals, bacteria were mainly restricted to the brain predominantly the meninges leading to 
meningeal hemorrhage and inflammation; the severity was higher in treated animals compared to 
the untreated group.  
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There were no anthrax-related microscopic findings in NHPs that survived until the end of the 28 
day post-challenge period. 
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Table 111: Study 1056- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

     

 

 
NA, not applicable.          *Mean severity of lesion  
Animals bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays 
(qualitative, quantitative).  
Control group were not administered with placebo and are all included 
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable  
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Table 111 (continued): Study 1056- Incidence of gross, microscopic, and severity of lesions in monkeys bacteremic at the time of treatment 
 

 

 

 

 

 
 

NA, not applicable.      *Mean severity of lesion  
Animals bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays (qualitative, 
quantitative).  
Control group were not administered with placebo and are all included 
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable  
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Table 111 (continued): Study 1056-Incidence of gross, microscopic, and severity of lesions in bacteremic monkeys at the time of treatment 
 

 

 

 

 
NA, not applicable.         *Mean severity of lesion  
Animals bacteremia at any time point prior to treatment (up to and including PTT) and positive by any of the bacteremia assays (qualitative, 
quantitative).  
Control group were not administered with placebo and are all included 
1Gross necropsy and histopathology pathology performed at   
2All microscopic findings were graded at  according to the following scale, with the associated numerical score:  

1 (minimal); 2 (mild); 3 (moderate); 4 (marked)  
3Tissues examined microscopically and found unremarkable 
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Tissue bacterial assessments:  
Histology: The results showed absence of bacteria in the tissues from animals that survived the 
period of observation.  However, bacteria were observed in many of the tissues from the animals 
that died or were found moribund; there were more tissues from animals from the control group 
with bacteria compared to the treated animals (Table 112).  
 
Culture: Tissues were not processed for bacterial cultures. 
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Table 112: Study 2469-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
ND=Not Done 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Histopathology performed at  
[4] Not all animals were assessed microscopically; numbers examined are shown 
Animals that were negative for both PA (ECL and ELISA) and bacteremia (qualitative, qualitative enriched, 
quantitative) at any point prior to treatment: None 
Animals that were negative for bacteremia (qualitative, qualitative enriched, quantitative) only at any point prior to 
treatment: None 
Animals that were negative for PA (ECL and ELISA) only at any point prior to treatment: None 
 
 

Reference ID: 3861561

(b) (4)







Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509  Page 267 of 340 

 

Results: 
Baseline characteristics: Age, gender, body weight, and challenge dose were comparable among 
animals in all the groups (Table 114).  The average ± SD aerosol exposure dose for all animals 
on study was 183±63 LD50 equivalent; approximately 58% of the animals were challenged with 
< 200X LD50. At 24 hours post-challenge, all animals were culture negative; bacteremia was not 
measured at 36 hours (Table 114).  At 48 hours post-exposure, however, 4/7 animals in Group 3 
were bacteremic (Table 114).   
 
Table 114: Study AR004 - Baseline characteristics and post treatment survival as well as microbiological findings 

 
Parameters 

Placebo 48 hours 
(Group 4) 

N=9!, ‡ 

 10 mg (approximately equal to 4 mg/kg) 
24 hours (Group 1) 

N=10 
36 hours (Group 2) 

N=10 
48 hours (Group 3) 

N=7! 
Baseline characteristics 

Age (weeks) Range 13-17 13-17 13-17 13-17 
Inhaled dose 
cfu x 107  
Mean ± SD (Range) Not included in the data sets 
LD50  
Mean ± SD (Range)  

193.1±80.4 
(86-353) 

177.3±62.4 
(103-267) 

195.0±58.7 
(91-263) 

159.9±50.2 
(62-214) 

<200 LD50 n(%) 5 (55.6) 7 (70.0) 4 (40.0) 5 (71.4) 
≥200 LD50 n(%) 4 (44.4) 3 (30.0) 6 (60.0) 2 (28.6) 
Bacteremia at the time of treatment 
Bacteremia at the time 
of treatment n (%) 

0 0 ND 4/7 

Post-treatment: Survival and bacteremia at the end of study (Day 28) 
Survivors at the end 
of study  

0 8 (80)* 
 

5 (50)* 
 

3 (42.9)*  
 

Post-treatment: number of animals bacteremic (n/N) 
24 hours 0/9 0/10 0/10 0/7 
36 hours ND ND ND ND 
48 hours 2/9 0/10 3/10 4/7 
Day 7  NA 1/9 0/5 0/3 
Day 10, 21, 28 NA 0/8 0/5 0/3 
Unscheduled terminal‡ 7/9 1/2 4/5 4/4 
!There were 40 animals randomized.  However, three animals in Group 3 and one animal in Group 4 died prior to the 
treatment time point and were therefore excluded from the primary survival analysis. 
‡Group 4: Two of the control animals (K49149 and K49158) in Group 4 were culture negative at all the time points 
tested.  
Group 1: treatment initiated at 24 hours post-exposure, only one animal (K49152) that survived was bacteremic at 
Day 7 and at terminal time points tested; other animals were culture negative at all the time points.  
Group 2: treatment initiated at 36 hours post-exposure, all 5 survivors were culture negative at all the time points 
tested.  
Group 3: treatment initiated at 48 hours post-exposure), 3 animals (K49148, K49151, and K49153) that survived 
were culture negative at all the time points tested including samples collected at terminal time point.  
SD=Standard deviation; GM=geometric mean; ND=not done; NA=Not applicable 
*Statistically significant between the ETI-204 treated group and the control group by the exact method and 
Boschloo’s test (for details see statistics review by Dr Xianbin Li, PhD). 
 
Effect of treatment on survival: The results show that ETI-204 at a dose of 10 mg (~4 mg/kg), 
IV, when administered at 24 hours post-exposure was most effective in improving survival 
(80%); when treatment was administered at 36 or 48 hours post-exposure the survival rate was 
50% and 43%, respectively (Table 114 and Figure 59).  All the control group animals died within 
4 days of challenge.   All the non-surviving animals died within 7 days of challenge.  
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Table 115: Study AR004-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
ND=Not Done 
[1] All treated animals irrespective of bacteremia status prior to treatment 
Animals that were negative for bacteremia (qualitative) only at any point prior to treatment: K49131, K49132, 
K49133, K49134, K49135, K49137, K49138, K49140, K49141, K49143, K49145, K49148, K49149, K49150, 
K49151, K49152, K49153, K49154, K49156, K49157, K49158, K49159, K49161, K49162, K49163, K49164, 
K49165, K49168, K49169, K49170 
PA (ECL and ELISA) were not performed 
 
Comments: 
The study showed that the  product (  anti-PA MoAb) administered at a dose of ~ 4 
mg/kg IV, at 24, 36, or 48 hours post-exposure with the Ames strain of B. anthracis was effective 
in improving survival (delaying or preventing death) in NZW rabbits.  The effectiveness was 
more when administered 24 hours post-exposure compared to the later time points; at 24 hours 
none of the animals were bacteremic.  All the surviving animals were culture negative.   All of 
the animals that became bacteremic at Day 2 ultimately died. In addition, there were no positive 
cultures reported in any of the tissues from the surviving animals on Day 28. 
 
 
6.4.1.2.  Study AR012 
This was a randomized, open label, placebo-controlled, parallel group, dose ranging GLP study 
conducted at  to determine the maximally-effective dose, optimally-effective dose, and 
lowest effective dose of ETI-204 (Baxter product) when given by the IV and IM routes, 24 hours 
post-exposure with the B. anthracis spores (spore lot no. B30) in 84 specific pathogen free NZW 
rabbits.63  In addition, the onset of clinical disease was determined retrospectively by significant 
increases in body temperature, abnormal values in hematology and bacterial cultures. The results 
were evaluated to determine if abnormalities documented in the clinical and physiological 
parameters used to determine illness would revert back to normal following treatment with ETI-
204.  
 
Study design: 
The study design was similar to that summarized above for Study AR004 except that there were 
8 groups of animals and different doses (fixed dose and not by body weight) of ETI-204 were 
administered at 24 hours post-exposure by either IM or IV route (Table 116). Blood was cultured 
at 18, 24 and 27 hours after challenge and on Study Day 14. An attempt was made to obtain 
blood samples from moribund animals prior to euthanasia and from rabbits found dead. Blood 
was cultured to determine the presence or absence of bacteremia.   

                                                 
63  Study Number 704-G005796: AR012 - Rabbit spore challenge ETI-204 post-exposure IV and IM dose-
ranging study (April 1, 2008). 
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Body temperatures were monitored using an implantable, programmable temperature 
transponder.  Animals were observed for clinical signs at regular interval throughout the study 
until Day 14.  Necropsy and histopathology were performed on rabbits found dead, moribund or 
euthanized to confirm death or illness due to anthrax infection. At a minimum, brain, liver, 
spleen, kidney, lung, mediastinal lymph node and gross lesions were collected and processed for 
histopathology. 
 

Table 116: AR012 - Study design and schedule of blood collection 
Study design: 

 
 

The blood collection and assay schedule: 

 
The body weights ranged from 2.3 to 3.0 kg at the time of randomization.  The actual dose 
of ETI-204 administered was 2.5, 5, 10, 20 or 40 mg per rabbit, which was approximately 
equal to 1, 2, 4, 8, or 15 mg/kg  

 
The animals were about 3.8 months old and weighed between 2.3 to 3.0 kg at the time of 
challenge and randomized to eight groups (Table 116).  The average MMAD for the three 
challenge days ranged from 0.95-1.13 µm. 
 
 
Results: 
Baseline characteristics: Age, gender, and body weights were comparable among the animals in 
all eight groups (Table 117).  The average aerosol exposure (± SD) dose for all animals on study 
was 200(±64) B. anthracis LD50 equivalent.  Approximately, 39% of the animals were exposed 
to ≥200 LD50.  However, there was lot of variability in the LD50 among the animals in different 
groups; the LD50 was lowest in the 20 mg IM treated group of animals (Table 117).  
 
There was an increase in the number of animals bacteremic at 18 hours compared to 27 hours 
(Table 117).  At 24 hours post-challenge, 50% of the animals were bacteremic; the percentage of 
bacteremic animals varied from 22% and 78% among different groups.  
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Table 117: Study AR012 - Baseline characteristics and post treatment survival as well as microbiological findings 

Parameters 
Group 1 
Placebo 

N=9 

ETI-204§ 
Group 6 

2.5 mg IV 
N=9 

Group 2 
5 mg IM 

N=9 

Group 7 
10 mg IV 

N=12 

Group 3 
10 mg IM 

N=9 

Group 8 
20 mg IV 

N=12 

Group 4 
20 mg IM 

N=12 

Group 5 
40 mg IM 

N=12 
Baseline characteristics 

Age (months) 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 
Body weight (kg) 2.63±0.11 2.62±0.13 2.61±0.11 2.56±0.15 2.61±0.11 2.59±0.12 2.59±0.14 2.2±0.12 
Inhaled dose 

cfu x 107 
Mean ± SD (Range) 

LD50 
Mean ± SD (Range) 

205.7±47.4 
(111-258) 

193.2±34.3 
(126-239) 

187.2±32.3 
(149-248) 

189.8±27.3 
(151-243) 

230.7±87.5 
(167-432) 

218.5±117.2 
(136-567) 

180.7±46.4 
(111-269) 

201.9±62.6 
(131-357) 

<200 LD50 n (%) 3 (33.3) 4 (44.4) 5 (55.6) 9 (75.0) 5 (55.6) 8 (66.7) 10 (83.3) 7 (58.3) 
≥200 LD50 n (%) 6 (66.7) 5 (55.6) 4 (44.4) 3 (25.0) 4 (44.4) 4 (33.3) 2 (16.7) 5 (41.7) 

Bacteremia prior to treatment 
Bacteremia 18 hours‡ 
n (%) 0 0 1 2 2 2 1 1 
Bacteremia 24 hours 
n (%) 4 (44.4) 7 (77.8) 6 (66.7) 6 (50.0) 2 (22.2) 4 (33.3) 5 (41.7) 8 (66.7) 

Post-treatment: Survival at the end of study (Day 14) 
Survivors at the end 
of study n (%) 0 1 (11.1) 1 (11.1) 6 (50) 3 (33.3) 7 (58.3)* 5 (41.7) 4 (33.3) 

Post-treatment: Number of animals bacteremic n (%) 
27 hours 6 (66.7) 7 (77.8) 6 (66.7) 7 (58.3) 4 (44.4) 5 (41.7) 8 (66.7) 9 (75.0) 
Day 14 NA 0/1 0/1 0/6 0/3 0/7 0/5 0/4 
Unscheduled terminal 
n/N 8/8 8/8 5/6 6/6 5/6 3/4 6/7 6/8 
‡18 hour data not included in the datasets but included in the study report.               NA=Not applicable 
§ETI-204 dose was a fixed dose: 2.5 mg= 1.25 mg/kg; 5 mg = 2 mg/kg; 10 mg = 4 mg/kg; 20 mg = 8 mg/kg; 40 mg=15 mg/kg 
*Statistically significant between the ETI-204 treated group and the control group by the exact method and Boschloo’s test (for details see statistics review by Dr Xianbin Li, PhD). 
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The temperature was measured between 23 and 30 hours post-exposure.  However, the data were 
not recorded for some of the animals at a few time points.  The first significant mean temperature 
rise occurred at the 23 hour time point in Group 6. By 24 hours three of eight groups had a 
significant rise in mean body temperature.  Based on an average hourly temperature changes, an 
increase in temperature was observed in a majority of the animals in all the groups between 28 
and 30 hours post-challenge (Table 118).  
 

Table 118: Study AR012 - Summary of increases and decreases in mean body temperature of rabbits 
from 23 to 30 hours after B. anthracis challenge. 

 

 

Source:  BLA submission 

 
Effect of treatment on survival: The results showed ETI-204 at a dose of 20 mg (~8 mg/kg) 
administered IV, at 24 hours post-exposure was most effective in improving survival (Table 117 
and Figure 60).  All the animals in the control group died within 5 days of challenge.   All of the 
non-surviving animals died within 7 days of challenge.   
 
All the animals that died or found moribund were bacteremic. Of the 27 survivors, 8 of the 
animals were bacteremic (at least one positive culture) post-challenge and treated with ≥10 mg 
dose of ETI-204.  At Day 14, all the surviving rabbits were culture negative. 
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Table 119: Study AR012 - Summary of clinical observations 
 

 
Source:  BLA submission 

 
Necropsy and Histopathology:  Complete necropsies were performed on all rabbits that died or 
were euthanized in moribund condition. Gross lesions were typical of inhalation and included 
discolorations (hemorrhage) of some of the organs (appendix, brain, kidney, liver, lung, and 
skin), enlargement of the mediastinal lymph nodes and spleen, edema of the thymus, 
mediastinum and ventral skin, as well as fluid (transudate) within the pericardial, thoracic and 
abdominal cavities. 
 
Tissues from three blood culture negative animals treated with ETI-204 5, 20 or 40 mg, IM, were 
processed for histological examination.  Microscopic findings reported are consistent with 
anthrax in all three rabbits and include presence of large rod-shaped bacteria consistent with B. 
anthracis in at least one organ (Table 120).  Necrosis, hemorrhage and lymphoid depletion of 
some of the organs e.g., brain, lymph nodes, and spleen was observed.  There was a trend 
towards fewer gross lesions in ETI-204 treated animals, aside from foci in the brain and 
appendix, which were common in rabbits dying from anthrax in this study. 
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Table 120: AR012 – Gross necropsy findings by treatment group in animals found dead or euthanized in moribund 
condition and microscopic finding in selected rabbits with severity 

A: Gross necropsy findings 

 
 

B: Microscopic finding in selected blood culture 
negative rabbits with severity 

 
L04941 administered 5 mg ETI-204 IM 
L04985 administered 20 mg ETI-204 IM 
L044980 administered 40 mg ETI-204 IM 

 
 
Tissue bacterial assessments:   
Histology:  The presence of bacteria was examined in only 3 non-surviving animals treated with 
ETI-24 dose of approximately 2, 8, or 16 mg/kg IM.  The results showed the presence of bacteria 
in some of the tissues (Table 121). 
 
Cultures:  Not done. 

Reference ID: 3861561



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509  Page 276 of 340 

 

Table 121: Study AR012-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Histopathology performed at  Not all animal were assessed microscopically; numbers examined are 
shown 
Animals that were negative for bacteremia (qualitative) only at any point prior to treatment: L04901, L04906, 
L04907, L04914, L04915, L04917, L04919, L04921, L04922, L04925, L04927, L04930, L04931, L04933, L04937, 
L04942, L04943, L04944, L04945, L04948, L04950, L04953, L04956, L04958, L04959, L04961, L04962, L04963, 
L04964, L04965, L04972, L04975, L04976, L04981, L04982, L04985, L04989, L04990 
PA (ECL and ELISA) were not performed 
 
 
Comments: 
At the time of treatment (24 hours post-challenge), approximately 50% of the rabbits were 
bacteremic, 63% had a mean increase in the N/L ratio, and 38% had a significant increase in 
mean temperature over baseline. By 27 hours post-challenge, approximately 63% of the rabbits 
were bacteremic, 100% of the animals had a mean increase in the N/L ratio, and 75% of the 
animals had a significant increase in mean temperature over baseline. 
 
ETI-204, administered IV or IM showed a dose dependent increase in survival up to a dose of 20 
mg. The highest dose of 40 mg of ETI-204 administered IM was less effective.  The percentage of 
bacteremic animals increased over time through the 27 hour time point.  All surviving rabbits 
treated with ETI-204 irrespective of the dose were culture negative at Day 14.  All the animals 
that died or found moribund were bacteremic. 
 
 
6.4.1.3.  Study AR0315 
This was a randomized, open label, placebo-controlled parallel group non-GLP study to evaluate 
the efficacy of 4 or 16 mg/kg ETI-204 (Baxter product) when administrated IM at 18 or 24 hours 
post-exposure with the spores (spore lot no. B37) of the Ames strain of B. anthracis by 
inhalation in 58 healthy NZW rabbits.64   
 
Study design: 
Animals were quarantined at  as for the animals in the treatment studies summarized 
above.  The animals were 6 to 7 month old and weighed between 2.9 to 3.0 kg at the time of 
challenge and randomized to five groups (Table 122).  All animals were culture negative prior to 

                                                 
64  Study Number 142-G924203: AR0315 - An Evaluation of the efficacy of ETI-204 when administered 
intramuscularly in a rabbit post-exposure spore challenge model (February 10, 2012). 
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challenge.  Animals were exposed to the spores of the Ames strain of B. anthracis by 
aerosolization with a targeted 200X LD50 as for the studies summarized above.    The average 
MMAD for the two challenge days ranged from 1.17 and 1.18 μm. 
 
ETI-204 (4 or 16 mg/kg) was administered IM at 18 or 24 hours post-exposure.  Temperatures 
were measured at regular intervals.  Blood was collected at different time points for measuring 
bacteremia (qualitative and quantitative), and anti-PA IgG by ELISA in order to confirm B. 
anthracis exposure in animals.  
 

Table 122: AR0315 - Study design and schedule of blood collection 
Study design: 

 
 

The blood collection and assay schedule: 

 
 
All the animals were culture negative and anti-PA IgG negative at Day-3. Although 
measurement of PA by ELISA was part of the schedule, PA levels were not measured. 
 
Animals were followed for clinical observations for up to 28 days post-challenge.  At the time of 
necropsy, tissue sections of lung, spleen, and intra-thoracic lymph nodes from each surviving 
animal were processed for culture as for the studies summarized above.   
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Results: 
Baseline characteristics: Age, gender, body weight, and challenge dose were comparable among 
the animals in the five groups (Table 123).  The average ± SD aerosol exposure dose for all 
animals in the study was 236±34 LD50 equivalent; approximately, 91% of the animals were 
exposed to ≥200 LD50. The baseline characteristics (disease stage) of animals were similar in 
animals in the four groups.  
 
The animals in all groups experienced increasing temperature post challenge; most of the 
significant increases in temperature compared to baseline occurred prior to Study Day 2 were 
similar in all the groups (Figure 61).  About 64% of the animals were bacteremic at 24 hours 
post-challenge (Table 123).  At 24 hours, the proportion of bacteremic animals was higher in 
groups treated at 24 hours compared to those treated at 18 hours animals. 
 
Figure 61: Study AR0315 – Changes in temperature over time  
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Table 123: Study AR0315-Baseline characteristics, inhaled dose of B. anthracis, and survival at the end of the study 
 Groups and time of       
         initiation of 
                 treatment                        
 
Parameters     

 
Placebo,  24 hours 

(Group 1) 
N=10 

ETI-204 4 mg/kg ETI-204 16 mg/kg 

18 hours 
 (Group 2) 

N=12 

24 hours  
(Group 4) 

N=12 

18 hours  
(Group 3) 

N=12 

24 hours 
(Group 5) 

N=12 
Baseline characteristics 

Age (months) 
Mean± SD 
(Range) 

6-7 6-7 6-7 6-7 6-7 

Body weight (kg) 
Mean ±SD 2.9±0.2 3.0±0.1 3.0±0.2 2. 9±0.3 2.9±0.3 

Inhaled dose 
Inhaled Dose cfu 
x 107 Mean ± SD 
(Range) 
LD50  Mean ± SD 
(Range)  

245.5±16.2 
(218-270) 

235.3±27.6 
(197-278) 

221.6±15.7 
(197-253) 

223.5±31.0 
(141-261) 

255.7±53.0 
(150-337) 

<200 LD50 n(%) 0 1 (8.3) 1 (8.3) 1 (8.3) 2 (16.7) 
≥200 LD50 n(%) 10 (100) 11 (91.7) 11 (91.7) 11 (91.7) 10 (83.3) 

Bacteremia prior to treatment (24 hours) 
Qualitative 
bacteremia n (%) 8 (80.0) 4 (33.3) 10/10 (100) 3 (25.0) 8 (66.7) 
Quantitative  
n (%) 5 (50.0) 5 (41.7) 11 (91.7) 5 (41.7) 11 (91.7) 
Log10 (cfu/mL) 
Mean±SD 

1.39±1/17 
(0.30-2.98) 

0.88±0.72 
(0.30-1.70) 

2.87±1.17 
(0.30-5.01) 

0.97±0.87 
(0.30-2.74) 

2.75±1.25 
(0.30-5.01) 

 Geometric mean 
(cfu/mL) 24.4 7.6 735.5 9.3 556.3 

Time to bacteremia (hours) 
Time to 
bacteremia 
Mean±SD 
(Range) 

10 
47.7±25.0 
(23.8-72.4) 

9 
49.7±47.7 

(17.6-160.7) 

12 
28.0±13.9 
(23.6-72.3) 

5 
18.0±0.5 

(17.2-18.4) 

12 
28.1±13.8 
(23.7-72.0) 

End of Study (Day 28 or Day 56) 
Survivors at the 
end of study  0 11 (91.7)* 5 (41.7) 11 (91.7)* 8 (66.7)* 

Post-treatment: number of animals bacteremic qualitative [quantitative] 
48 hours ND [10/10] ND [5/5] ND [10/10] ND [1/12] ND [7/11] 
Day 4 3/3 [3/3] 3/11 [3/11] 7/7 [7/7] 2/12 [2/12] 6/10 [6/10] 
Day 7 NA ND [4/11] ND [6/6] ND [1/11] ND [5/9] 
Day 14 NA ND [0/11] ND [0/5] ND [0/11] ND [0/9] 
Day 28 NA 0/11 [ND] 0/5 [ND]  0/11 [ND] 0/8 [ND] 
Unscheduled 
terminal 9/10 [ND] 1/1 [ND] 7/7 [ND] 1/1 [ND] 2/4 [ND] 

Anti-PA IgG antibodies n/N (Mean±SD) 

Day 28 NA 11/11 
(338.3±470.9) 

5/5  
(336.7±174.5) 

11/11 
(120.3±90.2) 8/12 (242.8±215.5) 

Unscheduled 
terminal 0/4 ND 1/6 (124.8) 0/1 (<LOD) 1/2 (146.9) 

SD Standard deviation 
Quantitative bacteremia values less than the limit of detection (LOD, 3 cfu/mL) were reported as "0," and values less than the 
limit of quantification (LOQ, 100 cfu/mL) were reported as "+"PA  
*Statistically significant between the ET-204 treated group and the control group by the exact method and Boschloo’s test (for 
details see statistics review by Dr Xianbin Li, PhD). 
 
Effect of treatment on survival and microbial burden: The results show that ETI-204 at a dose of 
either 4 or 16 mg/kg, IM, was effective in improving survival when administered at 18 hours 
post-exposure; the survival rate was similar (92%) in animals treated with 4 or 16 mg/kg of ETI-
204 (Table 123 and Figure 62A).  However, when administered at 24 hours post-exposure, the 16 
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animals surviving to the end of the study as no brain lesions were found in any surviving 
animals, regardless of their bacteremia status during the study. The applicant states that were no 
other qualitative differences in lesions among the control and treated group animals.  No 
significant microscopic lesions were present in the rabbits that survived until Study Day 28. 
 
Tissue bacterial assessments:  
Histology: No bacteria were observed in the animals that survived.  However, bacteria were 
observed in most of the organs from non-surviving animals (Table 124). 
 
 
Culture:  Spleen and bronchial lymph nodes from surviving and non-surviving animals were 
processed for culture.  Tissues from all the surviving animals were culture negative except for 
lymph node from one animal, treated with 16 mg/kg dose of ETI-204, was culture positive.  Both 
lymph nodes and spleen from all of the control group animals as well as most of non-surviving 
animals that were treated were culture positive (Table 124).  
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Table 124: Study AR0315-Number of animals histologically and culture positive for B. anthracis in tissues 

 

 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Histopathology performed at  Not all animal were assessed microscopically; numbers examined are 
shown 
[4] Neuropathology performed at  
[5] Animals that were positive in at least one area for either extra- or intra-vascular bacteria 
Animals that were negative for bacteremia (qualitative and quantitative) only at any point prior to treatment: 33600, 
L33601, L33603, L33604, L33608, L33611, L33622, L33623, L33627, L33636, L33638, L33642, L33644, L33645, 
L33650, L33651, L33652, L33654, L33657, L33658, L33661 
PA (ECL and ELISA) were not performed 
 
Comments: 
The study showed that ETI-204 at a dose of either 4 or 16 mg/kg was effective in improving 
survival when administered at 18 hours post-exposure; the survival rate was similar (92%) in 
animals treated with 4 or 16 mg/kg of ETI-204.  However, when administered at 24 hours post-
exposure, the 16 mg/kg dose of ETI-204 was more effective than the 4 mg/kg dose. All the control 
group animals died within 7 days of challenge.   All of the non-surviving animals treated with 
ETI-204 died within 2 weeks of challenge. All the rabbits that survived were anti-PA IgG 
antibody positive at Day 28.  Of the 13 animals that died, 2 animals treated at 24 hours post-
challenge with either 4 mg/kg or 16 mg/kg of ETI-204 were anti-PA IgG antibody positive. 
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was the mean body temperature of the animal from Day -7 through Day -1. SIBT was defined for 
each animal as the body temperature higher than the pre-study baseline body temperature plus 
two standard deviations. Blood was collected at different time points for measuring bacteremia 
and anti-PA IgG antibodies.  
 
Bacteremia (qualitative and quantitative) was measured by culture of 100 µL of different 
dilutions of blood collected in EDTA tubes on to TSA plates. The LLOQ was defined as 1 cfu 
across the three replicate plates inoculated with 100 µL, which resulted in a calculated LLOQ of 
3.33 cfu/mL i.e., 0.52 cfu/mL after Log10 transformation.  
 
The anti-PA IgG antibodies were measured by ELISA; the method used captured both ETI-204 
and endogenous anti-PA IgG antibodies. Therefore, the reported anti-PA IgG value for a given 
sample represents residual ETI-204, if any, and endogenous anti-PA IgG antibodies.  The LLOQ 
was 50 ng/mL.  
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Table 125: Study AR035 - Study design and schedule of blood collection 
Study design: 

  

 
 

The blood collection and assay schedule: 

 
 

 
Animals were followed for clinical observations for up to 28 days post-challenge.  At the time of 
necropsy, tissue sections of lung, brain, spleen, mediastinal lymph nodes and other tissues from 
animals were processed for culture as for the studies summarized above.  No histopathology 
examination was performed. 
 
Results: 
Baseline characteristics: Age, gender, body weight, and challenge dose were comparable among 
the animals in four groups (Table 126).  All animals were culture and anti-PA IgG antibody 
negative prior to challenge.  The average ± SD aerosol exposure dose for all animals on study 
was 286±82 B. anthracis LD50 equivalent; the LD50 was ≥200 in approximately 90% of the 
animals.  
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About 29% of the animals were bacteremic at the time of treatment (Table 126).  Although 
baseline characteristics (disease stage) of animals were similar in animals in the four groups at 
the time of treatment, all animals treated at 18 hour post-exposure were culture negative; at 24 
and 30 hours post-exposure, the proportion of bacteremic animals was 40% and 88%, 
respectively.  An increase in temperature was observed in 2, 7, and 6 of the animals in Group 2, 
3, and 4, respectively, but not in any of control animals at the time of treatment. 
 
Table 126: Study AR035 - Baseline characteristics and post treatment survival as well as microbiological findings 

 
Parameters 

Placebo 18 hours 
(Group 1) 

N=10 

ETI-204 16 mg/kg  
18 hours (Group 2) 

N=10 
24 hours (Group 3) 

N=10 
30 hours (Group 4) 

N=8 
Baseline characteristics 

Age (months) Range 6-7 6-7 6-7 6-7 
Body weight (kg) Mean 
±SD 3.3±0.2 3.3±0.2 3.3±0.2 3.3±0.2 
Anti-PA IgG (Day-7) 0/10 0/10 0/10 0/8 
Inhaled dose 
Inhaled Dose cfu x 107  
Mean ± SD (Range) 
LD50 dose  
Mean ± SD (Range)  

283.1±84.9 
(151-427) 

281.7±84.2 
(151-424) 

281.7±84.4 
(151-423) 

297.9±89.4 
(150-424) 

<200 LD50 dose n(%) 1 (10.0) 1 (10.0) 1 (10.0) 1 (12.5) 
≥200 LD50 dose n(%) 9 (90.0) 9 (90.0) 9 (90.0) 7 (87.5) 
Bacteremia prior to treatment and time to bacteremia 
Bacteremia at the time 
of treatment n (%) 0 0 4 (40.0) 7 (87.5) 
Log10 bacteremia 
cfu/mL 
Mean±SD (Range) 

 <LOD  <LOD 0.93±1.19 
(<LOD-4.02) 

4.51±2.65 
(<LOD-7.70**) 

Geometric mean 
(cfu/mL)  <LOD  <LOD 8.5 32574.7** 
Time to quantitative 
bacteremia (hours)   n 
Mean±SD (Range) 

10 
30.0±13.3 (24-66) 

7 
25.7±4.5 (24-36) 

7 
26.6±3.2 (24-30) 

8 
27.0±4.5 (24-36) 

SIBT at the time of treatment 
n/N (%) 0/10 (0) 2/10 (20) 7/10 (70) 6/7 (85.7) 

Post-treatment: Survival and bacteremia at the end of study (Day 28) 
Survivors at the end of 
study  0 6 (60.0)* 6 (60.0)* 0 

Number of animals bacteremic post-treatment 
6 hours PT 7/10 6/9 7/10 5/5 
12 hours PT 7/9 4/10 3/8 ND 
24 hours PC 5/6 1/5 0/7 2/2 
48 hours PC  2/2 0/7 1/7 ND 
72 hours PT NA 1/6 1/7 ND 
Day 7 NA 0/7 1/7  
Day 14, 21, 28 PC NA 0/6 0/6 ND 
Unscheduled terminal NA 1/2 4/5 ND 

Anti-PA IgG at Day 28 n/N (Range – ng/mL)  
Day 28 NA 6/6 (820-32800) 6/6 (1520-9830) NA 
Unscheduled terminal ND ND‡ ND  
**One animal’s bacteremia was truncated at 3E7 because the value was >3E7.  
‡Animal 2008 the terminal serum sample collected on SD 20 was analyzed and was below LOQ. 
 NA= Not applicable; SD Standard deviation;  
*Statistically significant between the ETI-204 treated group and the control group. 
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Effect of treatment on survival and microbial burden:  ETI-204 at a dose of 16 mg/kg, when 
administered at 18 or 24 hours post-exposure was effective in improving survival in 60% of the 
animals; when administered at 30 hours post-exposure none of the animals survived (Table 126 
and Figure 63).  All of the control group animals and those treated at 30 hours post-exposure 
died within 4 days of challenge.   
 
Bacteremia was reported as early as 24 hours post-exposure in some of the animals in all the 4 
groups (Table 126 and Figure 63). The number of animals bacteremic and bacteremia levels at 6 
hour post-treatment were similar among the four groups; at later time points (between Days 1 
and 3) all animals treated with ETI-204 had lower bacteremia than the control group.  By Day 7, 
blood from all the surviving animals was culture negative. 
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Figure 63: Study AR035 – A: Kaplan-Meier curves representing time-to-death and survival. B: Bacteremia 
over time 

A: Kaplan-Meier curves -time-to-death and survival 

 
 

 
 

B: Bacteremia over time 

 
 

PC=Post-challenge; IM=intramuscular 
Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)                
 
Anti-PA IgG antibodies: All animals that survived until Day 28 were anti-PA IgG antibody 
positive (Table 126).  Anti-PA IgG antibodies were not measured in the non-surviving animals.    
The ETI-204 concentrations at Day 28 were below the limit of quantification (BLOQ) for most 
of the surviving animals except for four animals [2003 (control group), 3002, 3004, and 3009 
(treated at 24 hours)]; for these four animals having residual ETI-204 at Day 28, the reported 
anti-PA IgG values were higher than their respective ETI-204 concentration.  Although presence 
of endogenous anti-PA IgG antibodies suggests development of humoral immunity after 
exposure and ETI-204 treatment, these results should be interpreted with caution as antibodies in 
non-surviving animals were not measured.  
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Clinical Observations:  The most common clinical observations post-challenge include decrease 
in food consumption, lethargy, no stool, soft stool and respiratory abnormalities; animals 
surviving to the end of the study returned to normal between 5 - 8 days post-challenge. 
 
Necropsy and Histopathology:  Gross lesions in rabbits dying post-challenge include 
discolorations and/or foci in the lungs, brain and some of the other organs; these observations are 
consistent with other studies summarized above. Slightly more bacteria were reported in organs 
from control group animals compared to the treated animals. There were no other qualitative 
differences in lesions of anthrax among the control and experimental groups. No significant 
microscopic lesions were reported in the 36 rabbits terminated on Day 28. 
 
Tissue bacterial assessments:  
Histology: Not done. 
 
Cultures: All the tissues from the animals that survived in groups 2 and 3 were culture negative.  
Tissues from all animals that succumbed to disease were culture positive (Table 127).  The 
bacterial burden appears to be higher in tissues from control animals compared to those in the 
treated groups (Table 128). 
 
Table 127: Study AR035-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
ND=Not Done 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Tissue bacteremia was assessed quantitatively. Animal was considered positive if bacteremia was above limit of 
detection (LOD= 17.8 cfu/g) 
Animals that were negative for bacteremia (quantitative) only at any point prior to treatment: 1001, 1002, 1003, 
1004, 1005, 1006, 1007, 1008, 1009, 1010, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 3002, 
3004, 3006, 3007, 3008, 3009, 4010 
PA (ECL and ELISA) were not performed 
[3] Tissue burden was assessed in mesenteric lymph node for animal 2008 only at Study Director request and was 
below limit of detection. 
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Table 128: AR035 - Bacterial burden in tissues of anthrax-infected rabbits at necropsy after ETI-204 
administration at different time points 

 

 

 
Data for the study animals were averaged and the SD was calculated and graphed.  In order to calculate 
averages for data representation, 6.65 cfu/g was assigned for all BLD values. 
Source:  BLA submission 

 
 
Comments: 
ETI-204 (16 mg/kg) administered IM at 18 or 24 hours post-challenge was effective in improving 
survival of 60% of the animals until Day 28. None of the animals survived when ETI-204 was 
administered at 30 hours post-exposure. All rabbits in the control group died within 4 days of 
post-challenge.  
 
The bacteremia levels were reduced by 12 hours post-treatment.  All the surviving rabbits were 
culture negative at Day 28; all the animals that died were bacteremic.  All tissues collected at 
Day 28, from surviving animals, were culture negative.  All tissues from animals that died were 
culture positive.   
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Anti-PA IgG antibodies were reported in all animals that survived.  Anti-PA IgG antibodies were 
not measured in the animals that died. The anti-PA IgG antibodies detected in this assay 
represent residual ETI-204 and endogenous anti-PA antibodies produced.  However, the method 
for analysis of serum ETI-204 concentration used human specific agents and only detected 
(human-origin) ETI-204 and did not detect endogenous anti-PA IgG antibodies of rabbit origin. 
Since ETI-204 was not measurable, in most of the animals, at Day 28, the results are a reflection 
of anti-PA IgG antibody response. 
 

6.4.1.5.  Study AR037 
This was a randomized, open label, placebo-controlled GLP study to evaluate the efficacy of 8, 
16, and 32 mg/kg ETI-204 (Lonza product) when administrated IM at 24 hours post-exposure 
with the Ames strain of B. anthracis (obtained from the University of New Mexico) by 
inhalation in 38 healthy NZW rabbits at the .66  The spore lot no. used was not specified. 
The primary objective of the study was to assess the effect on survival of a single IM dose of 
ETI-204 administered in NZW rabbits at 24 hours PC with a lethal dose of B. anthracis spores 
administered by inhalation. The secondary objective was to assess time to death of rabbits after 
challenge. The dose response of ETI-204 on overall mortality rate, time to death, bacteremia, 
tissue bacterial burden, and free circulating PA levels were evaluated. 
 
Study design: 
The study design was similar to that of Study AR035 summarized above.  The animals were 6 to 
7 month old and weighed between 2.9 and 4.0 kg at the time of challenge and randomized to four 
groups (Table 129).  All animals were culture negative prior to challenge; 3 animals [#1003 (117 
ng/mL) in the control group; # 2009 (65.8 ng/mL) and #2014 (223 ng/mL) treated with 8 mg/kg 
ETI-204] were anti-PA IgG antibody positive prior to challenge (Day-7).   
 
Like for Study AR035, animals were tested for presence of B. bronchiseptica by RTPCR 
analysis. However, animals were also tested for B. bronchiseptica by microbiological culture at 

.  Fourteen out of 64 rabbits tested were PCR-positive.  Of the 64 rabbits, 45 were 
positive for B. bronchiseptica by the microbiological test; 25 had rare/few colonies, 11 had 
several conies, 2 had moderate growth, and 7 had heavy growth. Among the 14 PCR-positive 
animals, 11 were positive and the remaining three negative by culture. The results were not used 
for excluding animals from the study. 
 
Animals were exposed to the spores of the Ames strain of B. anthracis by aerosolization with a 
targeted 200X LD50 as for the studies summarized above.  The average MMAD for the two 
challenge days ranged from 0.60 to 0.93 μm. 
 
Different doses of ETI-204 (8, 16, and 32 mg/kg) were administered IM, at 18, 24 or 30 hours 
post-exposure.  Temperatures were measured at regular intervals.  The pre-study and post-study 
measurements were similar to those summarized above for the Study AR035 except that serum 
PA levels were measured by ELISA at    

                                                 
66 ) Study Number FY12-097: AR037 – 
Evaluating the post-exposure effect of intramuscularly administered ETI-204 in inhalational anthrax challenged 
rabbits (April 11, 2014). 
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Animals were followed for clinical observations for up to 28 days post-challenge.  At the time of 
necropsy, tissue sections of lung, brain, spleen, mediastinal lymph nodes and other tissues from 
animals were processed for culture as for the studies summarized above.   
 

Table 129: AR037 - Study design and schedule of blood collection 
Study design:  

 
 

The blood collection and assay schedule: 
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Results: 
Baseline characteristics: Age, gender, body weight, and challenge dose were comparable among 
the animals in the four groups (Table 130).  The average aerosol exposure dose of the spores for 
all animals on study was 143±45 B. anthracis LD50 equivalent; the LD50 was ≥200 in 
approximately 10% of the animals.  The baseline characteristics (disease stage) of animals were 
similar among the animals in the four groups at the time of treatment.   
 
About 31% of the animals were bacteremic and 12% PA positive at the time of treatment (24 
hours post-exposure).   An increase in temperature was observed in 1 of the animal in the control 
group, 4 animals treated with ETI-204 16 mg/kg, 2 animals treated with ETI-204 32 mg/kg and 
none of the animals treated with 8 mg/kg of ETI-204 (Table 130).  
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Table 130: Study AR037 - Baseline characteristics and post treatment survival as well as microbiological findings 

 
Parameters 

Placebo  
(Group 1) 

N=10 

ETI-204  
8 mg/kg (Group 2) 

N=16 
16 mg/kg (Group 3) 

N=16 
32 mg/kg (Group 4) 

N=16 
Baseline characteristics 

Age (weeks) Range 28.2±1.2 28.1±1.2 27.4±0.9 28.9±0.8 
Body weight (kg) Mean 
±SD 

3.5±0.3 3.5±0.3 3.5±0.3 3.5±0.3 

Anti-PA IgG (Day-7) 1/10 2/16 0/16 0/16 
Inhaled dose 
Inhaled Dose cfu x 107  
Mean ± SD (Range) 
LD50 dose  
Mean ± SD (Range)  

153.1±50.5  
(101.0-271.0) 

142.1±44.7  
(76.0-268.0) 

156.2±54.0  
(76.0-269.0) 

124.7±22.6  
(64.0-151.0) 

<200 LD50 dose n(%) 8 (80.0) 15 (93.8) 13 (81.3) 16 (100.0) 
≥200 LD50 dose n(%) 2 (20.0) 1 (6.3) 3 (18.8) 0 (0.0) 
Bacteremia, PA and body temperature  at 24 hours (time of treatment) and time to bacteremia 
Bacteremia at the time 
of treatment n (%) 

2 (20.0) 5 (31.3) 5 (31.3) 6 (37.5) 

Log10 bacteremia 
cfu/mL 
Mean±SD (Range) 

0.70±0.85 
[<LOD (0.30)-2.44] 

1.10±1.42 
[<LOD (0.30)-4.33] 

1.33±1.65 
[<LOD (0.30)-5.00] 

1.16±1.31 
[<LOD (0.30)-3.87] 

GM bacteremia cfu/mL 
Mean±SD (Range) 

5.1 12.7 21.3 14.4 

Time to quantitative 
bacteremia (hours) n 
Mean±SD (Range) 

9 
40.0±14.7 (24-72) 

14 
38.6±20.6 (24-96) 

11 
30.5±6.3 (24-36) 

11 
34.9±21.1 (24-96) 

PA-ELISA Positivity 24 
hours post challenge 

0 1 (6.3) 3 (18.8) 3 (18.8) 

Log10 PA-ELISA 24 
hours post challenge 
Mean±SD 
(Range) 

0.70±0.00 
(0.70 - 0.70) 

0.72±0.09 
(0.70 - 1.07) 

0.92±0.53 
(0.70-2.36) 

0.85±0.32 
(0.70-1.59) 

PA-ELISA 24 hours 
post challenge (ng/mL)  
Geometric mean 

5.0 
(<LOD) 

5.3 8.3 7.0 

Body temperature (oF; SIBT) prior to treatment 
N (%) 1 (10.0) 0 (0) 4 (25.0) 2 (12.5) 
Geometric mean 100.4 100.6 101.0 100.8 

Post-treatment: Survival and bacteremia at the end of study (Day 28) 
Survivors at the end of 
study  

0 5 (31.3)* 5 (31.3)* 5 (31.3)* 

Number of animals bacteremic  or (PA positive) post-exposure  
36 hours  5/9 (5/9) 12/16 (5/16) 10/14 (2/14) 8/12 (1/36) 
48 hours  5/9 (5/7) 3/10 (0/10) 4/9 (0/9) 3/9 (1/9) 
72 hours  1/1 (1/1) 5/9 (0/9) 4/9 (0/9) 2/7 (1/6) 
96 hours  NA 4/6 (1/1) 4/9 (2/3) 2/6  (0/1) 
Day 7 NA 2/5 (ND) 0/5 (ND) 0/5 (ND) 
Day 14, 21 NA 0/5 (ND) 0/5 (ND) 0/5 (ND) 
Unscheduled terminal ND 5/10 (3/7) 4/9 (2/8) 0/5 (0/5) 

Anti-PA IgG antibodies n/N (Range) 
Day 28 NA 5/5 (475-106000) 5/5 (2910-14900) 5/5 (1130-26400) 
Unscheduled terminal ND 1/1 (5410)** 2/2 (50200-57600)** ND 
SD=Standard deviation; GM=geometric mean; NA=not applicable; ND=not done 
*Statistically significant between the ETI-204 treated group and the control group. 
**Animals died by 4 days post-challenge; may represent ETI-204 and not anti-PA antibodies 
 
Effect of treatment on survival and microbial burden:  ETI-204 was effective in improving 
survival time in about one-third of the animals at either of the doses; a dose-dependent effect was 
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not observed (Table 130 and Figure 64).  All the control group animals died within 4 days of 
challenge. 
 
The bacterial burden and PA levels showed a trend towards decrease in animals treated with 
ETI-204 at 48 hours post-treatment compared to the untreated group of animals; however, there 
does not appear to be any dose-dependent effect (Figure 64).  All the surviving rabbits were 
culture negative and PA negative at the time of treatment.  Most of the animals that died in all 4 
groups were bacteremic prior to or at the time of death. 
 
Figure 64: Study AR037 - Kaplan-Meier curves representing time-to-death and survival, bacteremia and PA levels 

over time  
A: Kaplan-Meier curves representing time-to-death and survival 

 
 

 

B: Bacteremia over time 

 
 

 

C:  PA levels over time 

 
 

 

PC=Post-challenge; IM=intramuscular 
Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)               
 
 
Anti-PA IgG antibodies:   As stated above, 3 animals (one in the control group and 3 treated with 
ETI-204 8 mg/kg) were anti-PA IgG positive prior to challenge; all 3 animals died on Days 2, 4, 
and 2, respectively, post-challenge.   
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Anti-PA IgG antibodies were reported in all the surviving rabbits (Table 130); the antibody titers 
in the two animals (#3003 and #4010) treated with 16 mg/kg ETI-204 were really high (~50,000 
ng/mL).  
 
Three rabbits treated with either 8 or 16 mg/kg of ETI-204 were reported to be anti-PA IgG 
positive at the time of death; these three animals died by Day 4.  The positive findings may be a 
reflection of ETI-204 as the method used for detection of anti-PA IgG antibodies detected ETI-
204 as well as endogenous anti-PA IgG antibodies; also the antibody response after primary 
challenge at Day 4 is likely to be IgM and not IgG.   
 
 
Clinical Observations:  The most common clinical observations were decrease in food 
consumption, lethargy, no stool, soft stool and respiratory abnormalities post-challenge. Body 
weight was not altered by exposure to B. anthracis or treatment with ETI-204. 
 
Necropsy and Histopathology:  Gross lesions in rabbits that died post-challenge included 
discolorations and/or foci in the lungs, brain and some of the other organs; these observations 
were consistent with those reported in other studies summarized above.  No gross or microscopic 
lesions were reported in the surviving animals.   
 
Tissue bacterial assessments:  
Histology:  No bacteria were observed in any of the organs from surviving animals; bacteria 
were observed in most of the organs from the animals that died (Table 131). 
 
Culture: All the tissues from the animals that survived in the three ETI-204 treated groups were 
culture negative.  However, tissues from all of the non-surviving animals were culture positive 
(Table 131).   
 
Bacterial burden in tissues from treated animals was lower than the controls; bacterial burden 
was lowest in animals treated with the 8 mg/kg dose of ETI-204 compared to the other groups 
(Table 132).    
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Table 131: Study AR037-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Tissue bacteremia was assessed quantitatively. Animal was considered positive if bacteremia was above limit of 
detection (LOD = 14.8 cfu/g) 
[3] Histopathology performed at  Not all animals were assessed microscopically; numbers examined are 
shown 
Animals that were negative for both PA ( ELISA) and bacteremia (quantitative) at any point prior to treatment: 
1002, 1003, 1004, 1005, 1006, 1007, 1008, 1010, 2001, 2002, 2004, 2005, 2006, 
2007, 2009, 2010, 2011, 2012, 2014, 3002, 3003, 3006, 3007, 3008, 3009, 3010, 3011, 3012, 3013, 3014, 3015, 
3016, 4002, 4003, 4006, 4007, 4010, 4014, 4015, 4016 
Animals that were negative for bacteremia (quantitative) only at any point prior to treatment: None 
Animals that were negative for PA (ELISA) only at any point prior to treatment: 1001, 1009, 2003, 2013, 2015, 
2016, 3004, 3005, 4004, 4005, 4008 
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Table 132: AR037 - Bacterial burden in tissues at necropsy after ETI-204 administration at 
different time points 

 

  
 

  
 

 
Comments: 
ETI-204 was effective in improving survival time in about one-third of the animals at either of 
the doses; a dose-dependent effect was not observed.  All the control group animals died within 4 
days of challenge.  All the surviving rabbits were culture negative and PA negative at the time of 
treatment.  Most of the animals that died in all 4 groups were bacteremic prior to or at the time 
of death.   
 
The bacterial burden and PA levels showed a trend towards decrease in animals treated with 
ETI-204 at 48 hours post-treatment compared to the untreated group of animals; however, there 
does not appear to be any dose-dependent effect.  All the animals that survived were culture 
negative at Day 28; no bacteria were reported in any of the organs.  Anti-PA IgG antibodies 
were detected. 
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Table 134: Study AP301 - Baseline characteristics, inhaled dose of B. anthracis, time to treatment and survival 
 Groups and time of       
         initiation of 
                 treatment                        
 
Parameters     

 
Placebo  

(Group 1) 
N=6 

ETI-204: 8 mg/kg ETI-204: 16 mg/kg 

18 hours 
 (Group 2) 

N=6 

24 hours  
(Group 4) 

N=6 

36 hours 
(Group 6) 

N=6 

18 hours 
 (Group 3) 

N=6 

24 hours  
(Group 5) 

N=6 

36 hours 
(Group 7) 

N=6 
Baseline characteristics 

Age (years) 
Mean± SD 
(Range) 

2.9±0.5 
(2.6-4.0) 

2.8±0.1 
(2.6-2.9) 

2.8±0.2 
(2.7-3.1) 

2.8±0.1 
(2.7-3.0) 

3.0±0.6 
(2.6-4.2) 

3.1±0.7 
(2.6-4.6) 

2.8±0.1 
(2.7-2.9) 

Body weight (kg) 
Mean ±SD 2.77±0.2 2.68±0.18 2.78±0.15 2.75±0.22 2.78±0.26 2.88±0.19 2.78±0.16 
Inhaled dose 
Inhaled Dose cfu 
x 107 
Mean ± SD  
(Range) 
LD50 dose 
Mean ± SD 
(Range) 

395.7±166.9 
(257-725) 

461.7±151.6 
(278-673) 

385.5±133.4 
(250-602) 

409.5±131.1 
(266-584) 

422.8±157.8 
(290-700) 

305.2±130.2 
(152-501) 

431.8±215.4 
(216-810) 

<200 LD50 dose 
n(%) 0 0 0 0 0 1 (16.7) 0 

≥200 LD50 dose 
n(%) 6 (100) 6 (100) 6 (100) 6 (100) 6 (100) 5 (83.3) 6 (100) 

Bacteremia prior to treatment 
Bacteremia at the 
time of treatment 
n (%) 

0 0 2 (33.3) 6 (100) 0 2 (33.3) 6 (100) 

Log10 (cfu/mL) 
Mean±SD 

0.30±0.00 
(0.30-0.30) 

0.30±0.00 
(0.30-0.30) 

1.11±1.40 
(0.30-3.73) 

4.78±0.46 
(4.21-5.40) 

0.30±0.00 
(0.30-0.30) 

1.13±1.45 
(0.30-3.85) 

4.51±2.00 
(1.70-7.79) 

cfu/mL) 
GM (range) 

2.0 
(<LOD) 

2.0 
(<LOD) 

12.8 
(0.4-378.6) 

60287.8 
(19996-
181766) 

2.0 
(<LOD) 

13.4 
(0.4-442.5) 

32327.4 
(255.4-

4091563) 
Time to bacteremia 

Time to 
bacteremia 
(hours) 
Mean±SD 
(Range) 

6 
41.7±1.0 

(40.8-43.2) 

5 
51.0±21.6 
(40.5-89.6) 

6 
40.5±12.9 
(23.1-49.7) 

6 
28.9±8.2 

(17.7-36.8) 

3 
42.3±1.3 

(41.3-43.7) 

3 
31.8±13.8 
(23-47.7) 

6 
30.2±7.1 

(23.4-36.8) 

End of Study (Day 28§ or Day56‡) 
Survivors at the 
end of study 0 6 (100) §* 5 (83.3)§* 0 6 (100)‡* 5 (83.3)‡* 3 (50)‡* 

SD Standard deviation 
Quantitative bacteremia LOD Limit of detection=3 cfu/mL.  
*Statistically significant between the ET-204 treated group and the control group. 
 
Effect of treatment on survival: The results show that ETI-204 at a dose of 8 mg/kg or 16 mg/kg 
when administered at18 or 24 hours post-exposure was effective in improving survival, 
compared to the control group; however, when treatment was administered at 36 hours post-
exposure the 8 mg/kg dose of ETI-204 mg/kg was not effective in improving survival whereas 
16 mg/kg dose was effective (Figure 65 and Table 134).  All of the non-surviving animals died 
within 7 days of challenge.  
 
Effect of treatment on microbial burden: The bacterial load steadily increased as the time from 
challenge to treatment increased; bacteremia levels decreased in all groups following ETI-204 
treatment. At 72 hours post-treatment, the bacteremia level in the control group (Group 1) was 
significantly greater compared to those in other groups treated with ETI-204 at either 18 and 24 
hours post-challenge (Groups 2 through 5) (Figures 65 and 66).   For all animals surviving to the 
end of the study, the quantitative bacteremia levels at Days 14, 21, 28 days, and 56 post-
challenge were below than the LOD (Figure 66). 
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Figure 65: Study AP301 - Survival and relationship between microbial burden and time to death 
A: Kaplan-Meier curves representing time-to-death and 
survival 

 

B: Bacteremia by survival status 

 
+=survivors; o=non-survivors 

Figures constructed by Dr Xianbin Li, PhD (Statistics reviewer)            
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Figure 66: Study AP301 - Observed bacteremia over time in survivors and non-survivors 
Group 1 (Control) – 18 hours 
 

 
 

Treatment with ETI-204 8 mg/kg at 18, 24 and 36 hours post-exposure 
Group 2 (ETI-204: 8 mg/kg) 18 hours 

 

Group 4 (ETI-204: 8 mg/kg) 24 hours 

 

Group 6 (ETI-204: 8 mg/kg) 36 hours 

 
 

Mean bacteremia at different time 
points in different groups 
 

 
 
 

Treatment with ETI-204 16 mg/kg at 18, 24 and 36 hours post-exposure 
Group 3 (ETI-204: 16 mg/kg) 18 hours 

 

Group 5 (ETI-204: 16 mg/kg) 24 hours 

 

Group 7 (ETI-204: 16 mg/kg) 36 hours 

 
 

PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge  
*Note: Confidence intervals were not plotted or study time points with fewer than 3 observations or if all observations were the same. 
Source:  BLA submission 
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Clinical Observations:  The majority of placebo treated animals exhibited abnormal clinical 
signs consistent with anthrax following challenge; these signs were consistent with those 
reported in other studies summarized above.  In ETI-204 treated animals that survived to the end 
of the study, most of these abnormal observations were not observed (other than sporadic stool 
abnormalities which is common with laboratory housed non-human primates) after Day 22 post-
challenge (Figure 67).   
 

Figure 67: Study AP301 – Clinical observations in animals treated with ETI-204 16 mg/kg 
 

 

 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)   

 
In all animals that survived to the end of the study, body weights on Day 28 were greater than or 
equal to Day 0 weights. 
 
Necropsy and Histopathology:  No gross lesions were reported in animals that survived the 
period of observation.  Gross lesions in animals found dead or euthanized due to moribund 
condition post-challenge included discoloration of the brain and/or skin crust. Microscopic 
findings considered consistent with anthrax were present in all gross lesions examined; these 
were acute lesions typical of fulminant anthrax infection and similar to those summarized above 
for other studies.  
 
Tissue bacterial assessments:  
Histology: No bacteria were observed in organs from any of the surviving animals and majority 
of the non-surviving animal examined (Table 135). 
 
Culture:  Tissues tested from all of the animals that died on study were culture positive. 
However, tissues from animals that survived to their scheduled sacrifice on Day 56 post-
challenge were culture negative (Table 135).  
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Study design: 
Animals purchased from  were quarantined at  as for the animals in the 
treatment studies summarized above; additionally, the health surveillance information collected 
was similar.  The mean age of the animals was 3.8 (range 3.0-4.0) years and mean body weight 
3.21 kg (range 2.6-5.6 kg) at the time of challenge.  Animals were randomized to four groups 
(Table 136) and exposed to the spores of the Ames strain of B. anthracis by aerosolization with a 
targeted 200X LD50 as for the studies summarized above. The average MMAD for the three 
challenge days ranged from 1.08-1.14 µm. 
 
ETI-204 (16 mg/kg) was administered, IM, at 24, 36, or 48 hours post-exposure.  Blood was 
collected at different time points for measuring bacteremia (qualitative and quantitative), serum 
PA by ELISA, and serum anti-PA IgG (shipped to  for storage) levels 
by ELISA (Table 136).   
 
Animals were followed for clinical observations for up to 28 days post-challenge.  At the time of 
necropsy, tissue sections of spleen, brain, liver, and bronchial lymph node were processed for 
histology and culture as for the studies summarized above.   
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Table 136: AP307 - Study design and schedule of blood collection 
Study design: 

 
 

The blood collection and assay schedule: 

 
 

 
Results: 
Baseline characteristics: Age, gender, body weight, and challenge dose were comparable among 
three groups (Table 137).  The average ± SD aerosol exposure dose for all animals on study was 
205±68 B. anthracis LD50 equivalent; the LD50 was ≥200 in approximately 50% of the animals. 
The baseline characteristics (disease stage) of animals were similar in animals in the four groups.  
 
At the time of treatment (24 hours) of Group 2 animals, 13 animals were culture negative 
whereas all animals were PA negative; at 36 hours, 2 animals were culture negative and 7 
animals were PA negative.  At 48 hours, however, all animals were PA positive as well as 
bacteremic (Table 137).  The baseline characteristics (disease stage) of animals were similar in 
animals in the four groups.  
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Table 137: Study AP307 - Baseline characteristics and post treatment survival as well as microbiological findings 

 
Parameters 

Placebo 24 hours 
(Group 1) 

N=10 

ETI-204 16 mg/kg 
24 hours (Group 2) 

N=14 
36 hours (Group 3) 

N=14 
48 hours (Group 4) 

N=14! 
Baseline characteristics 

Age (years) Mean± SD 
(Range) 

3.8±0.4 
(3.0-4.0) 

3.7±0.5 
(3.0-4.0) 

3.8±0.4 
(3.0-4.0) 

4.0±0.0 
(3.0-4.0) 

Body weight (kg) Mean 
±SD 3.21±0.31 3.16±0.35 3.12±0.24 3.35±0.78 
Inhaled dose 
cfu x 107  
Mean ± SD (Range) 
LD50 dose  
Mean ± SD (Range)  

200.7±46.0 
(131-265) 

209.0±56.8 
(112-310) 

197.6±92.4 
(84-346) 

211.6±70.1 
(131-329) 

<200 LD50 dose n (%) 4 (40.0) 6 (42.9) 8 (57.1) 8 (57.1) 
≥200 LD50 dose n (%) 6 (60.0) 8 (57.1) 6 (42.9) 6 (42.9) 
Bacteremia prior to treatment  
Bacteremia at the time 
of treatment n (%) 5 (50) 1 (7.1) 12 (85.7) 14 (100) 
Log10 (cfu/mL) 
Mean±SD 

1.14±0.93 
(0.30-2.57) 

0.48±0.66 
(0.30-2.78) 

3.73±2.21 
(0.30-6.86) 

4.79±1.75 
(2.26-7.94) 

 cfu/mL  
Geometric mean  13.8 3.0 5380.0 61537.9 
PA prior to treatment 
n (%) 0 0 7 (50) 14 (100) 
Log10 PA-ng/mL 
Mean±SD (Range) 

0.70±0.00 
(0.70, 0.70) <LOQ 

0.70±0.00 
(0.70, 0.70) <LOQ 

1.30±0.77 
(0.70-3.15) 

2.36±0.86 
(1.20-4.20) 

Geometric Mean 
(Range) 

5.0 
<LLOQ 

5.0 
<LLOQ 

19.8 
(7.1-55.5) 

228.5 
(72.7-720.3) 

Post treatment: Time to bacteremia and PA 
Time to bacteremia 
(hours) 
Mean±SD (Range) 

10‡ 
39.8±22.7 
(22.2-95.9) 

7 
50.1±20.8 

(25.2, 93.5) 

12 
31.2±5.3 

(21.9-36.3) 

14 
36.6±7.5 

(21.9-49.8) 
Post-treatment: Survival and bacteremia at the end of study (Day 28) 

Survivors at the end of 
study  

1 (10.0) 13 (92.9)* 6 (42.9) 4 (28.6) 

Bacteremia at different time points n/N (Range cfu/mL x 103)  
24 hours PT 8/10 (0.5-5400) 5/13 (0.001-0.3) 9/13 (0.001-43.7) 11/11 (0.001-3000) 
72 hours PT 6/6 (0.001-76) 2/13 (0.001-78.7) 3/7 (1-0.6) 2/6 (0.001-0.2) 
7, 14, 21, and 28 Days PC 0/1 (<LOD) 0/13 (<LOD) 0/6 (<LOD) 0/4 (<LOD) 

PA levels at different time points n/N (Range ng/mL) 
24 hours PT 8/9 (74-5080) 0/13<LOQ 2/13 (12.8-104) 2/10 (13.5-15.5) 
48 hours PT 7/7 (49-493) 1/13 (14.8) 1/10 (82.7) 0/7 (<LOQ) 
72 hours PT 6/6 (63-849) 0/13 (<LOQ) 1/8 (66.2) 0/6 (<LOQ) 
7 Days PC 0/1 (<LOQ) 0/13 (<LOQ) 1/6 (19.9)  0/4 (<LOQ) 
14, 21, and 28 Days PC 0/1 (<LOQ) 0/13 (<LOQ) 0/6 (<LOQ) 0/4 (<LOQ) 
!There were 16 animals randomized to Group 4.  However, two animals (C49209 and C51315) in the group treated 
at 48 hours post-challenge died prior to treatment and were therefore excluded from the primary survival analysis. 
‡The control animal C50738 that survived was PA negative and culture negative at all the time points tested except 
PA positive (PA titer 48.7 ng/mL) at 48 hours and PA (PA titer 62.8 ng/mL) and bacteremic (1 cfu/mL) at 72 hours 
post-exposure.  Tissues were culture positive. 
There was one animal (C51350) in the 24 treatment group treated group which had a reportable PA value above the 
lower limit of quantitation at the Day-7 collection, but this sample was below the lower limit of quantitation when 
repeated 
Quantitative bacteremia LOD Limit of detection=3 cfu/mL.  
PA ELISA LLOQ Lower limit of quantification=9.68 ng/mL. 
*Statistically significant between the ET-204 treated group and the control group.  
SD=Standard deviation; PT=post-treatment; PC=post challenge  
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Effect of microbial burden on survival: The effect of treatment time on survival was probably 
due to the prior to treatment bacteremia and PA levels (Figures 68 and 69). All deaths occurred 
in animals that were confirmed bacteremic prior to treatment.   All animals that were culture 
negative prior to treatment including 2 animals in the 36 hour treatment group survived.  
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Figure 69: Study AP307 - Observed bacteremia over time in survivors and non-survivors 
Control Treatment with ETI-204 16 mg/kg 

Bacteremia 
Group 1  – 24 hours 

 
 

Group 2 - 24 hours 

 
 

Group 3 - 36 hours 

 

Group 4 - -48 hours 

 
 

PA levels 

Group 1  – 24 hours 

 

Group 2 - 24 hours 

 

Group 3 - 36 hours 

 
 

Group 4 - -48 hours 

 
PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge  
*Note: Confidence intervals were not plotted or study time points with fewer than 3 observations or if all observations were the same. 
Source:  BLA submission 
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Clinical Observations:  The majority of placebo treated animals exhibited abnormal clinical 
signs consistent with anthrax following challenge; these signs were consistent with those 
reported in other studies summarized above.  In ETI-204 treated animals that survived to the end 
of the study, most of these abnormal observations were not observed (other than sporadic stool 
abnormalities which is common with laboratory housed non-human primates) after Day 22 post-
challenge (Figure 70).   
 

Figure 70: Study AP307 – Clinical observations 
 

 

 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)   

 
In all animals that survived to the end of the study, body weights on Day 28 were greater than or 
equal to Day 0 weights. 
 
Necropsy and Histopathology:  Gross lesions in animals found dead or euthanized due to 
moribund condition post-challenge were consistent with those reported in reported in other 
studies summarized above.   
 
Microscopic findings considered consistent with anthrax were present in all monkeys found dead 
and included acute lesions typical of fulminant anthrax infection to include inflammation, 
hemorrhage, fibrin exudation, necrosis, hepatic sinusoidal leukocytosis, and/or the presence of 
large rod-shaped bacteria consistent with B. anthracis in multiple organs. However, the animals 
that survived to scheduled termination typically had lesions consistent with previous 
inflammation including: hyperplasia (bronchial and/or mediastinal lymph nodes and/or lymphoid 
follicles in the spleen); hemosiderin pigment accumulation and histiocytic cellular infiltration 
(bronchial and/or mediastinal lymph nodes); minimal inflammation in the lung, bronchial and/or 
mediastinal lymph nodes, spleen, and/or kidneys; and sinusoidal leukocytosis in the liver.  
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Tissue bacterial assessments:  
Histology:  No bacteria were observed in any of the tissues from animals that survived whereas 
bacteria were observed in many of the tissues from non-surviving animals (Table 138). 
 
Culture: All of the animals that died on study were culture positive in at least three of the tissues 
tested; exception was one animal (#C51400 - Group 3, treated at 36 hours post-challenge) that 
only had a positive brain culture. Of the animals that survived until Day 28, 17% (4/24) had 
positive culture findings in brain specimens, which included three animals (C48999, C50097, 
C50256) that were treated at 24 hours post-challenge  and one animal (C50405) treated at 36 
hours post-challenge;  liver from the animal C50405 was also culture positive. In addition, lymph 
nodes were culture positive in 33% (8/24) of survivors; brain and spleen tissues were culture 
positive from one of the survivors (#C50256) treated at 24 hours post-challenge.  The applicant 
states that a majority of the survivors had low bacterial burden in the tissues (Table 138).  
 
 
Table 138: Study AP307-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
[1] All treated animals irrespective of bacteremia status prior to treatment 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Histopathology performed at  Not all animals were assessed microscopically; numbers examined are 
shown 
Animals that were negative for both PA (ELISA) and bacteremia (quantitative) at any point prior to treatment: 
C48036, C48378, C48999, C49314, C50097, C50235, C50256, C50738, C50740, C50743, C50814, C51332, 
C51350, C51352, C51354, C51371, C51396, C51397, C52438, C52442  
Animals that were negative for bacteremia (quantitative) only at any point prior to treatment: None 
Animals that were negative for PA (ELISA) only at any point prior to treatment: C47505, C48802, C50099, 
C50823, C51317, C51335, C51353, C51382, C51386, C51472, C51799 
 
 
Comments: 
The study showed that as the time of treatment with ETI-204 (16 mg/kg, IM) is delayed, the 
survival probability decreases; the survival rates were  93%, 43%, and 29% in animals treated 
with ETI-204 at 24 hours, 36 hours, or 48 hours post-challenge, respectively.  The survival rate 
decreased in animals with higher bacteremia or PA levels prior to treatment.   One control 
animal (10%) survived until Day 28. 
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All the animals that died or were moribund, had microscopic acute lesions consistent with B. 
anthracis infection and their deaths were attributed to anthrax infection. All animals that 
survived to scheduled termination had lesions consistent with a previous bacterial infection 
(anthrax) as evidenced by chronic inflammatory changes; it should be noted that, unlike other 
studies summarized above, some of the animals that survived to their scheduled sacrifice had 
positive bacterial culture results in the brain and other tissues.  
 

6.4.2.3.  Study AP107 
This was a randomized, open label, placebo-controlled GLP study to evaluate the efficacy of 
ETI-204 (Lonza product) when administrated IV or IM at 24 hours post-exposure with B. 
anthracis spores (spore lot no. B39) by inhalation in 40 naïve cynomolgus monkeys at  

69  Additionally, the results were evaluated to determine if abnormalities documented in 
the clinical and physiological parameters used to determine illness returned to normal following 
treatment with the monoclonal antibody.   
 
Study design: 
The study design was similar to that summarized above for Study AP301 except that ETI-204 IM 
was administered at a dose of 4 or 8 mg/kg and ETI-204 IV was administered at a dose of 2 and 
8 mg/kg (Table 139).  All treatments were administered at 24 hours post-exposure. Additionally, 
only qualitative cultures were performed to measure bacteremia at different time intervals by 
plating 40 µL of whole blood.  
 

                                                 
69  Study Number 766-G924201: AP107-Post-exposure prophylaxis dose ranging study in cynomolgus 
macaques exposed to Bacillus anthracis spores followed by treatment intravenously or intramuscularly with ETI-
204 (January 19, 2009). 
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Table 139: AP107 - Study design and schedule of blood collection 
Study design: 

  
 

The blood collection and assay schedule:  

 
One animal (A04766) was administered ETI-204 2 mg/kg subcutaneously rather than 
intravenously; decision was made to administer an additional 6.0 mg/kg IV and move this 
animals to Group 2.  This animal was excluded from analysis. 

 
All animals were culture negative prior to challenge.  The age of the animals ranged from 2 to 5 
years and mean body weight 2.5 kg (range 2.4-3.0 kg) at the time of challenge.  Animals were 
randomized to five groups and were exposed to the spores of the Ames strain of B. anthracis by 
aerosolization with a targeted 200X LD50 as for the studies summarized above.    The average 
MMAD for the three challenge days ranged from 1.21-1.22 µm. 
 
Animals were followed for clinical signs for up to 30 days post-challenge.  At the time of 
necropsy, tissue sections of spleen, brain, liver, bronchial lymph node and other organs with 
gross lesions from few animals were processed for histology as for the studies summarized 
above.   
 
Results: 
Baseline characteristics: Age, gender, body weight, and challenge dose were comparable among 
the animals in the different groups (Table 140).  The average ± SD aerosol exposure dose for all 
animals on study was 315±78 B. anthracis LD50 equivalent; the LD50 was ≥200 in approximately 
98% of the animals. At 24 hours post-exposure, 7 (17%; 1 to 2 animal per group) animals were 
bacteremic (Table 140).  The baseline characteristics (disease stage) of animals were similar 
among animals in all groups.  
 

Reference ID: 3861561



Division of Anti-Infective Products 
Clinical Microbiology Review  

BLA 125509  Page 316 of 340 

 

Table 140: Study AP107 - Baseline characteristics and post treatment survival as well as microbiological findings 

 
Parameters 

Placebo IV 
(Group 1) 

N=6 

ETI-204  
 2 mg/kg IV 
(Group 3) 

N=9 

8 mg/kg IV  
(Group 2) 

N=8  

8 mg/kg IM 
(Group 4) 

N=9 

4 mg/kg IM 
(Group 5) 

N=8 
Baseline characteristics 

Age (years) 
Range 2-5 2-5 2-5 2-5 2-5 

Body weight 
(kg) Mean 
±SD 

2.4±0.2 2.4±0.2 2.6±0.4  2.5±0.3 2.4±0.2 

Inhaled dose  
cfu x 107  
Mean ± SD 
(Range) 
LD50 Mean ± 
SD (Range)  

324.2±70.6 
(254-458) 

315.6±83.4 
(213-451) 

293.8±49.9 
(225-370)  

289.0±51.8 
(222-351) 

366.0±113.6 
(198-551) 

<200 LD50 
n(%) 0 0 0 0 1 (12.5) 

≥200 LD50 
n(%) 6 (100) 9 (100) 8 (100) 9 (100) 7 (87.5)  

Bacteremia prior to treatment (24 hours) 
n (%) 1 (16.7)** 2 (22.2) 1 (12.5) 2 (22.2) 1 (12.5) 

Post treatment: Time (hours) to bacteremia 
n  
Mean±SD 
(Range) 

6 
33.3±7.9 

(23.9-48.1) 

9 
30.2±3.5 

(24.0-32.1) 

7 
32.0±4.6 

(24.1-40.1)  

7 
29.7±3.9 
(24-32) 

7 
33.2±5.6 

(24.1-40.2) 
Post-treatment: Survival and bacteremia at the end of study (Day 30) 

Survivors   1 (16.7) 4 (44.4) 6 (75.0)*  5 (55.6) 6 (75.0)* 
Bacteremia (number of animals positive\by number of animals tested 

32 hours 5/6 8/9 6/8 7/9 5/8 
40 hours 5/6 7/9 6/8 7/9 7/8 
48 hours 6/6 4/9  5/8 6/9 5/8 
Day 14 0/1  0/4 0/6 0/5 0/6 
Terminal 4/5 5/5 2/2 4/4 2/2 
** One of the control group animals (#A02398) that survived the inhaled inoculum dose (LD50) was fu. 
One animal randomized to 8 mg/kg IV group but receiving 6 mg/kg IV and 2 mg/kg subcutaneously. It was included 
in the 8 mg/kg IV group for analysis. 
SD Standard deviation;  
*Statistically significant between the ET-204 treated group and the control group. 
 
Effect of treatment on survival: The results show that ETI-204 at a dose of 8 mg/kg when 
administered IV or 4 mg/kg administered IM at 24 hours post-exposure were most effective in 
improving survival (Table 140 and Figure 71).  All of the non-surviving animals died within 10 
days of exposure and were bacteremic. All animals surviving to the end of the study were culture 
negative (i.e., < LOD) by 30 days post-exposure (Table 140). 
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Figure 71: Study AP107 - Survival and relationship between microbial burden and time to death 
 

 
PC=Post-challenge; IM=intramuscular 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)            

 
Clinical Observations:  The majority of placebo treated animals exhibited abnormal clinical 
signs consistent with anthrax following challenge; these signs were consistent with those 
observed in the other studies summarized above.  In ETI-204 treated animals that survived to the 
end of the study, most of these abnormal observations were not observed (other than sporadic 
stool abnormalities which is common with laboratory housed NHPs) after Day 22 post-
challenge.   
 
In all animals that survived to the end of the study, body weights on Day 28 were greater than or 
equal to Day 0 weights. 
 
Hematological parameters: WBC count increased in some of the animals at 32, 40 and 48 hours 
and Day 14 post-challenge compared to baseline (prior to challenge) suggesting that animals 
were exhibiting signs of infection following exposure to B. anthracis. Neutrophil and 
lymphocyte counts also increased until 48 hours followed by a decrease to baseline.  Monocyte 
counts were not altered. 
 
Necropsy and Histopathology:  Gross lesions in animals found dead or euthanized due to 
moribund condition post-challenge included pericardial and thoracic effusions; enlargement and 
dark discoloration of bronchial, inguinal, mediastinal and pancreatic lymph nodes (hemorrhage, 
edema and fibrin exudation); dark discoloration, foci, or accumulation in the brain (hemorrhage 
and necrosis); and enlargement and dark discoloration of the adrenal glands (hemorrhage and 
necrosis) (Table 141). These findings are consistent with those observed in other studies 
summarized above.   
 
Microscopic findings considered consistent with anthrax were present in two anthrax spore- 
exposed animals (Table 141). Lesions typical of anthrax in this study included hemorrhage, 
fibrin exudation, edema, neutrophilic inflammation, lymphoid depletion, and the presence of 
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Table 144: Study AR001 - Baseline characteristics and survival as well as microbiological findings 

Parameters Placebo (Group 2) 
N=5 

ETI-204  (Group 1) 10.16 mg‡  

~35 min Pre-exposure  
N=9 

Baseline characteristics 
Age (weeks) Range 13-17 13-17 
Body weight (kg) Mean ±SD 2.4±0.2 2.3±0.1 
Inhaled Dose 
cfu x 107  Mean ± SD (Range) Not in the data sets 
LD50 Mean ± SD (Range) 171.9±55.2 

(96.4-244.0) 
156.0±43.9 

(106.1-217.5) 
<200 LD50 dose n(%) 4 (80.0) 8 (88.9) 
≥200 LD50 dose n(%) 1 (20.0) 1 (11.1) 
Bacteremia at the time of 
treatment n (%) 0 0 

Time to bacteremia (hours) 
N 
Mean±SD (Range) 

 
5 

72±33.9 (48-120) 

 
NA 

Survivors at the end of study  (Day 28) 
n (%) 0 9 (100)* 

Bacteremia post-exposure 
24 hours 0/5 0/10 
48 hours 2/4 0/10 
Day 7  NA 0/10 
Day 10, 21, 28 NA 0/10 
Unscheduled terminal 4/5 NA 
‡One animal (K29312) in the treatment group received 3.2 mL of antibody (concentration 8.13 mg).  10 
mg is approximately 4 mg/kg 
SD Standard deviation; GM geometric mean; NA=not applicable.  
*Statistically significant between the ETI-204 treated group and the control group. 
 
 
Effect of treatment on survival and bacteremia: The results show that  MoAb at a dose of 10 
mg (one animal was administered 8 mg) administered 30 to 45 minutes prior to exposure was 
effective in improving survival in all the animals (Table 144 and Figure 72); all animals were 
culture negative at all the time points tested.  All of the control group animals died within 5 days 
of challenge and all the rabbits were bacteremic at least at one of the time point tested (Table 
144).    
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Figure 72: Study AR001 - Kaplan-Meier curves representing time-to-death and survival by group  
 

 

PC=Post-challenge; IM=intramuscular 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)   

 
Clinical Observations:  Although the protocol specified monitoring of animals as for the studies 
summarized above, no details were included.  
 
Necropsy and Histopathology:  Not done  
 
Tissue bacterial assessments:  
 
Histology:  Not done. 
 
Culture: Presence of bacteria was reported by culture of some of the tissues from 3 of the 
surviving animals (lymph nodes - one animal; lung - two animals) treated with  anti-PA 
MoAB (Table 145).  Tissues from non-surviving animals were not processed culture.   
 
Table 145: Study AR001-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
ND=Not Done 
[1] All treated animals 
 
Comments: 

 anti-PA MoAb at a dose of 10 mg (approximately 4 mg/kg) administered IV to NZW rabbits 
30 to 45 minutes prior to anthrax spore challenge was effective in improving survival in all the 9 
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baseline characteristics (disease stage) of animals were similar among the animals in all groups 
(Table 147).  
 
Table 147: Study AR003 - Baseline characteristics and survival as well as microbiological findings 

 
Parameters 

Placebo IV 
(Group 5) 

N=8 

ETI-204 ( ) 
1.25 mg IV 
 (Group 4) 

N=8 

2.5 mg IV 
(Group 3) 

N=8 

5.0 mg‡ IV 
 (Group 2) 

N=8 

10.0 mg IV 
 (Group 1) 

N=8 

20.0 mg IM 
(Group 6) 

N=8 
Baseline characteristics 

Age (weeks) 
Range 13-17 13-17 13-17 13-17 13-17 13-17 

Body weight 
(kg)  
Mean ±SD 

2.5±0.0 2.4±0.2 2.4±0.1 2.4±0.1 2.5±0.1 2.5±0.1 

Inhaled dose 
cfu x 107 Information not included in the data sets 
LD50  
Mean ± SD 
(Range) 

301.0±117.8 
(163.2-434.6) 

282.1±84.8 
(91.8-358.8) 

296.6±53.1 
(228.1-401.5) 

303.8±78.0 
(180.3- 413.7) 

269.8±99.6 
(106.2-404.6) 

268.1±56.6 
(187.1-352.5) 

<200 LD50 
dose n(%) 3 (37.5) 1 (12.5) 0 1 (12.5) 2 (25.0) 2 (25.0) 

≥200 LD50 
dose n (%) 5 (62.5) 7 (87.5) 8 (100) 7 (87.5) 6 (75.0) 6 (75.0) 

Time (hours) of bacteremia  
n  
Mean±SD 
(Range) 

7 
65.1±18.1 

(48-96) 

6 
128±29.1 
(96-168) 

1 
(192) 

1 
(168) NA§ NA§ 

Survivors at the end of study (Day 28) 
n (%) 0 1 (12.5) 5 (62.5)* 5 (62.5)* 7 (87.5)* 8 (100)* 

Proportion of animals bacteremic (%) post-exposure 
24 hours 2 (25.0) 0 1 (12.5) 1 (12.5) 0 0 
48 hours 8/8 0/8 1/8 1/8 0/8 1/8 
Day 7  NA 1/2 1/6 1/7 0/7 0/8 
Day 10, 21, 
28 NA 0/1 0/5 ** 0/7 0/8 

Unscheduled 
terminal 7/8 6/7 1/3 1/3 0/1 NA 
‡One animal (K49292) in the 5 mg treatment group was dosed with the antibody lot previously provided by the 
Applicant for study number 380-0004907. 
§Not applicable as none of the animals became bacteremic 
**0/6 at Day 10; 1/5 at Day 21 and 0/5 at Day 28 
SD Standard deviation; GM geometric mean; NA=not applicable 
*Statistically significant between the ETI-204 treated group and the control group. 
Note: 1.25 mg= ~0.5 mg/kg;  2.5 mg= ~1 mg/kg; 5.0 mg= ~2 mg/kg; 10.0 mg= ~4 mg/kg; 20.0 mg= ~8 mg/kg 
 
Effect of treatment on survival: The results show that  Anti-PA MoAb at a dose of 10 mg, 
administered IV, approximately 30 to 45 minutes pre-exposure, improved survival in 88% of the 
animals; all the animals survived when 20 mg of  MoAb was administered IM.  Survival rate 
at the 2.5 and 5 mg dose was 63% and at 1.25 mg dose 13% (Table 147 and Figure 73).  All the 
control group animals died within 4 days of challenge.  
 
Effect on bacteremia: A majority of the surviving  anti-PA MoAb-treated animals were 
blood culture negative at some of the time point analyzed during the course of the study (Table 
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ETI-204 was administered, IM, at Day -3, Day -2, or Day -1 pre-exposure.  Blood was collected 
at different time points for quantitating bacteremia using 100 µL of blood (Table 149). Although 
measurement of anti-PA IgG was planned it appears testing was not done as the results were not 
included.    
 

Table 149: Study AP305 - Schedule of blood collection 
 

 
 

 
Animals were followed for clinical observations for up to 56 days post-challenge.  At the time of 
necropsy, tissue sections of spleen, brain, liver, and bronchial lymph node were processed for 
histology and culture as for the studies summarized above.   
 
Results: 
Baseline characteristics: Age, gender, body weight, and challenge dose were comparable among 
the four groups (Table 150).  The average ± SD aerosol exposure dose for all animals on study 
was 221±78 LD50 equivalent; the LD50 was ≥200 for 53% of the animals. The baseline 
characteristics (disease stage) of animals were similar among the animals in the four groups 
(Table 150).   
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Table 150: Study AP305 - Baseline characteristics and post treatment survival as well as microbiological findings 
 Groups and time of       
         initiation of 
                 treatment                        
 
Parameters     

Placebo 
(Group 1) 

N=10 

ETI-204 16 mg/kg 

Day -3 
(Group 4) 

N=15 

Day -2 
(Group 3) 

N=14 

Day -1 
(Group 2) 

N=14 
Baseline characteristics 

Age (years) Range 2.36-3.96 2.36-3.96 2.36-3.96 2.36-3.96 
Body weight (kg) 
Mean ±SD 2.7±0.2 2.5±0.2 2.5±0.2 2.5±0.2 

Inhaled dose 
cfu x 107  
Mean ± SD (Range) 
LD50  
Mean ± SD (Range)  

217.8±65.2 
(144-330) 

220.2±86.7 
(126-490) 

209.3±61.6 
(103-315) 

237.3±96.1 
(138-440) 

<200 LD50 n(%) 5 (50.0) 7 (46.7) 7 (50.0) 6 (42.9) 
≥200 LD50 n(%) 5 (50.0) 8 (53.3) 7 (50.0) 8 (57.1) 

Bacterial burden (cfu/mL) and time (hours) to bacteremia  
cfu/mL 
Log10 Mean±SD 
(Range) 

10 
1.1±1.4 
(0.3-3.5) 

15 
0.4±0.4 
(0.3-1.7) 

14 
0.3±0.0 
(0.3-0.3) 

14 
0.3±0.0 
(0.3-3.5) 

Geometric mean 13.7 2.5 2.0 2.0 
Time to bacteremia 
n Mean±SD 
(Range) 

10 
44.3±14.5 
(22.3-55.3) 

2 
39.7±22.3 
(23.9-55.4) 

3 
54.3±0.8 

(53.4-54.9) 

1 
95.6 

(95.6) 
Survivors at the end of study (Day 56) 

n (%) 1 (10.0)‡ 15 (100.0)* 14 (100.0)* 14 (100.0)* 
Bacteremia (quantitative) post-exposure 

24 hours 3 (30.0) 1 (6.7) 0/15 0/15 
54 hours 8/8 1/15 3/15 0/15 
96 hours 4/5 1/15 0/15 1/15 
Day 7 1/2 0/15 0/15 0/15 
Day 14, 28, 56 0/1 0/15 0/15 0/15 
Unscheduled terminal 6/7 ND ND ND 
‡One animal (C53558) that survived in the control group was culture negative at all the time points tested except 54 
and 96 hours; also, tissues were culture negative. 
Animal C52448 (control group). This animal was bacteremic at the 54 hour and Day 7 post-challenge time points 
and found dead on Day 14 post-challenge. While the terminal blood sample and all tissues were negative for B. 
anthracis, a contaminant was observed on the plates. A colony was isolated that was representative of the 
contamination from each of the brain, spleen, liver, and bronchial lymph node plates and these isolates were plated 
on TSA and blood agar. All isolates were described as white, shiny, round, and P-hemolysis on blood agar and 
white, shiny, and round on TSA agar. The isolates were then Gram stained and all were Gram positive cocci. While 
cultures were inconclusive regarding the reason for death, the pathology results attributed the death of this animal to 
anthrax 
* Statistically significant between the ETI-204 treated group and the control group. 
 
Effect of treatment on survival: The results show that ETI-204 at a dose of 16 mg/kg when 
administered either on Day 3, 2 or 1 prior to exposure was effective in improving survival in all 
the animals; of the 10 control group animals, one survived the period of observation (Table 150 
and Figure 74A).   
 
Effect of treatment on microbial burden: The bacterial load between 1 and 7 days post-treatment 
was lower in treated animals compared to the animals in the control group (Figures 74B and 75).  
In addition, the bacteremia in the ETI-204-treated animals was transient and only present in low 
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numbers (≤267 cfu/mL); complete resolution of bacteremia occurred by 7 days post-challenge in 
all monkeys that survived to scheduled termination. 
 
Figure 74: Study AP305 - Survival and relationship between microbial burden and time to death 
A: Kaplan-Meier curves representing time-to-death and survival  

 
Source: BLA submission          
B: Bacteremia by survival status  

 
+=survivors; o=non-survivors 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)   
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Figure 75: Study AP305 - Observed bacteremia over time in survivors and non-survivors 
Treatment with ETI-204 16 mg/kg , IM, at Day -3, Day -2, and Day -1 post-exposure 

Day -3 (Group 4) 

 
 

Day -2 (Group 3)  

 

Day -1 (Group 2)  

 
 
 

 Control (Group 1) 

 
 

Mean bacteremia and 95% confidence interval for bacteremia versus time* 

 
 

PTT = Prior to treatment; PT = Post-treatment; PC = Post-challenge  
*Note: Confidence intervals were not plotted for groups and study days having 2 or fewer observations. 
Source:  BLA submission 
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Clinical Observations:  Documentation of clinical observations, such as stool abnormalities, 
respiratory abnormalities, and hunched posture were noted.  ETI-204 treated animals that 
survived to the end of the study, were reported as having hunched posture (8/43) or stool 
abnormalities within the first few days post-challenge but returned to normal within Day 7 post-
challenge with only occasional diarrhea/ soft stool noted; these observations are common in 
laboratory housed monkeys.  Overall, the animals in this pre-exposure study were less sick 
(Figure 76) compared to those in the treatment or post-exposure studies summarized above.  
 

Figure 76: Study AP305 - Clinical observations 
 

 
ETI-204 16 mg/kg, IM. 
Figure constructed by Dr Xianbin Li, PhD (Statistics reviewer)   

 
In all animals that survived to the end of the study, body weights on Day 56 were greater than or 
equal to Day 0 weights. 
 
Necropsy and Histopathology:  Gross lesions in animals, in the control group, found dead or 
euthanized due to moribund condition post-challenge included enlarged mesenteric lymph node, 
and thickening of the stomach as well as discoloration in the brain and liver; these observations 
are consistent with those summarized above for other studies.  
 
Microscopic findings in the animals that died (control group) included acute lesions such as 
inflammation, hemorrhage, fibrin exudation, necrosis, hepatic sinusoidal leukocytosis, and/or the 
presence of large rod-shaped bacteria (consistent with B. anthracis) in multiple organs. The 
animals that survived (all treated animals) to scheduled termination, typically had lesions 
consistent with previous or ongoing inflammation that include hyperplasia (lymphoid follicles of 
the spleen, bronchial lymph nodes); hemosiderin pigment accumulation (bronchial), chronic 
inflammation (brain, lung, spleen, and/or kidneys); hematopoietic cell proliferation (liver), 
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and/or sinusoidal leukocytosis (liver).  These observations are similar to those summarized above 
for other studies. 
 
Tissue bacterial assessments:  
Histology:  No bacteria were observed in any of the animals that survived; bacteria were 
observed in most of the tissues from all the placebo group animals that died (Table 151). 
 
Cultures: No bacteria were reported in any of the tissues examined from animals either treated or 
untreated (animals C53558), that survived until Day 56 (Table 150).  However, bacteria were 
observed in the majority of the tissues from the control animals that died (Table 151).   
 
Table 151: Study AP305-Number of animals histologically and culture positive for B. anthracis in tissues 
 

 
[1] All treated animals 
[2] Animal was considered positive if at least 1-5 colonies were present on plate 
[3] Histopathology was performed at  
 
 
Comments: 
All animals treated with 16 mg/kg ETI-204, IM, between Day -3 and -1, prior to challenge, 
survived until Day 56.   Only 14% of ETI-204-treated animals were bacteremic during the post-
challenge period (1/14, 3/14, and 1/15 for ETI-204-treated animals on Day -1, Day -2, or Day -
3, respectively); the positive cultures for the ETI-204-treated animals were transient and only 
present in low numbers. However, all vehicle control group animals were bacteremic for at least 
one time point post -challenge.  No bacteria were observed in the tissues, by microscopy or 
culture, from ETI-204 treated animals as well as one control animal that survived.  However, 
bacteria were observed in the tissues from all the control animals that died.    
 
Clinical observations were consistent with B. anthracis infection within the first few days post-
challenge; these abnormal observations resolved within the first week post-challenge. The 
animals in this pre-exposure study were less sick compared to those in the treatment or post-
exposure studies summarized above.  All animals surviving to scheduled termination had lesions 
consistent with anthrax infection as evidenced by chronic inflammatory changes. Among the 
control monkeys that died or were terminated in moribund condition, all had microscopic acute 
lesions consistent with B. anthracis infection.  
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Appendix-4:  ETI-204 product used in different studies 
Table:  ETI-204 product in different studies 

Study number Product Source Lot number 
New Zealand White rabbits 

ETI-204 - treatment studies 
AR021 Baxter Baxter  lot 103B20-X109-TRO6 
AR033 Baxter Baxter 103B20-X109-TR06 (PBR-0024-001) 
ETI-204 + antibacterial drug combination studies 
NIAID 1030  Baxter Lot 103B20-X109-TR06 
NIAID 1045  Baxter Lot 103B20-X109-TR06 

AR028  Baxter Baxter PBR-0024-001 (BDS Lot# 103B20-X109-
TR06) 

AR034  Lonza Lonza Biologics 250241 
AR007  (  MoAb)*  Lot number FIL031COI 
AP-10-055  Baxter 103B20-X109-TR06 
ETI-204 post-exposure prophylaxis studies 
AR004   ( MoAb)* Lot Number ET 258-125 
AR012  Baxter  Lot ET403-188 
AR0315 Baxter Lot# 103B20 

AR035 Lonza 
Lot Number 250241 
(Product 103B ) Lot # 103B20-X109-TR06- this 
is from appendix E Certificate of analysis) 

AR037 Lonza Lot Number 250241 
ETI-204 pre-exposure prophylaxis studies 
AR001   (  MoAb)*  Lot Number ETI 227-181 
AR003   (  MoAb)*  Lot Number ET 258-184 

Cynomolgus monkeys 
ETI-204 - treatment studies 
AP201 Baxter 103B20-X109-TR06 (Elusys Lot number ET 472-084) 

AP202  Lonza Lot No: 3-FlN-1514 
Baxter Lot No: PBR0024001 

AP203  Lonza Lot No: 250241 
AP204  Baxter 103B20-X109-TR06 (Elusys Lot number ET 472-084) 
ETI-204 + antibacterial drug combination studies 
NIAID 1056  Baxter Lot 103B20-X109-TR06 
NIAID 2469  Baxter* Lot PBR-024-001 
ETI-204 post-exposure prophylaxis studies 
AP301  Lonza Lonza Biologics/250241 
AP307 Lonza Lonza Biologics 250241 
AP107 Baxter Baxter  lot 103B20-X109-TRO6 
ETI-204 pre-exposure prophylaxis studies 
AP305  Lonza Lonza Biologics/3-NFF-0220 
*MoAb -  monoclonal anti-PA antibody 
*Drug Product manufactured at  generated from Baxter drug substance  
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Indication: Adult and pediatric patients with inhalational anthrax due to Bacillus anthracis in

combination with appropriate antibacterial drugs and for prophylaxis of 
inhalational anthrax when alternative therapies are not available or are not 
appropriate

PDUFA date: March 20, 2016

Recommendation: The recommendation for approval of the drug substance part of this BLA 
from product quality microbiology perspective is pending until the  

 have been submitted and reviewed. Rabbit pyrogen test may be used 
to release drug product if the endotoxin  demonstrate low endotoxin 
recovery.

Review Summary 
Elusys has submitted this Biologics License Application (BLA) for obiltoxaximab for treatment 
and prophylaxis of inhalational anthrax. The drug substance (DS) is manufactured at Lonza, 
Portsmouth, NH.  The drug product (DP) is manufactured at  

.  The application contains CMC information in an eCTD format.  

This review contains the assessments of the manufacturing process of obiltoxaximab drug 
substance from microbiology perspective.

Assessment
Drug Substance (3.2.S)
General Information (3.2.S.1)

(b) (4)

35 Page(s) have been Withheld in Full as b4 (CCI/TS) 
immediately following this page

(b) (4)

(b) (4)
















