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Sponsor Human Genome Sciences 

Relevant IND(s) BB-IND 11,069 

Submission Type; Code BLA Resubmission 

Formulation; 
Strength(s) 

Each single-use vial contains 35.1 mL of raxibacumab solution at a 
concentration of 50 mg/mL (to allow delivery of 1700 mg/34 mL).  
Contains no preservative 

Indication 

Dosage and 
Administration 

Adult Dose: 40 mg/kg 
Pediatric Doses 
>15 kg to ≤ 50 kg: 60 mg/kg 
≤ 15 kg: 80 mg/kg 

 
BACKGROUND: 
Raxibacumab (HGS1021, PA mAb, or ABthrax) is a fully human monoclonal antibody 
that specifically binds the Protective Antigen (PA) of Bacillus anthracis, thereby 
preventing its association with the anthrax toxin receptor on host cells.  On January 30, 
2009, the Agency reviewed raxibacumab efficacy, safety, and product quality data for 
inclusion of raxibacumab in the Strategic National Stockpile (SNS).  These data were 
determined to be sufficient to support the use of a single 40 mg/kg IV raxibacumab dose 
for the treatment of inhalational anthrax under a CDC-held IND; raxibacumab is 
currently being stored in the SNS for use under this IND.   
 
A BLA for raxibacumab was submitted on May 14, 2009 and sought approval under the 
“Animal Efficacy Rule” (21 CFR 601, Subpart H, “Approval of Biological Products 
when Human Efficacy Studies are not Ethical or Feasible”) for the indication of 
therapeutic treatment of inhalation anthrax.  The proposed dosage and route of 
administration was a single dose of 40 mg/kg administered as an intravenous infusion 
over approximately 2 hours, alone or in combination with antibiotics.   
 
To allow selection of an effective dose in humans for therapeutic treatment of anthrax, 
the applicant submitted clinical pharmacology data for raxibacumab in humans and in the 
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two pivotal animal species, rabbits and cynomolgus monkeys (studies 682-G005758 and 
724-G005829, respectively).  The pharmacokinetics and safety of raxibacumab 
administered as the product proposed for licensure was evaluated in a Phase 1 antibiotic 
interaction study with ciprofloxacin (HGS1021-C-1064), a repeat dose immunogenicity 
study (HGS1021-C1069) and a Phase 2/3 safety study (HGS1021-C1063). 
 
On October 20, 2009, the primary clinical pharmacology reviewer was made aware of 
significant findings from an audit of analytical sites used for studies submitted under 
BLA 125349.  In September 2009, the Division of Scientific Investigations (DSI) 
inspections for the analytical portions of human studies HGS1021-C1063 and HGS1021-
C1064 were conducted.  During these inspections, multiple issues were identified and 
FDA Forms-483 were issued to the analytical sites responsible for analysis of 
raxibacumab and ciprofloxacin concentrations.  Inspection findings during the audit 
conducted by DSI for clinical studies HGS1021-C1063 and HGS1021-C1064 raised 
concerns regarding the reliability of the pharmacokinetic data submitted in the 
application and utilized for selection of an effective dose in humans for therapeutic 
treatment of anthrax.  The applicant submitted a follow-up correspondence dated October 
29, 2009 (BLA 125349/Submission Number 017) for the purpose of addressing the 
inspection issues pertaining to the raxibacumab assay.  Upon agency review of the 
applicant’s submission and proposal to address the DSI inspection findings, it was 
determined that the revised assay validation, qualification, and SOP documents did not 
fully address the inspection issues identified in the Form FDA-483 and recommendations 
were conveyed to the applicant via facsimile on November 6, 2009.  On November 14, 
2009, the FDA issued a Complete Response letter to the applicant requesting that the 
applicant revise the analytical procedures for raxibacumab to address the DSI inspection 
findings, re-analyze the pharmacokinetic samples obtained from human studies 
HGS1021-C1063, HGS1021-C1064, and HGS1021-C1069, and re-calculate the PK 
parameters for raxibacumab from these re-analyses.  At a Type A meeting held on 
January 29, 2010, the FDA and applicant agreed upon “equivalence” criteria to compare 
the results obtained with the original raxibacumab assay (CLI-2879) with the results 
obtained with modified assay (CLI-3192) for purposes of supporting data integrity.  Upon 
revalidation of the assay for analysis of serum raxibacumab samples, the analytical sites 
underwent re-inspection by DSI focusing on the methods and data supporting Clinical 
Study HGS1021-C1064.  Following inspection, DSI did not identify concerns with the 
modified raxibacumab assay as used for the reanalysis of Study HGS1021-C1063. 
 
On April 23, 2010, the applicant responded with a submission that contains information 
supporting the revalidated assay for concentrations of raxibacumab in human serum.  
Included in this submission are PK comparison reports which compare the results 
obtained with the original raxibacumab assay (CLI-2879) with the results obtained with 
the modified assay (CLI-3192) and relevant bioanalytical validation and quantitation 
reports. 
 
In the opinion of the clinical pharmacology reviewer (see review by Dr. Kimberly 
Bergman dated 3/25/11 under IND 11,069 in DARRTS), the April 23, 2010 submission 
adequately addressed the request to: 1) revise the analytical procedures for raxibacumab 

Reference ID: 3220449



 3

to address the DSI inspection findings, 2) re-analyze the pharmacokinetic samples 
obtained from human studies HGS1021-C1064, and 3) re-calculate the PK parameters for 
raxibacumab from this re-analysis.  The statistical analyses presented in Study Report 
HGS1021-C1064-PK support the acceptability of the revised assay for determination of 
serum concentrations of raxibacumab and the overall data integrity of purposes of 
extrapolating animal efficacy findings to humans by bridging pharmacokinetic data 
between animals and humans.  The recommendations from the clinical pharmacology 
reviewer pertaining to the April 23, 2010 submission were as follows:  
 
“The pharmacokinetic data for raxibacumab obtained by both the original and modified 
bioanalytical methods should be considered reliable and sufficient for extrapolation of 
animal efficacy findings to humans for determination of the efficacious dose in humans 
for therapeutic treatment of anthrax.  Therefore, pharmacokinetic data for raxibacumab 
obtained by the original bioanalytical method will be used for the purposes of labeling. ” 
 
The applicant proposed a pediatric dosing recommendation (BB-IND 11069, cover letter 
dated December 14, 2011) in response to a request made by the agency. At the same 
time, Division of Pharmacometrics developed pediatric dosing regimen to assist pre-
Emergency Use Authorization (preEUA) activities.  
 
Simulations were performed for a population with body weight range from 5-100 kg at a 
dose of 40 mg/kg. The predicted AUC and Cmax in the simulated subjects were compared 
with those observed in healthy adults with body weight > 45 kg.  The 90% prediction 
interval of AUC and Cmax for simulated adult subjects was comparable with those seen in 
adults at 40 mg/kg. However, the 40 mg/kg dose does not provide similar exposure for a 
population with body weight less than 45 kg. To match the exposure level in pediatric 
population with that observed in adults, several dose regimens for pediatric subjects were 
explored.  FDA’s final dose recommendations in pediatric subjects have been accepted 
by the applicant and are shown in Table 1.  Please see the original pharmacometrics 
review by Dr. Jerry Yu dated 11/6/12 (attached as Appendix 2. 
 
Table 1: Raxibacumab dosing recommendations for pediatric patients based on 
body weight 

Body Weight (in kg) Raxibacumab dose (in mg/kg) 
≤ 15 80 

>15 to ≤ 50 60 
> 50 40 

 
 
In the current BLA resubmission (June 15, 2012), the applicant has included the results of 
two studies that were requested in the complete response letter of November 14, 2009: 
Study 1141-CG920871 (also referred to as the added benefit study) and Study 1103-
G923704 (also referred to as the CNS penetration study).  Additionally, the applicant has 
submitted the ciprofloxacin reanalysis that was requested in the original complete 
response letter. 
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This clinical pharmacology review is divided into three sections.  The first section will 
address the remaining review issues related to clinical pharmacology.  The second section 
(Appendix 1) contains study reports that were reviewed for the current submission.  The 
third section (Appendix 2) is the pharmacometric review that was used to determine 
pediatric dosing. 
 
It may also be useful to refer to other regulatory documents that will not be included in 
this review but will likely be entered into DARRTS at a later date.  These other 
documents include the complete response letter of 11/14/09, the DSI inspection letter 
listing the inspection-related deficiencies, and previous clinical pharmacology reviews 
including the following: reviews written on 1/22/09, 10/16/09, 11/12/09, and 3/25/11 (in 
DARRTS under IND 11,069) by Dr. Kimberly Bergman. 
 
RECOMMENDATION 
The Office of Clinical Pharmacology Division 4 has reviewed BLA 125-349 and it is 
acceptable from a Clinical Pharmacology perspective.  The issues from previous review 
cycles have been adequately addressed. 
 
REMAINING REVIEW ISSUES 

1. Consistency of the pharmacokinetic information across studies 
 
Introduction 
Because treatment of inhalation anthrax will include antimicrobials (e.g. 
fluoroquinolones), the efficacy of antibiotics administered concomitantly with 
raxibacumab in the setting of therapeutic treatment also was evaluated in rabbits and 
monkeys with symptomatic anthrax disease.  In these studies (reviewed for the original 
BLA submission), raxibacumab did not alter the substantial efficacy of levofloxacin or 
ciprofloxacin administered at doses providing exposures reflective of those obtained at 
recommended doses in humans.  An additional added benefit study was requested by 
FDA (see Complete Response letter dated 11/14/09), in which the survival rate with 
antibiotic was to be more similar to that observed during the anthrax attacks in humans in 
2001 (~55%) rather than the high survival rate (85-100%) observed when antibiotic was 
administered as soon as systemic anthrax disease was detected in the previous GLP 
studies.  To approximate an ~55% survival rate with a full humanized dose of 
levofloxacin administered to rabbits with systemic anthrax infection, rabbits were treated 
with raxibacumab and/or levofloxacin 84 hours post spore exposure.  This study achieved 
a survival rate with antimicrobial treatment (65%) that was consistent with the survival 
rate of ~55% observed in human subjects in 2001 and suggests that raxibacumab, 
administered even late in the course of the disease when over half of the animals have 
already succumbed, confers a survival benefit over antimicrobial alone. For further 
details regarding this study, refer to the reviews of the current submission (BLA 125-349) 
by the Medical Officer (Dr. Yuliya Yasinskaya) and Statistician (Dr. Lan Zeng). 
 
In this added benefit study in rabbits, pharmacokinetic sampling was performed for both 
levofloxacin and raxibacumab. The consistency of these data with previous studies was 
assessed. In addition, pharmacokinetic results for levofloxacin in rabbits were compared 
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to exposures observed in humans following the FDA-approved dosing regimen for 
inhalational anthrax.  
 
Levofloxacin PK 
There were no measureable plasma levofloxacin concentrations in any of the predose 
specimens.  In both treatment groups the 2 hour and 23.5 hour collection times appear to 
have been switched for certain animals following either the 1st or 2nd levofloxacin dose.  
The mean and individual observed plasma levofloxacin concentration-time results for the 
levofloxacin only and levofloxacin plus raxibacumab groups are illustrated in Figure 1. 
 
Figure 1: Plasma levofloxacin concentration-time profiles in rabbits administered 
levofloxacin doses alone or in combination with raxibacumab 
 

 
 
The Cmax,n and Cmin,n results for the levofloxacin alone and raxibacumab/levofloxacin 
treatment groups are summarized in Table 2.  There was some accumulation of plasma 
levofloxacin concentrations in both dose groups, with Cmin,n for the 2nd and 3rd doses 
ranging from 344 to 796 ng/mL.  Comparisons of Cmax,n and Cmin,n across days within a 

Reference ID: 3220449



 6

dose group generally show a pattern of increasing values across days.  Unpaired t-tests of 
Cmax,n and Cmin,n show no differences that could be attributed to altered levofloxacin PK 
after raxibacumab administration. 
 
Table 2: Cmax,n and Cmin,n in rabbits administered levofloxacin alone or raxibacumab 
and levofloxacin 

 
 
The levofloxacin PK results in this study were compared with the exposures (peaks 
[Cmax,n] and troughs [Cmin,n] following multiple oral doses) for humans administered the 
recommended levofloxacin doses, 500 or 750 mg.  The reported Cmax,n and Cmin,n in 
humans are summarized in Table 3, along with the exposures for rabbits given the 50 
mg/kg levofloxacin doses in this study.  In the current study, the 50 mg/kg dose provided 
exposures intermediate to the human exposures at 500 and 750 mg.  Overall, the 50 
mg/kg levofloxacin dose in rabbits provided similar exposure to that for humans 
administered 500 or 750 mg of levofloxacin. 
 
 
Table 3: Levofloxacin exposures for rabbits in the current study compared with 
exposures for humans administered 500 or 750 mg levofloxacin doses 
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Raxibacumab PK 
No measureable raxibacumab concentrations were detected in any of the specimens from 
the rabbits in the levofloxacin alone group and no measureable plasma raxibacumab 
concentrations were detected in the predose specimens from rabbits in the levofloxacin 
plus raxibacumab group. 
 
Three of the 39 raxibacumab-treated rabbits (L29351, L34804, and L35261) were 
positive for anti-raxibacumab antibodies (Ab) prior to spore challenge and treatment at 
Study Day 0.  Each of these rabbits was also positive for anti-raxibacumab antibodies at 
28 days post treatment.  The remaining 20 rabbits that were positive for anti-raxibacumab 
Ab in the raxibacumab-treated group were negative at Study Day 0 and positive at 28 
days post treatment.  The overall incidence of anti-raxibacumab Ab in the raxibacumab-
treated group was 23/32 (72%), excluding the non-survivors for whom immunogenicity 
outcome is unknown.  Inspection of the plasma raxibacumab concentration-time profiles 
for the rabbits that were positive for anti-raxibacumab Ab indicated that plasma 
raxibacumab concentrations became non-detectable between 14 to 21 days post dose, 
whereas for anti-raxibacumab Ab negative rabbits, plasma raxibacumab concentrations 
generally remained measureable throughout the 28 day postdose period. 
 
The observed plasma raxibacumab concentration-time profile for the 
raxibacumab/levofloxacin group is illustrated in Figure 2 and includes the profiles for 
subgroups of surviving and non-surviving rabbits, as well as anti-raxibacumab positive 
and negative rabbits.  It should be noted that the apparent increase in raxibacumab 
clearance in the later portion of the overall profile is associated with the presence of anti-
raxibacumab antibodies in many of the individual rabbits at those times, as described 
previously.  Although mean plasma raxibacumab concentrations for rabbits that died 
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were lower than those for surviving rabbits, there was substantial overlap of the SD error 
bars between the 2 subgroups. 
 
Figure 2: Plasma raxibacumab concentration-time profiles in rabbits administered 
levofloxacin in combination with raxibacumab 

 
The plasma raxibacumab concentrations best fit a 2-compartment open model with 1st 
order elimination from the central compartment.  Body weight was found to be a 
significant covariate for clearance (CL).  Other factors assessed (sex, age, size of spore 
challenge, duration of spore challenge, survival time, survival status, TBAC, bacteremia 
outcome at each collection time, and immunogenicity outcome) were not significant 
covariates accounting for inter-individual differences in PK.  The lack of impact of 
immunogenicity as a covariate is likely related to the observation that in anti-
raxibacumab Ab positive animals, plasma raxibacumab concentrations became 
undetectable between 14 to 21 days post dose; that is, those animals did not contribute 
data over the entire duration of the elimination phase of the profile. 
 
The population PK model was evaluated using a visual predictive check.  The prediction 
intervals were generated by running the final model in simulation mode, and generating 
200 replicate simulations for each subject.  The majority of the observed plasma 
raxibacumab concentrations are within the 90% prediction interval, suggesting that the 
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model describes the data well.  The parameter estimates for the PK model are 
summarized in Table 4. 
 
Table 4: Raxibacumab PK parameters in rabbits administered raxibacumab and 
levofloxacin 

 
 
Following IV raxibacumab administration, V1 at 112 mL (36 mL/kg for a 3.12 kg 
animal), is similar to the plasma volume (44 mL/kg).  The steady-state volume of 
distribution (Vss) is 56% greater than Va at 56 mL/kg.  These results suggest that although 
distribution of raxibacumab may initially be restricted to the plasma volume, 
raxibacumab doses subsequently distribute to tissues. 
 
The disappearance of raxibacumab from plasma is multiphasic, with a mean initial phase 
elimination half-life (t1/2ά) of 0.4 days and terminal phase elimination half-life (t1/2β) of 
4.7 days.  The clearance (CL) of raxibacumab was 28.12 mL/day (9.01 mL/day/kg for a 
3.12 kg rabbit).  CL was affected by weight, and across the weight range for the 
raxibacumab-treated rabbits ranged from 22.56 mL/day (8.20 mL/day/kg) for a 2.75 kg 
rabbit to 35.21 mL/day (9.92 mL/day/kg) for a 3.55 kg rabbit.  Across the weight range 
studied, CL is much less than the glomerular filtration rate (4493 mL/day/kg), indicating 
that, as expected, there is virtually no renal clearance of this monoclonal antibody. 
 

Reference ID: 3220449



 10

Inter-individual variability in raxibacumab PK was low, with a coefficient of variation 
(CV%) of 28% or less for the primary PK parameters.  Overall, these results indicate that 
there is minimal variability in raxibacumab disposition, once the impact of body weight 
on CL is taken into account, even in rabbits exhibiting symptoms of inhalation anthrax 
with treatment delayed until 84 hours post challenge. 
 
Raxibacumab Concentration in Combination with Levofloxacin in Previous Studies 
In previous studies, raxibacumab PK in rabbits were determined for a single IV bolus 20 
or 40 mg/kg dose administered alone and a single IV bolus 40 mg/kg doses administered 
in combination with QD x 3 50 mg/kg intragastric (IG) levofloxacin doses, respectively.  
In those studies, the treatments were administered after detection of PA toxemia 
following a 200 x LD50 B. anthracis spore challenge, at about 26 hours post challenge, 
which contrasts with the much later treatment time of 84 hours post challenge in the 
current study.  Despite the later treatment time in the current study, raxibacumab PK 
results for the current study are consistent with those for raxibacumab administered alone 
or with levofloxacin in the prior studies (see Table 5).  Overall, the good agreement in 
raxibacumab PK among these 3 studies indicates that raxibacumab PK are not affected by 
co-administration of levofloxacin, nor are raxibacumab PK affected by disease severity at 
the time of treatment. 
 
Table 5: Selected raxibacumab PK parameters for 40 mg/kg raxibacumab doses 
from current and previous studies 

 
 
Reviewer Assessment 
The raxibacumab pharmacokinetic parameters obtained in the added benefit study were 
consistent with previous studies. 
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2. Assessment of CSF penetration data 
 
Introduction 
In anthrax spore-challenged rabbits and monkeys assessed during the original review 
cycle, the animals that died or were euthanized moribund had findings consistent with 
anthrax disease by gross necropsy or microscopic examination and the gross and 
histopathology was qualitatively the same as previously reported for rabbits and 
monkeys, succumbing to inhalation anthrax.  The incidence and severity of 
histopathology findings was the same or greater in the placebo treatment groups for all 
tissues, except brain, in which the incidence and/or severity of bacteria, hemorrhage and 
inflammation was greater in the raxibacumab-treated groups. 
 
In the Complete Response Letter to the raxibacumab BLA, FDA recommended that HGS 
conduct a study to further evaluate the effect of raxibacumab on the CNS in an animal 
model of inhalational anthrax and examine animals that survive and animals that die of 
anthrax.  In response, HGS conducted a randomized, blinded, placebo-controlled study of 
raxibacumab in New Zealand White rabbits with systemic inhalational anthrax, 
examining both survivors and non-survivors, with particular focus on brain 
histopathology and CNS findings. 
 
The results of this study, described in this report, confirm the findings in the earlier 
experience with raxibacumab-treated animals with inhalational anthrax; the increased 
survival rate (45.8% vs. 0% for placebo, p < 0.0001) and the lack of clinical sequalae in 
survivors were replicated.  As in the previous study, an increased incidence and severity 
of lesions was observed in placebo-treated animals for all organs except the brain.  
Moreover, the raxibacumab-treated animals with the most severe lesions were those that 
died later in their course of disease.  The brains of raxibacumab-treated non-survivors had 
a greater incidence and severity of lesions than the placebo-treated animals, but the 
raxibacumab-treated survivors did not exhibit brain pathology or the presence of bacteria 
or PA in the brain or cerebrospinal fluid (CSF) at sacrifice.  Immunohistochemical 
staining of brain tissues indicated that raxibacumab was found in the brain of the 
raxibacumab-treated non-surviving rabbits, most often in or near lesions, and 
coincidently with rabbit IgG.  As immunoglobulins cannot cross an intact blood brain 
barrier to any substantial extent, the coincident finding of raxibacumab and rabbit IgG 
associated with brain lesions suggest that raxibacumab accesses the brain after anthrax 
infection has altered the permeability of the blood brain barrier, rather than preceding or 
exacerbating anthrax infection in the brain.  The similarity in staining patterns of 
endogenous rabbit IgG and raxibacumab supports that the presence of raxibacumab in the 
brain reflects the leakage of immunoglobulin across a damaged blood brain barrier and is 
not specific to raxibacumab.  Consequently, it is proposed that the increased incidence of 
brain involvement in anthrax-infected animals that die is not evidence of a safety finding 
for raxibacumab, but is more likely a consequence of the site of raxibacumab benefit 
being in the well-vascularized visceral organs; while raxibacumab does not prevent the 
development of brain lesions in those animals that eventually die despite raxibacumab 
treatment, as raxibacumab can only access the CNS once the blood brain barrier is 
compromised. . For further details regarding this study, refer to the reviews of the current 
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submission (BLA 125-349) by the Medical Officer (Dr. Yuliya Yasinskaya), Pharm/Tox 
Reviewer (Dr. Terry Miller), and Statistician (Dr. Lan Zeng). 
 
Plasma PK 
The mean observed plasma raxibacumab concentration-time profile for the 40 mg/kg 
dose group is illustrated in Figure 3.  For comparison, the mean profiles for 40 mg/kg IV 
raxibacumab and 40 mg/kg IV raxibacumab plus levofloxacin administered to anthrax 
spore challenged rabbits in previous studies are also provided in Figure 3.  The plasma 
raxibacumab concentrations during the first 3 days post dose in the current study tended 
to be higher than those obtained in the prior studies, while those at ~6 days post dose 
were similar, with overlapping SD error bars and plasma raxibacumab concentrations in 
the terminal phase are similar to those observed in prior studies.   
 
The mean observed plasma raxibacumab concentration-time profiles for rabbits that died 
and those that survived in the raxibacumab treatment group are illustrated in Figure 4.  
The plasma raxibacumab concentrations for rabbits that died and the surviving rabbits 
were similar, with overlapping SD error bars, indicating that survival cannot be attributed 
to differences in raxibacumab exposure. 
 
The mean observed plasma raxibacumab concentration-time profiles for rabbits in the 
raxibacumab treatment group, subdivided by immunogenicity status, are illustrated in 
Figure 5.  The plasma raxibacumab concentrations are similar among the subgroups 
during the first 6 days after raxibacumab administration.  Thereafter, raxibacumab 
concentrations were very low or not detected in the rabbits that were positive for anti-
raxibacumab Ab negative.  Although the majority of surviving rabbits were anti-
raxibacumab Ab positive (8 rabbits versus 3 who were negative), the decreased 
raxibacumab exposure did not appear to affect survival. 
 
Figure 3: Plasma raxibacumab concentration-time profiles in rabbits administered 
a single IV bolus 40 mg/kg raxibacumab dose 
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Figure 4: Plasma raxibacumab concentration-time profiles in rabbits that died and 
those that survived 
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Figure 5: Plasma raxibacumab concentration-time profiles in rabbits by 
immunogenicity status 

 
Raxibacumab in CSF 
No animals in the placebo group had measureable raxibacumab in the CSF samples that 
were collected.  The CSF raxibacumab concentration results and CSF to plasma 
raxibacumab concentration ratio results are summarized in Table 6.  Of the 13 treated 
rabbits that died, 4 had CSF raxibacumab concentrations measured (due to inability to 
collect sample from all animals) and the results were variable, ranging from < 1 µg/mL to 
545 µg/mL.  These CSF concentrations represent from 0.2% to 88% of the concurrent 
plasma raxibacumab concentration.  The value of 545 µg/mL was measured in a sample 
with blood in the pellet, suggesting that there was an error in collecting this CSF sample.  
Rabbit L35559 died early (Day 2 after spore challenge) and had no gross or microscopic 
findings in the brain.  When the high CSF raxibacumab concentration for rabbit L35559 
is excluded, the other 3 rabbits that died had CSF raxibacumab levels that were <2% of 
the concurrent plasma raxibacumab concentration.  For comparison, CSF raxibacumab 
concentrations for the 11 rabbits that survived ranged from not detected to 0.331 µg/mL.  

Reference ID: 3220449



 16

For the 1 surviving rabbit for whom the CSF to plasma raxibacumab concentration ratio 
could be determined, the CSF level was <2% of the concurrent plasma raxibacumab 
concentration.  Overall, there was little distribution of raxibacumab into CSF. 
 
Table 6: CSF raxibacumab concentrations and CSF:plasma concentration ratios 

 
 
The pharmacokinetics of raxibacumab were consistent with those observed in the pivotal 
rabbit study with no meaningful difference in plasma raxibacumab concentrations 
between rabbits that survived and those that died.  Raxibacumab was present in the CSF 
of some animals, including both survivors and non-survivors, although the concentrations 
were quite variable and generally occurred at much lower concentrations than the 
concurrent plasma raxibacumab concentration. 
 
Reviewer Assessment 
If rabbit L35559 is excluded, then the penetration of raxibacumab into the CSF is less 
than 2% in all of the other rabbits, whether they survived or not.  The applicant states that 
the CSF sample for rabbit L35559 was likely contaminated with blood, which would 
understandably lead to an increased concentration of raxibacumab.  Since raxibacumab is 
a large molecular weight biologic product, the penetration across an intact blood brain 
barrier would be expected to be low.  This is consistent with the findings of the CSF 
penetration study if rabbit L35559 is excluded.  The penetration is likely higher in rabbits 
that succumbed to anthrax disease as a results of a degraded blood brain barrier due to 
more severe progression of anthrax. 
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3. Acceptability of the reanalysis of ciprofloxacin concentrations 
 
Background 
As stated previously, the FDA requested the applicant revise analytical procedures and 
re-analyze pharmacokinetic samples obtained from human studies to address DSI 
inspection findings from the first review cycle. The results of the raxibacumab reanalysis 
have been previously reviewed and deemed acceptable. In the current resubmission, the 
results from the ciprofloxacin reassay were reviewed. 
 
Study HGS1021-C1064 was an open-label study to evaluate the effect of raxibacumab on 
ciprofloxacin PK as well as the safety and PK of raxibacumab in combination with 
ciprofloxacin in healthy adult male and female subjects.  Three treatment groups were 
evaluated.  In Group 1, subjects received 15 oral (PO) 500 mg ciprofloxacin doses, given 
12 hours apart (q12h).  Just prior to the 11th ciprofloxacin dose on Day 5, the subjects 
were administered a single 40 mg/kg intravenous infusion raxibacumab dose.  For Group 
2, subjects were administered a single 40 mg/kg IV infusion raxibacumab dose only on 
Day 0.  In Group 3, subjects received a 400 mg IV ciprofloxacin dose, immediately 
followed by a 40 mg/kg IV infusion raxibacumab dose; a second 400 mg IV 
ciprofloxacin dose was administered 12 hours after the first dose, and 500 mg PO 
ciprofloxacin doses were administered every 12 hours after the 2nd IV ciprofloxacin dose, 
for a total of 15 doses.  Subjects were randomized in a 1:1 ratio to Group 1 or Group 2.  
Enrollment in Groups 1 and 2 (at least 28 evaluable subjects per group) was completed, 
and then an additional 28 evaluable subjects were enrolled into Group 3.  In Group 1 and 
Group 3, specimens for plasma ciprofloxacin concentration measurement were collected 
at selected time points.  For Group 1, plasma ciprofloxacin concentration time profiles 
were obtained following the first dose (Day 0, prior to raxibacumab dosing) as well as 
following the 13th PO dose (Day 7, after raxibacumab dosing). 
 
Serum ciprofloxacin concentrations and ciprofloxacin PK were reported previously in the 
clinical pharmacokinetics report for HGS1021-C1064.PK.  Based on regulatory feedback, 
it was decided to perform modified assays of all specimens from this study.  
The new method chosen was HPLC with MS/MS detection which was conducted by 

.  The Sponsor then prepared a report which compared ciprofloxacin 
concentrations and parameters that were obtained from the original method (conducted at 

) to the reassay method conducted at  
 
Results 
Reassays of the duplicate samples from the study were performed using a validated 
method at a different laboratory to assess the validity of the original assay.  The 
documented difference between the 2 assay methods was: internal standard for original 
assay and reassay were enrofloxacin and ciprofloxacin-d8, respectively.  The lower limit 
of quantitation for both the original assay and the reassay was 10 ng/mL of ciprofloxacin 
in 100% plasma.  Pharmacokinetic analysis of the plasma drug concentration results was 
performed in the same manner for both the original results and the reassay results. 
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Comparison of the original and reassay plasma ciprofloxacin concentrations revealed 
some unexpected group-dependent differences between the two sets of results.  For 
concentrations stratified by nominal time and dose number in Group 1, the reassay to 
original assay (R/O) geometric mean ratios ranged from 106.61 to 116.72 with all 90% 
CIs within the equivalence range.  In addition, the two assays were equivalent for all PK 
parameters for both Doses 9 and 11 in Group 1 (see Table 7).  Since the original 
conclusion that raxibacumab did not affect the PK of ciprofloxacin was based on the 
results obtained for Group 1, the PK equivalence between reassay and the original assay 
for Group 1 fully supports that original conclusion. 
 
Table 7: Summary of ciprofloxacin PK parameters, based on original and reassay 
results for Group 1 

 

 
 
For concentrations stratified by nominal time and dose number in Group 3, the R/O 
geometric mean ratios ranged from 117.99% to 140.17%.  All 90% CIs fell outside of the 
equivalence range, with the reassay results higher than the original results at all collection 
times.  Consequently, non-equivalence was found for some PK parameters between the 
two assays (see Table 8).  Examination and comparison of the bioanalytical reports for 
the original assays and the reassay did not reveal any explanation for the discrepancies 
noted.  The reason for these discrepancies remains unclear. 
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Table 8: Summary of ciprofloxacin PK parameters, based on original and reassay 
results for Group 3 

 

 
 
Reviewer Assessment 
The pre-specified equivalence criteria were met for the comparison of the original assay 
and the reassay with respect to both individual mean concentrations and the derived 
pharmacokinetic parameters for ciprofloxacin for Group 1.  However, the mean 
ciprofloxacin Group 3 concentrations were systematically higher when reassayed than 
they were with the original assay.  These higher concentrations led to the calculation of 
ciprofloxacin pharmacokinetic parameters that fell outside the 80-125% no-effect 
boundary when compared to the parameters derived using the ciprofloxacin 
concentrations determined by the original assay.  The reasons for this disparity are 
unclear.   
 
Ciprofloxacin was dosed differently in Group 1 versus Group 3 (PO vs. IV/PO); 
however, the dosing route seems unlikely to play a role in a systematic error in assessed 
concentrations.  The ciprofloxacin label reports steady state AUC and Cmax data at steady 
state following 400 mg q12h IV dosing and 500 mg q12h PO dosing.  Although this does 
not directly parallel Group 3 in the current study, it is noteworthy that the steady state PK 
parameters reported in the ciprofloxacin label are larger than either the original analysis 
or the reanalysis (see Table below). 
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PK Parameter Original Assay  
(Group 3) 

Re-assay 
(Group 3) 

Ciprofloxacin label1 

AUC0-tau (ng*h/mL) 6599 7880 13700 
Cmax (ng/mL) 1195 1421 2970 
1: Results are reported are for steady state following the administration of 500 mg ciprofloxacin q12h PO. 
 
There is a larger numerical difference between the pharmacokinetic data contained in the 
ciprofloxacin label for a similar but not identical dosing scheme than there is between the 
original assay and the reassay for the Group 3 ciprofloxacin PK data. 
 
Even though the pre-specified equivalence criteria was not met for the Group 3 
ciprofloxacin concentrations, the Reviewer agrees with the applicant’s position that the 
differences between the assays is not clinically relevant. The difference between the two 
analytical methods for the Group 3 concentrations and parameters is not of sufficient 
magnitude as to require additional studies or qualifying language. 
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APPENDIX 1 
Individual Study Reports 
 
Study 2100-577: Validation of a Method for the Determination of Ciprofloxacin in 
Human Plasma by HPLC with MS/MS Detection 
 
Date of Report: 25 June 2005 
 
OBJECTIVE:  
To validate a method for the determination of ciprofloxacin in human plasma with 
sodium heparin anticoagulant by HPLC with MS/MS detection. 
 
ASSAY METHOD: 
Ciprofloxacin and the internal standard (ISTD) ciprofloxacin-d8 were extracted from 
human plasma by protein precipitation and analyzed using liquid chromatography (LC) 
with tandem mass spectrometric detection (MS/MS).  A sample volume of 0.05 mL was 
used.  The lower limit of quantitation (LLOQ) for ciprofloxacin in human plasma was 
10.0 ng/mL, with linearity demonstrable to 5000 ng/mL (upper limit of quantitation, 
ULOQ).  Results were calculated using peak area ratios.  Calibration curves for 
ciprofloxacin in human plasma ranged from 10 to 5000 ng/mL and were generated using 
a weighted (1/x2) linear least-squares regression.  The concentration of ciprofloxacin in 
the QC samples, as measured by their peak area ratios, was determined from the 
calibration curves. 
 
ASSAY PERFORMANCE: 
Selectivity 
Aliquots of blank human plasma from six different lots were tested for endogenous 
interferences.  In all cases, the ciprofloxacin and ciprofloxacin-d8 regions were free from 
significant interference (<20.0% of the mean utilized LLOQ or < 5.0% of interval 
standard response). 
 
Aliquots of these lots were spiked with 400 ng/mL of ciprofloxacin, including internal 
standard.  The mean concentration of the spiked samples had a percent Relative Standard 
Deviation (%RSD) of ≤ 15.0% and an accuracy in the range of 85 to 115% of the 
theoretical.  It was therefore concluded that the method demonstrated acceptable 
selectivity. 
 
To evaluate matrix effect, extracts of blank matrix from the same lots were spiked with 
400 ng/mL of ciprofloxacin, including internal standard.  In addition, three replicates of a 
pure standard solution containing ciprofloxacin and internal standard at the same 
concentration as the spiked extract were injected.  The mean sample peak area was 
expressed as a percentage of the mean pure standard peak area.  The percentage matrix 
effect for ciprofloxacin and internal standard were calculated for the mean of all matrix 
samples.  The matrix effect did not significantly impact assay performance. 
 
 

Reference ID: 3220449



 22

 
Linearity 
Results were calculated using peak area ratios.  Calibration curves for ciprofloxacin in 
human plasma ranged from 10.0 to 5000 ng/mL and were generated using a weighted 
(1/x2) linear least squares regression (see Table 1). 
 
Precision 
In this study, both intra- and inter-assay results demonstrated a %RSD for calibration 
standards (inter-assay) and QC samples (intra- and inter-assay) to be ≤ 15%.  It was 
therefore concluded that the method demonstrated acceptable precision (see Table 1 and 
2). 
 
Accuracy 
The accuracy of the method was determined by comparing the means of the measured 
concentrations of the calibration standards (inter-assay) and QC samples (intra- and inter-
assay) with their theoretical concentrations.  The accuracy results of this study 
demonstrated calculated mean values in the range of 85.0 to 115.0% of theoretical.  It 
was therefore concluded that the method demonstrated acceptable accuracy (see Tables 1 
and 2). 
 
Sensitivity 
The LLOQ for ciprofloxacin in human plasma was set at 10.0 ng/mL.  A method with 
acceptable sensitivity requires the RSD ≤ 20.0% and an accuracy in the range of 80.0 to 
120.0% of theoretical.  In this study, the LLOQ results met this criteria, and it was 
therefore concluded that the method demonstrated acceptable sensitivity. 
 
Table 1: Calibration curve data for ciprofloxacin in human plasma 
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Table 2: Quality control sample data for ciprofloxacin in human plasma 

 
APPLICANT’S CONCLUSION: 
A quantitative procedure for the determination of ciprofloxacin in human plasma, over 
the concentration range of 10 to 5000 ng/mL, has been successfully validated for use at 

 
 
REVIEWER ASSESSMENT: 
The Reviewer agrees that the criteria for a successful assay validation were met. 
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Study Title: Determination of Ciprofloxacin in Human Plasma Samples from 
HGS1021-C1064 by HPLC with MS/MS Detection 
 
Date of Report: June 11, 2010 
 
OBJECTIVE: 
To determine the concentration of ciprofloxacin in human plasma samples by HPLC with 
MS/MS detection, for Human Genome Sciences, Inc.  Study Reference HGS-1021-
C1064 entitled: “An Open-Label Study to Evaluate the Pharmacokinetics and Safety of 
Raxibacumab (Human Monoclonal Antibody to B. Anthracis Protective Antigen) 
Administered in Combination with Ciprofloxacin in Healthy Subjects.” 
 
STUDY SYNOPSIS: 
Clinical Study HGS-1021-C1064 was an open-label study to evaluate the effect of 
raxibacumab on ciprofloxacin PK as well as the safety and PK of raxibacumab in 
combination with ciprofloxacin in healthy adult male and female subjects.  Three 
treatment groups were evaluated.  In Group 1, subjects received 15 oral (PO) 500 mg 
ciprofloxacin doses, given 12 hours apart (q12h).  Just prior to the 11th ciprofloxacin dose 
on Day 5, the subjects were administered a single 40 mg/kg intravenous (IV) infusion 
raxibacumab dose.  For Group 2, subjects were administered a single 40 mg/kg IV 
infusion of raxibacumab only on Day 0.  In Group 3, subjects received a 400 mg IV 
ciprofloxacin dose, immediately followed by a 40 mg/kg IV infusion raxibacumab dose; 
a second 400 mg IV ciprofloxacin dose was administered 12 hours after the 2nd IV 
ciprofloxacin dose, for a total of 13 doses.  Subjects were randomized in a 1:1 ratio to 
Group 1 or Group 2.  Enrollment in Groups 1 and 2 (at least 28 evaluable subjects per 
group) was completed, and then an additional 28 evaluable subjects were enrolled in to 
Group 3.  A minimum of 3 evaluable female subjects were to be enrolled into each group.   
 
Serum ciprofloxacin concentrations and ciprofloxacin PK were reported previously in the 
clinical pharmacokinetics report for HGS1021-C1064.PK.  Based on regulatory feedback, 
it was decided to perform modified assays of all specimens from this study.  This report 
documents the modified assay results for the measurement of ciprofloxacin 
concentrations in serum. 
 
BIOANALYTICAL METHODS: 
Refer to methods summarized in the review for Study 2100-577. 
 
RESULTS: 
A summary of the analysis batches for this study is presented in Table 1.  Samples were 
analyzed in a total of 29 analytical batches (there were no failed batches, run 1 was an 
analyst qualification batch, and runs 12 and 13 were aborted due to interference peaks).  
Results were calculated using peak area ratios of analyte to internal standard.  Calibration 
curves for ciprofloxacin in human plasma ranged from 10.0 to 5000 ng/mL and were 
generated using a weighted (1/x2) linear least-squares regression.  The calibration curve 
parameters are presented in Table 2.  Back-calculated concentrations for all calibration 
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curve points are presented in Table 3.  The results for the calibration standards were 
evaluated and it was concluded that the method performed acceptably for this study. 
 
Table 1: Study Summary Table 
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Table 2: Calibration Curve Parameters for Ciprofloxacin in Human Plasma 
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Table 3: Calibration Curve Data for Ciprofloxacin in Human Plasma 

 
 
QC sample results are presented in Table 4.  The results for the QC samples were 
evaluated and it was concluded that the method performed acceptably for this study.  No 
interfering peaks were found in the areas of interest that were determined to significantly 
impact the data.  Batch runs 12 and 13 were aborted due to interference peaks.  The 
interference peaks in runs 12 and 13 were unique to those runs and do not represent the 
selectivity observed throughout the remainder of the runs.  Data for samples that were 
reassayed are presented in Table 5.  The reasons for reassay and the reported results are 
included in the table. 
 
Ninety-one samples were chosen and reanalyzed to confirm original ciprofloxacin results 
and test the repeatability of the method.  The original and the reassay values of these 
samples are shown in Table 6.  Results of the incurred sample reproducibility analysis 
met acceptance criteria, and 79% of samples were confirmed within 20.0% of each other. 
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Table 4: Quality Control Sample Data for Ciprofloxacin in Human Plasma 
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Table 5: Analytical Reassay Summary for Ciprofloxacin in Human Plasma 
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Table 6: Incurred Sample Reproducibility Data for Ciprofloxacin in Human Plasma 
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APPLICANT’S CONCLUSION: 
Sample results were accepted if calibration curve and QC data from the reported batches 
indicated that the method met the acceptance criteria for those batches.  Reported data 
met the following criteria, as defined in  SOPs: 

• Batches were considered acceptable if no more than one-fourth of the calibration 
standards were excluded, and a minimum of six non-zero back-calculated 
concentrations for calibration standards were within the range of 85.0% to 
115.9% of theoretical [80% to 120.0% at the lower limit of quantitation (LLOQ)]. 

• Batches were considered acceptable if at least one-half of the undiluted QC 
samples at each concentration and two-thirds of all undiluted QC samples in the 
curve range were within the range of 85.0% to 115.0% of theoretical 

• The incurred sample reproducibility (ISR) analysis was considered acceptable if 
at least two-thirds (rounded up) of the repeat results and original results were 
within 20.0% of each other 
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The calibration curve and QC sample data from the reported batches indicate that the 
methods met the acceptance criteria for those batches. 
 
REVIEWER ASSESSMENT: 
The Reviewer agrees with the applicant’s conclusions. 

Reference ID: 3220449





 34

1, 30 subjects met those criteria and were considered evaluable for ciprofloxacin PK.  For 
Group 3, all 28 subjects met those criteria and were considered evaluable for 
ciprofloxacin PK. 
 
PHARMACOKINETIC/STATISTICAL ANALYSIS: 
Pharmacokinetic Methods: For plasma ciprofloxacin concentration-time profiles 
(collected after the 9th and 11th doses in Group 1, as well as after the 1st IV dose and the 
15th dose in Group 3), individual subject’s profiles were analyzed using non-
compartmental techniques to determine PK parameters. 
 
Statistical Methods: Descriptive statistics were used to summarize plasma ciprofloxacin 
concentration-time results and PK parameters by dose number and by treatment group, 
for the original assay and reassay.  For a nominal sample collection time of a dose of the 
treatment group, equivalence of plasma ciprofloxacin concentrations between the original 
and reassay was tested using a 2-sided 90% confidence interval (CI).  By dose number 
and by treatment group, equivalence of each PK parameter between the original and 
reassay was also evaluated using a two-sided 90% CI.  For all equivalence tests, the 
criterion is the same: the 2 assays were considered equivalent if the 90% CI fell within 
the 80-125% range.  The exception was time of occurrence for the peak plasma 
ciprofloxacin concentration (tmax or tmax,ss) for which the Wilcoxon signed rank test was 
used.  A significance level of ά = 0.05 was used for all statistical comparisons. 
 
RESULTS: 
No data from the evaluable subjects were excluded from the analyses.  Subjects with full 
PK profiles for the 4 doses (Doses 9 and 11 of Group 1 and Doses 1 and 15 of Group 3) 
were used for PK parameter estimation by non-compartmental analysis.  This is 
consistent with the original analyses. 
 
One of the 60 subjects administered ciprofloxacin in this study (Subject No. US001-
000001) had a measureable plasma ciprofloxacin concentration prior to administration of 
the 1st ciprofloxacin dose at 39 ng/mL by the original assay and 47 ng/mL by the reassay.  
That predose concentration was less than 5.0% of the 1070 (original assay) or 1310 
(reassay) ng/mL concentration at 1 hour postdose (presumed peak) measured on Day 2, 
and was less than 15% of the 405 (original assay) or 333 (reassay) ng/mL predose 
concentration measured prior to the 9th ciprofloxacin dose.  Therefore, this subject’s 
postdose concentrations were not adjusted for the predose measurement. 
 
Since the terminal half-life of ciprofloxacin was about 4.5 hours, steady state was thought 
to be reached at Dose 5 on Day 2 for both Group 1 and Group 3.  Any peak (trough) 
ciprofloxacin concentrations for Doses 5-15 were considered to be steady-state maximum 
(minimum) ciprofloxacin concentrations, Cmax,ss (Cmin,ss) for the treatment groups.  The 
time for Cmax,ss is tmax,ss. 
 
A comparison of the plasma ciprofloxacin concentrations for the reassay vs. those from 
the original assays is provided in Figure 1 for Group 1 and Figure 2 for Group 3.  Figure 
1 shows the following linear relationship between the reassay results (CR) and the 
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original assay results (CO) of Group 1 with r2 of 0.9170 as shown by the fitted line in red 
(with dashed lines representing 90% CI): 
 

CR = 1.0007 x CO + 54.62 
 
Figure 1: Reassay vs. original assay plasma ciprofloxacin concentrations for 
treatment Group 1 

 
Relative to the original assay, the reassay resulted in approximately the same mean 
ciprofloxacin concentrations for doses of Treatment Group 1.  Figure 2 shows the 
following linear relationship between the reassay results (CR) and the original assay 
results (CO) of Group 3 with an r2 of 0.9106 as shown by the fitted line in red (with the 
dashed lines representing 90% CI): 
 

CR = 1.204 x CO + 33.83 
 
Relative to the original assay, the reassay resulted in about 20% higher mean 
concentrations for doses of Treatment Group 3.   
 
Table 1 and Table 2 provide a summary of the comparison of the reassay and original 
assay results by nominal sample collection time for Group 1 and Group 3, respectively.  
For doses in Group 1, the mean ratios of the geometric means for the reassay:original 
assay concentrations results ranged from 106.61% to 116.72% with all 90% CIs within 
the equivalence range of 80-125%.  The mean with standard deviation (SD) error bars 
plasma ciprofloxacin concentration-time profiles based on the original assay and reassay 
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results are illustrated in Figure 3 and Figure 4 for Groups 1 and 3, respectively.  Figure 3 
shows that profiles for the original assay results and reassay results for Group 1 are very 
similar with SD bars that overlapped at all nominal time points.  However, Figure 4 
shows that for Group 3 the profiles for the original assay are lower than those for the 
reassay results at all time points.  Overall, the reassay was equivalent to the original assay 
for concentrations at all time points for Group 1, but not for the concentrations in Group 
3. 
 
Figure 2: Reassay vs. original assay plasma ciprofloxacin concentrations for 
treatment Group 3 
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Table 1: Summary of original and reassay plasma ciprofloxacin concentrations 
(mean ± SD) by collection time (Group 1) 
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Table 2: Summary of the original and reassay plasma ciprofloxacin concentrations 
(mean ± SD) by collection (Group 3) 
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Figure 3: Mean (±SD error bars) plasma ciprofloxacin concentrations of Dose 9 and 
Dose 11 of treatment Group 1 
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Figure 4: Mean (±SD error bars) plasma ciprofloxacin concentrations of Dose 1 and 
Dose 15 of treatment Group 3 

 
 
Key mean (±SD) non-compartmental PK results are summarized in Table 3 and Table 4 
or Group 1 and 3, respectively.  Equivalence tests or Wilcoxon signed rank tests of these 
PK parameters for the reassay results versus those for the original assay results are also 
summarized in those tables. 
 
For Group 1, equivalence between the original assay and reassay was shown for all PK 
parameters for both Doses 9 and 11 since the 90% CI fell within the 80 to 125% range, 
and there was no statistically significant difference in tmax,ss between the 2 assays for Dose 
9 (p=0.625) and Dose 11 (p=0.791).  For Dose 1 of Group 3, tmax estimates were the same 
for each subject by the 2 assays; equivalence between the 2 assays was shown for t1/2z and 
MRT but not for Cmax, AUC0-inf, CL, Vss, Vz with 90% CI falling slightly outside of the 
80-125% range for those parameters.  For Dose 15 of Group 3, no statistically significant 
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difference was found for tmax.ss (p=0.204) between the 2 assays; equivalence between the 
2 assays could be declared for t1/2z, accumulation index, fluctuation and bioavailability 
but could not be declared for Cmax,ss, AUC0-tau, AUC0-8, CL/F, Cmin,ss, or Vz/F. 
 
Overall, ciprofloxacin PK was equivalent for all doses of Treatment Group 1, but 
equivalence was not demonstrated for all parameters for Treatment Group 3 between the 
original assay and reassay.  The results observed in Treatment Group 3 do not suggest 
any clinically meaningful differences shown between the 2 assays. 
 
Table 3: Summary of ciprofloxacin PK parameters, based on original and reassay 
results for Group 1 
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Table 4: Summary of ciprofloxacin PK parameters, based on original and reassay 
results for Group 3 

 

 
 
DISCUSSION: 
The objective of this report was to compare ciprofloxacin PK based on reassay results 
with the PK based on the original assay results.  Subjects in this study were administered 
a single 40 mg/kg IV infusion raxibacumab dose, with or without co-administered 
ciprofloxacin (IV or PO).  Reassays of the duplicate samples from the study were 
performed using a validated method at a different laboratory to assess the validity of the 
original assay.  The documented difference between the 2 assay methods was: internal 
standard for original assay and reassay were enrofloxacin and ciprofloxacin-d8, 
respectively.  The lower limit of quantitation for both the original assay and the reassay 
was 10 ng/mL of ciprofloxacin in 100% plasma.  Pharmacokinetic analysis of the plasma 
drug concentration results was performed in the same manner for both the original results 
and the reassay results. 
 
Comparison of the original and reassay plasma ciprofloxacin concentrations revealed 
some unexpected group-dependent differences between the two sets of results.  For 
concentrations stratified by nominal time and dose number in Group 1, the reassay to 
original assay (R/O) geometric mean ratios ranged from 106.61 to 116.72 with all 90% 
CIs within the equivalence range.  In addition, the two assays were equivalent for all PK 
parameters for both Doses 9 and 11 in Group 1.  Since the original conclusion that 
raxibacumab did not affect the PK of ciprofloxacin was based on the results obtained for 
Group 1, the PK equivalence between reassay and the original assay for Group 1 fully 
supports that original conclusion. 
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For concentrations stratified by nominal time and dose number in Group 3, the R/O 
geometric mean ratios ranged from 117.99% to 140.17%.  All 90% CIs fell outside of the 
equivalence range, with the reassay results higher than the original results at all collection 
times.  Consequently, non-equivalence was found for some PK parameters between the 
two assays.  Examination and comparison of the bioanalytical reports for the original 
assays and the reassay did not reveal any explanation for the discrepancies noted.  The 
reason for these discrepancies remains unclear. 
 
APPLICANT’S CONCLUSIONS: 
Relative to the original assay, the reassay resulted in approximately the same mean 
ciprofloxacin concentration-time profiles for Group 1 doses, but the reassay results were 
about 20% higher than the original assay results for Group 3.  Ciprofloxacin 
concentrations were equivalent between the 2 assays at all collection times for Group 1, 
but not equivalent at every collection time for Group 3.  Differences were confined to 
Group 3. 
 
For Group 1, equivalence between the reassay and original assay results was shown for 
all PK parameters for both Doses 9 and 11.  There were no statistically significant 
differences in tmax,ss for Dose 9 and Dose 11 between the 2 assays for Group 1.  For Dose 
1 in Group 3, equivalence between the reassay and original assay results was shown for 
t1/2z and MRT but not for Cmax, AUC0-inf, CL, Vss, or Vz since the 90% CI fell slightly 
outside the 80-125% range for those parameters.  The tmax estimates were the same for 
each subject by the 2 assays.  For Dose 15 in Group 3, equivalence between the reassay 
and original assay results could be declared for t1/2z, accumulation index, fluctuation and 
bioavailability, but could not be declared for Cmax,ss, AUC0-tau, AUC0-8, CL/F, Cmin,ss, or 
Vz/F since the 90% CI fell slightly outside the 80-125% range for these parameters.  
There was no statistically significant difference in tmax,ss between the 2 assays. 
 

• Between the original assay and reassay, ciprofloxacin PK was equivalent for all 
parameters in Group 1, but was not equivalent for all parameters in Group 3. 

• There appears to be no clinically meaningful differences between the plasma 
ciprofloxacin concentrations generated by the 2 assays given the comparable 
results in Group 1 and the similar results in Group 3, where the 90% CI values of 
R/O geometric mean ratios were generally within the range of 110-135%. 

 
REVIEWER ASSESSMENT: 
The pre-specified equivalence criteria were met for the comparison of the original assay 
and the reassay with respect to both individual mean concentrations and the derived 
pharmacokinetic parameters for ciprofloxacin for Group 1.  However, the mean 
ciprofloxacin Group 3 concentrations were systematically higher when reassayed than 
they were with the original assay.  These higher concentrations led to the calculation of 
ciprofloxacin pharmacokinetic parameters that fell outside the 80-125% no-effect 
boundary when compared to the parameters derived using the ciprofloxacin 
concentrations determined by the original assay.  The reasons for this disparity are 
unclear.   
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Ciprofloxacin was dosed differently in Group 1 versus Group 3 (PO vs. IV/PO); however, 
the dosing route seems unlikely to play a role in a systematic error in assessed 
concentrations.  The ciprofloxacin label reports steady state AUC and Cmax data at steady 
state following 400 mg q12h IV dosing and 500 mg q12h PO dosing.  Although this does 
not directly parallel Group 3 in the current study, it is noteworthy that the steady state 
PK parameters reported in the ciprofloxacin label are larger than either the original 
analysis or the reanalysis (see Table below). 
 
PK Parameter Original Assay  

(Group 3) 
Re-assay 
(Group 3) 

Ciprofloxacin label1 

AUC0-tau (ng*h/mL) 6599 7880 13700 
Cmax (ng/mL) 1195 1421 2970 
1: Results are reported are for steady state following the administration of 500 mg ciprofloxacin q12h PO. 
 
There is a larger numerical difference between the pharmacokinetic data contained in the 
ciprofloxacin label for a similar but not identical dosing scheme than there is between the 
original assay and the reassay for the Group 3 ciprofloxacin PK data. 
 
Even though the pre-specified equivalence criteria was not met for the Group 3 
ciprofloxacin concentrations, the Reviewer agrees with the applicant’s argument that the 
differences between the assays is not clinically relevant.  Therefore, the difference 
between the two analytical methods for the Group 3 concentrations and parameters is not 
of sufficient magnitude as to require additional studies or qualifying language. 
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APPENDIX 2 
OFFICE OF CLINICAL PHARMACOLOGY: 

PHARMACOMETRIC REVIEW 
 

1 SUMMARY OF FINDINGS 

1.1  Key Review Questions 
The purpose of this review is to address the following key questions. 

1.1.1 What is an appropriate raxibacumab dosing regimen for pediatrics (birth-16 
years) to match exposures to that of adults after 40 mg/Kg IV dose? 

The recommended dose for pediatric population is described in Table 1. As shown in 
Figure 1 and Figure 2, the proposed dosing recommendations reasonably match AUC and 
Cmax in healthy adults after 40 mg/Kg dose. The proposed dosing is also simple to 
implement in emergency settings. 
 

Table 1.  Raxibacumab dosing recommendations for pediatric patients based on 
body weight (WT)  

 
WT (Kg) IV Dose (mg/kg) 

≤15  80 
>15 to ≤50  60 

>50  40 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Predicted raxibacumab exposures (AUC) at the proposed dosing 
recommendations in Table 1.   The solid blue line and shaded area represent median 
and predicted 5th, and 95th percentile of raxibacumab AUC in pediatric population. 

The dash lines represent the range (minimum and maximum), 5th and 95th 
percentile AUC for adults (predicted from posthoc estimate by sponsor) at 40 
mg/Kg dosea and minimum observed AUC in surviving monkeyb at 20 mg/Kg. 
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Figure 2. Predicted raxibacumab Cmax at the proposed dosing recommendations in 
Table 1. The solid blue line and shaded area represent predicted 5th, median and 

95th percentile of raxibacumab Cmax in pediatric population. The dash lines 
represent the range (min and max), 5th and 95th percentile Cmax for adults 

(predicted from posthoc estimate by sponsor) at 40 mg/Kg dosea and min observed 
Cmax in surviving monkeyb. 
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a. From Summary Table 9, HGS1021-POP01.PK in Clinical Pharmacokinetics Report 
b. From Appendix 37, HGS1021-POP01.PK in Clinical Pharmacokinetics Report 

 

 

1.2  Recommendations 
Dosing recommendation presented in Table 1 can match raxibacumab exposures in 
pediatrics to exposures in adults after 40 mg/Kg IV raxibacumab and it is simple to 
implement under emergency. 

2 PERTINENT REGULATORY BACKGROUND 
Raxibacumab is an unapproved investigational product. The Centers for Disease Control 
and Prevention is sponsoring the use of intravenous raxibacumab for treatment of 
inhalation anthrax during an emergency involving Bacillus anthracis. The Centers for 
Disease Control and Prevention (CDC) also submitted a protocol entitled “Intravenous 
Administration of Raxibacumab as a Therapeutic Agent for Treatment of Anthrax” on 
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December 22, 2008. The protocol specified that if raxibacumab administration is deemed 
necessary in the pediatric population, then theoretical doses for such patients need to be 
determined. The protocol, however, did not provide any details on how to derive such 
doses (see Dr. Lim’s review, 1/23/09).  
At the time of this review, there were no pediatric PK, efficacy and safety data available. 
This review aims at deriving dosing recommendations for raxibacumab IV in pediatric 
patients. 

3 RESULTS OF SPONSOR’S ANALYSIS 
The sponsor proposed a pediatric dosing recommendation in the cover letter submitted to 
agency (BB-IND 11069, Dec 14, 2011). Due to the lack of raxibacumab 
pharmacokinetics (PK) data in children, pediatric exposures were simulated according to 
3 scenarios: 1. using mg/kg scaling (allometric exponents of 1 for all PK parameters); 2. 
using allometric exponents determined from modeling of adult data; and, 3. using 
allometric exponents published in the literature (Deng et al, Landes Bioscience, 2011, 
p61). Simulations given by using method 2 and 3 suggested that the concentration in 
age<12 yrs may be lower than that observed in adults. In addition, for pediatric 
population, the duration of concentration above maximum serum PA in monkey is around 
14 days, which is shorter than 28 days in adults. Therefore, based on the simulation 
results (Figure 3),it is concluded that an initial IV 40 mg/kg raxibacumab dose is 
recommended for all pediatric subjects, and in subjects under the age of 12 years, 
administration of a second IV 40 mg/kg raxibacumab dose 14 days after the first dose 
should be considered if clinical signs and symptoms suggest that PA toxemia has not 
resolved. 2 doses administered 14 days apart were shown to be safe in the Phase 3 study 
in healthy adults subjects (HGS Report HGS1021-C1063.CSR). 
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4.1 Introduction 
FDA has made provision for approval of drugs or biologics when it is unethical to assess 
the efficacy in controlled human clinical trials as outlined in 21CFR601.90 through 
21CFR601.95 “Evidence Needed to Demonstrate Effectiveness of New Drugs When 
Human Efficacy Studies Are Not Ethical or Feasible.” Based on rabbit and monkey 
PK/PD and efficacy studies and human PK and safety studies, sponsor concluded that the 
40 mg/kg raxibacumab IV dose can provide adults with the desired level of protection 
against lethality.  
The PK and safety profile of 40 mg/Kg IV raxibacumab in healthy adults was 
characterized in 4 clinical studies: a Phase 1 study in healthy volunteers, a drug 
interaction study of raxibacumab with ciprofloxacin conducted in healthy volunteers, an 
immunogenicity and safety study in healthy volunteers who received a 2nd raxibacumab 
dose 4 months after their initial dose, and a Phase 3 study in healthy volunteers. Clinical 
review of IND 102964 (Dr. Eileen Navarro, Jan 2009) says” Based on the totality of the 
preclinical and clinical data reviewed to date, and given that the use of 
raxibacumab under this CDC IND will be under the safeguard of a product with known 
quality, under the direct supervision of a physician and principal investigator, with full 
patient consent and following a clinical protocol with investigator responsibilities under 
the FDC Act, the review team finds it safe to proceed with the investigational use of 
Raxibacumab 40 mg/kg for severe systemic anthrax. “  

4.2  Objectives 
The objective of this analysis is to derive a simple pediatrics dosing regimen to match 
adults PK (AUC and Cmax) receiving 40 mg/Kg .  

4.3 Methods 

4.3.1 Data Sets 
Data excluded from the PopPK analysis, with brief explanation of exclusion, was listed in 
Appendix 5 in Clinical Pharmacokinetic Report for Protocol HGS1021-POP01 provided 
by sponsor. Pharmacokinetic data for this analysis are collected from 322 healthy adults 
in a total of 3 clinical studies as Table 2. Figure 4 illustrates distribution of age and body 
weight of healthy adults in the PK dataset.  Of the 322 subjects, 150 (47%) were male 
and 172 (53%) were female; 230 (71%) were White, 52 (16%) were Black, and 15 (5%) 
were Asian; 272 (84%) were non-Hispanic and 50 (16%) were Hispanic; and, 301 (93%) 
were < 65 years of age and 21 (7%) were ≥ 65 years of age with a range of 18 to 87 years 
and weight range of 45 to 156 Kg. 
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Table 2. Clinical Data for PopPK analysisa 

 
a. From: Sponsor’s Clinical Pharmacokinetic Report 
 
 

Figure 4. Distribution of Age and Body weight of healthy adults  
 
 
 
 
 
 
 
 
 
 

4.3.2 Software 
NONMEM version VI was used for pharmacokinetic modeling and simulation. Splus 
version 6.2 and EXCEL were used for data formatting, plotting and simulation. 
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4.3.3 Models 

4.3.3.1  Pharmacokinetic modeling of raxibacumab data from healthy adults at 40 
mg/Kg 

Raxibacumab is a humanized monoclonal antibody which is primarily metabolized 
through and barely excreted as unchanged drug in the urine (see pervious sponsor 
submission BLA 125349 and associated PM review by Dr. Kimberly Bergman, 12/10/ 
2009). Therefore, the elimination of raxibacumab will not dependent on the renal or liver 
function. Based on the PK analysis conducted by sponsor and previous review, two 
compartment PK model with first order elimination in central compartment after IV 
administration adequately described pharmacokinetics of raxibacumab in healthy adults. 
PopPK analysis of raxibacumab in adult subjects has already demonstrated a clear 
relationship between clearance and body weight.  
Similar relationships have been observed for other monoclonal antibodies (e.g., 
basiliximab, canakinumab, infliximab, certolizumab). Pediatric dosing has previously 
been derived using pharmacometrics approach in the absence of pediatric PK data, such 
as peramivir and pralidoxime.  
We used an empirical model with estimated power exponent to describe the effect of 
body weight on PK (see parameterization in Table 3). The relationships between PK 
parameters (CL, Vd, Q and V2) and body weight and age were explored with different 
covariate models. Inter-individual variability for all PK parameters was included as 
exponent and mixed residual models (proportional and additive residuals) were used after 
attempting various residual structures. 

Table 3. Parameter estimates from the final PK model in healthy adults 

 

4.3.4  Simulations to derive dosing recommendations in pediatric patients 
The estimates for fixed effects and random effects from the modeling results of adults PK 
for raxibacumab were used as input for simulations. The body weight for subjects varied 
from 5 to 100 Kg by 5 Kg. Each group by body weight has 1000 subjects with the last 
observation time at 100 days to approximate AUC∞. In most adults PK studies, the IV 
dose was infused for about 0.1 day (2.2-2.5 hr). Assuming that 0.1 day (2.4 hr) is 
reasonable for delivery of raxibacumab in pediatric population, the Cmax was evaluated 
to assess the duration of infusion for 0.1 day.  

Parameter Equation Estimate (%RSE) 
 
Clearance 

5

701
Q

KginweightBodyQTVCL ⎟
⎠

⎞
⎜
⎝

⎛
•=  0.796-1 70KgdaymL  (1.3) 172Q1 −••=

   (7.7) 796.0Q5 =  
Central compartment 
distribution volume 

6

7021
Q

KginweightBodyQTVV ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
•=

 

0.75270KgmL  (1.0) 3020Q2 −•=  
   (6.0) 752.0Q6 =  

Intercompartmental  
clearance 

3QTVQ =  -1daymL  (7.7) 452Q3 •=  

Peripheral compartment 
distribution volume 

42 QTVV =  mL  (2.5)  2210Q4 =  
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Several dosing scenarios were simulated as Table 4. In the base case scenario, the IV 
dose is 40 mg/Kg for all subjects in the simulations. In scenario I and II, the dose was 
adjusted for subjects with different body weight. 
 

Table 4.  Dosing Scenarios Simulated 

Scenarios Dosing Regimen 
Base case 40 mg/kg for all subjects 
Scenario I 

 
WT (Kg) Dose (mg/kg) 
≤5 100 

>5 to ≤10 80 
>10 to ≤15 70 
>15 to  ≤35 60 
>35 to ≤50 50 

Scenario II 
 

WT (Kg) Dose (mg/kg) 
≤15 80 

>15 to  ≤50 60 

 

4.4 Results 

4.4.1 Pop PK model 
The relationship between PK parameters and covariates was first explored based on the 
analysis of base model without any covariates. As shown in Figure 5 there is a clear 
relationship between post hoc CL, V1 and body weight, but Q and V2 is not dependent 
on body weight. The relationship between PK parameter and other covariates, such as 
age, was not significant.    
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Figure 6. Diagnostic plots for the final PK model for healthy adults  

 
 

 

4.4.2 Simulations 
Simulations were performed for a population with body weight range from 5-100 Kg at 
dose 40 mg/Kg (Base case in Table 4). The predicted AUC and Cmax were compared 
with those observed in healthy adults with body weight > 45 Kg as shown in Figure 7 and 
Figure 8. The 90% prediction interval of AUC and Cmax for adults was comparable with 
those seen in adults at 40 mg/Kg. However, 40 mg/Kg dose will not be able to provide 
similar exposure for population with body weight less than 45 Kg. To match the exposure 
level in pediatric population with that in adults, we explored several dose regimens for 
pediatric population with lighter body weight (Scenarios I and II in Table 4).  
As shown in Figure 9 and Figure 10, the simulated exposure profiles in scenario I (Table 
4) match well with the exposure of adults at 40 mg/Kg raxibacumab. In comparison with 
Scenario II, the dosing regimen in scenario I is more difficult to implement with a fine 
adjustment of dose based on body weight. Scenario II is relatively simple to implement in 
emergency and matches the exposure with adults at 40 mg/Kg raxibacumab. Therefore, 
dose regimen in scenario II (Table 4) is recommended. 

Figure 7. Predicted raxibacumab AUC at 40 mg/Kg IV dose (base case). The solid 
blue line and shaded area represent predicted 5th, median and 95th percentile of 

raxibacumab AUC in pediatric population. The dash lines represent the range 
(minimum and maximum), 5th and 95th percentile AUC for adults (predicted from 
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a. From Summary Table 9, HGS1021-POP01.PK in Clinical Pharmacokinetics Report 
b. From Appendix 37, HGS1021-POP01.PK in Clinical Pharmacokinetics Report 
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posthoc estimate by sponsor) at 40 mg/Kg dosea and minimum observed AUC in 
surviving monkeyb at 20 mg/Kg. 
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a. From Summary Table 9, HGS1021-POP01.PK in Clinical Pharmacokinetics Report 
b. From Appendix 37, HGS1021-POP01.PK in Clinical Pharmacokinetics Report 

 
 
 

5 LISTING OF ANALYSES CODES AND OUTPUT FILES 
File Name Description Location in \\cdsnas\pharmacometrics\ 

Readme.txt A detailed 
description for the 
content in 
corresponding folder  

…\Reviews\Ongoing PM Reviews 
\Raxibacumab_IND102964_JYU\PPK_Analyses\Modeling\ 
…\Reviews\Ongoing PM Reviews 
\Raxibacumab_IND102964_JYU\PPK_Analyses\Simulations\ 
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CLINICAL PHARMACOLOGY FILING FORM/CHECKLIST 
FOR NDA/BLA SUBMISSIONS 

 

3 

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

 Content Parameter Yes No N/A Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data 

comparing to-be-marketed product(s) and those used 
in the pivotal clinical trials?   X 

TBM formulation and 
manufacturing process 
studied in pivotal animal 
models and in healthy 
subjects. 

2 Has the applicant provided metabolism and drug-drug 
interaction information? X    

3 Has the sponsor submitted bioavailability data 
satisfying the CFR requirements? X    

4 Did the sponsor submit data to allow the evaluation 
of the validity of the analytical assay? X    

5 Has a rationale for dose selection been submitted? X    
6 Is the clinical pharmacology and biopharmaceutics 

section of the NDA organized, indexed and paginated 
in a manner to allow substantive review to begin? 

X   
 

7 Is the clinical pharmacology and biopharmaceutics 
section of the NDA legible so that a substantive 
review can begin? 

X   
 

8 Is the electronic submission searchable, does it have 
appropriate hyperlinks and do the hyperlinks work? X    

 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission 

discussions, submitted in the appropriate format (e.g., 
CDISC)?  

X   
 

10 If applicable, are the pharmacogenomic data sets 
submitted in the appropriate format?   X  

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information 

submitted? X    

12 Has the applicant made an appropriate attempt to 
determine reasonable dose individualization 
strategies for this product (i.e., appropriately 
designed and analyzed dose-ranging or pivotal 
studies)? 

X   

Weight-based dosing is 
proposed for this 
monoclonal antibody. 

13 Are the appropriate exposure-response (for desired 
and undesired effects) analyses conducted and 
submitted as described in the Exposure-Response 
guidance? 

  X 

 

14 Is there an adequate attempt by the applicant to use 
exposure-response relationships in order to assess the 
need for dose adjustments for intrinsic/extrinsic 
factors that might affect the pharmacokinetic or 
pharmacodynamics? 

  X 
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CLINICAL PHARMACOLOGY FILING FORM/CHECKLIST 
FOR NDA/BLA SUBMISSIONS 

 

4 

15 Are the pediatric exclusivity studies adequately 
designed to demonstrate effectiveness, if the drug is 
indeed effective? 

  X 
 

16 Did the applicant submit all the pediatric exclusivity 
data, as described in the WR?   X  

17 Is there adequate information on the 
pharmacokinetics and exposure-response in the 
clinical pharmacology section of the label? 

X   
 

        General  
18 Are the clinical pharmacology and biopharmaceutics 

studies of appropriate design and breadth of 
investigation to meet basic requirements for 
approvability of this product? 

X   

 

19 Was the translation (of study reports or other study 
information) from another language needed and 
provided in this submission? 

  X 
 

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?  
 
Yes, the resubmission is fileable from a clinical pharmacology perspective. 
 
Note: The clinical pharmacology information supporting approval of raxibacumab for treatment of 
inhalational anthrax under the FDA’s Animal Rule was reviewed under the original BLA submission 
dated May 13, 2009. The clinical pharmacology review of this current resubmission will focus on 
outstanding bioanalytical validation analyses to address OSI findings identified during the first review 
cycle. 
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and 
provide comments to be sent to the Applicant. 
 
Not applicable. 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day 
letter. 
 
None. 
 
 
 
Reviewing Clinical Pharmacologist      Date 
 
 
Team Leader/Supervisor       Date 
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