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PROPOSED DOSAGE FORM, STRENGTH, ROUTE OF ADMINISTRATION AND 
DURATION OF TREATMENT: MK-6072 drug product is a sterile, aqueous solution. Vials 
contain a target deliverable dose of 40 mL of 25mg/mL MK-6072 for a total of 1000 mg per vial. 
MK-6072 drug product is diluted  prior to administration. The 
recommended dose of bezlotoxumab is 10 mg/kg by intravenous infusion over 60 minutes in one 
dose. 
DISPENSED: Rx
RELATED PRODUCTS: N/A
REMARKS: This submission is for an original Biologics License Application (BLA) for 
bezlotoxumab injection for intravenous use. Bezlotoxumab (MK-6072) is a fully human 
monoclonal antibody (mAb) of the IgG1/kappa isotype subclass that binds to Clostridium 
difficile (C. difficile) toxin B.

CONCLUSIONS AND RECOMMENDATIONS:
From clinical microbiology perspective, this BLA submission is approvable pending an accepted
version of the labeling. See FDA’s proposed version of the microbiology section of the labeling 
below (this may not be the final Agency label as discussions are still ongoing).

12.1 Mechanism of Action
TRADEMARK (bezlotoxumab) is a human monoclonal antibody directed against C. difficile 
toxin B [see Microbiology (12.4)].

12.4 Microbiology
Mechanism of Action

Bezlotoxumab is a monoclonal antibody that binds toxin B with an affinity equilibrium 
dissociation constant (Kd) of <1 x 10-9 M. Bezlotoxumab inhibits the binding of toxin B to 
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mammalian cells, preventing the intracellular entry of toxin B, including the enzymatic 
components responsible for the pathogenic effects of toxin B. C. difficile produces two 
exotoxins, toxin A and toxin B, which contribute to the persistence of tissue damage and immune 
system effects that underlie the symptoms of CDI, however, bezlotoxumab does not bind to toxin 
A. 

Activity In Vitro 
Bezlotoxumab binds in vitro to toxin B from the VPI10463 strain of C. difficile. 

Bezlotoxumab binds to an epitope on toxin B that is conserved across reported strains of C. 
difficile, although amino acid sequence variation within the epitope does occur. 

In vitro studies in cell-based assays using Vero cells or Caco-2 cells, suggest that bezlotoxumab 
neutralizes the toxic effects of toxin B.
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1. EXECUTIVE SUMMARY
Clostridium difficile infection (CDI) is caused primarily by 2 exotoxins, C. difficile toxin A 
(TcdA) and C. difficile toxin B (TcdB) that glucosylate members of the Rho-family of GTPases 
leading to physiological events in the cell that contribute to disease. The Applicant is proposing 
to prevent CDI recurrence through the use of human monoclonal antitoxin antibodies that bind 
and neutralize these toxins. The anti-toxin A antibody, actoxumab, does not recognize toxin B, 
and the anti-toxin B antibody, bezlotoxumab, does not recognize toxin A. The development of 
bezlotoxumab (IgG1/kappa isotype) alone is being pursued by the Applicant. 

Toxin B has several functional domains including an N-terminal enzymatic (glucosyltransferase) 
domain, transmembrane domain, and a C-terminal receptor binding domain that consists of 
repeat sequences. The Applicant has conducted studies to characterize bezlotoxumab for greater 
understanding of its mechanism of action, and efficacy in relevant animal models.

Mechanism of Action:
The binding of bezlotoxumab to the putative receptor-binding domain of recombinant toxin B 
(composed of the combined oligopeptide domain, or CROP domain) was shown using Western 
blot analysis and surface plasma resonance. Co-crystallization experiments identified the amino 
acids of contact between the Fab fragments of bezlotoxumab and toxin B, and showed that the 
two Fab fragments bind side by side to two homologous epitopes within the CROP domain of 
toxin B. 

Equilibrium dissociation constants for bezlotoxumab to purified toxin B were determined as well 
as the calculation of free energies of binding. Bezlotoxumab was shown to bind to two sites in 
the purified recombinant toxin B with high (dissociation constant, Kd = 19 +/- 5pM) and low 
(dissociation constant, Kd = 370 +/- 310 pM) affinity. 

Activity in vitro
Several different cell lines were used to characterize the influence of bezlotoxumab on toxin B-
mediated effects in tissue culture. The cell lines included IMR-90 (adherent human lung 
fibroblast cell line), T84 (human colon carcinoma cell line), Vero (African Green monkey kidney 
epithelial cell line), and Caco-2 (human colon adenocarcinoma cell line). Native purified toxin B 
was used in an in-cell Western assay with Vero cells to demonstrate the ability of bezlotoxumab 
to neutralize the toxin B-mediated glucosylation of the Rho-GTPase, Rac-1. Toxin B from C. 
difficile strain VP10463 (ribotype 087), and endemic ribotypes 027 and 078 at bezlotoxumab 
final concentrations of 0.0003 to 50 mcg/mL were used. Higher half-maximal inhibitory 
concentrations (IC50) of  bezlotoxumab were needed to neutralize the effect of toxin B from the 
endemic strains (Rac1 glucosylation IC50 (mcg/mL) 0.03 +/- 0.017 for ribotype 087, versus 0.37 
+/-0.1 for 027 ribotype and 0.08 +/- 0.039 for 078 ribotype) compared to ribotype 087. Cell 
assays that were used to determine the neutralization potential of bezlotoxumab included visual 
scoring of cell rounding assessed qualitatively in IMR-90 (6 pg/mL of toxin B used, complete 
neutralization seen above 1 nM of bezlotoxumab) and T84 cells, and quantitatively through the 
examination of mass redistribution in Vero cells (toxin B from C. difficile strain VPI 10463 was 
used, and the average EC90 values were 5 ng/mL for toxin B from that strain). The Applicant 
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further showed that 200 mcg/mL of bezlotoxumab could block binding of 50 ng/mL toxin B to 
Vero cells.

 The effects of bezlotoxumab on the ability of toxin B to cause disruption of epithelial integrity 
was assessed in a polarized two-dimensional cell culture system using Caco-2 cells.  The 
integrity of the cell monolayer was assessed by measuring changes in transepithelial electrical 
resistance (TER). Toxin B was assessed at a concentration of 100 ng/mL and bezlotoxumab 
concentrations  were used. The addition of toxin B to intact 2-D monolayers 
caused a concentration and time-dependent decrease in TER and the addition of bezlotoxumab to 
the same side of the monolayer, resulted in a dose-dependent neutralizing effect of toxin B. The 
effect of bezlotoxumab on toxin B-mediated adhesion of C. difficile to Caco-2 cells was assessed 
by the Applicant using the same 2-D cell system through the determination of the colony-
forming units of C. difficile bound to epithelial cells (10 ng/mL of toxin B was incubated with or 
without  bezlotoxumab). Bezlotoxumab reduced adhesion of toxin B to Caco-2 
cells. 

The mechanism of transport of bezlotoxumab across the gut wall from systemic circulation to the 
gut lumen was studied by the Applicant in animal models and in Caco-2 cell models of polarized 
monolayers. Studies suggested that transport of bezlotoxumab was dependent on toxin-induced 
damage to the gut lining. 

In subsequent studies, different ribotypes of C. difficile, producing toxin B that had variations in 
amino acid sequences, and therefore potential differences in secondary structure, were assessed 
for their ability to bind to bezlotoxumab. Ribotype 027 was of particular interest due to its 
association with severe disease. Ribotypes 027 and 078 were found to have reduced binding 
affinity for bezlotoxumab, and the reduced neutralization activity of bezlotoxumab for toxin B 
produced by these strains was observed. The bezlotoxumab EC50 values for neutralization of 
toxin in culture supernatant from various isolates of C. difficile are shown in Table 1.  The Table 
shows that culture supernatants contained different concentrations of toxin A and B. 
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Table 1: Half-Maximal Effective Concentrations and Percent Inhibition 
by Actoxumab and Bezlotoxumab of TcdA and TcdB1,2,3
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gnotobiotic piglet model, anti-toxin B antibody alone protected 100% of piglets from 
development of systemic CDI and minimized lesions. 

Animal models of mouse and hamster CDI were also used to characterize the efficacy of 
bezlotoxumab on CDI and recurrence, however, many of these studies were done in the presence 
of actoxumab. Infection in these models was initiated using toxins or spores and mortality, and 
damage and inflammation of the gut wall were evaluated.  In these studies, the combination of 
actoxumab and bezlotoxumab was required for protection from morbidity and mortality, 
therefore making it difficult to discern the contribution of bezlotoxumab alone. 

In the Phase 3 clinical trials, PCR ribotyping was done with C. difficile isolates obtained from the 
subjects at different geographic regions where the clinical trials were conducted. Some of these 
ribotypes were classified as part of the subgroup analysis including subjects with the 
BI/NAP1/027 (ribotype 027) strain, epidemic strains (ribotypes 027, 014, 002, 001, 106, or 020) 
and hypervirulent strains (ribotypes 027, 078, or 244). The most common ribotypes identified 
from C. difficile isolates in the phase 3 clinical trials were the 027 ribotype (18.2% in the 
bezlotoxumab arm and 14.7% in the placebo arm), the epidemic strain (approximately 43% in 
the bezlotoxumab and placebo arms), and the hypervirulent strain (approximately 20% in both 
arms) had for study P001. These ribotypes were associated with C. difficile infection in different 
geographic regions. The most prevalent ribotypes from the United States (out of the total number 
of subjects with a positive C. difficile culture at baseline) were the 027, 106, 002, 014, 054, and 
020 in order of frequency.  In study P002, the most common ribotype was also 027 (18% in the 
bezlotoxumab arm and 26.6% in the placebo arm). 43% of the FAS population in the 
bezlotoxumab arm had an epidemic strain compared to 52.7% of subjects that had an epidemic 
strain. Only about 20-30% of the population in both arms had the hypervirulent strain. In study 
P002, the prevalence of ribotypes was similar to that seen in study P001, and were present in 
order of frequency as follows: ribotypes 027, 106, 002, 014, 020 and 002.

Among patients with recurrences in the P001 study, ribotypes at recurrence were the same as 
baseline in 51% of subjects in the bezlotoxumab arm and 42% of subjects in the placebo arm. 
Among patients with recurrence in the bezlotoxumab arm, 16% of subjects had ribotypes 
different than baseline, and in the placebo arm 17% of subjects had ribotypes different than 
baseline. Among patients with recurrence in the P002 trial, ribotypes at recurrence were the same 
as baseline in 44% of subjects in the bezlotoxumab arm and 45% of subjects in the placebo arm. 
In the bezlotoxumab arm, 10% of subjects with recurrence had ribotypes different than baseline 
and in the placebo arm, 11% of subjects had ribotypes different than baseline.

Standard of care antibiotics included vancomycin, metronidazole and fidaxomicin. The MIC90s 
of the C. difficile isolates from the phase 3 study P001 were ≤4 mcg/mL for vancomycin, ≤ 2 
mcg/mL for metronidazole and ≤ 0.5 mcg/mL for fidaxomycin. The MIC90s of the C. difficile 
isolates from the phase 3 study P002 were the similar as those from the P001 study.  

During the clinical trials, diagnosis of C. difficile infection (CDI) and development of a new 
episode of diarrhea following clinical cure of the baseline episode, were associated with a 
positive local or central laboratory stool test for toxigenic C. difficile. Determination of toxigenic 
C. difficile in stool specimens was made through the use of different methods including ELISA, 
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complete glucosylation of substrates in vitro, but lacks cytotoxic activity. The C-terminal domain 
is the receptor binding domain which contains repeating modules called CROP domains. TcdA 
and TcdB effect cell physiology from cell signaling, to ultrastructure maintenance, to cell 
survival. Cell rounding is caused by TcdB in 2 hours with cell death within 24 hours. TcdB is 
capable of triggering apoptosis.

One of the most direct events attributed to TcdA and TcdB during pseudomembranous colitis is 
the toxin’s ability to disrupt tight junctions of epithelial barriers. This is likely due to the 
inactivation of Rho proteins that are important for maintaining tight junctions. Other toxins are 
produced by C. difficile including an ADP-ribosyltransferase protein CDTa and CDTb, which are 
not cytotoxic. Strains producing TcdA and TcdB in addition to CDT have not been found to be 
more virulent. Other hybrid toxins exist including Tcd-1470 which has 99% homology to TcdB 
in the C terminus and middle of the toxin, and binds to the same receptor as TcdB. It can also 
modify Ras, Rac, Rap and Ral. It has further been proposed, that the ability of C. difficile to vary 
toxin expression may also allow for differential effects in disease (31).

2.3. TOXINOTYPING AND RIBOTYPING
Toxinotyping and PCR ribotyping are two methods that have been used to type Clostridium 
difficile isolates. Toxinotyping is based on PCR-RFLP (polymerase chain reaction-restriction 
fragment length polymorphism) analysis of a 19 kb region encompassing the C. difficile 
pathogenicity locus. PCR ribotyping is based on comparison of patterns of PCR products of the 
16S–23S rRNA intergenic spacer region. In one study, representative strains (101) from a C. 
difficile PCR ribotype library and 22 strains from previously described toxinotypes were 
analyzed to compare ribotyping with toxinotyping. Within this panel of strains all 11 toxinotypes 
(0–X) described previously, and an additional 5 novel toxinotypes (XI–XV) were observed. PCR 
ribotyping and toxinotyping correlated and usually strains within a given ribotype had similar 
changes in toxin genes. The new toxinotype XI comprises strains that did not express toxins 
TcdA or TcdB at detectable levels, but contained part of the tcdA gene. Strains of toxinotype XII 
exhibit changes only in the 5' end of the tcdB gene. Toxinotype XIV is composed of strains that 
have a large insertion at the beginning of the tcdA gene. A total of 25 of the 89 tested PCR 
ribotypes of C. difficile contained variant strains (19).

2.4. C. DIFFICILE 027 RIBOTYPE
It has been reported that the 027 ribotype strains of C. difficile can produce more toxin in vitro 
due to deletions in the negative regulator gene tcdC, however, further studies have suggested that 
the 18-bp in-frame deletion has no effect on toxin production. It has also been hypothesized that 
the 027 ribotype isolates have differences in the sequence of tcdB as compared with other 
ribotypes. In addition to TcdA and TcdB, 027 ribotype strains of C. difficile produce a binary 
toxin encoded by two genes cdtA and cdtB, and this has been linked with increased severity of 
disease. C. difficile also produces spores that are highly resistant to adverse conditions. It has 
been reported that ribotype 027 isolates of C. difficile showed higher germination efficiencies 
under certain conditions. C. difficile also produces a surface layer composed of a high molecular 
weight surface layer protein (SLP) and a low molecular weight SLP. It has been demonstrated 
that SlpA is conserved among strains of the same ribotype, including 027. The 027 isolates have 
been found to be resistant to fluoroquinolones due to point mutations in DNA gyrase genes, and 
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to have a number of unique genes found in this strain that are not in others. The relative 
importance of all of these virulence factors is under investigation. (30).

At least three possible mechanisms of hypervirulence have been described: 1) increased 
infectiousness relative to endemic strains; 2) increased symptomatic disease rate relative to 
endemic strains; and 3) an ability to outcompete endemic strains in the host’s gut (32). 

2.5.  BEZLOTOXUMAB DEVELOPMENT
The symptoms of primary and recurrent CDI are caused by 2 exotoxins, C. difficile toxin A
(TcdA) and C. difficile toxin B (TcdB), with the relative contribution of each toxin to disease
depending on the host species. The fully human mAb to Clostridium difficile toxin A is
designated actoxumab (previously known as CDA1, GS-CDA1 and MK-3415), and the fully
human mAb to C. difficile toxin B is designated bezlotoxumab (previously known as MDX-
1388, CDB1 and MK-6072). The combined administration of these two fully human mAbs
was designated actoxumab+bezlotoxumab (previously known as MK-3415A). The actoxumab 
and bezlotoxumab development program included studies evaluating each individual mAb 
administered alone (actoxumab alone and bezlotoxumab alone) or in combination 
(actoxumab+bezlotoxumab) for the prevention of CDI recurrence in subjects receiving standard 
of care antibiotic treatment for a primary or recurrent episode of CDI. The pivotal Phase 3 
studies (Protocol 001 [PN001] and Protocol 002 [PN002]) demonstrated that the combination of 
the 2 mAbs (actoxumab + bezlotoxumab) did not have a safety and efficacy benefit over 
bezlotoxumab alone, so the development of a product containing actoxumab was not pursued. 
Additionally, two studies, Protocol 018 [P018] and Protocol 001 [P001]) showed that actoxumab 
alone was not efficacious. Therefore, the final product selected for registration was 
bezlotoxumab alone. Bezlotoxumab (MK-6072) is of the IgG1/kappa isotype subclass and binds 
with high affinity to Clostridium difficile (C. difficile) toxin B. The affinity of binding is defined 
as the dissociation constant or Kd, which is an equilibrium constant that measures the propensity 
of antibody-toxin combination to dissociate. For bezlotoxumab, Kd = 19 and 370 pM in a two-
site binding model. 

3.  NON-CLINICAL MICROBIOLOGY STUDIES

3.1. MECHANISM OF ACTION
The mechanism of action section describes the binding, epitope mapping, kinetic and functional 
studies that were done in order to characterize the binding site of bezlotoxumab to toxin B and 
the mechanism by which bezlotoxumab neutralizes toxin B activity.

3.1.1. BINDING AND EPITOPE MAPPING OF BEZLOTOXUMAB TO TOXIN B

CDB1 Binding to Toxin B as Determined by Enzyme-Linked Immunosorbant Assay (ELISA) 
and  (Study PD002)
The purpose of the study was to demonstrate that CDB1 interacts with Clostridium difficile toxin 
B fragment 4 , which is the putative receptor binding domain, using ELISA and  analysis. 
Additionally, the avidity of CDB1 to toxin B fragment 4 was determined. For the ELISA 
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experiment, 50 µL of a 2 µg/mL solution of toxin B fragment 4 was used and serial dilutions of 1 
µg/mL. Results of the study showed that CDB1 bound to toxin B fragment 4 with a half maximal 
binding of approximately 10 ng/mL. This antibody was present in a culture supernatant 
containing bovine antibody, and therefore the concentration of the purified CDB1 was 
approximated by the Applicant.  

Assessment of the Binding of Actoxumab and Bezlotoxumab to Clostridium Difficile Toxins A 
and B
The Applicant reports that actoxumab and bezlotoxumab bind to putative receptor-binding 
domains, also known as the combined oligopeptide (CROP) domains. These domains consist of 
multiple repeating homologous regions of defined structure, which vary among different C. 
difficile ribotypes. The purpose of study PD14 was to determine the specific regions on the TcdA 
and TcdB CROP domains to which actoxumab and bezlotoxumab bind, respectively. TcdA 
fragments were purified as His-tag proteins, and refolded as necessary. DNA encoding different 
fragments of TcdB were cloned into a His-tag vector, expressed in E. coli, and purified on a 
nickel column (Ni2+-IMAC) as well as by ion exchange chromatography. The identities of the 
peptides were confirmed using by electrospray ion trap mass spectrometry. 

The binding of actoxumab and bezlotoxumab to the full-length TcdA and TcdB toxins and 
regions of the TcdA and TcdB CROP domains from strain VPI 10463 (ribotype 087) of C. 
difficile were assessed by the Applicant using Western blots. Actoxumab was used as the 
negative control for bezlotoxumab and vice versa. Goat anti-human IgG antibody coupled to 
IRDye® 800CW was used for detection. The results showed actoxumab binds to 2 distinct 
epitopes within the CROP domain of TcdA located in the N and C-terminal parts. Actoxumab 
did not bind to TcdB and bezlotoxumab did not bind to TcdA. Binding of actoxumab to full-
length TcdB and TcdB CROP domain (B1) and TcdB CROP domain fragment 4 were not 
evaluated because the peptides were not available. Bezlotoxumab bound to full-length TcdB, 
purified TcdB CROP domain (B1), and TcdB CROP domains fragments B2 and B3. 
Bezlotoxumab did not bind to TcdB CROP domain C-terminal fragment B4 or isolated 
glucosyltransferase domain (GTD). Bezlotoxumab binds to at least one epitope located in the N-
terminal part of the CROP domain of TcdB. The Western Blot results are show in the Figure 2 
below:
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and TcdB and different fragments of TcdA and TcdB. The Applicant reported that actoxumab 
and bezlotoxumab bound to TcdA and TcdB, respectively, with nM affinities. 

Bezlotoxumab did not bind TcdA. For the kinetics of binding of bezlotoxumab to TcdB and its 
fragments, a 2-site heterogeneous ligand model was used. Bezlotoxumab bound to the high 
affinity and low affinity binding sites in full-length TcdB with a Kd1 of 0.05 nM and a Kd2 of 3.9 
nM, respectively. Actoxumab did not bind to TcdB. To delineate the epitope within the TcdB 
CROP domain to which bezlotoxumab binds, the kinetics of binding to peptides B1, B2, B3, and 
B4 were examined. The location of the full epitope for binding of bezlotoxumab to TcdB was 
within peptides B1 and B2. 

The Association and dissociation rates for the binding of bezlotoxumab to purified TcdB and its 
fragments are shown in Table 3 below. A similar table was provided for actoxumab binding to 
purified TcdA (data not shown).

Table 3: Association and Dissociation Rates and Affinities for 
     Binding of Bezlotoxumab to Purified TcdB and its Fragments

Source: This submission.

Reviewer’s Comment
In the study report for PD015, the results of individual experiments were also shown for the 
determination of binding affinities of bezlotoxumab to purified TcdB. This was expressed as Kd 
in pM. Affinity of bezlotoxumab for the high affinity binding site of toxin B in experiment 1 was 
23 pM , experiment 2 was 15.8 pM and the average +/- the standard deviation was 19 +/- 5 pM.

CDB1 Epitope Mapping
Study PD009 determined the specific epitope within toxin B protein that is recognized by CDB1. 
The fragments generated by the Applicant covered the N-terminal, central, and C-terminal 
regions of the toxin B. Results showed whether the fragments were detected by CDB1. Four 
regions of the toxin B gene named fragments 1,2,3, and 4 were cloned into pET32+ vector 
(Novagen), transformed into Escherichia coli cells, and purified using Ni-nitrilotriacetic acid 
agarose and column filtration. Toxin B fragments were analyzed by the Applicant using sodium 
dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis and Western blotting. The C-

Reference ID: 3925554











Division of Anti-Infective Products
Clinical microbiology Review

BLA761046 Bezlotoxumab

19

TcdA and TcdB CROP domains (peptides A1 and B1, respectively) provided information on 
binding of antibodies in the absence of potential intra- and intermolecular interactions involving 
other domains of the toxins. Due to the reported existence of multiple epitopes that the 
monoclonal antibodies bind to, there is a possibility that multiple antibodies can bind to a single 
TcdA or TcdB molecule and potentially lead to cross-linking (daisy-chaining) of TcdA or TcdB 
in solution. The Applicant reported the following: “results revealed that actoxumab forms cross-
linked immune complexes (daisy-chaining) with TcdA or peptide A1; the stoichiometry of 
immune complexes varies with antibody: antigen molar ratio. Bezlotoxumab binds to TcdB or 
peptide B1 in a manner that does not lead to cross linking (daisy-chaining); the stoichiometries 
of immune complexes are 1:2 for bezlotoxumab and TcdB and 1:1 for bezlotoxumab and peptide 
B1, and are independent of the antibody: antigen molar ratio.”

Reviewer’s Comment
The Applicant stated that TcdA eluted at its expected molecular mass of 296 kDa. TcdB was 
predominantly present as a dimer detected as a complex of 533 kDa.

In order for the Applicant to refine the epitopes of bezlotoxumab within TcdB, a peptide 
corresponding to the N-terminal half of the CROP domain was co-crystalized with Fab 
fragments of bezlotoxumab (Report PD022). Reportedly, the crystal structure revealed that Fab 
fragments bind side-by-side to 2 highly homologous epitopes within the CROP domain and 
identify the precise amino acid residues interacting between bezlotoxumab and TcdB. The 
Applicant stated that the orientation of the Fab fragments is compatible with a model wherein a 
single molecule of bezlotoxumab binds to the TcdB CROP domain via its 2 Fab domains. 

Identification of the Epitopes of Bezlotoxumab on Clostridium Difficile Toxin by X-Ray 
Crystallography
Study PD022 characterized the interactions between bezlotoxumab and TcdB. Specifically, the 
complex between the N-terminal half of the TcdB CROP domain (Fragment 2) and the fragment 
antigen-binding (Fab) of bezlotoxumab (B2/Fab complex) was characterized. The Applicant 
concluded that 2 Fabs of bezlotoxumab bind to a single TcdB CROP domain. Bezlotoxumab is 
reported to bind TcdB perpendicularly to the curvature of the CROP domain at sites that partially 
overlap with 2 of the 4 putative carbohydrate-interacting pockets, which are located along the 
convex surface of the CROP domain. Overall, the Applicant concluded that the 2 Fabs of a single 
bezlotoxumab molecule bind 2 distinct yet homologous epitopes within the N-terminal half of 
the TcdB CROP domain. 

3.1.2. NEUTRALIZATION OF TOXIN B BY BEZLOTOXUMAB
Functional Activities of Actoxumab and Bezlotoxumab in Whole Cell Systems
The impact of actoxumab and bezlotoxumab on toxin-mediated effects in mammalian cells was 
evaluated in several cell lines. All experiments were conducted using purified native TcdA and 
TcdB from C. difficile strain VPI 10463 (ribotype 087/toxinotype 0). The ability of actoxumab 
and bezlotoxumab to neutralize TcdA- and TcdB-mediated Rac1 glucosylation, respectively, was 
determined using an in-cell Western assay in the African green monkey kidney epithelial cell 
line Vero (Report PD017). For neutralization assays of TcdB, TcdB and bezlotoxumab were 
incubated for one hour and then added to cells. After a 3-hour incubation, the cells were fixed, 
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washed with a permeabilization solution, blocked and incubated with purified mouse antibodies, 
anti-Rac1, cells were subsequently washed and incubated with the secondary goat anti-mouse 
antibody. Cell number normalization per well was calculated as a percent of nonglucosylated 
Rac1 remaining using a ratio of normalized treated to untreated cells.

TcdA and TcdB-mediated Rac1 glucosylation was neutralized by actoxumab and bezlotoxumab, 
respectively. For this assessment of Rac1, C. difficile strain VPI10463 (ribotype 087) and 
endemic ribotypes 027 and 078 were used and the Applicant stated that total Rac1 (glucosylated 
and nonglucosylated) was not affected. The Applicant reported that bezlotoxumab neutralized 
the effect of the TcdB toxins tested, however, a higher concentration of bezlotoxumab was 
required to neutralize the effect of TcdB-078 and TcdB-027 than the effect of TcdB-10463. The 
Applicant stated that this was consistent with the higher EC50 values of bezlotoxumab for TcdB 
from endemic C. difficile strains 027 and 078 previously observed in a cell death assay (PD016).

Reviewer’s Comment
The Applicant used an antibody that specifically detects only unmodified Rac1 to distinguish 
between modified Rac1 from unmodified Rac1.The Applicant also stated that total Rac-1 
(glucosylated and nonglucosylated) was not affected.

Reviewer’s Comment
TcdB translocated to the cytosol of target cells and inactivates small GTP-binding proteins, 
which include Rho, Rac and Cdc42. Inactivation of the substrates occurs through 
monoglucosylation of a single threonine which lies in an effector loop that coordinates a divalent 
cation which is critical to binding GTP. The glucosylation of small GTPases causes actin 
condensation and cell rounding, which is followed by death of the cell (31). In the experiment 
above, the Applicant examined the effect of TcdB on Rac1 glucosylation, but did not investigate 
the effect of TcdB on other GTP-binding proteins. Additionally, these experiments were done in 
an “in cell” Western assay, and although the experiments are intended to show the ultimate effect 
on glucosylation of Rac-1, they do not simply show the results of toxin glucosylation activity. 
There are other steps that have to occur first in order for Rac1 glucosylation to occur (i.e. toxin 
binding to cells, toxin translocation, etc). In order to look at activity alone, the Applicant would 
have had to do a different experiment. An example would be to purify the Rac1 substrate and do 
an in vitro assay (i.e. in the absence of cells).

Cellular morphological changes mediated by TcdA and TcdB were assessed qualitatively 
through visual scoring of cell rounding in IMR-90 and T84 cells (Report PD003; Report PD004) 
and quantitatively by monitoring mass-redistribution in Vero cells (Epic Assay) in real time 
(Report PD017). Effects of TcdA and TcdB on cell rounding and on mass redistribution were 
neutralized by actoxumab and bezlotoxumab, respectively. The concentration-dependent effects 
of TcdA and TcdB on mass distribution at 180 minutes were recorded. The average EC90 value 
from 3 independent experiments was determined to be 105 ng/mL for TcdA-10463 and 5.0 
ng/mL for TcdB-10463. (EC90 is  the concentration required for 90% change in cellular 
morphology).
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Reviewer’s Comment
Vero cells are from an African green monkey kidney epithelial cell line, and were chosen 
because of their high sensitivity to TcdB.

Reviewer’s Comment
Mass distribution is a physics term that refers to the spacial distribution of mass within a body 
such as a cell. The Epic Assay described by the Applicant above is an alternative method to 
fluorescent or radiolabels to measure biochemical reactions or to monitor cellular responses. This 
assay uses a standard 384-well microplate and optical biosensors integrated into each well. The 
system detects cellular dynamic mass redistribution.

In Study PD017, the inhibition of TcdA and TcdB-mediated Rac1 glucosylation with actoxumab 
and bezlotoxumab was studied. The results are shown in the figures below: 

Figure 6: Inhibition of TcdA and TcdB-Mediated Rac1 
   Glucosylation with Actoxumab and Bezlotoxumab

Source: This submission.
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Figure 7: Inhibition of TcdA and TcdB-mediated Mass 
     Redistribution of Vero Cells with Actoxumab and Bezlotoxumab

Source: This submission.
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Table 4: Half-maximal inhibitory Concentrations of Actoxumab
 and Bezlotoxumab in the Rac1 Glucosylation and Dynamic Mass Redistribution Assay

Source: This submission.

The effects of actoxumab and bezlotoxumab on TcdA- and TcdB-mediated disruption of 
epithelial integrity was assessed in a polarized two-dimensional (2-D) cell culture system (3,9, 
Report PD018). The cell type used in these experiments was the human colonic epithelial cell 
line Caco-2. The integrity of the 2-D Caco-2 cell monolayer was monitored by measuring the 
transepithelial electrical resistance (TER); a drop in TER indicates that the integrity of the 
epithelial monolayer has been compromised. The addition of TcdA and TcdB to intact 2-D 
monolayers of Caco-2 cells caused a concentration- and time-dependent decrease in the TER. 
Addition of actoxumab and bezlotoxumab to the same side of the polarized Caco-2 cell 
monolayer resulted in a dose-dependent neutralizing effect of TcdA and TcdB, respectively.
 These effects were also assessed in the sulforhodamine B (SRB) assay where levels of total 
remaining cellular protein, a surrogate for measure of cell number, were quantified by staining 
with SRB (Report PD016). The Applicant reported that TcdA and TcdB caused a complete 
reduction in cell viability at low ng/mL and low pg/mL concentrations, respectively. When TcdA 
and TcdB were used at concentrations that caused approximately 90% reduction in cellular 
viability, actoxumab and bezlotoxumab reversed the decrease in cellular viability mediated by 
TcdA and TcdB, respectively, in a concentration-dependent manner.

Reviewer’s Comment
In the study PD018, the C. difficile isolate (C253) that was used in the study adhered mainly to 
the basolateral surface of differentiated and undifferentiated Caco-2 cells. 
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Assessment of the Effects of Clostridium Difficile Toxins A and B and of Actoxumab and 
Bezlotoxumab on the Integrity of Epithelial Cell Monolayers and on Adhesion of Clostridium 
Difficile to Epithelial Cells
In the study PD018, the effects of TcdA and TcdB, respectively, and actoxumab and 
bezlotoxumab on the integrity of the epithelial resistance barrier and the adhesion of C. difficile 
to epithelial cells were described. These effects were assessed in a 2-dimensional cell culture 
system using human colonic epithelial cell line Caco-2. To obtain a polarized monolayer of 
epithelial cells, in order to mimic the natural state of the gut epithelium, Caco-2 cells were 
cultured on a permeable transwell insert and allowed to polarize. Briefly, 0.5 x 105 Caco-2 cells 
were seeded into each well of a 24-well plate in Caco-2 cell culture medium and cultured for 14 
days at 37°C with 5% CO2. Differentiation and confluency were confirmed by TER plateauing at 
≥600 •cm2. The integrity of the Caco-2 cell monolayer was monitored by measuring the 
transepithelial electrical resistance (TER). The TER was measured using the Epithelial Volt-
Ohm Meter Millicell ERS-2. For assessments of neutralization of toxins, actoxumab or 
bezlotoxumab were added to the apical chamber immediately before addition of TcdA or TcdB 
to the apical chamber. TcdB was used at a concentration of 100 ng/mL, and bezlotoxumab at 
concentrations of 0, 0.1, 0.4, 1.6, 6.4, 25, and 100 μg/mL. Measurements of TER were obtained 
either immediately before or at 6, 24, and 48 hours after addition of toxins/antibodies to the 
apical chamber. Each measurement of TER was normalized to the value obtained in the absence 
of toxin at each time point to account for minor time-dependent variability. A drop in TER 
reportedly indicates the integrity of the epithelial cell monolayer has been compromised. TcdA 
was also assessed in this assay (methods not described in this review). The Applicant reported 
that TcdA and TcdB added to the apical chamber caused time-dependent decreases in TER in 
polarized Caco-2 cell monolayer. Addition of actoxumab and bezlotoxumab to the same (apical) 
side of the polarized Caco-2 cell monolayer resulted in a dose-dependent neutralizing effect on 
TcdA and TcdB, respectively (see Figure 8 below).

Reviewer’s Comment
Cell polarity refers to the spatial differences in shape, structure and function of cells. Polarity 
allows cells to carry out special functions. Epithelial cells are an example of cells that are polar. 
They adhere together through tight junctions, desmosomes, etc. and form sheets of cells. They 
have an apical membrane which faces outside the surface of the body, or the lumen of internal 
cavities, and a basolateral membrane that is oriented away from the lumen. Cell polarity arises 
primarily through the localization of specific proteins to specific areas of the cell membrane. 

Reviewer’s Comment
Caco-2 cells are derived from a human colon adenocarcinoma cell line and these cells have been 
used as a model of the intestinal barrier. These cells undergo spontaneous differentiation that 
leads to a monolayer of cells expressing morphological and functional characteristics of the 
mature enterocycte.
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Figure 8: Effects of TcdA and TcdB and of Actoxumab and 
Bezlotoxumab on Integrity of the 2-dimentional Caco-2 Cell Monolayer

Source: This submission.

The adhesion of C. difficile to Caco-2 cells was assessed by measuring the number of colony-
forming units bound to epithelial cells following incubation in the presence of vegetative C. 
difficile (VPI 10463). Briefly, polarized Caco-2 cells were prepared and incubated with TcdB 
with and without bezlotoxumab. Both toxins and antibodies were applied to the apical side of the 
monolayer. Cells were washed and C. difficile culture was prepared and added to the transwell 
plate. TcdA and TcdB cause disruption of the integrity of a 2-dimensional Caco-2 cell 
monolayer, which is neutralized by actoxumab and bezlotoxumab. Furthermore, TcdB increases 
adhesion of C. difficile to Caco-2 cells, which is neutralized by bezlotoxumab (Figure 9). 
Incubation with TcdA did not result in increased adhesion of C. difficile. 
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Figure 9: Effects of TcdA and TcdB and of Actoxumab and 
Bezlotoxumab on Adhesion of C. difficile to Caco-2 Cells

Source: This submission.

The number of colony forming units in the adhesion assay is shown below:

The ability of actoxumab and bezlotoxumab to block binding of TcdA and TcdB to receptors
on the surface of mammalian cells was assessed through flow cytometry and Western blotting in 
Vero cells and in the human colonic epithelial cell line HT-29 (Report PD013). In study PD013, 
actoxumab was the negative control antibody for bezlotoxumab and vice versa. Western blot 
band densities were quantified and normalized to ng amounts based on density of the control 
TcdB band. 

Reviewer’s Comment
In the experiments described above, Vero cells were pretreated with an endocytosis inhibitor, 
chlorprazimine. Additionally, the Applicant attempted to prevent receptor-mediated 
internalization by conducting assays at 4°C or by assessing binding to plasma membrane rather 
than intact cells. The Applicant states that comparable results were obtained with the different 
methods. 

Reviewer’s Comment
The Applicant stated in the study report that bezlotoxumab was only able to significantly (p < 
0.05) reduce binding of TcdB to Vero cells when the cells were incubated with 50 ng/mL of 
TcdB. The reduction in binding was not significant at100 ng/mL TcdB.
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Reviewer’s Comment
The band reactive with anti-cadherin in the Western blots described above was used by the 
Applicant as a control to ensure that equivalent amounts of protein were loaded in each lane.

CDB1 in vitro Neutralization of Toxin B
The Applicant reported that Study PD004 demonstrated CDB1 can neutralize toxin B in a cell-
based assay. This study was done with IMR-90 and six pictograms/mL of toxin B were incubated 
with varying concentrations of anti-toxin B human monoclonal antibody. Antibody-toxin 
mixtures were applied to the IMR-90 cells. Cells were observed microscopically and scored 0-4 
by the Applicant based on the following criteria: 

(0) All cells elongated and healthy
(1) 25 % of cells rounded and healthy
(2) 50% of cells rounded and unhealthy
(3) 75% of cells rounded and unhealthy
(4) 100% of cells rounded and unhealthy

The cytopathic effect scores were plotted as a function of antibody concentrations. The in vitro 
cytotoxicity induced by toxin B was measured in the IMR-90 cytotoxicity assay and it was 
determined that CDB1 can neutralize toxicity in the IMR-90 assay of cytotoxicity.

Reviewer’s Comment
The assays that the Applicant is using to measure cytotoxicity caused by the toxin and 
neutralization of the cytotoxicity by monoclonal antibody CDB1 are classic assays for the 
determination of cytopathic effect. The number of times this assay was repeated and positive and 
negative controls were not described by the Applicant in the study report. 

Reviewer’s Comment
According to the American Type Culture Collection (ATCC), IMR-90 cells are adherent human 
lung fibroblast cell line.

CDA1 and CDB1 Neutralization of Toxins Produced by Toxinotype III C. difficile
The purpose of Study PD010 was to determine the ability of CDA1 and CDB1 to neutralize 
toxins from toxinotype III C. difficile. The Applicant reported that toxin A and toxin A receptor-
binding domain have been shown to cause hemagglutination of rabbit red blood cells. 
Hemagglutination was used as a surrogate assay to measure the capacity of CDA1 to neutralize 
toxinotype III toxin A. A cell-based toxin B neutralization using IMR-90 cells was also used. 
Since the Applicant is currently pursuing the development of only the anti-toxin B antibody at 
this time, this review will focus on those assays that are applicable to anti-toxin B.

In this study, the culture supernatant from C. difficile strains 43255 (toxinotype 0) and BI8 
(toxinotype III) were diluted and each mixed with 20 µg of CDA1, CDB1, CDA1 +CDB1, or no 
antibody and incubated. The mixtures were applied to IMR-90 cells and the results showed a 
decrease in cytopathic effect score in the presence of monoclonal antibody.
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Reviewer’s Comment
The Applicant did not mention whether a negative control using an irrelevant antibody was used 
or whether the assay was reproducible.

The Applicant reported that: results of the study showed that both strains were cytopathic at 
dilutions greater than 1:100,000. The addition of CDA1 alone to the assay showed a negligible 
effect on toxicity. The Applicant concluded that toxin A has only a minor impact on the assay. 
By contrast, CDB1 could reportedly suppress toxicity with the ED50 apparent when the 
supernatant was diluted 1:3200 for both strains. Overall, the Applicant concluded that CDB1 was 
able to neutralize toxin B in the IMR-90 cell culture neutralization assay, and that the capacity of 
CDB1 for neutralization was similar in the two C. difficile toxinotypes tested. 

Reviewer’s Comment
Although the Applicant has stated in this study report that the neutralization to two toxinotypes 
tested was similar, study PD016 investigated the binding of bezlotoxumab to various strains of 
C. difficile and found that bezlotoxumab does not bind as well to certain strains including those 
of ribotype 027 and 078. See section of this review regarding PD016 for additional information.

Conclusions on Mechanism of Action
In order to evaluate the mechanism of action and to characterize the binding of bezlotoxumab to 
C. difficile toxin B, various studies were completed by the Applicant. Bezlotoxumab interacted 
with the putative receptor-binding domain of recombinant toxin B (composed of the combined 
oligopeptide domain, or CROP domain). Specific regions on toxin B that could bind 
bezlotoxumab were assessed in epitope mapping experiments. Other studies were done in order 
to characterize bezlotoxumab interaction with toxin B including 3-D modeling, and analysis of 
mass spectra from deuterated antigen digests before and after bezlotoxumab binding. Co-
crystallization experiments were also done to refine the epitopes of bezlotoxumab within toxin B. 
Bezlotoxumab binds to TcdB or peptide B in a manner that does not lead to cross-linking, and 
the stoichiometry of immune complexes is 1:2 for bezlotoxumab and TcdB.

The kinetics of binding of bezlotoxumab to toxin B were assessed. The affinity of bezlotoxumab 
for toxin B was determined to be approximately 19 +/- 5pM. Variable association and 
dissociation rates were seen with recombinant fragments of toxin B.

Several different cell lines were used to characterize the influence of bezlotoxumab on toxin B-
mediated effects in tissue culture. Not all of these cell lines were relevant for the characteristics 
of a severe gastrointestinal disease such as that associated with C. difficile infection. This may 
either be because the cell lines are taken from a different body site, a different organism, or 
because they are transformed cells. IMR-90 cells, for example are normal human lung fibroblast 
cells, and MDCK cells are normal canine kidney cells. Vero cells are normal monkey kidney 
epithelial cells, but are sensitive to toxin B, and therefore are used for in vitro cytotoxicity 
assays. T84 cells are human epithelial cells from the colon of a patient with colorectal 
carcinoma, and were chosen to repeat certain experiments that were done with IMR-90 cells 
since they were more appropriate to replicate colonic epithelial cells. Caco-2 cells are human 
colon epithelial cells from a patient with colorectal adenocarcinoma, and are a favorable cell line 
for the evaluation of polarized cells. 
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Native purified toxin B was used in an in-cell Western assay in Vero cells to demonstrate the 
ability of bezlotoxumab to neutralize the toxin B-mediated glucosylation of the Rho-GTPase, 
Rac1. A monoclonal antibody that only recognized unmodified Rac1 was used. Toxin B from C. 
difficile strain VP10463 (ribotype 087), and endemic ribotypes 027 and 078 at bezlotoxumab 
final concentrations of 0.0003 to 50 mcg/mL were used. Higher half-maximal inhibitory 
concentrations (IC50) of bezlotoxumab were needed to neutralize the effect of toxin B from the 
endemic strains (Rac1 glucosylation IC50 (mcg/mL) 0.03 +/- 0.017 for ribotype 087, versus 0.37 
+/-0.1 for 027 ribotype and 0.08 +/- 0.039 for 078 ribotype) compared to ribotype 087. Visual 
scoring of cell rounding was assessed qualitatively in IMR-90 (6 pg/mL of toxin B used, 
complete neutralization seen above 1 nM of bezlotoxumab) and T84 cells, and quantitatively 
through the examination of mass redistribution in Vero cells (toxin B from C. difficile strain VPI 
10463 was used, and the average EC90 values were 5 ng/mL for toxin B from that strain). The 
Applicant further demonstrated that 200 mcg/mL bezlotoxumab could block binding of 50 
ng/mL toxin B to Vero cells, the reduction in binding was not significant at 100 ng/mL.

The effect of bezlotoxumab on the ability of toxin B to cause disruption of epithelial integrity 
was assessed in a polarized two-dimensional cell culture system using Caco-2 cells. The integrity 
of the cell monolayer was assessed by measuring changes in transepithelial electrical resistance 
(TER). Toxin B was assessed at a concentration of 100 ng/mL and bezlotoxumab concentrations 
of 0-100 mcg/mL were used. The addition of TcdB to intact 2-D monolayers caused a 
concentration and time-dependent decrease in TER and the addition of bezlotoxumab to the same 
side of the monolayer, resulted in a dose-dependent neutralizing effect of toxin B. The effect of 
bezlotoxumab on toxin B-mediated adhesion of C. difficile to Caco-2 cells was assessed using 
the same 2-D cell system through the determination of the colony-forming units of C. difficile 
bound to epithelial cells (10 ng/mL of toxin B was incubated with or without 100 mcg/mL of 
bezlotoxumab). 

3.2.  ACTIVITY IN VITRO

Neutralization of C. difficile Toxins A and B by Actoxumab and Bezlotoxumab from
Genetically-distinct Strains of C. difficile
In Study PD016, the apparent affinities for binding of actoxumab and bezlotoxumab to their 
respective toxins were determined using purified toxins from multiple genetically distinct strains 
of C. difficile, including ribotypes 001, 002, 014, 017, 027, 036, 078, and 106. The list of strains 
assessed included ribotype 027 which the Applicant reports is of particular interest due to its 
endemic status in certain areas and to its association with recurrent and severe disease (16). 
Apparent affinities of the monoclonal antibodies were determined by competition ELISA for 
toxins of all strains tested, and by SPR for toxins of ribotypes 087, 027, and 078. The Applicant 
reports the following: apparent affinities of actoxumab binding to TcdA of ribotypes 027 and 078 
were significantly (p < 0.0001) lower compared to ribotype 087. Similarly, the apparent affinities 
of bezlotoxumab binding to TcdB of ribotypes 027, 036, and 078 were also significantly (p < 
0.0001) lower compared to ribotype 087.
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The neutralization potencies (expressed as half-maximal effective concentrations (EC50
values) of actoxumab and bezlotoxumab for TcdA and TcdB, respectively, were also
measured in toxin-induced cell death assays in Vero cells (Report PD016). Bezlotoxumab had a 
lower affinity and neutralization potency for TcdB, produced by ribotypes 027 and 078 (reflected 
in higher EC50 values). Lower potencies of actoxumab and bezlotoxumab against
purified toxins of ribotypes 027 and 078 were confirmed in the mass redistribution assay in
Vero cells (Report PD017). 

In order to relate the result to clinical isolates, the ability of actoxumab and bezlotoxumab to 
neutralize toxins from 81 clinical isolates of C. difficile from the USA, Canada, Western Europe, 
and Japan was assessed by the Applicant in T-84 (for actoxumab and TcdA) and Vero cells (for 
bezlotoxumab and TcdB) (Report PD016). The Applicant reported that actoxumab and 
bezlotoxumab fully neutralized TcdA and TcdB, respectively, in culture supernatants of all 
clinical isolates tested, including multiple isolates of the endemic strains of ribotype 
027/toxinotype III and ribotype 078/toxinotype V. The Applicant reported the following: half 
maximal effective concentration values of actoxumab and bezlotoxumab were
(p < 0.0001) higher for C. difficile strains of ribotype 027/toxinotype III and ribotype 
078/toxinotype V, when compared to other strains. The higher EC50 values observed
for strains of ribotypes 027 and 078 were lower than concentrations measured in serum from
subjects enrolled in Phase 2 trials (15).

Figure 10 shows the IC50 values of MK-3415 and MK-6072 against toxin A and B, respectively, 
of multiple clinical isolates of toxinotypes 0 (strain types 001, 002, 003, 014, 087, 106 and 
NAP10), III (ribotype 027), IV( ribotype 023), V (ribotype 078), and VIII (ribotype 017), as well 
as two ribotypes from Japan, Trf and Smz. The isolates represented 18 distinct ribotypes and 7 
known toxinotypes.

Reviewer’s Comment
The Applicant reported that actoxumab and bezlotoxumab neutralize toxins in culture 
supernatants of 81 clinical isolates of geographically diverse C. difficile. The Applicant reports 
that the reduced potency of bezlotoxumab against TcdB of ribotypes 027 and 078 is caused by 
amino acid substitutions in key positions within the epitopes of TcdB. Structural differences in 
affinity and potency of bezlotoxumab against TcdB of different strains of C. difficile were 
described.

Reviewer’s Comment
The Applicant stated that the T-84 cell line was used because of sensitivity to TcdA and the Vero 
cell line was used for because of sensitivity to TcdB.
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Figure 10: Coverage of Multiple Clinically-important Ribotypes of 
C. difficile by MK-3415 (actoxumab) and MK-6072 (bezlotoxumab)

Source: This submission.

The methods used in this study are briefly described by the Applicant below:
Equilibrium dissociation constants for binding of binding of bezlotoxumab to purified TcdB was 
determined using a competition ELISA. Briefly, ELISA plates were coated with toxin from C. 
difficile ribotype 087, washed, blocked and bezlotoxumab was added alone or in the presence of 
increasing concentrations of purified toxins from various C. difficile ribotypes (087, 001, 002, 
014, 017, 027, 036, 078, and 106). Plates were washed and developed using a peroxidase-
conjugated secondary anti-human IgG F(ab’)2.  SPR was done to assess the binding of 
bezlotoxumab to TcdB of C. difficile ribotypes 087, 027, and 078. Toxin neutralization was 
assessed by sulforhodamine B assay (SRB). Total cellular protein is measured as a surrogate for 
cell number (22). For this experiment, purified TcdB or culture supernatants were assessed in 
cell culture using Vero cells. Similar experiments were done with actoxumab, but these are not 
described in this review. Cell assays were fixed, and the 90% lethal concentrations were 
determined (LC90).

Modeling by the Applicant of interactions between bezlotoxumab and TcdB was based on 
previously described structure of Fab fragments of bezlotoxumab bound to 2 different epitopes 
(E1 and E2) within the combined repetitive oligopeptide (CROP) domain of TcdB (Report 
PD022). Amino acids within E1 and E2 that differ between TcdB of C. difficile strain VPI 
10463, ribotype 087 and known TcdB sequences of other ribotypes were mapped onto the 087 
B2/Fab X-ray crystal structure. Ribotype 087 was the ribotype against which bezlotoxumab was 
generated.
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The Structural Basis for Differences in Affinities for Binding of Bezlotoxumab to C. difficile 
Toxin B from Different Strains
The Applicant described the structural basis for difference in affinities for binding of 
bezlotoxumab to C. difficile toxin B from different strains as described below:
Since neutralization by toxins correlates with binding to antibodies (see Figure 11), sequence 
differences within the epitopes of bezlotoxumab could predict the neutralization potencies of 
TcdB for different strains of C. difficile. The amino acid sequences of the 2 epitopes on 
bezlotoxumab (Report PD022) across available TcdB sequences were compared. TcdB 
sequences were categorized into 7 different bezlotoxumab epitope sequences, typified by specific 
ribotypes/toxinotypes. The number of ribotype/toxinotype specific differences within epitopes 1 
and 2 ranged from a single substitution for ribotype 017/toxinotype VIII to up to 9 for ribotypes 
019/toxinotype IX and 036/toxinotype X.

Since bezlotoxumab is significantly less potent against (and binds with lower affinity to)
TcdB from the ribotype 027, 078, and 036 strains (see Figure 11 below), it was
surmised that amino acid substitutions within the bezlotoxumab epitopes of these
ribotypes would have a detrimental effect on antibody binding/neutralization. Based on the
crystal structure of bezlotoxumab bound to TcdB of strain VPI 10463 (Report PD022),
molecular modeling of TcdB bound to bezlotoxumab was carried out and binding free
energies between TcdB and bezlotoxumab for each of the 7 epitope types (data not shown) were 
calculated. The differences in binding free energies between the strain VPI 10463/ribotype 087 
epitope and each other epitope type were described. The difference in free energies for TcdB of 
ribotypes 027, 036, 078, and 017 bound to bezlotoxumab were consistent with the binding and 
neutralization data. TcdB from ribotypes 027, 078, and 036 had positive values, which suggested 
weaker binding to bezlotoxumab and correlated with the experimentally observed lower 
potency/affinity of bezlotoxumab against TcdB. In contrast, TcdB from ribotype 017 had a 
negative value which suggested stronger binding to bezlotoxumab and correlated with the higher 
potency and affinity observed experimentally.

The differences in binding free energies calculated for different epitope types were associated
with disrupting or stabilizing effects of distinct amino acid residues at key bezlotoxumab-
interacting positions within the epitopes. 

Reviewer’s Comment
It is well documented in the literature that single amino acid substitutions can affect the folding 
of proteins and the binding of monoclonal antibodies to toxin. 

The levels of toxin in culture supernatant of clinical isolates of C. difficile and the neutralization 
of C. difficile toxins A and B by actoxumab and bezlotoxumab were determined. See Figure 11.
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and therefore 100% amino acid identity at the epitope region was shown. Amino acid sequences 
within the epitope region from other C. difficile ribotypes were divergent in 2 to 7 amino acids 
from the 087. The neutralization potencies and apparent binding affinities of actoxumab and 
bezlotoxumab for purified TcdA and TcdB of different ribotypes were shown in the Table 5.

Table 5: Neutralization Potencies and Apparent Binding Affinities of 
Actoxumab and Bezlotoxumab for purified TcdA and TcdB of Different Ribotypes

Reviewer’s Comment
The clinical isolates tested, concentrations of TcdA and TcdB and half-maximal concentrations 
of and % inhibited by actoxumab and bezlotoxumab were provided in Table 6
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Table 6:  Half-Maximal Effective Concentrations and 
Percent Inhibition by Actoxumab and Bezlotoxumab of TcdA and TcdB1,2,3
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Reviewer’s Comment
C. difficile ribotypes 018 and 369 were sometimes referred to as smz and trf respectively in the 
Applicant’s studies. Information on these two isolates was provided in the study below:
In Japan, no outbreaks caused by type 027 have been reported to date. Ribotypes smz and ysmz 
(subtype variant of smz) were the most predominant (39.2%) followed by Ribotype trf (15.8%) 
in outbreaks in Japan. Type smz was later found to correspond to PCR-ribotype 018, an isolate 
associated with high rates of antibiotic resistance. All trf isolates were toxin A negative,
toxin B-positive, and were assigned a new ribotype 369 (21). 

3.3. ACTIVITY IN VIVO
The Applicant conducted in vivo studies with mouse models, and a Golden Syrian Hamster 
Model. A gnotobiotic piglet model has also been described in the literature. The models were 
designed to enable the study of primary and recurrent C. difficile infection and toxin challenge. 
The efficacy and safety of bezlotoxumab and/ or actoxumab were evaluated in animals before the 
commencement of human clinical trials.

Reviewer’s Comment
A review of animal models of infection by Hutton et al. (8), states that small animal models of 
infection for CDI have included mice, hamsters, rats, rabbits, hares, guinea pigs, prairie dogs and 
quails and zebrafish embryos. This review states that the host response to disease varies between 
animals and that disease manifestation can be different depending on the immune response. Also, 
pretreatment with antibiotics to induce CDI, and the susceptibility of the C. difficile isolates to 
various antibiotics can affect disease outcome. 

3.3.1  MOUSE MODELS OF CDI

Reviewer’s Comment
Untreated mice are relatively resistant to infection with C. difficile and do not develop fatal 
infections, most likely due to their residence microbiota. Similarly to human CDI, susceptibility 
of mice to infection must be induced by disrupting the microbiota through antibiotic treatment, 
or through the use of a gnotobiotic mouse model of CDI, which does not require pretreatment of 
animals to disrupt the resident gut microbiota (8). 

Assessment of the Mechanisms of Protection by Actoxumab/Bezlotoxumab in Mouse Models of 
Primary and Recurrent Clostridium Difficile Infection 

Reviewer’s Comment
Because the experiments from PD024 (described below), were done with both actoxumab and 
bezlotoxumab concurrently, it is not clear what the effect is on the assessed animal models of 
bezlotoxumab treatment alone. Additionally, the Applicant saw differential effects depending on 
the timing of the administration of antibody. The experiments with Fc effector function were the 
only experiments in this study that were done with bezlotoxumab alone. Bezlotoxumab is 
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currently the only antibody of the pair that is still under development by the Applicant, therefore 
the experiments are briefly described below.

In report PD024, the efficacy of combination treatment with actoxumab and bezlotoxumab in
toxin- and spore-challenge mouse models of the C. difficile infection was described. Effects of 
actoxumab and bezlotoxumab on morbidity and mortality, as well as on damage and 
inflammation in the gut wall were evaluated. In the systemic toxin challenge model, the endpoint 
of survival was used to assess the ability of actoxumab and
bezlotoxumab to neutralize TcdA and TcdB, respectively. TcdA and TcdB from C. difficile strain 
VPI 10463 (ribotype 087) were used. CD1 mice were treated intraperitoneally (IP) with 
actoxumab and bezlotoxumab at 3, 30, and 300 mcg/animal of each antibody. Phosphate-
buffered saline was the control. One hour following treatment, the animals were challenged IP 
with a mixture of purified TcdA and TcdB at a final concentration of 25 ng of each toxin 
(minimal lethal dose).

In the acute/severe ileal loop toxin challenge model, the ability of the antibodies to prevent toxin-
mediated damage and inflammation in the gut wall was assessed. TcdA and TcdB from C. 
difficile strain VPI 10463 (ribotype 087) were used. CD1 mice were injected IP with either 
actoxumab/bezlotoxumab (50 mg/kg each) or PBS vehicle control. Sections of the ileum were 
ligated at each end to separate them from the rest of the intestinal tract, and inoculated with a 
mixture of TcdA and TcdB, PBS, or vehicle. The ileum was returned to the abdomen and the 
incision closed. The animals were allowed to recover and were sacrificed 4 hours later. The 
ligated ileal loop was removed and examined for weight and length, and sections of the ileal loop 
were collected for histology.

In the spore challenge models of primary and recurrent CDI, the efficacy of actoxumab and 
bezlotoxumab in preventing morbidity/mortality and damage/inflammation in the gut was 
assessed. Orally administered spores from an endemic C. difficile strain UK1 (ribotype 027) 
were used The Applicant described the following: “C57Bl/6 mice were infected, and animals 
were treated for 3 days with an antibiotic cocktail followed by antibiotic free water for 3 days 
before C. difficile spore challenge. Animals were injected IP with clindamycin 24 hours prior to 
spore challenge (105 spores from C. difficile strain UK1). For anti-toxin treatment, animals were 
injected IP with PBS (vehicle control) or with different doses of actoxumab/bezlotoxumab either 
24 hours prior to (prophylactic paradigm) or 24 hours after (therapeutic paradigm; orogastric 
inoculation with C. difficile spores.”

For recurrent CDI (26), the Applicant described the following: “surviving animals from the 
primary infection were treated 7 days after the initial spore challenge with antibiotic-water 
containing dexamethasone (0.1 mg/mL) for 3 days (26). This was followed by antibiotic-free 
water containing dexamethasone for 3 additional days, and IP administration of clindamycin 1 
day prior to a second orogastric spore challenge with 105 spores of C. difficile strain UK1. For 
the experiment in which animals were treated a second time with actoxumab/bezlotoxumab 24 
hours prior to spore challenge, animals were rested for 14 days following the primary challenge. 
Animals were monitored post-challenge for changes in body weight and symptoms of CDI. 
Animals demonstrating severe symptoms of CDI or > 20% body weight loss were considered 
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moribund and were euthanized.” Histology was analyzed for criteria such as inflammatory cell 
infiltration, epithelial cell distruption and submucosal edema.

Reviewer’s Comment
 The role of effector functions in mediating efficacy of actoxumab and bezlotoxumab was 
assessed using N297Q mutant versions of the antibodies. These mutant versions of actoxumab 
and bezlotoxumab cannot bind to Fcγ receptors, and cannot initiate effector responses in the host.

Results C. difficile Toxin Challenge Model
The ability of actoxumab/bezlotoxumab to protect animals against TcdA and TcdB was
evaluated in a mouse model of systemic toxin challenge. All animals treated with vehicle and 
challenged with TcdA and TcdB died within 18 hours. In contrast, pretreatment of animals with 
actoxumab/bezlotoxumab protected the animals in a dose-dependent manner. The Applicant 
concluded that actoxumab/bezlotoxumab neutralizes TcdA and TcdB in vivo.

Since CDI is largely a disease of the gut lumen, the ileal loop model was used to assess the
effects of TcdA and TcdB administered directly into the gut lumen. The accumulation of fluid in 
toxin-challenged animals (109.4 mg/cm) was significantly reduced in animals treated with 
actoxumab/bezlotoxumab (62.8 mg/cm), although the reduction was not
complete (35.7 mg/cm and 38.9 mg/cm for vehicle-challenged animals treated with or
without actoxumab/bezlotoxumab, respectively). Epithelial cell damage and
erosion of the epithelium, loss of villous architecture, and edema in toxin-challenged animals 
was observed, and treatment with actoxumab/bezlotoxumab was protective against damage and 
inflammation; although the Applicant did not claim this was significant.

Results of Primary CDI Spore Challenge Model
Actoxumab/bezlotoxumab has been previously tested in a hamster and piglet spore challenge 
models of CDI (1,25), but damage and inflammatory components of the disease have not been 
extensively studied. Therefore, the efficacy of actoxumab/bezlotoxumab in a mouse model of 
primary CDI was evaluated by the Applicant. The Applicant reported that this is a therapeutic 
model in which actoxumab/bezlotoxumab prevented weight loss and mortality when compared 
to untreated animals. However, the effect on weight loss was not as robust as in the prophylactic 
paradigm even at a high dose of 50 mg/kg actoxumab and bezlotoxumab. The mechanism 
through which actoxumab and bezlotoxumab protected against morbidity (weight loss) and 
mortality in this CDI model was assessed. This was achieved by determining the extent of 
damage and inflammation in the intestines of animals 48 hours after spore challenge in the 
prophylactic model. Treatment with 10 mg/kg wild type (WT) or N297Q mutant 
actoxumab/bezlotoxumab resulted in significant reduction in damage to the epithelium and other 
structures of the gut wall. 

It has previously been demonstrated in animal CDI models that the leakage of TcdA and TcdB 
into the circulation causes severe and systemic disease (24). The extent of toxin leakage from the 
lumen of the intestines to the circulation was determined in the mouse model, and the ability of 
actoxumab/bezlotoxumab to prevent leakage was evaluated. Serum samples from infected 
animals were tested for their ability to induce rounding of Vero cells as described previously 
(24). Serum samples from untreated animals caused rounding of Vero cells on Days 1 through 4 
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after infection. Serum samples from animals treated with WT or N297Q mutant 
actoxumab/bezlotoxumab did not have significant cell-rounding activity. The results 
demonstrated that treatment with actoxumab/bezlotoxumab is protective against the TcdA- and 
TcdB-induced intestinal wall damage and inflammatory response in this model. Also, protection 
prevented local (intestinal) effects of TcdA and TcdB and potential systemic effects.

Results of Protection Against Recurrent CDI in a Spore Challenge Model
The combination of actoxumab and bezlotoxumab, when administered during a primary CDI
infection, has been described in the literature as efficacious in preventing recurrent CDI 
clinically (15). The ability of actoxumab/bezlotoxumab to prevent recurrence in a mouse model 
of recurrent CDI has also been assessed (26). Since actoxumab/bezlotoxumab had been 
administered 14 days prior to the second spore challenge, the weaker level of protection 
observed in the recurrence model compared to the prophylactic and therapeutic primary infection 
models was reported by the Applicant to be due to a poor pharmacokinetic profile of the human 
antibodies in the mouse. Levels of actoxumab/bezlotoxumab in the context of the recurrence 
model were lower than during the primary infection. To mitigate the poor pharmacokinetics, an 
additional recurrence experiment was conducted by the Applicant. In this experiment, the 
animals were allowed to rest for 14 days following primary infection and were administered a 
second dose of actoxumab/bezlotoxumab 24 hours prior to the reinfection. The Applicant 
reported that a second dose of actoxumab/bezlotoxumab protected animals against both body 
weight loss and death. The Applicant concluded that actoxumab/bezlotoxumab prevents CDI 
recurrence in mice when it is administered prior to the recurrent episode, similar to results 
obtained in human patients as described in the literature (15).

Reviewer’s Comment
In the publication of Lowry et al. (15), described by the Applicant above, a randomized, double-
blind, placebo-controlled study of CDA1 and CDB1 was performed. The antibodies were 
administered in a single infusion in patients with symptomatic C. difficile infection who were 
receiving metronidazole or vancomycin. The primary outcome was laboratory-documented 
recurrence of infection during the 84 days after the administration of monoclonal antibodies or 
placebo. The conclusion of the study was that the monoclonal antibodies reduced the recurrence 
of C. difficile infection. Patients in this study were administered the intravenous infusion of 10 
mg CDA1 and CDB1 on the first day. 

3.3.2 HAMSTER MODELS OF CDI

Reviewer’s Comment
The hamster model has been used extensively for studies relating to C. difficile pathogenesis and 
the pathology observed during the hamster infection mirrors many aspects of human CDI. 
However, the site of C. difficile infection in hamsters differs to that in humans, as infection 
occurs in the caecum of hamsters but the colon of humans. Despite these differences, the hamster 
model is still considered a relevant model of C. difficile disease, and the pathogenicity of 
different C. difficile isolates have been compared as to their ability to cause disease in the 
hamster model (8).
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Assessment of the Impact of Treatment with Actoxumab/Bezlotoxumab in the Hamster 
Clostridium Difficile Infection Model

Reviewer’s Comment
The Applicant’s experiments below, from PD023, were done with both actoxumab and 
bezlotoxumab concurrently, therefore, it is not clear what the effect is of bezlotoxumab treatment 
alone on the assessed animal models. Bezlotoxumab is currently the only antibody of the pair 
that is still under development by the Applicant. The experiments using the combination of 
bezlotoxumab and actoxumab combined (MK-3415A), are briefly described below. In the CDI 
disease model in hamsters, the dose of 50 mg/kg showed maximal efficacy. The Applicant 
concluded that based on a dose of 50 mg/kg of each antibody, the corresponding median 
concentrations of actoxumab and bezlotoxumab in healthy hamsters were 350 and 320 mcg/mL, 
respectively.

The Applicant initial proposed a product was a combination of 2 human monoclonal antibodies 
(mAbs) of the IgG1 isotype, actoxumab and bezlotoxumab, which reportedly target and 
neutralize TcdA and TcdB, respectively. The combined product was referred to as MK-3415A. 
The rationale for development of MK-3415A was based on the Applicant’s observations:
 Passive and active immunization against TcdA and TcdB was protective in several animal
models of CDI (28,11,1,23)
 High titers of anti-toxin Abs correlated with lower rates of primary and recurrent CDI in
humans (12,13,14)

Reviewer’s Comment
It should be noted that in the study by Babcock et al (1), that the four anti-toxin antibodies used 
in the study had the capacity to neutralize toxin B in an IMR-90 cell cytotoxicity assay, but were 
not able to protect mice from a lethal challenge with toxin B. The authors suggest that toxin B is 
more cytotoxic than toxin A and that at the challenge used (100 ng), the effect on the mice may 
be too severe for protection with the monoclonal antibodies used. A goat anti-toxin B polyclonal 
could protect mice from a toxin B challenge, but a cocktail of all four of the author’s monoclonal 
antibodies did not protect mice from mortality. The authors suggest that more than one epitope 
specificity may be necessary for optimal neutralization of toxin B in the in vivo mouse 
intoxication model.

The impact of treatment with actoxumab/bezlotoxumab in the hamster CDI model was assessed. 
The hamster model is considered the standard model of CDI as the pathology observed in 
hamster infection best reflects human infection. The microbiome of hamsters is reportedly 
impacted by treatment with clindamycin; the subsequent disruption of the normal gut flora 
renders hamsters susceptible to CDI. The pathology of CDI is primarily localized to the large 
intestine, including the cecum and colon in hamster and colon in human disease (10,8). The 
progression of disease in hamsters is described as more severe than the pathology seen in 
humans. Hamsters are reported to succumb to disease within 24 to 72 hours after infection. 
Additionally, hamsters respond to therapeutic interventions typically used in human patients with 
C. difficile-associated diarrhea (1). The pathology of infection with C. difficile strain B1 in 
hamsters is described as acute with rapid progression to fatal disease (5). Treatment with 
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actoxumab/bezlotoxumab in a prophylactic paradigm significantly decreased mortality in both 
primary and relapsing hamster models of C. difficile strain B1 infection (1; Report PD005). 

Three studies in the hamster CDI model were described by the Applicant in this report. Each 
study used the same model. Study 12 was conducted to assess whether, and to what extent, 
treatment with actoxumab/bezlotoxumab protects animals from disease. In Study 39, the same 
therapeutic paradigm was utilized to assess the impact of treatment with 
actoxumab/bezlotoxumab on gross pathology of the cecum, C. difficile burden, levels of TcdA 
and TcdB, and composition of microbiome. Since animals treated with vehicle rarely survive 
beyond 48 hours in this model, vancomycin was administered by the Applicant (at a dose 
reported to be significantly below maximal efficacy) to all animals to extend survival. (The dose 
of vancomycin the Applicant used was 0.5mg/kg in a 0.5 mL dosing volume).This enabled the 
Applicant to make comparisons between animals treated or not treated with 
actoxumab/bezlotoxumab at time points beyond 48 hours. Study 47 was designed to assess the 
impact of treatment with actoxumab/bezlotoxumab at early time points, when animals treated 
with vehicle have not yet succumbed to disease. In this study, a prophylactic dosing paradigm 
was used by the Applicant to ensure adequate exposure to antibodies at the early time points.

Animals were rendered susceptible to CDI by disrupting the normal gut flora through oral (PO) 
administration of 30 mg/kg clindamycin hydrochloride 5 days prior to infectious challenge. 
Animals were infected PO with spores of the toxigenic C. difficile strain B1. Progression of 
disease in hamsters is reportedly rapid and untreated animals typically succumb to disease within 
24 to 72 hours after infectious challenge. Clinical signs of C. difficile disease including body 
weight loss, diarrhea, pathology of the cecum and adjacent ileum and colon, were evaluated in 
hamsters. 

Actoxumab/bezlotoxumab was administered, either in a therapeutic or prophylactic regimen. On 
Day 0, animals were infected PO with a saline suspension of approximately 50 spores of the 
toxigenic C. difficile strain B1 in a volume of 0.5 mL. Actoxumab/bezlotoxumab was 
administered subcutaneously (SC) or intraperitoneally (IP) in a prophylactic regimen once daily 
on Days -3, -2, -1, and 0, or in a therapeutic regimen once daily on Days 0, 1, 2, and 3 beginning 
5 hours after infectious challenge. Vancomycin, a standard of care antibiotic, was administered 
PO once daily for 5 days beginning 5 hours after infectious challenge. The impact of treatment 
with actoxumab/bezlotoxumab on C. difficile disease was assessed by animal survival and gross 
pathology of the cecum. C. difficile burden (as determined by quantitative culture  and qPCR of 
spores and vegetative cells), levels of TcdA and TcdB, and changes in composition of 
microbiome at late or early time points  

were also assessed.

The Applicant concluded that treatment with actoxumab/bezlotoxumab enhanced survival when 
administered therapeutically or prophylactically. Non-specific human IgG was used as a negative 
control. Treatment with actoxumab/bezlotoxumab reduced the gross pathology of the cecum at 
early time points and led to a gradual reduction in gross pathology in surviving animals, 
eventually eliminating signs of disease in the cecum. The Applicant reported that treatment with 
actoxumab/bezlotoxumab had no impact on C. difficile burden or concentrations of TcdA and 
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TcdB in cecum contents. The Applicant also reported that treatment with clindamycin causes 
profound changes in composition of microbiome in cecum contents, but a gradual recovery of 
the microbiome occurs over time in surviving animals with re-establishment of pre-clindamycin-
like microbiome occurring in some animals as early as on Day 6.

Assessment of Mechanisms of Effects of Treatment with Actoxumab/Bezlotoxumab in Hamster 
Model of Clostridium Difficile Infection

Reviewer’s Comment
In this animal study, both bezlotoxumab and actoxumab were administered concurrently, making 
interpretation of the results as they apply to bezlotoxumab alone difficult. The study is briefly 
described below:

In study PD025, the effects of actoxumab/bezlotoxumab administered in a prophylactic regimen 
were investigated in a hamster model of C. difficile infection. Animals were administered 
clindamycin on Day -1 to establish susceptibility to CDI. Gastric challenge with C. difficile 
spores was conducted on Day 0. 

The Applicant’s study design is as follows:
Animals were administered vehicle (Group 1), actoxumab/bezlotoxumab alone (Group 2) or 
actoxumab/bezlotoxumab in combination with vancomycin (Group 3), or vancomycin alone 
(Group 4). Test and control articles were administered prophylactically once a day on Days -3, -
2, -1, and 0 and/or therapeutically twice a day on Days 0, 1, 2, 3, 4, or 5. Vehicle was
administered both prophylactically therapeutically. Actoxumab/bezlotoxumab was
administered prophylactically. Vancomycin was administered therapeutically.

Fecal samples were collected from all surviving animals on Days 1, 2, 5, 10, 15, 21, and 28. The 
following parameters were assessed: animal mortality and morbidity, C. difficile burden, levels 
of C. difficile toxins A and B, and gross pathology of the intestine. The experiments were 
conducted with C. difficile strain 630 (ribotype 012). The Applicant reported that prophylactic 
treatment with actoxumab/bezlotoxumab protects animals from the development of severe C. 
difficile disease, but has no impact on C. difficile colonization. Recovery from disease in 
surviving animals is associated with a gradual loss of C. difficile colonization.

Progression of disease in hamsters treated with actoxumab/bezlotoxumab alone or in
combination with vancomycin was compared to progression of disease in animals that were 
treated with vehicle or vancomycin alone. Prophylactic treatment with actoxumab/bezlotoxumab 
reduced C. difficile-associated morbidity and intestinal pathology. C. difficile burden and levels 
of TcdA and TcdB in the intestines were not affected by treatment with 
actoxumab/bezlotoxumab. The reduced morbidity and intestinal pathology observed, resulted in 
improved survival. Forty percent of hamsters treated with actoxumab/bezlotoxumab survived to 
the end of the study (Day 28). 
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Assessment of the effects of Treatment with Actoxumab/Bezlotoxumab in Mouse Model of 
Clostridium Difficile Infection

Reviewer’s Comment
The treated animal models in this study report received both bezlotoxumab and actoxumab. 
Therefore, the effect of bezlotoxumab alone was difficult to discern, and bezlotoxumab is the 
only monoclonal that the Applicant is pursuing for drug development at this time.

In the study described in report PD026, the effects of actoxumab/bezlotoxumab administered in
a prophylactic regimen were investigated in a mouse model of C. difficile infection. The 
following parameters were assessed: animal mortality and morbidity, C. difficile burden, levels 
of C. difficile toxins A and B, and gross pathology of the intestine. The experiments were 
conducted with C. difficile strain VPI 10463 (ribotype 087).

Animals were administered cefoperazone on Days -12 to -2. In addition, animals were
administered clindamycin on Day -1. Gastric challenge with C. difficile spores was
conducted on Day 0. Two different inocula were used in the study (Low level inoculum 
contained 1.8 x 106 CFU/animal, high level inoculum contained 4.7 x 106 CFU/animal). 

The study design was described by the Applicant as follows: Animals in Groups 1, 2, and 3 were 
challenged with the low level inoculum and animals in Groups 4, 5, and 6 were challenged with 
the high level inoculum. Animals were administered either vehicle (Groups 1 and 4), 
actoxumab/bezlotoxumab (Group 2 and 5), or vancomycin (Group 3 and 6). Test and control 
articles were administered prophylactically once a day on Days -1 and 0 and/or therapeutically  
twice a day on Days 0, 1, 2, 3, 4, or 5. Vehicle was administered both prophylactically and 
therapeutically. Actoxumab/bezlotoxumab was administered prophylactically. Vancomycin was 
administered therapeutically. Collection of fecal samples, samples of the small intestine, caecum, 
and colon, and determination of C. difficile burden were done as with study PD025 above. 

Progression of disease in animals treated with actoxumab/bezlotoxumab was compared to 
disease progression in animals treated with vehicle or vancomycin. The Applicant reported that 
prophylactic treatment with actoxumab/bezlotoxumab reduced C. difficile-associated morbidity 
and intestinal pathology, C. difficile burden and levels of TcdA and TcdB in the intestines were 
not affected. The reduced morbidity and intestinal pathology resulted in improved survival. Of 
the animals treated with actoxumab/bezlotoxumab, 95% survived to the end of study. By 
contrast, 25% and 10% of animals treated with vehicle and vancomycin, respectively,
survived to Day 28 (the end of study). 

Reviewer’s Comment
The hamster model is considered the gold-standard model for CDI, but the mouse model is 
convenient for the use of regents available for use in a mouse model and for genetic 
manipulation of the animal for research purposes. The Applicant reports that the mouse model is 
less severe and has a lower rate of mortality than the hamster model.
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3.3.3 GNOTOBIOTIC PIG MODEL OF CDI
The Applicant included a publication by Steele et al. (24) that described a gnotobiotic piglet 
model in which CDB1 was investigated for the prevention of C. difficile disease. 
In this study the efficacy of specific human monoclonal antibodies (HuMab) and alpaca 
polyclonal antibodies against TcdA and TcdB separately and in combination were investigated in 
the gnotobiotic piglet model of CDI. Additionally, the HuMab and polyclonal antibodies were 
exploited to investigate the precise contribution of each toxin to systemic and/or gastrointestinal 
tract disease. Antitoxin antibodies were administered via intraperitoneal injection and the piglets 
were orally inoculated with 107 spores from NAP1/027/BI C. difficile strain (UK6). Blood and 
feces were collected and necropsy was done. Specific cytokine concentrations were determined 
and a cytotoxicity assay was used to evaluate the monoclonals. The results indicated that TcdB is 
an important virulence factor associated with GI and systemic pathology (24). Administration of 
anti-TcdB antibody alone or with anti-TcdA protected 100% of piglets from development of 
systemic CDI and minimized lesions. Conversely, 100% of the piglets administered only anti-
TcdA developed severe GI and systemic disease, with 67-83% fatality, faring worse than 
placebo-treated control animals. The study concluded that TcdB is important in the pathogenesis 
of CDI and the effectiveness of TcdB-specific antibody in treating CDI. The results raised 
questions regarding the nature of TcdA interaction with therapeutic antibodies (24). Results of 
the studies were shown in the Table 9 and figures below:

Reviewer’s Comment
It was noted in the study that histopathological lesions in the large intestine were slightly more 
severe in piglets treated with monoclonal anti-TcdA and anti-TcdB than in those treated with 
only monoclonal anti-TcdB, however the effect as not noted for the polyclonal antibody. The 
administration of anti-TcdA alone exacerbated outcome of disease, leading to more serious 
consequences as compared to control animals. In the study, the authors discussed the possible 
reasons for this effect of anti-TcdA. The authors suggested that differences in the toxins 
produces by different strains of C. difficile could play a role in lack of protection or disease 
exacerbation noted with anti-tcdA. The alpaca polyclonal and huMabs were generated against 
toxoids based on TcdA and tcdB of strain VPI 10463 whereas strain UK6 was used for challenge 
of piglets in the studies. The antibodies directed against the toxins produced by VP10463 and the 
toxins produced by strain UK6 during the course of infection in the piglets may not interact in 
the same way as antibodies directed against UK6, because of genetic differences in the toxin 
genes of laboratory and hypervirulent epidemic strains. The authors state (24) that the results 
indicate the importance of TcdB in GI and systemic CDI and that potential adverse effects due to 
anti-TcdA needs careful investigation.
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that anti-toxin B antibody alone could protect 100% of piglets from development of systemic 
CDI and minimized lesions. 
Due to interspecies differences in susceptibility to CDI, and the severity of disease outcomes, 
caution should be used when comparing results obtained using different animal models or when 
extrapolating those results to humans. Different infectious doses can also produce different 
results. It is also important to consider the site of the disease in the animal model, and the strain 
that is used in the animal model and to use caution when drawing conclusions from models using 
a single strain for infection studies. There is a complex relationship between C. difficile, host cell 
receptors, the gut microbiota, and the host immune system (8).

4. CLINICAL PHARMACOLOGY
General Pharmacokinetic Information:

Site of Action of Antibody and Transport across the Gut Wall
In Study PK002, the Applicant conducted a preliminary study of the pharmacokinetics of 
actoxumab and bezlotoxumab in healthy hamsters. The rationale for the study is that actoxumab 
(MK-3415), bezlotoxumab (MK-6072), and the combination of antibodies MK-3415A are 
administered intravenously, yet C. difficile infections are localized to the lumen of the gut. The 
Applicant suggests that the question of how systemic IgG antibodies neutralize toxins in the gut 
lumen remains unresolved. One idea is that the Fc-receptor FcRn may be involved in active 
antibody transport across the gut epithelium. In the report for study PK002, the Applicant studied 
the mechanism of transport of actoxumab and bezlotoxumab across the gut wall from the 
systemic circulation to the gut lumen using animal models and an in vitro two-dimensional Caco-
2 cell monolayer culture system. 

The Applicant reported that a genetic knockout of FcRn and excess control human IgG has no 
impact on actoxumab + bezlotoxumab-mediated protection in murine and hamster models of 
CDI, suggesting that Fc-dependent transport of antibodies across the gut wall is not required for 
efficacy. That tissue distribution studies in hamsters suggest that transport of antibodies depends 
on toxin-induced damage to the gut lining. In Caco-2 cell monolayers, toxins on the apical side 
of epithelial cell monolayers were neutralized by basolateral antibodies, and antibody transport 
across the cell monolayer was increased upon addition of toxin to the apical side. The Applicant 
obtained similar data with F(ab’)2 fragments, which lack an Fc domain, consistent with FcRn-
independent paracellular, rather than transcellular, transport of antibodies. 

The Applicant concluded through kinetic studies that initial damage caused by apical toxin is 
required for efficient neutralization by basolateral antibodies. The data are consistent with a 
model wherein antibodies on the systemic side of the gut wall seep through to the site of 
infection paracellularly via disruptions in the gut epithelium induced by TcdA and TcdB, and 
that subsequent toxin neutralization prevents further damage and allows the gut lining to heal.
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Tissue Distribution of Actoxumab and Bezlotoxumab in Hamster CDI Model
To gain insight into whether, and to what extent, systemic antibodies reach the site of infection
in the lumen of the gut, the Applicant characterized the intestinal tissue distribution of 
systemically administered actoxumab and bezlotoxumab in hamsters. Hamsters challenged with 
or without a toxigenic strain of C. difficile (strain B1; Report PD005 ; Report PD023) were 
injected with a single dose of actoxumab + bezlotoxumab at 50 mg/kg. Samples of intestinal 
tissues were collected from infected and uninfected animals at after challenge, and levels of 
human IgG were measured by ELISA in lumenal contents and in the washed whole gut tissues. 
No significant differences were observed in actoxumab + bezlotoxumab levels within the 
intestinal tissues between infected and uninfected hamsters (Figure 12); however, levels of 
actoxumab + bezlotoxumab in the GI lumen (in particular in the cecum) were higher in infected 
hamsters, and  undetectable in healthy animals. The Applicant confirmed increased antibody 
transport across the gut wall in diseased hamsters at the cellular level using 
immunohistochemistry. The Applicant reported that in healthy hamsters, antibodies are primarily 
located in the subepithelial space (including the lamina propria) of the mucosa, with no staining 
in the epithelial layer, which acted as a barrier to prevent leakage of antibodies into the gut 
lumen. In hamsters infected with C. difficile, the actoxumab + bezlotoxumab signal was present 
throughout the mucosa, including parts of the epithelial layer, which exhibited significant 
damage/sloughing, allowing antibodies to enter the intestinal lumen. The Applicant concluded 
that transport of systemic antibodies to the gut lumen is significantly facilitated by damage to the 
gut epithelium mediated by C. difficile toxins.

Figure 12: Tissue Distribution of Actoxumab and Bezlotoxumab in Hamsters

Source: This submission.
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Transepithelial Toxin Neutralization by Antibodies in a Two-Dimensional Culture System
To better understand the protective role of circulating antitoxin antibodies against toxins in
the gut lumen, the Applicant used a two-dimensional cell culture system wherein apical and 
basolateral compartments are separated by a single monolayer of differentiated epithelial cells
 (18, 20, 27). The system was designed by the Applicant to mimic the polarized nature of the 
intact intestinal mucosal epithelium. The integrity of the epithelial layer was monitored by 
measuring the transepithelial electrical resistance (TER). A drop in TER indicated that the 
integrity of the epithelial monolayer had been compromised (18).

To confirm that the epithelial monolayer was fully differentiated and polarized, the Applicant 
replicated the previously-published observation (27) that colonic epithelial cells are more 
sensitive to TcdB applied to the basolateral side compared to the apical side, whereas sensitivity 
to TcdA was comparable on both sides. The Applicant first demonstrated that TcdA and TcdB 
added to the apical chamber caused time- and concentration-dependent decreases in TER in the 
colonic epithelial cell line, Caco-2. 

Reviewer’s Comment
The colonic epithelial cells are more sensitive to TcdB applied to the basolateral side compared 
to the apical side, while sensitivity to TcdA was comparable on both sides. While this feature is 
important for the study that the Applicant has done above, this reviewer disagrees that this 
demonstrates that the epithelial monolayer is fully differentiated and polarized. Sensitivity to 
toxin is dependent on certain specific cell factors such as receptor function, while full 
differentiation and polarization might require further characterization of the properties of the cell 
monolayer itself. The Applicant did not describe such things as tight junctions, well-
differentiated brush boarder, or the expression of small-intestinal microvillus hydrolases which 
are characteristics of this model (17).

Reviewer’s Comment
Caco-2 cells are a continuous cell line of heterogeneous human epithelial colorectal 
adenocarcinoma cells.

Mechanism of Antibody Transport Across the Epithelial Monolayer
The Applicant suggested that neutralization of apical toxin by basolateral antibodies provided 
evidence that the antibodies are transported to the apical side. To confirm this, the Applicant 
measured the extent to which antibody applied to the basolateral chamber translocated to the 
apical chamber in the presence and absence of toxin on the apical side. Similar to the TER assays 
described above, 100 mcg/mL antibody was added to the basolateral side of a confluent 
monolayer of Caco-2 cells 18 h prior to addition of buffer or toxin at different concentrations, 
and antibody concentration in the apical chamber was measured by ELISA at different time 
points. The Applicant reported that transport of actoxumab and bezlotoxumab into the apical 
chamber was minimal 18 hr after addition of antibodies to the basolateral chamber (at t=0 hr with 
respect to the time of toxin addition). Transport of antibodies into the apical chamber increased 
with time in the presence of toxin and this effect was dependent on the concentration of toxin 
added to the apical chamber. The dependence of antibody transport on toxin was presumed by 
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the Applicant to result from toxin-dependent disruptions in the epithelial barrier function leading 
to increased non-specific paracellular leakage of antibodies to the apical side, analogous to the 
high levels of antibodies observed in C. difficile infected hamsters versus healthy hamsters. 
Transport of F(ab’)2 fragments of actoxumab and bezlotoxumab was reported to be at least as 
high as intact antibody in the presence and absence of toxin, suggesting that Fc-dependent 
transport mechanisms such as FcRn are not involved in antibody transport in this system. 

Reviewer’s Comment
The paracellular transport above refers to the transfer of antibody across cells by passing through 
the intercellular space between the cells. This mechanism is in contrast to transcellular transport 
in which antibody would travel through the cell passing through apical and basolateral 
membranes.

Antibody-Induced Recovery of Epithelial Monolayer Following Toxin-Induced
Damage
The Applicant assessed transepithelial neutralization and transport in the two-dimensional 
culture assay using Madin-Darby Canine Kidney (MDCK) epithelial cells (which are reported to 
proliferate at a faster rate in vitro than gut epithelial cells). The study was conducted  to better 
understand how toxin neutralization might protect the gut epithelium in the context of the gut 
wall (where damage is repaired faster than in isolated epithelial cells due to the presence of other 
cells and growth factors in the intact gut wall) (2). The Applicant observed a TcdA-dependent 
decrease in TER and significant neutralization of apical TcdA by basolateral actoxumab. The 
protection afforded by actoxumab was biphasic, with an incomplete effect at 6 hr and complete 
neutralization (except for the highest concentration of TcdA) at 24 hr. The Applicant stated that 
the results were consistent with the idea that toxin on the apical side must first cause damage to 
the epithelial layer (shown by a drop in TER at 6 hr) in order for the antibody on the basolateral 
side to fully neutralize apical toxin. The Applicant reported an analogous result when TcdB was 
added to the apical chamber. Transport of the non-neutralizing antibody actoxumab was up to 
60-fold higher than that of the neutralizing antibody bezlotoxumab. The Applicant suggested that 
neutralizing antibodies limit their own transport across the epithelium by halting and reversing 
toxin-induced damage on the apical side, thereby preventing further antibody transport.

The Applicant concluded that taken together, the data in MDCK cells suggest that toxin-induced 
damage to the epithelium results in paracellular diffusion of antibodies from the basolateral side 
to the apical side, leading to transepithelial neutralization of the toxin, restoration of the 
epithelial layer, and inhibition of further antibody transport (Figure 13). The Applicant reported 
that these observations also apply to the intestinal epithelial cell line Caco-2, although more 
modestly. Since Caco-2 cells proliferate at a slower rate than MDCK cells, recovery of the 
epithelial monolayer occurred 120 hr after addition of toxin (rather than 24 hr), and transport of 
the neutralizing antibody compared to the non-neutralizing antibody was less dramatically 
depressed than with MDCK cells.
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Figure 13: Toxin-induced Transepithelial Toxin Neutralization and 
Transport of Basolateral Antibodies in MDCK Cells

Source: This submission.

Toxin-Induced Toxin Transport Across the Epithelial Monolayer
Since toxin-dependent transport of antibodies across the epithelial monolayer appeared to be
non-specific, the Applicant suggested that toxin may facilitate its own transport in the opposite 
direction (Figure 14). The concentrations of TcdA and TcdB in the basolateral chamber 48 hr 
after addition of the toxins to the apical chamber increased in a toxin-dependent manner. The 
increase is observed whether the data are expressed as absolute toxin concentrations or as a 
percentage of the toxin concentration applied to the apical chamber, suggesting that toxin 
transport may be at least partly due to toxin-dependent disruption of the epithelial cell layer and 
not only driven by the concentration gradient. The Applicant reported that translocation of toxin 
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from the apical to the basolateral side was less efficient than transport of antibodies from the 
basolateral to the apical side, likely due to the much larger size of the toxins.

Figure 14: Toxin-Dependent Transport of Toxin Across Caco-2 Monolayers

Source: This submission.

Non-Toxin Induced Paracellular Transport of Antibodies and Contribution to
Transepithelial Toxin Neutralization
The Applicant suggested that the data demonstrate neutralization of apical toxin by basolateral 
antibodies is largely dependent on toxin-induced damage leading to paracellular diffusion of 
antibodies to the apical side, however, they also investigated the possibility that basal transport 
of antibodies, even in the absence of toxin, also contribute to toxin neutralization. The Applicant 
reported that low but significant levels of antibodies were detectable on the apical side 18 hr after 
their addition to the basolateral chamber (at t=0 hr in relation to toxin addition). 

The Applicant concluded the following:
 Fc-dependent transport across the gut wall is not required for in vivo efficacy of

actoxumab + bezlotoxumab.
 Transport of actoxumab and bezlotoxumab across the gut wall is paracellular rather than

transcellular, and depends on toxin-induced damage to the intestinal epithelium.

Based on the data observed,  
.
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Figure 15: Model of Protection Against C. difficile Toxins in the
         gut Lumen by Systemic Antitoxin Antibodies

Source: This submission.

General Conclusions Clinical Pharmacology:
The mechanism of transport of bezlotoxumab across the gut wall from systemic circulation to the 
gut lumen was studied by the Applicant in animal models and in Caco-2 cell models of polarized 
monolayers. Studies suggested that transport of bezlotoxumab was dependent on toxin-induced 
damage to the gut lining. Antibody transport and immunohistochemistry were evaluated. TER 
was used to assess cell integrity. Systemically-administered antibodies localized to the 
subepithelial spaces of the gut tissue, and leaked into the gut lumen by toxin induced lesions. 
Because of this, the antibodies acted on the toxin in the lumen and also on toxin that leaked to 
the basolateral side of the gut wall through the toxin-induced lesions. Transport of bezlotoxumab 
was found to be paracellular rather than transcellular, and dependent upon toxin damage to the 
intestinal epithelium. Addition of 100 ng/ml MK-6072 to the basolateral side of the cell layer 
leads to minimal leakage (<0.2%) to the apical side even after incubation for 48 hours, but 
addition of toxin B to the apical side leads to a concentration-dependent increase in MK-6072 
transport, due presumably to toxin-induced damage to the epithelial cell layer. The Fc portion of 
bezlotoxumab was not found to play a role in transepithelial toxin neutralization. See also the 
summary Figure 16 below:
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Figure 16: Transport of MK-6072 Across Epithelial Layer is Dependent on Toxin-Induced 
Damage

Source: This submission.

5. CLINICAL STUDIES

The Applicant provided the following overview of their clinical development program:
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Table 10: Summary of Clinical Efficacy Trials with Actoxumab and Bezlotoxumab

P001 and P002 are pivotal Phase 3 trials. P001 was conducted to evaluate the safety and efficacy 
of bezlotoxumab, actoxumab, and actoxumab + bezlotoxumab in subjects receiving standard of 
care antibiotic treatment for CDI. P002 was conducted to evaluate safety and efficacy of 
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bezlotoxumab and actoxumab + bezlotoxumab in subjects receiving standard of care antibiotic 
treatment for CDI. The full analysis set (FAS) population (Figure 17) was used to describe study 
results. The FAS population includes all randomized subjects except those who did not receive 
study drug, did not have a positive stool test for toxigenic C. difficle, or did not receive protocol 
defined standard of care therapy within one day of infusion.

Figure 17: Population and endpoints in   the Phase 3 Efficacy studies.

Source: This submission.

5.1 PHASE 2 CLINICAL TRIALS

The efficacy and safety of bezlotoxumab administered alone or in combination with actoxumab 
have been evaluated in two Phase 2 trials (P017 and P018). Study P018 was titled “A phase II 
Randomized, Double-Blind, Placebo-Controlled Study of the Clinical Effectiveness of a human 
Monoclonal Antibody to Toxin A [CDA1] in Patients Being Treated for Clostridium difficile 
Associated Diarrhea (CDAD). Study P018 did not involve anti-toxin B antibody, bezlotoxumab, 
and therefore is not relevant to this review. Study P017 was included in the application and was 
titled “A Phase II Randomized, Double-Blind, Placebo-Controlled Study of the Clinical 
effectiveness of a Human monoclonal Antibody to Clostridium difficile Toxin A (GS-CDA1) and 
a Human monoclonal Antibody to Clostridium difficile Toxin B (MDX-1388) in Patients Being 
Treated for Clostridium difficile Associated Disease. 

Reviewer’s Comment
In this Phase 2 trial, the patients received both anti-toxin A and anti-toxin B together or placebo. 
From a clinical microbiology perspective, it is difficult to assess the contribution of anti-toxin B 
alone to efficacy when it is administered along with anti-toxin A. Furthermore, the development 
of anti-toxin A (actoxumab) was not pursued by the Applicant. Recurrence in this study was 
defined as development of a new episode of C. difficile disease associated with a positive C. 
difficile stool toxin test following resolution of a prior episode and after discontinuation of SOC. 
Therefore, patients that did not have resolution, would not be considered in this group. Other 
definitions of recurrence were also examined in the study. The inclusion criteria that were related 
to clinical microbiology included patients ≥18 years of age with diarrhea associated with a 
positive stool test for C. difficile toxin. Patients may be diagnosed with C. difficile by 
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hospital/clinic/reference microbiology laboratory or by rapid diagnostic test performed by study 
staff and the positive test result must be within 14 days of enrollment.

The Applicant stated that the proportion of subjects with recurrence in epidemiological important 
subgroups such as groups receiving SOC with either vancomycin or metronidazole, infection 
with the epidemic strain of C. difficile, and those patients with prior history of CDAD was lower 
in the monoclonal antibody treated group compared to placebo.

5.2. PHASE 3 CLINICAL TRIAL P001
The Phase 3 clinical trial as it pertains to clinical microbiology is described below:
The Phase 3 clinical trial is titled “A Phase III, Randomized, Double-Blind, Placebo-Controlled, 
Adaptive Design Study of the Efficacy, Safety, and Tolerability of a Single Infusion of MK-
3415, MK-6072, and MK-3415A in Patients Receiving Antibiotic Therapy for C. difficile 
Infection

Summary:
This trial was conducted at 184 sites in the United States and internationally to evaluate the 
efficacy, safety and tolerability of monoclonal antibodies to C. difficile toxin A, and toxin B 
compared to placebo in adults ≥ 18 years of age who were receiving oral standard of care 
antibiotic therapy (metronidazole, vancomycin, or fidaxomycin) for a primary or recurrent 
episode of CDI. Eligible subjects were randomized, 1:1:1:1 to 1 of 4 treatment groups, MK2415, 
MK-6072, MK-3415A, or placebo. The placebo was 0.9% sodium chloride. Subjects received a 
single 10 mg/kg intravenous infusion on study day 1. Subjects were followed for efficacy 
outcome through week 12. The study had an adaptive design in which one or both of the 
individual treatment groups could be dropped based on interim analysis results. 

Objectives:
Primary objectives were as follows:

1. To determine if treatment with a single infusion of MK3415A with SOC decreases the 
proportion of patients with CDI recurrence over a 12 week period as compared to MK-3415, 
MK-6072 alone.

2. To determine if treatment with a single infusion of MK3415A (and possibly single therapy 
with MK-6072 or MK-3415) with SOC decreases the proportion of patients with CDI recurrence 
over a period of 12 weeks as compared to treatment with a single infusion of placebo with SOC.

3. To evaluate the safety profile in patients receiving a single infusion of MK-3415, MK-6072, or 
MK-3415A with SOC as compared to placebo infusion with SOC.

Secondary objectives were focused on the comparison of MK3415A versus placebo, however, 
they also included the individual monoclonal antibody treatment groups, provided one of the 
groups was not found to be different than the MK-3415A group and had superiority versus 
placebo. These objectives were to assess patients who achieved clinical cure, global cure, and the 
proportion of patients with CDI recurrence. Subgroup analysis was done and that included two 
subgroups relevant to clinical microbiology: Patients infected with the BI/NAP1/027 strain of C. 
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difficile, and patients infected with or without an epidemic strain (including but not limited to 
BI/NAP1/027, 001, 078, and 106) of C. difficile at study entry.

The primary efficacy endpoint was CDI recurrence, which was defined as the proportion of 
subjects in the full analysis set (FAS) population with CDI recurrence through week 12. CDI 
recurrence was the development of a new episode of diarrhea associated with a positive local or 
central stool test for toxigenic C. difficile following clinical cure of the baseline CDI episode.

The secondary efficacy endpoint is global cure which was defined as the proportion of subjects 
with sustained clinical response. This was a clinical cure of the baseline CDI episode and no CDI 
recurrence through week 12. CDI recurrence was assessed as a secondary efficacy endpoint in 
subgroups of the FAS population. These assessments used the same definition for CDI 
recurrence as with the primary endpoint but were limited to patients with clinical cure of baseline 
CDI episode and other subgroups.

Exploratory efficacy endpoints included clinical cure, diarrhea recurrence, pharmacokinetics 
endpoint, immunogenicity endpoints, and safety endpoint. 

Results: 1452 subjects were reported by the Applicant to have primary or recurrent CDI episode 
and were receiving antibiotic therapy. 403 subjects were in the MK-3415A group, 242 subjects 
were in the MK-3415 group, 403 subjects were in the MK-6072 group, and 404 subjects were in 
the placebo group.

Applicant’s Conclusions: 
 There was no advantage of MK-3415A over MK-6072 in the overall population with 

respect to efficacy or safety. The CDI recurrence rate among subjects who had received 
MK-3415 alone was similar to the rate observed in subjects who have received placebo

 In subjects receiving SOC, MK-6072 treatment was superior to placebo in prevention of 
CDI recurrence over 12 weeks

 MK-6072 was efficacious in the trial population overall and in the subgroups
 The MK-6072 was favored over placebo in the secondary endpoint of global cure
 MK-6072 was well tolerated with a safety profile similar to placebo
 Anti-drug antibodies were not found in samples taken from subjects
 MK-6072 has a favorable benefit/risk profile

Reviewer’s Comment
The Full Analysis set served as a basis for efficacy analyses in most cases. Subgroups were 
selected based on baseline characteristics shown to be associated with an increased risk of CDI 
recurrence and or adverse outcomes. Specific inclusion criteria were defined by the Applicant. 
The criterion that applied directly to clinical microbiology was a positive stool test for toxigenic 
C. difficile from a stool sample collected no more than 7 days before the study infusion using 
specified stool test methods and kits. 

The timing of the clinical microbiology tests in study P001 are described below:
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 Local laboratory stool test for toxigenic C. difficile (Day 1 and unscheduled between day 
1 and week 12 [day 85 +/- 5 days]).

 Loose stool count log-throughout the study (day 1 to week 12)
 Stool sample for central laboratory anaerobic stool culture and other microbiological 

assessments (microbial identification, toxigenic strain typing and antibacterial 
susceptibility testing; day 1 and unscheduled day 1 to week 12)

 Stool sample for deep sequencing of gut flora (day 1).

Microbiological methods were briefly described by the Applicant below: 

Toxigenic C. difficile in Stool Specimens
The microbiology assessments in the trial included certain allowable stool test methods for use 
by local laboratories. A positive result for toxigenic C. difficile from a stool sample collected 
within 7 days prior to infusion was required for enrollment. If the subject experienced a new 
episode of diarrhea, a stool sample was to be obtained and tested for toxigenic C. difficile. The 
permitted assays included cell cytotoxicity assay, anaerobic culture with toxin detection or strain 
typing, and several commercial test kits. All accepted methods detected the presence of toxin B 
or the gene to produce toxin B (tcdB). The specificity of the assay noted in the product circular 
for a commercially available rapid diagnostic was to be 94% or higher. 

Anaerobic Culture
Stool samples were sent to the central laboratory for microbiological assessments. Stool samples 
were received frozen on dry ice and placed in -70 °C freezer in the central laboratory. Samples 
were removed from the freezer and transferred into an anaerobic chamber and thawed. Pure 
cultures were confirmed as C. difficile by Gram-stained smear and positive proline test and were 
inoculated into 20% skim milk for storage at -70 °C. Toxin production was demonstrated on 48-
72 h old pure cultures using an ELISA test (C. difficile Tox A/B II).

Antimicrobial Susceptibility 
Antimicrobial susceptibility testing was conducted by the central laboratory using CLSI methods 
(Clinical and Laboratory Standards Institute document, “Methods for Antimicrobial 
Susceptibility Testing of Anaerobic Bacteria”; Approved Standard-Eighth Edition. Wayne, PA: 
CLSI; 2012). 

REA Strain Type
All C. difficile strains isolated in baseline and post baseline samples were sent to a central 
laboratory for restriction endonuclease analysis (REA). A HindIII REA typing system for total 
genomic Clostridium difficile DNA was used by the Applicant. This involved DNA extraction 
and a scheme for organizing unique electrophoretic band patterns. Typing was performed using 
pure C. difficile cultures. A manual visual comparison of REA patterns to a collection of REA 
groups was completed by the Applicant using toxigenic groups that had been implicated in 
epidemics prior to the onset of the MK-3415A Phase 3 development program. The following 
groups were listed by the Applicant: 
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Additionally, REA groups A, W, E, AH, and N were assessed because they were associated with 
ribotypes that were reported in at least 10 isolates across the Phase 3 program
If the REA pattern did not match any of the REA groups listed above, it was designated as “Non-
specific REA”, which signified that it was not a member of a known epidemic group.

PCR Ribotyping
Polymerase Chain Reaction (PCR) ribotyping was completed on C. difficile culture by a central 
laboratory. DNA was extracted from a pure culture of C. difficile and amplified using PCR 
primers. Resulting DNA fragments were sized and a panel of well characterized C. difficile 
isolates comprised of PCR-ribotypes known to be associated with human CDI in Europe were 
used for comparison. The collection was assembled using strains previously shared between two 
established PCR-ribotyping laboratories in England and Northern Ireland. 

C. difficile Strains
Secondary objective in the phase 3 trial P001 included subgroup analysis for subjects infected 
with the C. difficile BI/NAP1/027 strain and another subgroup of subjects infected with an 
epidemic strain (including, but not limited to BI/NAP1/027, 001, 078, 106). A group of scientific 
advisors was consulted to determine which strains should be included in the subgroup analyses. 
The advisors recommended the following groups to the Applicant:

Reviewer’s Comment
The Applicant provided information on the basic methods that they used in the clinical 
microbiology laboratory during their clinical trial. The Applicant followed methods provided by 
the standards organization for anaerobes (the Clinical and Microbiology Laboratory Institute), 
and this is acceptable.
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Table 11: Subject Characteristics-CDI Diagnosis Full Analysis Set Population

Reviewer’s Comment
The number of patients in the FAS as well as the type of local laboratory test used for baseline 
CDI diagnosis were shown in the table above. The 386 subjects included in the MK-6072 arm 
were compared to the 395 subjects in the placebo arm. Among all the subjects in the FAS in the 
MK-6072 arm, PCR was the most common test methods used (56%) followed by EIA (39.1%), 
anaerobic culture (4.7%) and cell cytotoxicity assay (0.3%). The distribution of methods was 
comparable in the placebo arm. Most patients had loose stools at quantification, although some 
were unknown.

The ribotypes of the baseline isolates are shown in Table 12.
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Table 12: Summary of Baseline Ribotypes
FAS Population with Positive Baseline Culture Result
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Reviewer’s Comment
Table 12 shows that there were a variety of different ribotypes isolates at baseline in the FAS 
population, and that for many of them, only a small percentage was identified for each ribotype.

Table 13 shows the most common or hypervirulent ribotypes (027, 014, 106, 002, 001, 020, 078, 
244, other, unknown ribotypes) with positive baseline culture results. It also shows this 
information for the 027 ribotype, the epidemic strain (027, 014, 002, 001, 106, and 020 
ribotypes) and the hypervirulent strains (027, 078, or 244 ribotypes). The most common ribotype 
that was identified was the 027 ribotype, with 18.2% in the MK-6072 arm and 14.7% in the 
placebo arm. Almost half of the populations in the MK-6072 arm (42.7%) and the placebo arm 
(43.4%) had an epidemic strain. Only about 20% of the population in these arms had the 
hypervirulent strain.

Table 13: Summary of Baseline Ribotypes
FAS Population with Positive Baseline Culture Result

A summary of baseline ribotype by country was provided by the Applicant. A portion of the total 
table is shown in the Table 14 below to highlight those ribotypes which are from the United 
States.
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Table 14: Summary of Baseline Ribotypes by Country
Full Analysis Set Population with Positive Baseline Culture Result

Reviewer’s Comment
A variety of different ribotypes were identified as having been isolates from regions within 
the United States and were part of the FAS with positive baseline culture results as shown in 
the Table 14. The frequency of these ribotypes is indicated. This table again shows that the 
027 ribotypes is the most prevalent, followed by 106, 002, 014, 054, and 020. These were all 
above 4% out of the total number of subjects with a positive C. difficile culture at baseline in 
the United States.

The baseline REA groups were shown in the Table 15. The majority were in the BI (19.1%) and 
Y REA groups (15.6%). 
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Table 15: Summary of Baseline REA Group
FAS Set Population with Positive Baseline Culture Result

The MIC 90 for the isolates of C. difficile tested were  ≤4 mcg/mL for vancomycin, ≤ 2 mcg/mL 
for metronidazole and ≤ 0.5 mcg/mL for fidaxomycin (Table 16).

   Table 16: MIC Summary for Standard of Care 
Antibiotic by Standard of Care Stratum FAS population 

    with Positive Baseline Culture Result

The two arms that are most relevant to the development of bezlotoxumab were the MK-6072 arm 
(bezlotoxumab alone) (67 subjects in population) and the placebo arm (109 subjects in 
population). In the MK6072 arm, 45/67 subjects had baseline ribotyping and ribotyping done at 
recurrence (67%) (see Table 17). Of those subjects in the MK-6072 arm with ribotyping done at 
baseline and at recurrence, 34/67 (51%) subjects had the same ribotype identified from baseline, 
and 11/67 (16%) has a different ribotype identified from baseline. Data was not available for 
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22/67 (33%) subjects in the MK-6072 arm. In the placebo arm, 65/109 (60%) had baseline 
ribotyping and ribotyping done at recurrence. Of those subjects in the placebo arm with 
ribotyping done at baseline and at recurrence, 46/109 (42%) subjects had the same ribotype 
identified from baseline, and 19/109 (17%) had a different ribotype identified from baseline. 
Data was not available for 44/109 (40%) subjects in the placebo arm.

Table 17: Diagnosis and Severity of New CDI Episode
       FAS Population with CDI Recurrence

Of the patients in the FAS with the 027 ribotype of C. difficile, 26.1% had recurrence in the MK-
6072 arm and 36.1% had recurrence in the placebo arm (Table 18).
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Table 18: CDI Recurrence by Subgroup FAS Population

Reference ID: 3925554

    
    

   
              

             
   

            
             
              

    
                

              
    

                
              

     

             
             

   
                

          
               

            
             
       

             
             

                
   

             
             

                 

       
             

             
             

           
                 

   
                 
                

               

  
            

             
               

  
             

             
              



Division of Anti-Infective Products
Clinical microbiology Review

BLA761046 Bezlotoxumab

73

Reviewer’s Comment
Based on sponsor’s analysis, 77.5% of the FAS population in the MK6072 arm were clinical 
cures compared to 82.8% in the placebo arm.

5.3. PHASE 3 CLINICAL TRIAL P002
The Phase 3 clinical trial P002 was titled: A Phase III, randomized, Double-Blind, Placebo-
Controlled Study of the Efficacy, Safety, and Tolerability of a Single Infusion of MK6072 
(Human monoclonal Antibody to Clostridium difficile toxin B), and MK3415A (Human 
Monoclonal Antibodies to Clostridium difficile toxin A and B) in Patients Receiving Antibiotic 
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Therapy for Clostridium difficile Infection. The clinical trial design was very similar to the one 
provided above for Phase 3 clinical trial P001 with the following differences that are relevant to 
clinical microbiology noted for study P002:

 Clinical trial was initiated on February 9, 2012 and completed on May 22, 2015.
 The trial was conducted in 200 trial centers across 17 different countries.
 Subjects were randomized 1:1:1 to one of three treatment groups: MK-6072, MK3415A 

(MK-3415+MK6072), or placebo, whereas four treatment groups were used in study 
P001.

 Instead of the adaptive design in study P001, study P002 had an extended follow-up 
period of 9 months in a subset of approximately 300 patients, to assess CDI recurrence 
through month 12. Subjects who completed the 12-week main study were eligible to 
participate in the extension phase. For these subjects, any adverse experience with an 
outcome of death was reported though the end of the 12 month follow-up period. 
Additionally, any serious adverse events considered to be related to the study infusion 
were to be recorded at any time during the study.

 Primary objectives in the P001 study that involved interim analysis did not apply to P002. 
 An additional secondary objective in P002 was to determine if treatment with a single 

infusion of combined monoclonal antibody therapy (MK3415A) with standard of care 
therapy decreases the proportion of patients with CDI recurrence over a period of 12 
weeks as compared to treatment with a single infusion of individual monoclonal antibody 
therapy (MK-6072) with standard of care therapy.

Reviewer’s Comment
A total of 1203 subjects with primary or recurrent CDI episode who were receiving antibiotic 
therapy were randomized to 1 of 3 treatment groups: 397 to the MK-3415A group, 407 to the 
MK-6072 group, 399 to the placebo group. Based on sponsor analysis, 82.5% of the FAS 
population in the MK6072 arm were clinical cures, compared to 77.8% in the placebo arm. This 
is a different trend than what was seen for clinical cure in the P001 phase 3 trial, and the 
explanation is unclear at this time.

Applicant’s Conclusions:
 In subjects receiving SOC, MK-6072 treatment was superior to placebo in prevention of 

CDI recurrence over 12 weeks
 MK-6072 was efficacious in the trial population overall and in the subgroups
 The MK-6072 was favored over placebo in the secondary endpoint of global cure
 MK-6072 was well tolerated with a safety profile similar to placebo
 Anti-drug antibodies were not found in samples taken from subjects.
 MK-6072 has a favorable benefit/risk profile

There was no advantage of MK-3415A over MK-6072 in the overall population with respect to 
efficacy or safety.
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The timing of the clinical microbiology tests in study P002 are described below:
 Local laboratory stool test for toxigenic C. difficile (Day 1 and unscheduled between day 

1 and week 12 [day 85 +/- 5 days]).
 Loose stool count log-throughout the study (day 1 to week 12)
 Stool sample for central laboratory anaerobic stool culture and other microbiological 

assessments (microbial identification, toxigenic strain typing and antibacterial 
susceptibility testing; day 1 and unscheduled day 1 to week 12)

 Stool sample for deep sequencing of gut flora (days 1, 4, 11 and week 4).
 Cytokine profile (Day 1).

For the extended follow-up period, the following information was provided by the Applicant 
regarding microbiological assessments:

 Assessment of CDI recurrence including stool sample for local toxigenic C. difficile 
testing and culture for the central laboratory (months 4-12)

 Stool or rectal swab sample for central laboratory to assess for C. difficile carriage. 
Anaerobic culture and other microbiological methods (microbial identification, toxigenic 
strain typing and antibacterial susceptibility testing (months 6, 9,and 12)

Methods for anaerobic stool culture, antimicrobial susceptibility, RES strain type, PCR 
ribotyping, and the subgroups based on C. difficile strain used for efficacy analysis were as 
described in study P001 above.
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Table 19: Subject Characteristics-CDI Diagnosis FAS population

Source: This submission.

Reviewer’s Comment
The number of patients in the FAS as well as the type of local laboratory test used for baseline 
CDI diagnosis were shown in the Table 19. The 385 subjects included in the MK-6072 arm were 
compared to the 378 subjects in the placebo arm. Among all the subjects in the FAS in the MK-
6072 arm, EIA was the most common test methods used (55.9%) followed by PCR (35.7%), 
anaerobic culture (6.1%) and cell cytotoxicity assay (2.3%). The distribution of methods was 
similar in the placebo arm, although it is noted that the most prevalent method was EIA for this 
trial, but PCR for the P001 trial. Most patients had loose stools at quantification, although some 
were unknown.

Table 20 shows that there were a variety of different ribotypes isolates at baseline in the FAS 
population of the P002 trial, and that for many of them, only a small percentage was identified 
for each ribotype.
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Table 20: Summary of Baseline Ribotypes
FAS Population with Positive Baseline Culture Result
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Reference ID: 3925554
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Table 21 shows the most common or hypervirulent ribotypes (027, 014, 106, 002, 001, 020, 078, 
244, other, unknown ribotypes) with positive baseline culture result. It also shows this 
information for the 027 ribotype, the epidemic strain (027, 014, 002, 001, 106, and 020 
ribotypes) and the hypervirulent strains (027, 078, or 244 ribotypes). The most common ribotype 
that was identified was the 027 ribotype, with 18.1% in the MK-6072 arm and 26.6% in the 
placebo arm. Almost half of the populations in the MK-6072 arm (43.0%) and the placebo arm 
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(52.7%) had an epidemic strain. Only about 20-30% of the population in these arms had the 
hypervirulent strain.

Table 21: Summary of Baseline PCR Ribotypes
FAS Population with Positive Baseline Culture Result

A variety of different ribotypes were identified as having been isolated from regions within 
the United States and were part of the FAS with positive baseline culture result as shown in 
Table 22. The frequency of these ribotypes is indicated. 
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Table 22: Summary of Baseline Ribotypes by Country
Full Analysis Set Population with Positive Baseline Culture Result

Reviewer’s Comment
This table again shows that the 027 ribotypes is the most prevalent, followed by 106, 002, 014, 
020 and 002. These were all above 4% out of the total number of subjects with a positive C. 
difficile culture at baseline in the United States. These results were similar to the P001 trial but 
with 002 replacing 054 from the P001 trial on the list of most prevalent.

The baseline REA groups were shown in Table 23. As with the P001 trial, the majority of 
isolates were in the BI (22.2%) and Y REA groups (12.2%). 

Table 23: Summary of Baseline REA Group 
FAS population with positive Baseline Culture Result

Table 24 summarized the vancomycin, metronidazole and fidaxomicin MIC results for baseline 
isolates.
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Table 24: MIC Summary of Standard of Care Antibiotic by Standard of 
Care Stratum FAS Analysis Set Population with Positive Baseline Culture Result

Reviewer’s Comment
The MIC 90 for the isolates of C. difficile tested in the P002 trial were the same as the MIC 90 
for the isolates of C. difficile tested in the P001 trial for metronidazole (≤ 2mcg/mL) and 
fidaxomycin (≤ 0.5 mcg/mL). The MIC90 for vancomycin in the P001 trial was ≤4 mcg/mL in 
both the MK6072 arm and the placebo arm. In the P002 trial, the MIC90 for vancomycin was 
was ≤4 mcg/mL in the MK6072 arm, and ≤2 mcg/mL in the placebo arm.

A new CDI episode was observed in 67 subjects in the MK-6072 (bezlotoxumab) arm and 97 
subjects in the placebo arm (Table 25). Of subjects in the MK-6072 arm, 33/62 (53%) had a 
ribotype determined at baseline and at recurrence. Of those subjects in the MK-6072 arm with 
ribotypes at baseline and recurrence, 27/62 (44 %) subjects had ribotypes that were the same as 
baseline, and 6/62 (10%) subjects had ribotypes that were different than baseline. Data was not 
available for 29/62 (47%) of subjects in that study arm. In the placebo arm, 55/97 (57%) of 
subjects had a ribotype determined at baseline and at recurrence. Of those subjects with ribotypes 
determined at baseline and recurrence, 44/97 (45%) of subjects had ribotypes were the same as 
baseline, 11/97 (11%) subjects had ribotypes that were different than baseline, and 42/97 (43 %) 
of subjects did not have available data.
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Table 25: Diagnosis and Severity of New CDI Episode
FAS Population with CDI Recurrence

Source: this submission.
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Table 26: CDI Recurrence by Subgroup FAS Population
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Reviewer’s Comment
Of the patients in the FAS with the 027 ribotype of C. difficile, (9/43 subjects) 20.9% had 
recurrence in the MK-6072 arm and (21/64 subjects) 32.8% had recurrence in the placebo arm.

General Conclusions: Clinical Studies:
The Phase 2/3 clinical development program involved 4 completed trials, two Phase 2 trials, and 
two pivotal Phase 3 trials. Each of the Phase 3 clinical trials was a randomized, double-blind, 
placebo-controlled, multi-center trial conducted in adults 18 years of age or older who were 
receiving standard of care antibiotic treatment for a primary or recurrent episode of CDI. The 
trials were designed to demonstrate that a single IV infusion of actoxumab, bezlotoxumab, or 
actoxumab + bezlotoxumab, when given with standard of care antibiotics, decreased the 
proportion of subjects with CDI recurrence compared to treatment with a single infusion of 
placebo with standard of care antibiotics. Primary efficacy endpoint was CDI recurrence in the 
full analysis set (FAS) and secondary endpoints were CDI recurrence in the subset of FAS with 
clinical cure, and CDI recurrence by subgroup. Subgroups included patients infected with the 
BI/NAP1/027 C. difficile strain, or with an epidemic strain. Exploratory objectives included time 
to CDI recurrence, clinical cure, time to resolution of baseline CDI episode, stool counts during 
baseline episode, white blood cell counts on day 4 and day 11, and diarrhea recurrence. 
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6.3. FDA’S VERSION OF THE MICROBIOLOGY SECTION OF THE LABELING
12.1 Mechanism of Action
TRADEMARK (bezlotoxumab) is a human monoclonal antibody directed against C. difficile 
toxin B [see Microbiology (12.4)].

12.4 Microbiology
Mechanism of Action

Bezlotoxumab is a monoclonal antibody that binds toxin B with an affinity equilibrium 
dissociation constant (Kd) of <1 x 10-9 M. Bezlotoxumab inhibits the binding of toxin B to 
mammalian cells, preventing the intracellular entry of toxin B, including the enzymatic 
components responsible for the pathogenic effects of toxin B. C. difficile produces two 
exotoxins, toxin A and toxin B, which contribute to the persistence of tissue damage and immune 
system effects that underlie the symptoms of CDI, however, bezlotoxumab does not bind to toxin 
A. 

Activity In Vitro 
Bezlotoxumab binds in vitro to toxin B from the VPI10463 strain of C. difficile. 

Bezlotoxumab binds to an epitope on toxin B that is conserved across reported strains of C. 
difficile, although amino acid sequence variation within the epitope does occur. 

In vitro studies in cell-based assays using Vero cells or Caco-2 cells, suggest that bezlotoxumab 
neutralizes the toxic effects of toxin B.
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APPENDIX-1: ASSAYS USED FOR DETECTION OF TOXIGENIC C. DIFFICILE

On March 2, 2016, the applicant was asked to provide the following information: 

Reviewer’s Comment: Provide a complete list of diagnostic test methods used for the 
detection of toxigenic Clostridium difficile during Phase 3 clinical trials. Include the 
manufacturer’s package insert for each test method, and specify whether the test method is 
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FDA cleared. If the test in not FDA cleared, then submit the complete assay 
validation/verification study report. We request a response as soon as possible before 3-16-
16.

Applicant’s Response: “We have been able to retrieve most of the requested package insert 
and/or validation report information for the 27 diagnostic test methods used in the Phase 3 
clinical trials; however, there are a few of the methods for which we are still trying to obtain the 
information from the manufacturers.  We have assembled all of the information that we have to 
date and will submit to the BLA later this evening.  We will follow-up regarding the outstanding 
information as soon as possible. I will let you know when the submission goes through.  It will 
include a response document with the complete list of test methods and their FDA-clearance 
status, as well as a summary of the insert/validation report information that is being provided and 
the status of the ones that are not included.  The response and the supporting inserts/reports will 
be provided in Module 1.11.3.”

The Applicant also provided the following information:
In both of the Phase 3 clinical trials (P001, P002) for bezlotoxumab (MK-6072), the
following C. difficile diagnostic test methods were permitted for the detection of toxigenic C.
difficile:
1. Stool culture with toxigenic strain typing, OR
2. Stool culture with toxin detection from C. difficile isolates, OR
3. Cell culture cytotoxin assay, OR
4. A commercially available, rapid diagnostic assay used for the detection of toxigenic C.
difficile.

“Each commercially available, rapid diagnostic assay used for the detection of toxigenic C.
difficile during the Phase 3 clinical trials of bezlotoxumab was selected according to the
following criteria:

1. the assay is approved for use by the local regulatory agency; and
2. the specificity of the assay, as reported by the manufacturer, is 94% or higher; and
3. the assay must detect the presence of toxin B or the gene (tcdB) associated with toxin B
production (with or without toxin A detection).

Table 1 lists the commercially available, rapid diagnostic assays which were deemed
acceptable for use in the Phase 3 clinical trials. Overall, there were 22 different
commercially available, rapid diagnostic assays deemed acceptable for use in the Phase 3
clinical trials. The acceptability of each assay was confirmed by Merck via review of the
package insert and/or other information provided to ensure that the assay met the 3 criteria
outlined above. As indicated below, the majority of these assays (16 of 22, 73%) were
approved by the FDA. The remaining 6 assays were approved by the appropriate regulatory
agency in the country where the assay was used, but Merck cannot find evidence that these
kits are approved by the FDA (listed as NA in the 510(k) columns within).”
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should be noted that in assessing the acceptability of this assay for use in the clinical trials,
Merck reviewed the package insert (provided in Module 1.11.3). A poster describing this
assay’s operational characteristics, which was presented at the 24th European Congress of
Clinical Microbiology & Infectious Diseases (ECCMID) in Barcelona, Spain in May 2014
(Poster Number 0739), is also provided in Module 1.11.3.”

Kerian Grande Roche, Ph.D.
Clinical Microbiology  Reviewer
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