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foirnul ation was prepared as determned in an antigen bindi ng assay
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present application neans *10% unless stated otherwise. 5In a first
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In certain enbodinents the fornulations are suitable for

adm nistering intranuscularly, intradermally, subcutaneously,
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chl oride, 50-250 mM e.g. about 150 m\); conprise a surfactant, e.g.
pol ysorbate 80 (0.0005% 0.05% e.g. about 0.01%, and are preferably
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Based on the results obtained with the three latter methods it was
concl uded that no 20significant degradation of the antibodies in the
anti body owokbmioks2eccurred during storage for 6 nont hs pati/EPz@@o6sr44
252C, while sone m nor aggregation and degradati on was observed after

storage for up to 3 nonths at 402C. In summary, it was

concl uded that the anti body cocktail is stable for at |east 6 nonths
at the storage condition of 5+3C and 25%2C and for at |east 3 nonths
at the storage 25condition of 40+2C. Based on the results after

12 nont hs ( si mrhaform@itibisacearigebtmiinedtial t¢@iprle aunithtant, dRb &nooi as
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R
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CR4098 10 tHHEbI¥kofbhtetB0is relend irl he FrhiRi0R5in 18 addOntGrddB alu00 506598 wirbiom
CR57 + 0.3 ng/m_ CR4098 10 150 0.01 6.0 6 0.3 rnWil CR57 +
about 0.05% w/v, preferably from about 0.005% w/v to about 0.03% w/v, more preferably
10 from about 0.008% w/v to about 0.015% w/v. In a preferred embodiment polysorbate 80 is
present in an amount of about 0.01% w/v.
In certain embodiments, the invention provides formulations according to the
invention, wherein the citrate buffer, e.g. sodium citrate dehydrate (2.5 mg/ml)/citric acid
monohydrate (0.3 mg/ml) buffer, is present at a concentration from about 5 mM to about 25
15  mM, preferably from about 7 mM to about 20 mM, more preferably from about 8 mM to
about 15 mM, and particularly from about 9 mM to about 12 mM. In a preferred embodiment
the citrate buffer is present at a concentration of about 10 mM.
In certain embodiments the invention is concerned with formulations according to the
invention, wherein the pH ranges from about 5.2 to about 6.8, typically from about 5.5 to

20  about 6.5, preferably from about 5.7 to about 6.3, more preferably from about 5.8 to about 6.2
and particularly from about 5.9 to about 6.1. In a preferred embodiment the pH is about 6.0.

In a specific, non-limiting, embodiment the tonicity agent is sodium chloride. Other

salts can for instance also be used as tonicity agents, or for instance sugars, and the like, as
25  long as they are pharmaceutically acceptable, as is known to the skilled person. In certain

embodiments of the invention, the tonicity agent is present at a concentration from about 50

mM to about 250 mM, typically from about 75 mM to about 225 mM, preferably from about

100 mM to about 200 mM, and more preferably from about 125 mM to about 175 mM. In a

preferred embodiment the tonicity agent is present at a concentration of about 150 mM. In
30  certain embodiments the osmolality of the formulations according to the invention ranges

from about 250 mOsm/kg to about 350 mOsm/kg, preferably from about 270 mOsm/kg to



0.3 ng/m CR4098 10 150 0.03 6.0 Table 2. Preparation of the

formul ati ons. Number Antibody CR57 (2.5 ng/m) Antibody CR4098 (1.0
ng/ ml) 5%we voopoésgsor bate 80 (m ) Final volurme (ml) (e@)/ErPforides244. 20
0.00 0.70 35.00 2 4.20 0.00 2.10 35.00 3 0.00 1 0.5 0 0.70 35.00 4
0.00 10.50 2.10 35.00 5 4.20 10.50 0.70 35.00 6 4.20 10.50 2.10 35,00
10 Table 3. Analysis of sanples of the various fornulations at the
indicated tinme points and with the indi éated nethods. Tine points
53C/ anbi ent relative 25+2C/ 60+5% rel ati ve

about 330 mOsm/kg, more preferably from about 280 mOsm/kg to about 320 mOsm/kg, and
particularly from about 290 mOsm/kg to about 310 mOsm/kg. In a preferred embodiment the
osmolality is about 300 mOsm/kg. In other words, the formulations are preferably
substantially isotonic, i.e. having substantially the same osmotic pressure as human blood.

5  Isotonicity can be measured using vapour pressure or ice-freezing type osmometers, for
example. The osmolality of the formulations of the invention can for instance be regulated by

one or more tonicity agents.

The concentration of each antibody in the formulations of the invention preferably is
10  between about 0.1 and 2.0 mg/ml, typically between about 0.1 and 1 mg/ml. In certain non-
limiting embodiments, the concentration of each antibody is 0.15 (+ 20%) mg/ml. In other
non-limiting embodiments each antibody is present in a concentration of 0.3 (+ 20%) mg/ml
(i.e. total 0.6 mg/ml for two antibodies).
In certain embodiments, the (protein) ratio of the two antibodies is between 5:1 and

15 1:5, preferably between 2:1 and 1:2 and particularly about 1:1.

Furthermore, the formulation according to the invention may comprise other
excipients including, but not limited to, amino acids and salts thereof, sugars, proteins,
diluents, solubilizing agents, pH-modifiers, soothing agents, additional buffers, other

20  inorganic or organic salts, antioxidants, or the like. Preferably, however, the formulations of
the present invention comprise no other excipients next to a citrate buffer, a tonicity agent and

a surfactant.

In the formulations according to the invention the anti-rabies virus monoclonal
25  antibodies CR57 and CR4098 are stable at about 2°C to about 8°C for at least about 1 year,
typically at least about 18 months. Preferably they may be stable at about 2-8°C for at least
about 2 years, more preferably 3 years.
Furthermore, the anti-rabies virus monoclonal antibodies are stable in the formulations
according to the invention at about 25 =+ 2°C for at least about 2 months. Besides that, the
30  anti-rabies virus monoclonal antibodies are stable in the formulations according to the

invention at about 40 &+ 2°C for at least 2 weeks.
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In certain embodiments the formulations are suitable for administering
intramuscularly, intradermally, subcutaneously, injected locally into a wound, or a
combination thereof. Therefore, the formulations are preferably sterile. Methods for making
formulations sterile are well known in the art and include filtration through sterile filtration
membranes or autoclaving the ingredients of the formulation, with the exception of the

antibodies, at about 120°C for about 30 minutes, for example.

In preferred embodiments the formulations are substantially free of endotoxin.
Endotoxins are low molecular weight complexes of about 10 kDa that are associated with the
outer cell wall of gram-negative bacteria that can produce pyrogenic reactions upon parenteral
administration to a patient. Accordingly, the FDA has set an upper limit of 5 EU per dose per
kilogram body weight in a single one-hour period for intravenous drug applications (see, e.g.,
The United States Pharmacopeial Convention (USP), Pharmacopeial Forum 26 (1):223
(2000)). In certain embodiments, the formulation has a concentration of endotoxin of less than
about 5.0 endotoxin units per milliliter (EU/ml) (a concentration of less than about 5.0 EU/ml
is referred to herein as substantially free of endotoxin), preferably less than about 2.5 EU/ml,
more preferably less than about 1.0 EU/ml, even more preferably less than about 0.5 EU/ml
and particularly less than about 0.30 EU/ml. In certain embodiment, the formulation has a
concentration of endotoxin that ranges from about 0.001 EU/ml to about 5.0 EU/ml. Methods
for measuring endotoxins are known to a person skilled in the art and include, but are not

limited to, gel-clot assays, turbidimetric (spectrophotometric) assays and chromogenic assays.

“Post exposure prophylaxis” (PEP) is indicated for persons possibly exposed to a rabid
animal. Possible exposures include bite exposure (i.e. any penetration of the skin by teeth)
including animal bites, and non-bite exposure. The formulations according to the invention
can be administered to a subject in need thereof for use in prevention and/or treatment, e.g.
post exposure prophylaxis, of a rabies virus infection. The formulations of the invention may
be employed in conjunction with other molecules useful in diagnosis, prophylaxis and/or
treatment of rabies virus. For instance, they can be co-administered with a vaccine against

rabies virus. Alternatively, the vaccine may also be administered before or after
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administration of the formulations of the invention. Administration of the formulations of the
invention with a vaccine is suitable for post exposure prophylaxis. Rabies vaccines include,
but are not limited to, purified chick embryo cell (PCEC) vaccine (RabAvert, Rabipur),
human diploid cell vaccine (HDCV; Imovax vaccine) or rabies vaccine adsorbed (RVA).
Preferably, a single bolus of the formulations of the invention are administered. The dosing
regimen of post exposure prophylaxis is administration of five doses of rabies vaccine
intramuscularly in the deltoid muscle on days 0, 3, 7, 14 and 28 after exposure in individuals
not previously immunized against rabies virus. The formulations according to the invention
should be administered into and around the wounds on day 0 or otherwise as soon as possible
after exposure, with the remaining volume given intramuscularly at a site distant from the
vaccine. Non-vaccinated individuals are advised to be administered anti-rabies virus
antibodies. A therapeutically effective amount of antibody or antibodies is administered,
which amount is effective or at least partially effective for PEP of rabies, i.e. rabies virus is
neutralized.

In a further aspect the invention provides a pharmaceutical unit dosage form
comprising an effective amount of a formulation according to the invention for post exposure
prophylaxis treatment of a subject through administration of the dosage form to the subject. In
a preferred embodiment the subject is a human. The human may be an adult or may be an
infant. The term "pharmaceutical unit dosage form" as used herein refers to a physically
discrete unit suitable as unitary dosages for the subjects to be treated, each unit containing a
predetermined quantity of active compound calculated to produce the desired
therapeutic/prophylactic effect in association with the required pharmaceutical carrier, diluent,
or excipient.

The unit dosage form may be a container comprising the formulation. Suitable
containers include, but are not limited to, sealed ampoules, vials, bottles, syringes, and test
tubes. The containers may be formed from a variety of materials such as glass or plastic and
may have a sterile access port (for example the container may be a vial having a stopper
pierceable by a hypodermic injection needle). In a preferred embodiment the container is a
vial. The vial preferably comprise a volume from about 0.3 ml to about 3 ml. Preferably, the
vial contains anti-rabies virus antibodies in an amount from about 0.1 mg to about 2.0 mg. In

an embodiment the vial contains a total of 750-2000 IU of rabies virus neutralizing
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monoclonal antibodies per vial. This type of vial can suitably be used for administration to an
adult, while a vial containing a total of 250-750 IU of rabies virus neutralizing monoclonal
antibodies per vial can suitable be used for administration to an infant. The antibodies are
typically formulated in the formulations of the invention in a therapeutically effective amount.
Dosage regimens can be adjusted to provide the optimum desired response (e.g. a therapeutic
response). A suitable dosage range may for instance be 10-30 IU/kg body weight, such as
about 20 [U/kg body weight.

The pharmaceutical unit dosage form may be present in a kit, further comprising a
instructions for use. The kit may further comprise more containers comprising
pharmaceutically acceptable excipients and include other materials desirable from a
commercial and user standpoint, including filters, needles, syringes. Associated with the kits
can be instructions customarily included in commercial packages of therapeutic, prophylactic
or diagnostic products, that contain information about for example the indications, usage,
dosage, manufacture, administration, contra-indications and/or warnings concerning the use
of such therapeutic, prophylactic or diagnostic products. In certain embodiments the kit
comprises instructions to use the appropriate volume necessary to achieve a dose of about 5

IU/kg to about 40 IU/kg, e.g. 20 TU/kg.

Furthermore, the present invention is concerned with a method for improving the
storage of two anti-rabies virus monoclonal antibodies in one, e.g. a single, formulation by
formulating the antibodies (CR57 and CR4098 or functional variants) in a liquid
pharmaceutical formulation according to the invention. The formulation may be stored at a
temperature from about 2°C to about 40°C, e.g. between about 2-8°C. However, the
formulations may also be stored at temperatures below 2°C, e.g. at about —20°C, -70°C, etc.
By storing the antibodies in the specific formulations according to the invention the amount of
by-product formation of the antibodies is reduced. For practical reasons, it is preferred to store
the individual antibodies CR57 and CR4098 frozen, e.g. at -70+10°C, before they are mixed,
while the final product (cocktail of CR57 and CR4098) is preferably stored in liquid form at
5+3°C.
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In a further aspect the invention also pertains to liquid pharmaceutical formulations
comprising a single anti-rabies virus monoclonal antibody, i.e. either CR57 or CR4098 or a
functional variant of one of these. Preferably, these formulations comprise all features and
excipients as described hereinabove. Thus, in preferred embodiments they contain citrate
5  buffer (5-25 mM) and have pH 5.5-6.5, e.g. about 6.0; contain a tonicity agent (e.g. sodium
chloride, 50-250 mM, e¢.g. about 150 mM); comprise a surfactant, e.g. polysorbate 80
(0.0005%-0.05%, e.g. about 0.01%), and are preferably substantially isotonic, sterile and
substantially free of endotoxin Features and excipients that might differ from those described
above for formulations comprising two different anti-rabies virus monoclonal antibodies are
10 indicated below.
In certain embodiments, formulations according to the invention may comprising a
single anti-rabies virus monoclonal antibody in an amount from about 0.1 mg/ml to about 6.0
mg/ml, typically from about 1.0 mg/ml to about 4.0 mg/ml, ¢.g. from about 2.0 mg/ml to
about 3.0 mg/ml. In a specific embodiment the formulation has a rabies virus neutralizing
15  potency ranging from about 300 IU/mg to about 1600 1U/mg, ¢.g. from about 500 IU/mg to
about 1250 TU/mg. Formulations comprising a single antibody as described above may be

combined/mixed with one another to obtain the formulations of the invention comprising two

antibodies, i.e. an antibody cocktail.

20 EXAMPLES
To illustrate the invention, the following examples are provided. The examples are not
intended to limit the scope of the invention in any way. In general, the practice of the present
invention employs, unless otherwise indicated, conventional techniques of chemistry,
molecular biology, recombinant DNA technology, immunology such as antibody technology

25  and standard techniques of polypeptide preparation as described in Sambrook, Fritsch and
Maniatis, Molecular Cloning: Cold Spring Harbor Laboratory Press (1989); Antibody
Engineering Protocols (Methods in Molecular Biology), volume 51, Ed.: Paul S., Humana
Press (1996); Antibody Engineering: A Practical Approach (Practical Approach Series, 169),
Eds.: McCafferty J. et al., Humana Press (1996); Antibodies: A Laboratory Manual, Harlow

30 and Lane, Cold Spring Harbor Laboratory Press (1999); and Current Protocols in Molecular
Biology, Eds. Ausubel et al., John Wiley & Sons (1992), for example.
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The amino acid sequences of the CR57 and CR4098 antibodies is shown in Table 10.
Identification, cloning, preparation and characterization of these neutralizing anti-rabies virus
antibodies has been described in detail in WO 2005/118644. The antibodies were
manufactured on a large scale in an essentially similar way. A starting culture of PER.C6 cells
stably expressing an anti-rabies virus antibody was thawed, the cells were cultured and
cultures were expanded and used to inoculate a biorcactor. The biorcactor was first operated
in batch mode followed by fed-batch mode. Medium containing the respective antibody was
harvested and clarified by centrifugation and filtrated before further downstream processing.
The downstream purification process consisted of standard chromatographic and filtration
steps followed by a buffer exchange to formulation buffer lacking polysorbate 80 and
concentration to obtain the desired antibody concentration. After addition of polysorbate 80
and filtration, the obtained drug substance (either antibody CR57 or antibody CR4098) was
stored at —80°C until further use. For the manufacture into drug product the drug substances
were diluted with formulation buffer, antibody concentrations were measured, and both
antibody dilutions were mixed and filtered before final filling.

For stability studies different formulations of the drug substances (single antibodies)
and the drug product (cocktail of antibodies) were prepared and analysed. Samples of the
different formulations were analysed at different time points and temperatures using various
analytical methods well known in the art.

HPSEC, SDS-PAGE (reduced and non-reduced), protein concentration (A280), IEF,
appearance, pH, and osmolality were used to evaluate the stabilising effects of the different
formulation buffers on the CR57 antibody, the CR4098 antibody and mixtures thereof.

HPSEC was used in part to assess the presence of degradation products of the
antibodies due to aggregation or proteolysis. SDS-PAGE was used in part to assess the
integrity of the intact antibody and the presence of impurities and potential degradation
products. Protein concentration was measured to assess the maintenance of the formulation’s
protein concentration within an acceptable range. IEF was used to assess the presence and
integrity of antibody isoforms that may be present in the formulations and monitor them over
time to assess changes that may occur due to deamidation or loss of sialic acid. Appearance of
the formulations was conducted based on visual inspection for clarity, colour and the presence

of particulates. pH was measured to assess the maintenance of the formulation’s pH within an
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acceptable range of about 5.5 to about 6.5. Osmolality was measured to assess the
maintenance of the formulation’s osmolality within an acceptable range of about 250
mOsm/kg to about 350 mOsm/kg.

In a first study different buffer systems were tested. For that purpose anti-rabies virus
antibody formulations formulated in citrate buffers were compared to anti-rabics virus
antibody formulations formulated in phosphate buffers. Formulations comprising either CR57
(0.1 mg/ml), CR4098 (0.15 mg/ml) or a mixture/cocktail (1:1.5 mixture) of CR57 (0.1 mg/ml)
and CR4098 (0.15 mg/ml) in a 20 mM citrate buffer (pH 6.0) or a 20 mM citrate buffer (pH
6.5) were stable upon storage up to 4 weeks at 5+3°C/ambient relative humidity,
25+2°C/60+5% relative humidity and 40+2°C/75+5% relative humidity as indicated by
HPSEC analysis. All formulations had a purity of antibody monomer (area %) of >96% as
determined by HPSEC (see Figures 1-3). Formulations comprising either CR57 (0.1 mg/ml),
CR4098 (0.15 mg/ml) or a mixture (1:1.5 mixture) of CR57 (0.1 mg/ml) and CR4098 (0.15
mg/ml) in a 20 mM phosphate buffer (pH 7.0) had a purity of antibody monomer that was
significantly lower upon storage for up to 4 weeks at 40+2°C/75+5% relative humidity
compared to formulations in the citrate buffers for the same time period and under the same
temperature conditions (see Figures 1-3). When polysorbate 80 (0.01% w/v) was added to the
phosphate buffer, the purity of antibody monomer decreased further to values of about 70%
for CR4098 and about 85% for CR57 and the mixture upon storage for up to 4 weeks at
40£2°C/75%£5% relative humidity (see Figures 1-3). The results clearly show that stability of
the separate antibodies as well as the mixture of antibodies is superior in citrate buffers
compared to phosphate buffers. In phosphate buffers the antibodies are degraded through
fragmentation. The antibodies were equally stable in formulations comprising citrate buffers
of pH 6.0 and pH 6.5. Furthermore, it was concluded that addition of polysorbate 80 in
phosphate buffers causes additional antibody impurities. The results found with HPSEC were
confirmed by other analysis methods including IEF and SDS-PAGE (reduced and non-

reduced)(data not shown). Based on the study citrate was used as a buffer system.

To determine optimal surfactant concentration of the formulations, citrate-based

formulations comprising different polysorbate 80 concentrations were analysed (see Table 1).



1.34 1.34 + + + + 6.0 NDND 6.0 (-7010C) 0.40% 1.42% 0. 60% 0. 62%
CR4098 1.21 1.22 1.31 1.29 + + + + 6.1 NDND 6.1 (53C) 0.67% 1. 02%
1. 21% 0. 9880 2008/06824¢ CR4098 1.21 1.21 1.20 1.24 + + PCT/EP2007/063244

10

15

20

25

30

16

The formulations were prepared as follows. The antibodies CR57 and CR4098 (drug
substances) were prepared essentially as described above. They were filtered with a 0.1 pm
filter. Protein concentration was the same before and after filtration as measured by A280
protein concentration determination. The concentration of CR57 was 2.5 mg/ml and the
concentration of CR4098 was 1.0 mg/ml. Next, a buffer containing 10 mM citrate (pH 6.0)
and 50 mM sodium chloride and a buffer containing 10 mM citrate (pH 6.0), 50 mM sodium
chloride and 5% polysorbate 80 were prepared. The formulations were prepared as described
in Table 2. The final volume was reached with a buffer containing 10 mM citrate (pH 6.0) and
50 mM sodium chloride. The osmolality of all formulations was determined and sodium
chloride was added to bring the formulations to an osmolality of about 300 mOsm/kg (iso-
osmotic), i.e. the final concentration of sodium chloride in the formulations was 150 mM.
Finally, all formulations were filtered with 0.22 pm filters and filled out (400 ul) into 2 ml
Eppendorf cups for all tests with the exception of the appearance test, shake study and pH
analysis, wherein use was made of 5 ml injection vials (filled with 2 ml sample) capped with
20 mm stoppers and sealed with aluminium caps. The formulations were stored in stability
cabinets at 5+3°C/ambient relative humidity, 25+2°C/60£5% relative humidity, or
40+2°C/75+5% relative humidity. At indicated time points two samples were taken and
analysed in monoplo according to the schedule as shown in Table 3.

As already indicated above, protein concentration was the same before and after
filtration as measured by A280 protein concentration determination.

The results of the HPSEC analysis are shown in Table 4. The protein components
were separated through HPSEC using an isocratic elution method, which allows rapid
analysis and high resolution of protein components and also has an improved reproducibility.
The results show that at t=0 weeks all formulations had a purity as determined by HPSEC of
98-100%. All formulations showed a comparable purity at t=13 weeks (and all intermediate
time points between t=0 and t=13 weeks) compared to t=0 weeks at 5+3°C/ambient relative
humidity (i.e. 2-8°C/ambient relative humidity), indicating stability at this temperature for at
least 13 weeks. Only for formulation 2 the purity at t=8 and t=13 weeks was just below 98%.
Moreover, it was concluded from Table 4 that at 25+£2°C/60+£5% relative humidity all
formulations at all time points showed a purity higher than 95%, indicating that the antibodies

are also stable for at least 13 weeks at this temperature. At an elevated temperature of
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40+2°C/75+5% relative humidity all formulations showed a purity of >95% in the first two
weeks, indicating that the antibodies are stable for at least two weeks at this elevated
temperature. At all time points beyond two weeks all formulations showed a purity higher
than about 90%, indicating that the antibodies are relatively stable for at least 13 weeks at this
5 elevated temperature. The impurities found with this method included aggregates and
fragments of the antibody monomers. The results further indicated that formulations with
0.01% (w/v) polysorbate 80 had a higher purity than similar formulations with 0.03% (w/v)
polysorbate 80 (compare purity of formulation 1 with 2, formulation 3 with 4, and
formulation 5 with 6). The same impurities were observed for both polysorbate
10  concentrations.

Results of the SDS-PAGE analysis were consistent with the data found with HPSEC.
On the basis of non-reduced and reduced SDS-PAGE analysis, the formulations stored at
5+3°C/ambient relative humidity and 25+2°C/60+£5% relative humidity showed no signs of
significant degradation at all time points when compared to a reference standard, while some

15  minor degradation was found at the different time points of the formulations stored at
40+2°C/75+5% relative humidity (data not shown). No differences for all formulations were
observed between the different polysorbate 80 concentrations.

The identification of the antibody samples through SDS-PAGE only confirms the
integrity of the antibodies, but it does not illustrate their native or denatured state. IEF

20  illustrates the pI of the antibodies and is also helpful in indicating the conformational
microheterogenicity of the antibodies. The combination of IEF with SDS-PAGE is a powerful
tool for the detection of even small differences in antibody structures and properties. Based on
the IEF results, for all formulations no significant differences were found between the
different polysorbate 80 concentrations (data not shown). When the formulations were stored

25 at 40+£2°C/75+5% relative humidity, minor degradation (most likely due to deamidation) was
observed from time point t=6 weeks on.

The visual inspection of the clarity and colour of all formulations stored at
5+3°C/ambient relative humidity, 25+2°C/60£5% relative humidity and 40+£2°C/75+£5%
relative humidity showed that the formulations were practically free of particles up to t=13

30  weeks, although it was observed that the amount of formulations with particles increased

slightly when stored at higher temperatures. The formulations comprising CR57 and CR4098
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and 0.01% (w/v) polysorbate 80 contained less particles compared to the formulations
comprising CR57 and CR4098 and 0.03% (w/v) polysorbate 80. The shake study indicated no
differences between each of the formulations with respect to appearance. The pH values of all
formulations did not significantly change during storage at the indicated temperatures and

5  time periods.

The osmolality values of all formulations showed a very small increase din‘ing the
stability study when kept at 25£2°C/60£5% relative humidity and 40+2°C/75+5% relative
humidity. There was no significant difference between formulations comprising 0.01% (w/v)
polysorbate 80 compared to formulations comprising 0.03% (w/v) polysorbate 80.

10 Overall, the results from the study show that single anti-rabies virus antibodies as well
as mixtures/cocktails of anti-rabies virus antibodies have the best stability after 13 weeks at
5+3°C/ambient relative humidity, 25+2°C/60+5% relative humidity and 40+2°C/75+5%

relative humidity in citrate-based formulations comprising 0.01% (w/v) polysorbate 80.

15 In a further study formulations comprising citrate (10 mM, pH 6.0), sodium chloride
(150 mM), 0.01% (w/v) polysorbate 80 and the single antibody CR57 (1.2 mg/ml) or CR4098
(1.2 mg/ml) were studied when stored under the following two temperatures, 5+3°C and -
70+£10°C. Formulations were filled out (250 pl) into 1.2 ml tubes for IEF, SDS-PAGE
(reduced and non-reduced) and HPSEC analyses. For pH and appearance analyses 2 ml tubes

20  filled with 2 ml formulation were used. The formulations were stored in stability cabinets at
5£3°C or -70+£10°C. At indicated time points (1, 2 and 3 months) samples were taken and
analysed. The results of the study can be found in Tables 5 and 6.

SDS-PAGE analysis (both reduced and non-reduced) of CR57 and CR4098

formulations at both temperatures indicated that the integrity of the antibodies remained intact

25  for a period of at least 3 months, as no additional degradation bands were observed compared
to t=0 months. These results were confirmed by both IEF and HPSEC analysis showing that
the antibody structure and aggregate level, respectively, after 3 months at 5+3°C/ambient
relative humidity or -70+10°C was no different from t=0 months. In addition, protein
concentration and pH did not significantly change over time. Visual inspection of each

30  formulation showed a clear colourless liquid, practically free from particles.
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Analysis of formulations stored at -70+10°C that were subjected to an additional
freeze/thaw cycle after 1 month or 3 months storage showed no differences compared to t=0
months based on the above-mentioned assays, i.e. SDS-PAGE (reduced and non-reduced),
HPSEC, IEF, appearance, OD280, and pH (data not shown).

5 In summary, the results indicate that the antibodies CR57 and CR4098 are stable at
54+3°C/ambient relative humidity and at -70+£10°C in formulations comprising citrate buffer
(10 mM, pH 6.0), polysorbate 80 (0.01% w/v) and sodium chloride (150 mM), thereby
confirming the results described above. In addition, an additional freeze/thaw cycle after long-
term storage (t=1 or t=3 months) of antibody samples stored at -70+10°C has no influence on

10  the stability of antibody CR57 or CR4098.

In a similar stability study formulations comprising citrate (10 mM, pH 6.0), sodium
chloride (150 mM), 0.01% (w/v) polysorbate 80 and the single antibody CR57 (2.47 mg/ml)
or CR4098 (2.48 mg/ml) were studied when stored under two different temperatures, i.e.

15 543°C and -70£10°C, for an cven longer period than 3 months. Formulations were filtered
through a 0.22 um filter and filled out in polypropylene tubes (4 ml). In addition, the
combination of CR57 and CR4098 at a 1:1 ratio based on protein content (0.3 mg/ml of each
antibody resulting in overall protein concentration of 0.6 mg/ml) was studied when stored
under two different temperatures, i.e. 5£3°C and -70+10°C, for up to 6 months. The

20  formulations comprising the cocktail/mixture of antibodies were filtered through a 0.22 um
filter and filled out in glass vials (2.6 ml). The formulations were tested using the following
analysis methods: SDS-PAGE (reduced and non-reduced), IEF, HPSEC, RFFIT, appearance,
pH (sce Tables 7 and 8). Formulations with the combination CR57/CR4098 were also tested
by kappa/lambda ELISA and osmolality (see Table 9). Moreover, at t=0 months the endotoxin

25  levels of the formulations comprising the single antibodies or the cocktail of antibodies were
determined. Endotoxin levels were assessed with a Limulus Amoebocyte Lysate (LAL) assay
using a gel-clot technique. The formulation comprising CR57 contained < 0.30 EU/ml, the
formulation comprising CR4098 contained < 0.30 EU/ml and the formulation containing the
cocktail of both antibodies contained < 0.24 EU/ml. The formulations were stored in stability

30  cabinets at -70+£10°C, 5£3°C, 25+2°C or 40+2°C for the indicated time periods.
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Formulations containing single antibody were analysed over a 6 months period and
compared to the initial results obtained at t=0 months. IEF and SDS-PAGE band patterns of
CR57 and CR4098 formulations stored at —70+10°C and 5+3°C for 1, 2, 3, and 6 months
were comparable to the band patterns of the CR57 and CR4098 formulations at t=0 months,
respectively (see Tables 7 and 8). No additional bands were detected. The HPSEC patterns of
both antibodies stored at —70+£10°C and 5£3°C for 6 months compared well with storage at
t=0 months. The target specification of “main peak area > 95%” was met in all cases. The
dimer peak remained < 1% (surface area) and no degradation peaks were detected in any of
the samples tested.

Based on the results obtained with these three methods, it was concluded that no
degradation of both CR57 and CR4098 occurred during 6 months storage at —70+10°C and
5£3°C in the indicated formulations.

Moreover, the protein content and the pH of CR57 and CR4098 were stable in the
formulations over the tested time period of 6 months, both at —70+10°C and at 5+3°C.
Analysis of potency (RFFIT-assay) indicated an increased potency value for both antibodies
at the 2, 3, and 6 month time points compared to t=0 months and t=1 month time point under
both conditions tested (i.e., —70+10°C and 5+3°C). This apparent increase in potency was
caused by an unstable SRIG control sample that was used as a positive reference mn the assay
(see Laboratory techniques in rabies, Edited by: F.-X. Meslin, M.M. Kaplan and H.
Koprowski (1996), 4th edition, Chapters 15-17, World Health Organization, Geneva.). The
effect was eliminated by expressing the results as 50% neutralizing end-point titers (data not
shown). Based on these results, it was concluded that CR57 and CR4098 show stable end-
point titers, hence stable potency, up to at least 6 months at both storage conditions in the
indicated formulations.

In summary, based on the results, CR57 and CR4098 are considered to be stable for at
least 6 months at the real time storage condition of —~70+10°C as well as at least 6 months at
the accelerated condition of 5+3°C in formulations comprising citrate (10 mM, pH 6.0),
sodium chloride (150 mM) and 0.01% (w/v) polysorbate 80.

The stability was analysed after longer periods. Based on the stability results obtained
with SDS-PAGE (NR+R), IEF, HP-SEC, RFFIT, and OD280 it was concluded that both
CR57 and CR4098 are stable for at least 18 months at the storage condition of —70+10°C as
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well as at for least 12 months (similar results were found after 9 months, data not shown) at
the accelerated condition of 5+3°C in formulations comprising citrate (10 mM, pH 6.0),
sodium chloride (150 mM) and 0.01% (w/v) polysorbate 80.

Formulations containing the cocktail of antibodies CR57 and CR4098 were analysed
over a 6 months time period and compared to the initial results obtained at t=0 months. After
6 months, the appearance of the cocktail stored at 5+3°C and 254+2°C remained within target
specifications, 7.e. the cocktail/mixture was a clear and colourless liquid, practically free from
particles (see Table 9). Furthermore, it was observed that the antibody cocktail remained
within target specifications when stored up to 3 months at 40+2°C.

The pH and osmolality were monitored at t=0 and t=6 months for 5+3°C and at
2542°C and at the 1 and 3 month time point for the study at 40°C£2°C. All data were within
target specifications.

Furthermore, the antibody cocktail showed stable potency up to 6 months at 5+3°C
and 25+2°C (see Table 9). A slightly lower potency value was obtained after 3 months at
40+2°C. All data were within the target specification of about 380 to about 1350 IU/ml.

The amount of total protein present in the antibody cocktail as determined by OD280
was stable over the tested time period of 3 months at 40£2°C, and 6 months at 5+3°C and
25+2°C.

The IgG kappa and lambda ELISA results (i.e. presented as the ratio of both
antibodies in the antibody cocktail) remained within the target specifications for up to 6
months at 5+3°C and 25+2°C and for up to 3 months at 40+2°C. Based on these results it was
concluded that the CR57 and CR4098 content in the antibody cocktail does not change over a
time period of 6 months at 5+3°C and 254+2°C and 3 months at 40+2°C. The IEF gel pattern
of antibody cocktail stored at 5+3°C for 6 months was comparable to that at t=0 months (see
Table 9). An additional band was observed after 3 and 6 months in the samples stored at
25+2°C and several additional bands were detected after 1 and 3 months in the samples stored
at 40+2°C (see Table 9). These additional bands obtained at elevated storage temperatures
might be first indications for degradation.

After 6 months, the SDS-PAGE (reduced and non-reduced) banding patterns of the

antibody cocktail stored at 5+3°C were comparable to the banding pattern at t=0 months (see
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Table 9). No additional bands were detected. Antibody cocktail stored at 25+2°C for up to 3
months showed under reducing SDS-PAGE conditions a banding pattern identical to the
banding pattern at t=0 months. Under non-reducing conditions, a weak band with a size of
approximately 43 kDa was observed after storage of 3 months at 25+2°C. After 6 months
storage at 25+2°C reducing and non-reducing SDS-PAGE analysis showed weak bands at ~40
kDa. A similar result was obtained by SDS-PAGE analysis (both reduced and non-reduced)
for the antibody cocktail stored at 40+2°C. Furthermore, smaller bands with a size of 10-15
kDa were detected under this storage condition. Based on these results, it was concluded that
at 25+2°C and 40+2°C some degradation of the heavy and/or light chains of CR57 and
CR4098 might take place over time.

The HPSEC patterns of the antibody cocktail stored at 5£3°C and at 25+2°C for up to
6 months compare well with the pattern at t=0 months. The target specification of “main peak
area > 95%” was met in all cases (see Table 9). The dimer peak remained < 1% (surface area)
and no degradation peaks were detected in any of the samples tested. Antibody cocktail stored
at 40+£2°C showed minor degradation after 3 months as well as an slightly increased dimer
peak (2.6% (surface area)) compared to antibody cocktails stored at the two lower
temperatures. However, even at 40+£2°C the target specification of “main peak area > 95%”
was met at all storage time periods tested (see Table 9).

Based on the results obtained with the three latter methods it was concluded that no
significant degradation of the antibodies in the antibody cocktail occurred during storage for 6
months at 5£3°C or 25+2°C, while some minor aggregation and degradation was observed
after storage for up to 3 months at 40+2°C.

In summary, it was concluded that the antibody cocktail is stable for at least 6 months
at the storage condition of 5£3°C and 25+2°C and for at least 3 months at the storage
condition of 40+2°C.

Based on the results after 12 months (similar results were obtained after 9 months,
data not shown) obtained with SDS-PAGE (NR+R), IEF, HP-SEC, RFFIT, kappa/lambda
ELISA it was concluded that the antibody cocktail is stable for at least 12 months at the

storage condition of 5£3°C.



conforms to WS# (additional bands to be reported) -70C + + + + + +
5C ND + ND HP- SEC Mai n peak by area% > 95% -70C 99.6 99.7 99.7

99. 8 99. 7 W82008/062% ND 99.7 99.5 99.5 99.3 ND Pot ency Pe@xb20mdodski4mg
-70C 924 971 1698 1695 991 1093 5C ND 897 1434 1645
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Based on the results after 18 months obtained with the analytical assays (SDS-PAGE,
IEF, HP-SEC, ELISA; data not shown), it was concluded that the antibody cocktail is stable

for at least 18 months at the storage condition of 5+£3°C.

5 Table 1: Composition of the antibody formulations.
Number Antibody citrate NaCl Polysorbate 80 (% pH
buffer (mM) w/v)
(mM)
1 0.3 mg/ml CR57 10 150 0.01 6.0
2 0.3 mg/ml CR57 10 150 0.03 6.0
3 0.3 mg/ml CR4098 10 150 0.01 6.0
4 0.3 mg/ml CR4098 10 150 0.03 6.0
5 0.3 mg/ml CR57 10 150 0.01 6.0
0.3 mg/nﬁ CR4098
6 0.3 mg/mi CR57 10 150 0.03 6.0
0.3 mg/n:i CR4098

Table 2. Preparation of the formulations.

Number | Antibody CR57 (2.5 | Antibody CR4098 (1.0 5% wiv Final
mg/ml) mg/ml) polysorbate 80 (ml) volume

(ml) (ml) (ml)

1 4.20 0.00 0.70 35.00

2 4.20 0.00 2.10 35.00

3 0.00 10.50 0.70 35.00

4 0.00 10.50 2.10 35.00

5 4.20 10.50 0.70 35.00

6 4.20 10.50 2.10 35.00

10
Table 3. Analysis of samples of the various formulations at the indicated time points and with

the indicated methods.

Time points | 5+3°C/ambient relative | 25+2°C/60+5% relative 40+2°C/75£5%

(weeks) humidity humidity relative humidity




1093 ND ND: Not determ ned #: CR57 Working Standard (W5) and CR4098
W5 +: Conformtarget specification WD 2008/ 068246PCT/ EP2007/ 063244

29 Tabl e Syo&éehéshidy testing of antibody cocktail TestpcTargmt/os3244
specification Storage condition t:=0 nonths 1 nonth 2 nonths 3 nonths

6 nonths 12 nonths Osnola- lily 300 50 nOsnol/kg 5C 307 ND ND ND 310
315 25C ND ND ND ND 314 ND 40C ND 308 ND 312 ND ND pH 6 0.5 5C
24
0 A-G A-G A-G
2 B.E B,E B,E
6 B-E B-E B-E
8 B-E B-E B-E
13 C-E C-E C-E
A: Protein concentration (A280)
B: HPSEC
C: SDS-PAGE (reduced and non-reduced)
D: IEF
5 E: Appearance
F: pH

G: Osmolality

10  Table 4. Purity of antibody monomer (area %) as determined by HPSEC.

Number Temperature =0 weeks =2 weeks =6 weeks =8 weeks t=13 weeks

1 5+3°C/ambient 98.9 ND 98.7 98.5 98.6
relative humidity
2542°C/60+5% 98.9 ND 98.4 98.2 96.7
relative humidity
40+£2°C/75£5% 98.9 98.0 93.7 94.3 90.4
relative humidity

2 5+3°C/ambient 98.3 ND 98.2 96.9 97.6
relative humidity
25+2°C/60+5% 98.3 ND 97.5 96.9 95.4
relative humidity
40+2°C/T5+5% 98.3 97.5 934 94.1 89.9
relative humidity

3 5+3°C/ambient 100 ND 100 100 99.9
relative humidity
25+2°C/60+5% 100 ND 99.4 99.5 97.9
relative humidity
40+2°C/75+5% 100 99.4 92.3 94.2 91.8
relative humidity

4 5£3°C/ambient 98.6 ND 99.1 97.9 98.6
relative humidity
2542°C/60+£5% 98.6 ND 98.5 97.8 96.8

relative humidity




5.7 ND ND ND 5.7 5.7 25C ND ND ND ND 5.7 ND 40C ND 5.7 ND 5.8 ND
ND Appear- ance Cear colourless liquid, practically free from

parti cl es Ww&2dvshes2ds + 25C ND + +1 ND 40C ND + NPct/ERR)oMNBS3244
Quantity by 0D280 0.48-0.72

25

40£2°C/75+5% 98.6 98.5 91.9 94.4 91.6

relative humidity
5 5+3°C/ambient 99.4 ND 99.2 99.3 99.2

relative humidity
25+2°C/60£5% 99.4 ND 98.4 98.7 97.4

relative humidity
40£2°C/75+5% 99.4 98.4 91.6 93.6 89.5

relative humidity
6 5£3°C/ambient 99.3 ND 99.1 98.8 99.0

relative humidity
25+2°C/60+5% 99.3 ND 98.1 98.3 96.9

relative humidity
40£2°C/75+5% 99.3 98.4 91.6 93.8 90.6

relative humidity

ND: Not determined

Table 5. Analysis of samples of the various formulations at the indicated time points and with

5  the indicated methods.

Antibody SDS-PAGE | SDS-PAGE non- HPSEC TEF
(storage temp.) reduced reduced % monomer

Months 01112301213 0 1 2 3 0|1 121]3
CR57 SO NN R B IR IR R 98.9 98.5 98.2 98.3 Lo N N
(5+3°C)

CR57 S I I R e R R 98.9 98.5 98.3 98.4 - - - -
(-70£10°C)

CR4098 CE I B B T e R 99.7 99.4 99.2 99.6 E T N
(5+£3°C)

CR4098 CER I N R IR N IR 99.7 98.9 99.5 99.6 SO T N
(-70+10°C)

-: No unexpected bands detected

Table 6. Analysis of samples of the various formulations at the indicated time points and with

10  the indicated methods.



ng/mM 5C 0.60 0.60 0.60 0.61 0.60 0.61 25C ND 0.61 0.60 0.60 0.60
ND 40C ND 0.62 ND 0.60 ND ND CR57/ CR4098 ratio 0.6-1.4 5C 0.9 0.8
0.9 0.9 0.v90 2008/068225C ND 0.8 0.9 0.9 0.9 ND 40C ND 0p8TMP237/8s30M2 ND
Non- reduced SDS- PAGE Band pattem conparable to

26
Antibody A280 Appear. pH
(storage temp.) mg/ml

(%A320/A280)

Months 0 1 2 3 011123 0 1 2 3
CR57 1.33 1.40 1.40 1.42 +|+|+|+] 60 |ND|ND| 59
(5+3°C) 0.40% 0.74% 1.01% 0.59%
CR57 1.33 1.34 1.34 1.34 +i+|+|+]| 60 |ND|ND| 60
(-70£10°C) 0.40% 1.42% 0.60% 0.62%
CR4098 1.21 1.22 1.31 1.29 +]+ |+ +]| 61 |ND|ND| 6.l
(5+£3°C) 0.67% 1.02% 1.21% 0.98%
CR4098 1.21 1.21 1.20 1.24 +|+|+|+]| 61 |ND|ND| 6.1
(-70+10°C) 0.67% 1.49% 1.37% 0.97%

+: Approved (clear colourless and practically free of particles

ND: not determined



WE# and contains no additional inmpurity bands 5C +

+ + +2 +4 ND 40C ND +2 ND +3 ND ND Reduced SDS-
conpar abl aydaoidbés2a1d cont ai ns no addi ti onal

+ + + +
_ PAGE Band pattern
impurity beng®®focszn  +

25C ND

+ 25C ND ND 40C ND
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Table 7. Stability testing of CR57.
Target Storage _ 3 6 12 18
Test specification condition =0 I month months | months | months | months
-70°C 6.1 ND ND 6.1 6.0 6.1
pH 6=0.5
5°C ND ND ND 6.1 6.0 ND
Clear
colourless -70°C + + + + + +
Appearance liquid,
practically free o
from particles C * * * * * ND
Quantity b -70°C 2.47 2.57 2.47 2.57 2.55 2.48
uantity by i
OD280 1-5 mg/ml
5°C ND 2.55 2.27 2.68 2.59 ND
Band pattern
conforms to -70°C + + + + + +
Non-reduced WS# and
SDS-PAGE contains no
additional 5°C ND + + + + ND
impurity bands
Band pattern o
conforms 10 -70°C + + + + + +
Reduced WS# and
SDS-PAGE contains no
. add‘ltlonal 5°C ND + + + + ND
impurity bands
Band pattern
conforms to -70°C + + + + + +
WS#
IEF (additional
bands to be 5°C ND + + + + ND
reported)
: -70°C 99.5 99.7 99.4 99.7 99.8 99.7
sec | Vel
TR 5°C ND 99.6 99.4 99.6 99.4 ND
500-1250 -70°C 937 974 1581 2130 927 1440
Potency U/m
8 5°C ND 922 1523 1629 1054 ND

ND: Not determined
#: CR57 Working Standard (WS) and CR4098 WS

+: Conform target specification




ND ND ND HP- SEC Main peak area % > 95% 5C 99.6 100 99.5 99.5 99.9

99. 2

25C ND 99.6 99.5 99.5 99.4 ND

40C ND 99.0 ND 95.1 (degr.

peak of 2.vo&doobligssdlid | EF Band pattern conforns to WS 1# pCagsiedo/od3ads

bands to be reported) 5C 25C ND + +6 +7 ND
28
Table 8 Stability testing of CR4098.
Test Target Storage 0 1 3 6 12 18
specification condition | months | month | months | months | months | months
-70°C 6.1 ND ND 6.1 6.0 6.1
pH 6£0.5
5°C ND ND ND 6.1 6.0 ND
Clear
colourless -70°C * * * * + *
Appearance liquid,
practica]ly free 5°C + + + + + ND
from particles
; -70°C 2.48 2.58 2.49 2.57 2.56 2.41
nggggoby 1-5 mg/ml
5°C ND 2.65 2.52 3.03 2.76 ND
Band pattern .
Non- conforms to -70°C + + + + T +
reduced WS# and
contains no
SDS-PAGE | iditional 5°C ND + + + + ND
impurity bands
Band pattern
conforms to -70°C + + + + + +
Reduced WS# and
SDS-PAGE contains no
| additional 5°C ND - + + + ND
impurity bands
Band pattern
conforms to -70°C + + + + + +
WSH#
IEF (additional
bands to be 5°C ND + + + + ND
reported)
; -70°C 99.6 99.7 99.7 99.8 99.7 99.7
HP-SEC | o oss,
5°C ND 99.7 99.5 99.5 99.3 ND
500-1250 -70°C 924 971 1698 1695 991 1093
Potency .
IU/mg
5°C ND 897 1434 1645 1093 ND

ND: Not determined
#: CR57 Working Standard (WS) and CR4098 WS

+: Conform target specification




40C ND +8 ND +9 ND ND WD 2008/ 068246PCT/ EP2007/ 063244 30 Pot ency
380- 1350 I U nal 5C 1006 933 1089 1401 999 830 25C ND 937 1015 1001
847 ND  AP& 208068246 ND 621 ND ND Sterility Conplies 5CptrR200R032%4ND
+ ND: Not cicterm ned #: Wrking Standard (W5) CR57 and CR4098

anti body cocktail +: Conformtarget specification +1: Cear
colourless liquid, > 10 particles/nl 5+2: Band pattern conparable to
WE# and contains weak additional inpurity band with size of about
43kDa +3: Band pattern conparable to Ws# and contai ns weak

addi ti onalrablgpuggagmt}b@gg%dfnaﬁtlfbogyégck@jﬂ about 10, 15 and 43 |cbha +4:
k DA

Devi ant , bands appear around 40
Test Target Storage t=0 1 2 3 6 12
specification condition | months | month | months | months | months | months
5°C 307 ND ND ND 310 315
Osmola- 300 % 50 25°C ND ND ND ND 314 ND
lity mOsmol/kg
40°C ND 308 ND 312 ND ND
5°C 5.7 ND ND ND 5.7 5.7
pH 6+0.5 25°C ND ND ND ND 5.7 ND
40°C ND 5.7 ND 5.8 ND ND
Clear 5°C + + + + + +
Appear- colourless 25°C ND + + + + ND
liquid, ]
ance practically free 40°C ND + ND + ND ND
from particles
5°C 0.60 0.60 0.60 0.61 0.60 0.61
Quantity 0.48-0.72 o
by OD280 me/ml 25°C ND 0.61 0.60 0.60 0.60 ND
40°C ND 0.62 ND 0.60 ND ND
CR57/ 5°C 0.9 0.8 0.9 0.9 0.9 1.0
CR4098 0.6-1.4 25°C ND 0.8 0.9 0.9 0.9 ND
ratio 40°C ND 0.8 ND 0.9 ND ND
Band pattern 5°C + + + + + +
Non- comparable to " > 2
reduced WS# and 25°C ND + + + + ND
SDS- contains no o 2 3
PAGE additional 40°c ND * ND * ND | ND
impurity bands
Band pattern 5°C + + + + + +
comparable to N 7
ggdslfced WS4 and 25°C ND + + + + ND
PAGE contains no 40°C ND 42 ND 45 ND ND
additional
impurity bands
5°C 99.6 100 99.5 99.5 99.9 99.2
25°C ND 99.6 99.5 99.5 99.4 ND
Hp.sEC | Mainpeakarea T 0 ND 99.0 ND 95.1 ND ND
% > 95%
(degr.
peak of
2.6%)
Band pattern 5°C + + + + + +
cong?]};;s o 25°C ND + T L6 7 ND
IEF .
(additional 40°C ND 48 ND 42 ND ND
bands to be
reported)




+5: Band pattern conparable to W5# and contai ns weak additional
inmpurity bands wth size of about 10 |cDa, 15 10kDa and between 25-50
kDa +6: Bamghopasseer n conforns to WS#; hi gher stai ni ngptoiieenstibos2af
bands in the 8.0-8.5 pl-area +7: Deviant, weak bands appear bel ow pl
7.5, different staining intensity in the 8. 0-8.5 pl-area +8: Band
pattern conforns to Ws# and weak additional bands (pl 7.2, 7.3, 8.6)
+9: Band pattern confornms to Ws# and wedk additional bands (pl range
6.3-7.4 and pl 8.6) 15 31 Table 10. Sequences of CR57 and CR4098 A
CR57 heavy chain[(SEQ TD NO &§ 5 (9gPROT VEAETVREECESYRY SCROSCETHE,
RYTVNWRQA DGCA EVWMgh2;4sh Pl M—FANY—60 FOGR! TABESTFSTAY-NMELSSERVDDA
TAVYFCARENFBAYTSCTL Ytk SCWFDPW 12%}) WLW&/SSA@FSKGDWPPLAFB“ ND
SSKSTSGGTA ALGCLVKDYF PEPVIVIWHS GAINTSGYHER7 180 NIPAI AlsgSSEL YWD ND
SLSSWVI VA G UIYITC N R "VUORKRVI] DF TCPR P4

APELLGGP t‘E"I gDD\EQ&m_ ) avi| *\/\A/n\/<m|:r\/ MYND ("\IF'\I&&?A_K]:K ’30'2

10 PPEEQYNBTN' BRATSUAY VI M OEW MCKEYK CKVSNKALPA FLEKTI SKAK
#: Working Standard (WS) CR57 and CR4098 antibody cocktail

+: Conform target specification

+1: Clear colourless liquid, > 10 particles/ml
5 +2: Band pattern comparable to WS# and contains weak additional impurity band with size of about 43kDa
+3: Band pattern comparable to WS# and contains weak additional impurity bands with size of about 10, 15 and
43 kDa
+4: Deviant, weak bands appear around 40 kDa
+5: Band pattern comparable to WS# and contains weak additional impurity bands with size of about 10 kDa, 15
10 kDa and between 25-50 kDa
+6: Band pattern conforms to WS#; higher staining intensity of bands in the 8.0-8.5 pl-area
+7: Deviant, weak bands appear below pl 7.5, different staining intensity in the 8.0-8.5 pl-area
+8: Band pattern conforms to WS# and weak additional bands (pl 7.2, 7.3, 8.6)
+9: Band pattern conforms to WS# and weak additional bands (pI range 6.3-7.4 and pl 8.6)
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GQPREPOVY! 360 LPPSPEEM K NQVSLI CLVK GFYPSDI AVE WESMSQPENN
YKTTPPVLDS DGSFFLYSKL 420 TVDKSKWQQG NVFSCSVMHE ALENHYI CKS | NI SPGK
457 | i ghtwebeasieseREQ 11) NO  2) 15 CSALTQPRSV SGSBSREYhdo7/063244
SCl AM NSUI G A NFVYSWYQC HFCKAPKLM YDAl KRPSGY 60 PDRENGSKSG

NTASLTI SG. QAEDEADYYG CSYAGDYTPG WEGGEE KLI VLORPKAAPS 120

VTLEPPSSEE LQANKATLVG LI SDFYPGAV TVAVWKADSSF VKAGVETTTP SKQSNNKYAA 180

SSYLSLTPFQ VKSRPSYSCQ VTHEGSTVEK TVAPTEGS 218 20
Table 10. Sequences of CR57 and CR4098
A. CR57
heavy chain (SEQ ID NO: 1)

5 OVQLVQSGAE VKKEGSSVKV SCKASGGTFEN RYTVNWVRQA PGCQGLEWMGG IIPIFCTANY 60
AQRFQGRLTI TADESTSTAY MELSSLRSDD TAVYFCAREN LDNSGTYYYF SGWEDPWGQG 129
TLVTVSSAST KGPSVFPLAP SSKSTSGGTA ALGCLVKDYE PEPVTVSWNS GALTSGVHTE 189
PAVLQSSGLY SLSSVVIVPS SSLGTQTYIC NVNHKPSNTXK VDKRVEPKSC DKTHTCPPCP 240
APELLGGPSV FLFPPKPKDT LMISRTPEVT CVVVDVSHEL PEVKFNWYVD GVEVHNAKTK 300

10 PREEQYNSTY RVVSVLTIVLH QDWLNGXEYK CKVSNKALPA PIEKTISKAK GQPREPQVYT 360
LPPSREEMTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS DGSFFLYSKL 429
TVDKSRWCQG NVESCEVMHE ALHNHYTQKS LSLSEGK 457
light chain (SEQ ID NO: 2)

15 QOSALTQPRSV SGSPGQSVTI SCTGTSSDIG GYNFVSWYQC HPGKAPKLMI YDATKRPSGV 60
PDRF3GSKSG NTASLTISGL QAEDEADYYC CSYAGDYTPG VVEFGGGTKLT VLGQUPKAAPS 129
VILFPPSSEE LQANKATLVC LISDEYPGAV TVAWKADSSE VKAGVETTTP SKQSNNKYAA 180
SSYLSLTPEQ WKSHRSYSCQ VTHEGSTVEK TVAPTECS 218

20  B. CR4098
heavy chain (SEQ ID NO: 3)

QVQLVESCGG AVQPGRSLRL SCAASGEFTFS SYGMHWVRQA PGKGLEWVAV ILYDGSDKEY 60
ADSVKGRFTI SRDNSKNTLY LOMNSLRAED TAVYYCAKVA VAGTHEDYWG QGTLVTVSSA 120
STKGPSVFPL APSSKSTSGG TAALGCLVKD YFPEPVTVSW NSGALTSGVH TFEFPAVLQSSG 1890

25 LYSLSSVVIV PSSSLGTQTY ICNVNHXKPSN TKVDKRVEPK SCDKTHTCPP CPAPELLGGP 249
SVELEPPKPK DTLMISRTPE VICVVVDVGH EDFEVKENWY VDGVEVHNAK TXPREEQYNS 300
TYRVVSVLTV LHQDWLNGKE YKCKVSNKAL PAFIEKTISXK AKGQPREPQV YTLPPSREEM 360
TKNQVSLTCL VKGFYPSDIA VEWESNGQPE NNYKTTPPVL DSDGSFFLYS KLTVDKSRWQ 420
QOGNVFSCSVM HEALHNHYTQ KSLSLSPGK 449

30
light chain (SEQ ID NO: 4)

DIOQMTQSPSS LSASVGDRVT ITCRASQGIR NDLGAYQQKE GKAPKLLIYA ASSLQSGVPS 60
RFSGSGSGTD FTLTISSLQP EDFATYYCQQ LNSYPPTFGG GTKVEIKTIVA APSVFIFPES 120
DEQLKSGTAS VVCLLNNFYP REAKVQWKVD NALQSGNSQE SVTEQDSKDS TYSLSSTLTL 189
35 SKADYEKHKV YACEVTIHQGL SSPVTKSFNR GEC 213



B. CR4098 heavy chain (SEQ I D NO 3) 03601VESO03 AVONGKSLKL
SCAASGFTFS SYGVHWRQA DGKCl LEW/AV | LYDGSDKFY 60 ADSVKGRFTI
SRDNI SKNTLF LQVNSTRAED TAVYYCAKVA VAGTHEDYWC Q4 LVI VSSA 120
STKGPSVFPL APSSKSTSGG TAALGCLVKD YFFEEINLVSW NSGALTSGL/ 11 TFPAVLONSG
180 25 LYSTSSWVTV FSSEI TGTQTY | M NVNI F1IDSN TKVDKRVERK SCDKI HTCPP
CPAPELLGGP 240 SI/DLFPRKDK DI LM SRI PE VI CVWVDVSH EDPEVKFNWY
VER1VEVSNAi¢ inkfeR@Nme8d0 TYRVVSVLIV LMONW.I TCKE YKGKVSNKAL
PAPI EKTI SK AKGQPREPOV
1. A pharmaceutical formulation of anti-rabies monoclonal antibodies that is stable
for at least 12 months at a temperature between about 2° C. to about 8° C., the
formulation comprising:

(i) anti-rabies virus monoclonal antibody CR57 (heavy chain SEQ ID NO: 1 and
light chain SEQ ID NO: 2), or an antibody that is at least 95% homologous in sequence
thereto and is capable of competing for binding to a target recognized by CR57 and
having rabies virus neutralizing activity; and

(ii) anti-rabies virus monoclonal antibody CR4098 (heavy chain SEQ ID NO: 3
and light chain SEQ ID NO: 4), or an antibody that is at least 95% homologous in
sequence thereto and is capable of competing for binding to a target recognized by
CR4098 and having rabies virus neutralizing activity;

wherein the formulation comprises a citrate buffer at a concentration from about 5

mM to about 25 mM, sodium chloride at a concentration from about 50 mM to about 250

mM, and a surfactant.

2. The formulation according to claim 1, wherein the pH ranges from about 5.5 to
about 6.5.
3. A formulation of anti-rabies monoclonal antibodies that is stable for at least 12

months at a temperature between about 2° C. to about 8° C., the formulation comprising:

(i) anti-rabies virus monoclonal antibody CR57 (heavy chain SEQ ID NO: 1 and
light chain SEQ ID NO: 2), or an antibody that is at least 95% homologous in sequence
thereto and is able to compete for binding to a target recognized by CR57 and having
rabies virus neutralizing activity; and

(ii) anti-rabies virus monoclonal antibody CR4098 (heavy chain SEQ ID NO: 3
and light chain SEQ ID NO: 4), or an antibody that is at least 95% homologous in
sequence thereto and is able to compete for binding to a target recognized by CR4098
and having rabies virus neutralizing activity;

wherein the formulation comprises a citrate buffer, a tonicity agent, and a

surfactant, wherein the surfactant is a polysorbate.



YTTPDSREEM 360 TKKONSLI CL VKGFYPSDI A VEVEESNGQRE NNYKTI PPVL
DSDGSETLYS KRI S/ DX. 5RK 420 QGNVTSCSVM HEALHNHYTQ KEI LSI SPGK 449
30 light chain (SEQ ID NGO 4) SFQVITQSFSS LSASVGDRVT

| TCPASOE R NDLOGAWVQKP GKAPKLLI YA ASSI $NGVPS 60 PFSGSGSGID FTLTI SSLOP
EDFATI MCQQ LNSI PPI FGG STKVEI K1IVA AFSVFI FPFS 120 DEOLKSG AS

VWCLLNNFYP REAKW! D NAI QGSGNSOF SVTEUSKDS LYSI MSTLIL 180 35
4. The formulation according to claim 3, wherein polysorbate 80 is present in an

amount from about 0.005% w/v to about 0.05% w/v.

5. The formulation of claim 3, wherein the osmolality of the formulation ranges

from about 250 mOsm/kg to about 350 mOsm/kg.

6. The formulation of claim 1, wherein the two anti-rabies virus monoclonal

antibodies each are present in an amount from about 0.1 mg/ml to about 2.0 mg/ml.

7. The formulation of claim 1, wherein the formulation has a rabies virus

neutralizing potency ranging from about 250 IU/ml to about 1500 [U/ml.

8. The formulation of claim 1, wherein the ratio of the two antibodies is between 5:1
and 1:5.

9. The formulation of claim 1, wherein the formulation is sterile.

10. The formulation of claim 1, wherein the formulation is substantially free of
endotoxin.

11. The formulation of claim 1, wherein the formulation has a purity of antibody

monomer of at least 95% as determined by HPSEC after two weeks storage at a

temperature of 40+2° C. and a relative humidity of 75+5%.

12. A method of post-exposure treatment of a subject, the method comprising:
administering to the subject a pharmaceutical unit dosage form comprising an
effective amount of the formulation of claim 1, for post-exposure prophylaxis treatment

of the subject.

13. A method for improving the storage of two anti-rabies virus monoclonal

antibodies in one formulation, the method comprising:



SKADYEKHKV YACEVTHQGE SSPVI MSFNR 010 213 32 The invention clainmed
is: 1. A pharmaceutical formulation of anti-rabies nonocl onal

anti bodies that is stable for at least 12 nonths at a tenperature
bet ween about 2 C. to about 8 C., the3fornulation conprising:

(1) anti-rabies virus nonocl onal antibody CR57 (heavy chain SEQ I D
NO 1 and light chain SEQID NO 2), or an antibody that is at |east
95% honol ogoudoimylaiiagileniow anHarkicoviardnompcloaplastibodes asdhpeharmecchteal
bi ndi ng %&mﬁﬂ&ﬁ;qﬁgaﬁgqognized by CR57 and havi ng rabies virus
neutralizrng acti vi {y; and (ii) anti-rabies virus nonocl onal
anti body CR4098 (heavy chain SEQ ID NO 3 and light chain SEQ I D NO

4), or an antibod hat is at |east 95% homol ogo i N sequence
thereto Q‘ﬁd i ﬁea%a%ﬁ a5¢ordigRpiSt ?]ﬁ{j“flgr Vg?eﬁ?ﬂ’r} et%g“’é“qi‘%{?’gést stored at a
recogni zgghnhyaRABIS abiid 2havidWotidfyees virus neutralizing activity;
wherein the fornulation conprises a citrate buffer at a concentration
fromabout 5 mMMto about 25 nM sodiumchloride at a concentration
from abo 50 0 . _and s T r it pon
accordi ngb:jitst o] giﬂg:&rﬁqqo?ib%érrdé} to{%elmpﬁ’ @ﬁ%gﬁsth%%%%ﬂg%%ﬁ?y@%g&cﬁg a aglé%
6.5. 3. Adfdrerantibddiens edduagit i - r abi es nonocl onal anti bodies that is
stable for at least 12 nonths at a tenperature between about 2 C to
about 8 C., the fornulation conprising: (i) anti-rabies virus
monocl onale. ant’[‘h@Qﬁ’éﬁh%?:pﬂﬁ?bbYleiﬂﬁ!lﬂ wiilkih BoNGE 1ebs dehd Ar@iBbdied) &irms
SEQ ID NO 2), or an anti bog)é that is at |east 95% honol ogous in
sequence agkEgdepaamgasuseday EPSECcwipatld menthy phefprige eba demppgrgate from
recogni z o having rabies virus neutralizing activity; and
(ii) ant ?dg?lgl?l e%s?i\?/?ljr%&gg rrg'nocl onal antibody CR4098 (heavy chain SEQ I D
NO 3 and light chain SEQID NO 4), or an antibody that is at |east
95% honol agous, i h sequence.thereto and.i s .able to conpete f.or. biading
Lo a tarddr  CLaBHTICHE) COBE S AT P8 SEnOno MEBRIArTS! ng
activity;(heavy chaitlSEQEIDINDNE 2h@Tigit| cBhih FECIRO: SESr an &itiboady tabidfaf REst @
tonicity agent, and a surfactant, wherein the surfactant is a

pol ysor bato&e homglogaus mpieapesicamiheretodaie capailn gt compstaignion binging w0 the
pol ysorb I0Sni j S Q18050 Wi Vit OwfRAUL
b 0506 w e E T RPRERRTICH D 3RO SRR M RTRAD dheula BB s} Py
t he for mfbailatonriasgels foraydeasbfumob9atrrsmp kig turob etyeen ab®B02 nsmiakent

6. The fqrmul ation of clai wherej n .t t i -rabie irus ..
ponoet ondy Caritf 50 e Sl DebuestBoR| ot 0° ahd SE r hiin e SyftErion
mg/ M to RbBPkes2a QitAlY Bhffer 4. a Thch@itivul &t from Moucbahm o abdiersi M, he
formul ation has a rabies virus neutralizing potency rangi ng from
about 250°figrhrhlogdass gt caseuratonnet, frop. abais Yol tar 2bont oPO el ring,
wher el ntdafsbhicRodh oh BfobfiRr &Bhl Sl 00308 PLIMRER Podeadd 1:5. 9.
The formul dation of claim1l, wherein the forniulation is sterile. 10.
The formulation of claim1, wherein the fornulation is substantially
free of dotoxinpn. 11.. T faormul ation of claimll, .wherein .t
formulat 11 has phermastigA PR, & fiBies Fufl Mopos i pighyl Rraoos
det er m ngéedvy chi?®BSEQRID KO: B\aad Vigletkbaig ISHREENEAL 47 of enpeivatiytat 8fat #a2C.

and a relatiye humdity of 75+5% 12. A nethod of post-exposure

tr eat ment?>0t hgmelggpecHt siHencRebHEY ¥nisrieRty of competingqfer FrEngr ontiet o
the subj agloc@ QUBKITRC BYt ERBHoHRRE HIORRIRLIQT Mh&ONRIHALRG ARvERY, | ealchve
amount of tthe formulation of claim1, for post-exposure prophylaxis

t r eat mentfoofulati is stepleder at lagt 1 Smprthhaic fempeliahpe betivag: atiest 3t Grtagbowf
two antl -2{"8@.! a% a\t“_alrté:J 7 erlrrgtﬂroecll)e?\?/ge!,n eﬁ{g{x{ %dl(f Snd BRE IVBE lt%% 'fc?r%ulattfg
met hod conprising: ) ornmulating the two anti-rabies virus
nonocl onalonfpiikésbo ditese dsiféthe phatceaesion efafromodbout &t mdhtohbait @i5MmmM,
14. The method according to clajm13, wherein the formula i

st or ed atwél%ﬁ@@@f 3 & PRUARUISH O Trem Fhpus o, AM O abouy 850 R, and

polysorbate 80 in an amount of from about 0.005% w/v to about 0.05% w/v.



