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Abstract:

The present invention refers to a new method for producing a lyophilized pharmaceutical
composition comprising human plasma-derived Factor VIII/Von Willebrand Factor (FVIII/VWF)
complex, comprising the steps of: a) providing an initial aqueous solution comprising FVIII/VWF
with at least (90) 111 of FVIII per mg of total proteins, with a ratio of VWF/FVIII activity of at least
0.7; b) adding arginine, histidine, and human serum albumin (HAS); c) lyophilizing the FVIII/VWF
solution obtained in step b); and d) reconstituting the lyophilized FVIII/VWF in water for injection
thereby obtaining a therapeutic product adequate for the treatment of Hemophilia A and Von
Willebrand Disease, wherein prior to administration to a patient, arginine is at a concentration
between (42) and (98) mmol/L, histidine is at a concentration between (10) and (24) mmol/L, and
albumin is at a concentration between (1) and (2.5) % (w/v), FVIII potency and VWF potency are
equal to or higher than 200 ILI/mL, and the obtained product has a FVIII dose up to 3600 IU/vial
and a VWF dose up to 5040 Illjvial.

CA 03228445 2024-2-8
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METHOD FOR PRODUCING HUMAN PLASMA-DERIVED FACTOR VIli / VON
WILLEBRAND FACTOR AND COMPOSITION OBTAINED

DESCRIPTION

The present invention relates to a new method and pharmaceutical composition
obtained with said method comprising human plasma-derived coagulation Factor VIl /
von Willebrand Factor (FVIII/VWF) complex at higher potency (IU/ml) and higher
doses (lU/vial) per vial of both active ingredients FVIll and VWF, as compared with
those currently available in the market. Moreover, the new formulation step allows
solubilizing the FVII/VWF complex, lyophilizing, and reconstituting prior to
administration at higher FVIIl and VWF potency resulting in less injection volume for
the treatment of Hemophilia A and for the treatment of Von Willebrand Disease.

FVII concentrates are currently available in the market containing both FVIIl and VWF
or as FVIIl without or with low content of VWF. Only the first group, which includes
products derived from pools of human plasma in which FVIll and VWF are tightly
bound forming a natural complex (FVIII/VWF), are indicated for either Hemophilia A
and Von Willebrand Disease treatment.

In the blood stream, the presence of VWF plays a crucial dual role on preserving FVIII
functionality through the protection from degradation by plasma proteinases as well as
by interfering with antigen recognition by FVIIl inhibitors (Delignat S. et al
Immunoprotective effect of von Willebrand Factor towards therapeutic factor VIl in
experimental Haemophilia A. Haemophilia 2012; 18: 248-254). When assessing the
immunogenicity of FVIII products, not only the origin of the FVIIl (recombinant or
plasma-derived), but also the presence of VWF in the form of the physiologically
formed FVII/VWEF complex, seems to be important in the FVIIl recognition by
inhibitors [Peyvandi F, et al. Source of Factor VIl Replacement (plasmatic or
recombinant) and Incidence of Inhibitory Alloantibodies in Previously Untreated
Patients with Severe Hemophilia A: The Multicenter Randomized Sippet Study.
Blood 2015; 126: 5, and Bravo et al. Neutralizing capacity of inhibitors on FVIIl is
lower for natural FVIII/VWF complex than for isolated FVIII: in vitro comparability study
in eleven different therapeutic FVIIlI concentrates. Haemophilia 2016; 22: e301-e348].
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On the other hand, VWF constitute the largest known soluble plasma protein. It has a
complex multimeric structure, with a molecular weight that varies between 460 kDa in
dimeric form, which is the smaller plasmatic form, up to more than 20,000 kDa for
multimeric forms of greater molecular weight.

As mentioned above, there are several products containing FVIII/'VWF available in the
market, which are usually presented as a lyophilized powder for solution for injection
containing nominally 250, 500, 1000 or 1500 1U human coagulation factor VIl per vial.
These products are administrated to the patient by an intravenous route and the
volume to be infused is directly depending on the available dose and the potency of
the FVIIl or VWF once reconstituted. In practice, several milliliters have to be infused
to a patient in a normal treatment by siow intravenous (1V) injection. Therefore, there
is still the need to reduce the volume to be administered to the patient, reducing the

duration of the treatment with the associated therapeutic benefit.

In this context, attempts to increase potency of FVIIl concentrated without altering the
composition of the formula have been made, for example, by reducing the
reconstitution volume of the lIyophilized product. These attempts have been
unsuccessful mainly due to the low solubility of VWF, which causes appearance of
flocculates or increases the reconstitution time up to unacceptable values. Further
attempts to increase solubility, by increasing the excipient concentrations, result in an

unacceptable osmolality of the final product to be infused to the patient.

The inventors of the present invention have developed a new method for producing a
pharmaceutical composition comprising human plasma-derived FVIII/VWF complex
wherein in the formulation step the concentration of albumin has been slightly
increased, while decreasing the concentration of histidine and arginine as compared
with similar products already in the market, with which it is possible to increase
potency of FVIII, and thus increasing the amount of FVIll, and thereby of VWF, up
10 3,600 U per vial, without affecting quality parameters of the final product, in
particular osmolality and solubility. The inventors are not aware that such a
presentation has been obtained before for any natural plasma-derived FVIII/VWF
product. In addition, with the product cbtained by the method of the present invention,
it is possible to reduce the administration volume for all presentations, especially

relevant in pediatric used doses (in which said volume reduction is up to 4 times as
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compared with similar products in the market), while, on the other hand, maintaining
product osmolality within the tonicity range of current products, even for the high 3000
IU of FVIll per vial presentation. The osmolality increases with the dose and the
potency of the product and therefore is especially relevant on higher therapeutic
doses.

SUMMARY

The present invention refers to a method for producing a lyophilized pharmaceutical
composition comprising human plasma-derived Factor Vill/Von Willebrand Factor
{(FVIIV'VWF) complex, comprising the steps of:
a) providing an initial aqueous solution comprising FVIII/'VWF with at least 90 1U of
FVIIl per mg of total proteins, with a ratio of VWF/FVIII activity of at least 0.7;
b) adding arginine, histidine, and human serum albumin (HSA);
c) lyophilizing the FVIII/VWF solution obtained in step b); and
d) reconstituting the lyophilized FVIII/VWF in water for injection thereby obtaining a
therapeutic product adequate for the treatment of Hemophilia A and Von
Willebrand Disease,
wherein prior to administration to a patient arginine is at a concentration between 42
and 98 mmol/L, histidine is at a concentration between 10 and 24 mmol/L, albumin is
at a concentration between 1.0 and 2.5 % (w/v), FVIlI potency and VWF potency are
equal to or higher than 200 1U/mL, and the obtained product has a FVIIl dose up
to 3600 IU/vial and a VWF dose up to 5040 1U/vial.

Preferably, prior to administration, FVIIl dose is between 2400 IU/vial and 3600 1U/vial
and VWF dose is between 2160 |U/vial and 5040 1U/vial.

Preferably, albumin concentration in step b) is between 1.2 and 2.3 % (w/v).
Preferably, histidine concentration in step b) is between 13 and 21 mmol/L.
Preferably, arginine concentration is between 50 and 90 mmol/L.

Preferably, the method of the present invention further comprises a step of heat
treatment. Said heat treatment can be performed for example at a temperature
from 70 °C to 90 °C, more preferably between 75 ?C and 85 °C, even more preferably
between 80 °C and 82 °C, for 70-80 h, more preferably between 72-74 h. More
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preferably, the FVIII/'VWF complex is not affected by said heat treatment and the
heated product is similar to the FVIII/VWF complex present in plasma.

Preferably, osmolality of the product obtained in step d) is equal to or higher
than 240 mOsm/kg. More preferably, said osmolality is between 240
and 800 mOsm/kg, even more preferably between 240 and 500 mOsm/kg, most
preferable between 240 and 400 mOsm/kg even for 3000 IU dose. Preferably,
reconstitution time in step d) is less than 10 min. More preferably, reconstitution time

in step d) is less than 5 min, even more preferably less than 3 min.

In another aspect, the present invention discloses a composition comprising
lyophilized FVIII/VWF complex wherein concentration of arginine after reconstitution is
between 42 and 98 mmol/L, concentration of histidine after reconstitution is
between 10 and 24 mmol/L, and concentration of human serum albumin (HSA) after
reconstitution is between 1.0 and 2.5 % (w/v), and wherein the FVIl potency and
VWF potency are equal to or higher than 200 IU/mL, and a FVIIl dose up
to 3600 IU/vial and a VWF dose up to 5040 1U/vial.

Preferably in said composition, albumin concentration is between 1.2 and 2.3 % (w/v).
Preferably, histidine concentration is between 13 and 21 mmol/L. Preferably, arginine

concentration is between 50 and 90 mmol/L.

Preferably in said composition, FVIIl dose is between 2400 |U/vial and 3600 1U/vial
and VWF dose is between 2160 IU/vial and 5040 1U/vial.

Preferably, osmolality of composition is equal to or higher than 240 mOms/kg. More
preferably, said osmolality is between 240 and 600 mOsm/kg, even more preferably
between 240 and 500 mOsm/kg, most preferable between 240 and 400 mOsm/Kkg.
Preferably, reconstitution time of the lyophilized composition is less than 10 min. More
preferably, reconstitution time in step d) is less than 5 min, even more preferably less

than 3 min.

Preferably, the composition of the present invention has been heat treated. Said heat
treatment can be performed for example at a temperature from 70 °C to 90 °C, more

preferably between 75 °C and 85 ¢C, even more preferably between 80 °C and 82 ¢C,
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for 70-80 h, more preferably between 72-74 h. More preferably, the FVIII/VWF
complex is not affected by said heat treatment and is similar to the FVIII/VWF

complex present in plasma.

Preferably, the composition of the present invention has a stability at 5 2C or 30 °C of

at least 36 months, and at 40 C of at least 12 months.

In a further aspect, the present invention refers to a composition as described above

for use in the treatment of Hemophilia A and von Willebrand Disease.

DETAILED DESCRIPTION

Definitions

As used herein, the section headings are for organizational purposes only and are not
to be construed as limiting the described subject matter in any way. All literature and
similar materials cited in this application, including but not limited to, patents, patent
applications, articles, books, treatises, and internet web pages are expressly
incorporated by reference in their entirety for any purpose. When definitions of terms
in incorporated references appear to differ from the definitions provided in the present
teachings, the definition provided in the present teachings shall control. It will be
appreciated that there is an implied “about” prior to the temperatures, concentrations,
times, etc. discussed in the present teachings, such that slight and insubstantial

deviations are within the scope of the present teachings herein.

In this application, the use of the singular includes the plural unless specifically stated
otherwise. Also, the use of “comprise”, “comprises’, “comprising”, “contain’,
“contains”, “containing”, “include”, “includes”, and “including” are not intended to be
limiting.

M«

As used in this specification and claims, the singular forms “a,” “an” and “the” include

plural references unless the content clearly dictates otherwise.

The term “treatment” or “treating” means any treatment of a disease or disorder in a

subject, such as a mammal, including: preventing or protecting against the disease or
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disorder, that is, causing the clinical symptoms not to develop; inhibiting the disease
or disorder, that is, arresting or suppressing the development of clinical symptoms;
and/or relieving the disease or disorder that is, causing the regression of clinical
symptoms.

Although this disclosure is in the context of certain embodiments and examples, those
skilled in the art will understand that the present disclosure extends beyond the
specifically disclosed embodiments to other alternative embodiments and/or uses of
the embodiments and obvious modifications and equivalents thereof. In addition, while
several variations of the embodiments have been shown and described in detail, other
modifications, which are within the scope of this disclosure, will be readily apparent to
those of skill in the art based upon this disclosure.

It is also contemplated that various combinations or sub-combinations of the specific
features and aspects of the embodiments may be made and still fall within the scope
of the disclosure. It should be understood that various features and aspects of the
disclosed embodiments can be combined with, or substituted for, one another in order
to form varying modes or embodiments of the disclosure. Thus, it is intended that the
scope of the present disclosure herein disclosed should not be limited by the
particular disclosed embodiments described above.

It should be understood, however, that this description, while indicating preferred
embodiments of the disclosure, is given by way of illustration only, since various
changes and maodifications within the spirit and scope of the disclosure will become

apparent to those skilled in the art.

The terminology used in the description presented herein is not intended to be
interpreted in any limited or restrictive manner. Rather, the terminology is simply being
utilized in conjunction with a detailed description of embodiments of the systems,
methods and related components. Furthermore, embodiments may comprise several
novel features, no single one of which is solely responsible for its desirable attributes

or is believed to be essential to practicing the embodiments herein described.

The term “FVIIl potency” in the present disclosure refers to factor VIII:C potency

(IU/mL) as determined using the European Pharmacopoeia chromogenic assay,
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which is well-known to the skilled person. The term “human plasma-derived” in the
present disclosure refers to the source of the starting material to obtain the product,
i.e. human plasma, using any conventional or non-conventional human plasma
fractionation process. One example of a conventional plasma fractionation process is
the Cohn’s method.

The term “VWF potency” in the present disclosure refers to von Willebrand Factor
potency (IU/mL) as determined using the ristocetin cofactor assay as described in the

European Pharmacopoeia, which is well-known to the skilled person.

Process for obtaining human plasma-derived FVIII/'VWF complex

The process for obtaining human plasma-derived factor VIl is very similar to the
process disclosed in US 8354505 B2, until the step of preparing the high purity
FVIIIVWF complex in which different excipients concentrations are adjusted. Firstly,
the human plasma is pooled and cryoprecipitated using plasma from more
than 1,000 donors, and then is further purified downstream to a high purity FVIII
precipitate. Said high purity precipitate is resuspended in an albumin, arginine and
histidine solution. After resuspension, the albumin, histidine and arginine
concentration as well as the pH is readjusted to the established value in the sterile
bulk. FVIII activity is finally adjusted to the sterile bulk potency predetermined nominal
value and the VWF activity is thereby adjusted. Said solution is filtered through a
gradient of filters down to 0.22 uym sterile filter membranes to obtain the sterile bulk
solution. Said solution is then filled into vials according to the desired presentation. In
the present invention it is possible to fill up to 3,000 IU of FVIIl per vial, which is not
available on similar products in the market, which are then lyophilized and heat
treated to obtain the final FVIII/VWF product. For the intravenous application, said
lyophilized product is reconstituted in water for injection (WFI) to the desired potency.
With the composition of the present invention, the reconstitution volume after
lyophilization can be reduced between half and four times as compared to similar

products in the market.

Effect of albumin in FVIII/VWF stabilization

It is known that albumin would improve solubility and stabilization of FVIII/VWF during
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the purification process as well as during the shelf life of the product. On the other
hand, osmolality is critical issue in the pharmaceutical products which must be
characterized. Surprisingly, small increments of albumin concentration in the sterile
bulk prior lyophilization, causing minimal impact on the osmolality of the final product,
substantially improve the solubility of the final product before administration. The
increase of albumin concentration, which is not too high to cause undesirable side
effects, surprisingly allows reducing the concentration in the amino acids histidine and
arginine in the composition of the present invention reducing the overall tonicity of the

product prior to administration.

Having now generally described the invention, the same will be more readily
understood through reference to the following examples, which are provided by way of

illustration, and are not intended to be limiting of the present invention.

EXAMPLES

Example 1. Process of obtention of the natural FVIIIVWF complex subjected to the

formulation of the invention:

The natural FVIIIV'VWFE complex solution, obtained from the cryoprecipitate generated
when thawing human plasma, can be purified, for example, from the solubilized
cryoprecipitate suspension after being purified by polyethylene glycol (PEG)
precipitation and subsequent purification by chromatography, as shown in
Patent US 8354505 B2. The eluted solution is concentrated and subsequently further
purified to obtain a high purity FVIII/'VWF complex, for examplie by precipitation with
Glycine, as shown in Patent EP 0639203.

The obtained High purilty intermediate preserves the suitable characteristics to be
formulated with excipients and stabilizers down 1o the bulk. The FVII/FVW bulk
solution is filled into vials according to the desired dose, freeze-dried and subject to a
final Heat treatment in order to obtain a virally free and long term stable final product

(3 years at RT), defined as natural FVIII/VWF complex.
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TABLE 1
SPECIFIC ACTIVITY
PROCESS U BVl ma | FVW:RGO/EVIII
INTERMEDIATE IU BVl AUgg, g (U1 @
protein @
CRYOPRECIPITATE
0.55+0.09 - 1.240.2
SUSPENSION
PARTIALLY PURIFIED
14.3+2.1 - .
INTERMEDIATE
HIGH PURITY
INTERMEDIATE PRIOR 76.245.3 105.4+4.9 1.320.1
TO FORMULATION

(1) Specific activity is determined using the FVIII units divided by the approximate

protein determined by optical density at 280 nm

(2) For the High Purity Intermediate, specific aclivity is also determined as the

FVIIl units divided by the total protein. The total protein is determined assuming

an extinction coefficient of €4, 13.64 cm-1

(3) The FVW activity is determined as Ristocetin Cofactor activity of Von

Willebrand factor (FVW:RCo).

In conclusion, the functionality activity ratio FVW:RCo/FVIll preserved along the
process (table 1) together with the purity eventually obtained, lead 1o a High purity

thereby obtaining a stable natural FVII/VWF complex, resembling as it is in plasma,

FVIII/VWF intermediate suitable to be formulated with the formulation of the invention

with its corresponding therapeutic indications.

The above detailed process for obtaining the high purity intermediate was used in all

the formulation examples of the present invention. VWF activity was measured by

using Ristocetin cofactor activity, giving a ratio of 1.310.1 at all cases. Therefore, at all

examples, 1 IU of FVIH involve approximately 1.3 1U of VWF activity.
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Example 2. Impact on FVIII/'VWF solubility when increasing both factors; FVIII potency
(IU/ml) and dose (lU/vial) with a currently available state of the art composition
(100 mM Arg, 25 mM Hist, 0.5 % Alb).

The High purity FVIII/VWEFE obtained as described in example 1 was formulated in bulk
and freeze-dried so that the final product, prior to administration is an aqueous
formulation equivalent to prior art formula i.e. 100 mM Arg, 25 mM His and 0.5 % of

Aloumin.

In order to assess the impact of both factors, dose (Ul/vial) and administration potency
{(Ulivial) on FVIII'VWF solubility, the formulated bulk was filled in the 3000 Ul dose
and reconstituted at both potencies 100 and 200 Ul/ml. Moreover, as a control, part of
the bulk was filled in vials within the smaller doses existing in prior art (1500
and 2000 IU) and solubility parameters were evaluated. The final freeze-dryed
products were solubilized at either 100 Ul/ml or 200 Ul/ml displaying very different
solubilizing parameters:

A) Prior art doses and potency

B) 3000 U /vial reconstituted at 100 1U/ml of FVIII

C) 3000 lU/vial reconstituted at 200 1U/ml of FVIII
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TABLE 2

PCT/EP2022/072325

VIAL AFTER RECONSTITUTION

T | = @
g =
g = | 2|28 | E 2
£ » = . o 1
5 @ ° o= 3£ o
A) Prior art 1000 | 100 |10 <1 Correct
(Product X)
A) Prior art 1500 | 100 15 <1 Correct
(Product X)
A) Prior art 2000 | 200 |10 <2 Correct
(Product Y)
B 100 mM Arg, | 3000 | 100 30 <2 Correct
25 mM His, < 6 min Flocculate +++,
0,
0.5 % alb small particles
. | Flocculate +++,
< 8 min
small particles
C 3000 | 200 15
. | Flocculate +, small
< 7 min
particles
. | Flocculate +, small
< 7 min

particles

In conclusion, the prior art composition, 100 mM Arg, 25 mM His, 0.5 % albumin,
shown fo be adequate to solubilize the FVIII/FVW at 100 U FVII/mL even for a large
presentation of 3000 IU, but it is not able to solubilize the FVII/FVW complex
at 200 U FVIIl /ml for the same dose of 3000 U (i.e. larger reconstitution times and

appearance with flocculates are observed). Thus, both activity factors, the total dose

(Ulivial) and the potency per mil (Ul/ml) do contribute to difficult the solubility of the
product prior to administration.
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Example 3. Solubility and Osmolality balance on the FVIII/VWF natural complex:
Impact of increasing twice the concentration of albumin, arginine and histidine.

In order to assess the impact on increasing only albumin and increasing both albumin
and amino acids on solubility for 3000 IU, the High purity FVIII/VWF intermediate
obtained as described in the example 1 was formulated in order to obtain in each case
a freeze-dried product wherein said formulation following reconstitution is an aqueous
formulation equivalent to:
- FORMULA A) 100 mM Arg, 25 mM His and 0.5 % alb reconstituted at 200 1U FVIIl /ml
- FORMULA B) 100 mM Arg, 25 mM His and 1 % alb reconstituted at 200, 250
and 300 U FVIIl /ml.
- FORMULA C) 200 mM Arg, 50 mM His, and 1 % alb reconstituted at 200, 250
and 300 U FVIII/ml.
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TABLE 3
FINAL VIAL AFTER RECONSTITUTION
o [eb)
s | = £ |z |8 |5
| E |28 52|55 | ¢ : |22
T o =~ |3l | 82 |s5E|8= E¢ g =<
25 e | 2| €| ez |2E|EE| 2§ a °§
T 5 = S| 3|2 |F2|e- BE 8 £0
o S E= 0 = (1= = oy R E
=t 2 = =< = O 8 < o=t
< | T Z |k |2 |2
i s
FORMULA A:
<6 | Flocculate +++,
15 i 486
min small particles
<8 | Flocculate +++,
15 _ } 486
A 100 o5 | 05| 3000 | 200 min small particles
200 1U/mi ' 15| <7 Flocculate +, | 486
min small particles
15 | <7 Flocculate +, 486
min small particles
FORMULA B: Idem as A but with 1 % of Albumin
B 500 | 15 < 2 | Small flocculate 490
200 1U/ml min + Fibrils
<2 Large
B 100 25 | 1 3000 | 250 | 12 } 9 561
250 1U/mi min flocculate
B 300 | 10| <° Large 650
300 IU/ml min flocculate
FORMULA C: Twice Arg/Hist and Alb than A
<2
c 200 | 15 i Correct 715
min
200 1U/mi =3
200 | 15 ) Small flocculate | 715
min
<2
G 200 50 | 1 3000 | 250 | 12 i Correct 751
250 1U/mi min
<3
300 | 10 i Correct + fibril | 788
C min
300 IU/ml <3 | Small flocculate
300 | 10 } o 788
min + fibril
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Noticeably, the increase of albumin leads to a remarkable improvement on solubility
with negligible impact on osmolality (Formulation B). However, the additional increase
of excipients (Arginine up to 200 mM and histidine up to 50 mM) while maintaining
this 1 % albumin, unexpectedly do not provide any additional improvement on
solubility (Formulation C vs. B) while the impact on final product osmolality values is
very high (Formula C vs B).

In conclusion, it has been assessed the unexpected benefit in solubility by only
increasing albumin while maintaining other amino acids in the present formula, with

the additional advantage on preserving osmolality.

Example 4. Solubility and Osmolality balance on the FVII/VWF natural complex:
Impact of increasing Albumin up to 2 % and increasing amino acids 1.5-fold

High purity FVIII/VWF intermediates obtained as described in the example 1 were
formulated in order to obtain in each case a freeze-dried product which after
reconstitution is equivalent to the following aqueous formulation:
A) 100 mM Arg, 25 mM His and 0.5 % alb was reproduced as control (prior art
formula)
B) 150 mM Arg, 37.5 mM His, and 2 % alb: Increase of albumin and
aminoacids 1.5 fold

For the two formulations, the dose of 3000 1U/vial at high potency (200 1U FVIII/mI)
was tested:
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TABLE 4
FINAL VIAL AFTER RECONSTITUTION
< ]
% ’~>f 50 § [0)
b= < 8 ] p & aa
Formula 5% | 2= |2 _ S = =<
o = o= n @ 2 F o O w
a2 | 22 |55 & L £Q
2- |2 |82 | 3 g SE
pd i o 3
i o
Flocculate +++, | 484
< 6 min .
small particles
100 mM Arg
Flocculate +++, | 484
+ < 8 min .
) small particles
A 25 mM His 3000 200 15
Flocculate +, 484
+ <7 min .
small particles
0.5 % alb.
Flocculate +, 484
< 7 min .
small particles
150 mM Arg < 3 min Small particle 608
+ Small particles, 608
< 3 min | fib
B | 37.5mMHis | 3000 200 15 ong tibre
+ < 3 min Flocculate + 608
. . 608
2 % alb. <3 min | Small particles

The results obtained shows that the increase in albumin up tc 2 % and aminoacids
(Arginine up to 150 mM and Histidine 37.5 mM) leads to a correct 3000 U dose at
high potency (200 1U FVIII/ml) in terms of solubility (reconstitution time and
appearance of the reconstituted solution). However, the evaluated
composition (150 mM Arg, 37 mM Hist, 2 % albumin) lead also to an osmolality

increase that was not desired.

Example 5. Solubility and Osmolality balance on the FVII/VWF natural complex.
Impact of Albumin/Arginine ratio on osmolality while maintaining solubility at 3000 1U

dose and 200 Ul/ml potency.

High purity FVIII/VWF intermediates obtained as described in the example 1 were
formulated in order to obtain a freeze-dried product which after reconstitution is
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equivalent to the following aqueous formulations:
- A) 200 mM Arg, 50 mM His and 1 % alb (Ratio Alb/Arg: 0.05)
- B)110 mM Arg, 22 mM His, and 1.8 % alb (Ratio Alb/Arg:0.16)
- C)70 mM Arg, 17 mM His, and 1.8 % alb (Ratio Alb/Arg: 0.26)

PCT/EP2022/072325

These formulations were tested at 3000 |U/vial dose at high FVIIl and FVW potency
{(nominal 200 1U/mi of FVII):

TABLE 5
FINAL VIAL AFTER RECONSTITUTION
fond
RS o o =
o e = — | E @ -E)
Q = = = <
= = | = > 3 >E |2 E E
= =S | =2 || 2P| = oL | o ) =
SIE|E|E < |C=|2|82/28] £ |5.| ¢
=4 - oo O.(E = o O — -":E\
o | 212 |E| < |%Z2|2|=*8 |53 S 2EE| =
S | E| B | 2| £ |E2| =2 |E2 a g~ | =
Elslz|2| 5|5 S| LI | BE o S ©
1.? < T ] @ > | e 3 =
n CE L 8 o 7
o O
<2
Correct min s
Small <3
flocculate min
A |200| 50 | 1 |0.05 15 ~0
Correct .
min
Small -3 715
flocculate min
3000 | 200 | 280
B |110| 22 |1.8]|0.16 15 | correct | <2 | 438
min
cl| 70|17 |1.8]0.26 15 | comect | <3 |375+25
min

Surprisingly, the increase in albumin up to 1.8 % allows the reduction of the

concentration of amino acids in the formulation (70 mM Arg and 17 mM His) while

maintaining the solubility criteria and providing a minimum impact on osmolality for a
very high dose of 3000 1U and at high FVIIl potency.

In conclusion, the high purity intermediate of FVIII/VWF obtained as example 1,
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formulated with Arginine 70 mM, Hist 17 mM and albumin 1.8 %, and with a perfectly
balanced Alb/Arg ratio is able to eventually lead a product with a dose of 3000 Ul/ml
of FVIIl, 4200 Ul/ml of FVW, that can be administered with 15 ml and with a final
osmolality less than 400 mOsm/kg and with a reconstitution time lower than 3 min.

Example 6. Suitability of the formulation of the present invention to be subjected a

heat treatment on the freeze-dried product preserving both FVIill and FVW activity.

Different High purity FVII'VWF intermediates from lots of 6800 L of plasma at
industrial scale were obtained as described in the example 1. The HP FVIII/FVW
complex intermediates, were formulated with the formula of the invention and were
filled into 250, 500, 1000, 2000 and 3000 U vials. Vials were subjected to
freeze-drying in order to ensure a correct moisture, and subsequently to a heat
treatment with the capacity to inactivate viruses at 81+1 °C during 72-74 hours. All the
doses were reconstituted at a nominal potency of 200 1U/ml, except the 250 U that

was reconstituted at 100 IU/ml (final formula: 70 mM Arg, 17 mM His, 1.8 % alb).

TABLE 6
FINAL PRODUCT
(VIAL PRIOR ADMINISTRATION)
a z £ =52 o
= >0 E‘l__ ) Lo E\I—- —_ S _—
S |es3Ee|8%EE| o ¥
T o188 | &s5% &
@ o < o Y
@ T o T =
3000 Ul 87.213.4 94.4+7.7 0.840.1
2000 Ul 85.8 95.7 0.7
1000 Ul 82.6 85.9 0.8
500 Ul 78.815.5 90.745.0 1.2140.1
250 Ul 84.9+4 .3 93.7+16.3 1.040.1

The results show that the formulation of the invention is suitable to protect the
FVIII/'VWF complex during the Heat treatment, preserving the biological activity of
both FVIIl and FVW:RCo. Thus, the ratio of FVW:RCo/FVII, indicative of the
functional state of the complex, is thercby maintained after this heat treatment step
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resembling as it is in plasma, leading and stable, safe, soluble natural FVIIVVWF
complex, with its corresponding therapeutic indications.

Example 7. Long term stability of the FVIII/VWF complex formulated with the present

invention formula.

250, 500, 1000, 2000 and 3000 U vials of FVII/VWF were obtained. These final
products were subjected to a long-term stability study at 5 °C and 30 °C for 36 months

and 40 2C for 12 months. Results are shown in Table 7.
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TABLE 7
52C 302C 40 °C
TEST Initial| 36M |Initial| 36M | Initial | 12M
250 IlU |DISSOLUTION TIME (20-25 2C)|<2  |<1 <2 |« <2 <2
FVII ACTIVITY (%) 100 |98.7 |100 |87.4 (100 (90.9

RISTOCETIN COFACTOR 100 |97.6 [100 [100 [100 [90.4
(VWWF:RCo) (%)

500 IU |DISSOLUTION TIME (20-25 2C)|<3 |<2 |<8 |<2 <3 <2
FVIN ACTIVITY (%) 100 |93.6 |100 |87.6 (100 (90.1

RISTOCETIN COFACTOR 100 |81.8 |100 |85.2 |100 (923
(VWF:RCo) (%)

1000 IU |DISSOLUTION TIME (20-25 °C)|<3 [<2 |<8 [<2 <3 <3
FVIIL ACTIVITY (%) 100 |100 |100 |100 (100 (100

RISTOCETIN COFACTOR 100 [87.2 [100 [87.9 [100 [100
(VWF:RGo) (%)

2000 IU |DISSOLUTION TIME (20-25 °C)|<3 |<2 |<8 |<2 <3 <2
FVIII ACTIVITY (%) 100 (100 |100 (100 (100 (98.1

RISTOCETIN COFACTOR 3162 [3080 [3162 (2758 [3162 [3235
(VWF:RCo) (%)

3000 IU |DISSOLUTION TIME (20-25 °C})|<3 |<2 |<8 |<2 <3 <2
FVIH ACTIVITY (%) 100 |96.6 |100 |90.2 (100 (90.0

RISTOCETIN COFACTOR 100 |96.8 |100 |100 |100 (100
(VWF:RCo) (%)

The results of the functional state of the complex (FVIIl and FVW:RCo activity) as well
as the solubility parameters (reconstitution time) are shown in table 7 under the

5 different temperature conditions and along time.

The results show that the formulation of the invention is suitable to protect the

FVIII'VWF complex along time under different temperature conditions. The biological

activity of both FVIlIl and FVW is preserved at least up to 36 months at 5 and 30 ¢C
10 and up to 12 months at 40 2C and the solubility is maintain unaltered along time.

CA 03228445 2024-2-8
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CLAIMS

1. Method for producing a lyophilized pharmaceutical composition comprising human
plasma-derived Factor VIII/Von Willebrand Factor (FVIII/'VWF) complex, comprising
the steps of:

a) providing an initial aqueous solution comprising FVIII/'VWF with at least 90 U of
FVIIl per mg of total proteins, with a ratio of VWF/FVIII activity of at least 0.7;
b) adding arginine, histidine, and human serum albumin (HSA);
¢) lyophilizing the FVII/VWF solution obtained in step b); and
d) reconstituting the lyophilized FVIII/VWF in water for injection thereby obtaining a
therapeutic product adequate for the treatment of Hemophilia A and Von
Willebrand Disease,
wherein prior to administration to a patient arginine is at a concentration between 42
and 98 mmol/L, histidine is at a concentration between 10 and 24 mmol/L, albumin is
at a concentration between 1.0 and 2.5 % (w/v), FVIII potency and VWF potency are
equal to or higher than 200 IU/mL, and the obtained product has a FVIIlI dose up to
3600 IU/vial, and a VWF dose up to 5040 IU/vial.

2. Method, according to claim 1, wherein albumin concentration in step b) is
between 1.2 and 2.3 % (w/v).

3. Method, according to claim 1 or 2, wherein histidine concentration in step b) is

between 13 and 21 mmol/L.

4. Method, according to any of the preceding claims, wherein arginine concentration is
between 50 and 90 mmol/L.

5. Method, according to any of the preceding claims, further comprising a step of heat

treatment.

6. Method, according to claim 5, wherein the FVIII/VWF complex is not affected by

said heat treatment and is similar to the FVIII/VWF complex present in plasma.

7. Method, according to any of the preceding claims, wherein osmolality of the product
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obtained in step d) is equal to or higher than 240 mOsm/kg.

8. Method, according to any of the preceding claims, wherein recaonstitution time in
step d) is less than 10 min.

9. Composition comprising lyophilized FVIIIIVWF complex wherein concentration of
arginine after reconstitution is between 42 and 98 mmol/L, concentration of histidine
after reconstitution is between 10 and 24 mmol/L, and concentration of human serum
albumin (HAS) after reconstitution is between 1.0 and 2.5 % (w/v), and wherein the
FVIIl potency and VWF potency are equal to or higher than 200 IU/mL, and a FVIII
dose up to 3600 IU/vial and a VWF dose up to 5040 1U/vial.

10. Composition, according to claim 9, wherein albumin concentration is between 1.2
and 2.3 % (w/v).

11. Composition, according to claim 9 or 10, wherein histidine concentration is

between 13 and 21 mmol/L.

12. Composition, according to any of claims 9-11, wherein arginine concentration is
between 50 and 90 mmol/L.

13. Composition, according to any of claims 9-12, wherein FVIII dose is between 2400
and 3600 IU/vial and VWF dose is between 2160 and 5040 1U/vial.

14. Compasition, according to any claims 9-14, wherein reconstitution time of the

lyophilized composition is less than 10 min.

15. Composition, according to any of claims 9-14, for use in the treatment of
Hemophilia A and Von Willebrand Disease in a subject in need thereof.
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