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DENGUE VACCINE BATCH MIXING PROCESS

Cross Reference to Related Applications

[0001] The present application claims the benefit of, and priority to U.S. provisional
application Number 63/310,437 filed on 15 February 2022 and European patent
application EP22163647.5 filed on 22 March 2022, the entire contents of which is
incorporated herein by reference in its entirety.

SEQUENCE LISTING

[0002] This application contains a Sequence Listing which is submitted herewith in
electronically readable XML ST.26 format via the Patent Center, and is hereby
incorporated by reference in its entirety. The electronic Sequence Listing file was
created on February 7, 2023, is named T08306WO_PCT_buffer_mixing.xml and is
64.5 KB in size.

FIELD OF THE INVENTION

[0003] The present invention relates to a process for accurately controlling the
concentration of at least one excipient and the concentration of at least one biological
active agent in a liquid pharmaceutical composition. In particular, the present
invention relates to a process for accurately controlling the concentration of at least
one excipient and of at least one biological active agent in a liquid vaccine

composition, such as e.g. a liquid dengue vaccine composition.

BACKGROUND OF THE INVENTION

[0004] Certain pharmaceutical compositions, such as e.g. vaccines, comprise
biological active agents, which are synthesized from biological/living sources (e.g.
human, animal, plant, fungal, or microbial sources). In particular, these biological
active agents may be derived from tissue cultures of human or animal cell lines (e.g.
Vero cell lines). The concentration of biological active agent yielded by different
batches/growth cycles of the living sources (in particular cell lines) can vary
significantly, thus providing initial liquid drug substances (LDS) from the living sources
with significantly varying concentrations of active agent. It is however necessary to
ensure that the final pharmaceutical compositions, such as e.g. the vaccine, comprise

an appropriate predefined dose of the biological active agent which does not vary
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significantly from batch to batch. At the same time one or more excipients need to be
present in certain concentrations in the final composition to form a stable formulation.
Said excipients may or may not be present at all in the initial liquid drug substance
(LDS) or may or may not be present in the final concentration in the initial liquid drug
substance (LDS). Such excipients are considered as adjustable excipients. Final
pharmaceutical compositions according to this disclosure are initially liquid but may

subsequently be dried, e.g. by lyophilization.

[0005] Thus manufacturing the final liquid pharmaceutical composition (LPC) from
the initial liquid drug substance (LDS) requires adjusting several concentrations and
in particular requires adjusting the concentration of the active agent based on
significantly varying source concentrations. This leads to a highly variable batch
mixing process. There is thus a need for an effective batch mixing process that
minimizes process variables (batch to batch variables) despite batch to batch variable

active agent starting materials.
OBJECTS AND SUMMARY

[0006] It is an object of the present invention to provide a batch mixing process for
preparing a liquid pharmaceutical composition (LPC) with a target concentration of
at least one biological active agent and a target concentration of at least one
adjustable excipient, wherein the LPC is prepared from one or more liquid drug
substances (LDS) with a concentration of one biological active agent that may vary
from batch to batch.

[0007] The present invention also relates to pharmaceutical compositions obtained
or obtainable by said process and to the use of such pharmaceutical compositions,

in a method of treatment or prevention.

[0008] The above objects are achieved by embodiments of the present invention

as described and claimed herein.

[0009] The present invention is, therefore, directed to a batch mixing process for
preparing a liquid pharmaceutical composition (LPC) comprising at least one
biological active agent and at least one adjustable excipient, wherein the at least

one biological active agent has a target concentration in the LPC (T[Aj]rc) and the at
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least one adjustable excipient has a target concentration in the LPC (T[E]Lrc), the
process comprising at least two steps:
step 1: providing

a variable excipient liquid (VEL) comprising the at least one adjustable excipient at a

predefined concentration (P[Ex]veL),

one or more liquid drug substances (LDS) comprising one biological active agent at a
variable concentration (Y[Alps) and the at least one adjustable excipient at a

predefined concentration (°[E.].os), and

a fixed excipient liquid (FEL) comprising the at least one adjustable excipient at a
predefined concentration (F[Ex]reL), wherein the predefined concentration of each of

the adjustable excipients is defined in accordance with equation 1:
PIEx]ver = P[ExLos # P[Ex]FeL, Q)

wherein P[E,].ps is predefined by the process of manufacture of LDS and P[E]rer is

further defined by the conditions of step 2

step 2: combining

all of the LDSs each at a variable volume (*Vipsg),
the VEL at a variable volume (*VveL), and

the FEL at a predefined volume (°VeeL),

to form the LPC with a target volume ("Virc) and with a target concentration of all of

the biological active agents and all of the adjustable excipients, wherein

the variable volume of each LDS is defined according to equation 2:

@

T
[4i]
vVLDS(i) = V[_LPC

T
X "Vipc
AilLps '

the combined total volume of all LDSs (“Wipswtay=X {21 Vipsq)) and the VEL is
predefined (°V(eL+Lps)), and the variable volume of the VEL is defined according to

equation 3:
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"Vyer = PVererpsy = Vipseotary ©)
and the predefined volume of the FEL (PVreL) is defined according to equation 4:
pVFEL = TVLPC - pV(VEL+LDS)1 “)

and the pre-defined concentration of each of the adjustable excipients in the FEL is

defined according to equation 5:

"[Exlipe X "Vipe = PVversipsy X P[Exlves ®)
e

p[Ex]FEL =

[0010] In one embodiment, the target concentration of the at least one biological
active agent in the LPC (T[Ailec) and the target concentration of the at least one
adjustable excipient in the LPC ("[E.]Lrc) are predefined. The ("[Alirc) and (T[Ex]rc)
of the LPC do not change from batch to batch, i.e. they are constant. They are chosen
at appropriate target values for the desired LPC.

[0011] It is in the nature of the invention that the concentration of the at least one
adjustable excipient in the VEL (°[Edvel), LDS (°[Exver) and FEL (°[Ex]reL) are

predefined and are in accordance with equation 1 above.

[0012] The concentration of the at least one adjustable excipient in the FEL (°[Ex]reL)
is predefined in accordance with the predefined concentrations of the at least one
adjustable excipient in the VEL/LDS and the target concentration of the at least one
adjustable excipient in the LPC (T[Exirc). Once the concentrations have been
determined for the particular embodiment, they are constant and do not change from
batch to batch.

[0013] The target volume of the LPC ("Virc) is chosen according to the appropriate
target volume for the desired LPC. It may be for example chosen based on the
maximum volume of a vessel used in the batch mixing process. Furthermore, the
predefined volume of the FEL (PVreL) is chosen in accordance with the chosen target
volume of the LPC. In one embodiment, PV is smaller than ™V pc. In a preferred
embodiment, PVeeLis at least 10% of TVipc.
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[0014] In a preferred embodiment, the target volume of the LPC according to the
invention can also be expressed as:

T P ; _
Viee = Vg, + "Vyp + vVLDS(total)r wherein YWipsgotay=Y 121 Vins(i)-

[0015] Accordingly, the volume of the sum of “Vyg + "Vipseorary iS alsO

predefined. Furthermore, the predefined volume of the sum of "Vyp + Usz(mmz) is
chosen in accordance with the chosen target volume of the LPC. In one embodiment,

the sum of “Vyg, + "Vipscotary is Smaller than ™Vipc. In a preferred embodiment, the

sum of “Vyg, + Vipsceotar 1S Up to 90% of Viec.

[0016] Hence, the variable volume parameters UVLDS(total) and Vg, are

calculated for each batch of LPC according to the variable concentrations of biological
active ingredient in each of the at least one LDS. It is preferred that all other

parameters are predefined according to the desired target values of the LPC.

[0017] Thus, one preferred embodiment of the method of the invention provides a

batch mixing process for preparing a liquid pharmaceutical composition (LPC)
wherein only the variable volume of the "V, psoqry @nd “Vyg, that need to be added

to each batch of LPC need to be calculated. Hence, the method provides an efficient
and streamlined process that is applicable to any LPC of choice and can be used for
the large-scale manufacture of liquid pharmaceutical compositions, such as
tetravalent dengue vaccines, in particular live attenuated tetravalent dengue vaccines.
In a preferred embodiment, the tetravalent dengue vaccine includes all four live,
attenuated dengue serotypes including dengue serotype 1 such as dengue 2/1
chimera or TDV-1 represented by SEQ ID NO: 1 and/or SEQ ID NO:2 , dengue
serotype 2 or TDV-2 represented by SEQ ID NO: 3 and/or SEQ ID NO:4, dengue
serotype 3 such as dengue serotype 2/3 or TDV-3 represented by SEQ ID NO: 5
and/or SEQ ID NO:6, dengue serotype 4 such as dengue serotype 2/4 or TDV-4
represented by SEQ ID NO: 7 and/or SEQ ID NO:8.

[0018] The present invention further relates to a product or pharmaceutical
composition obtainable or obtained by the process described above and the use of
said product or pharmaceutical composition in a method of treating or preventing a

disease, in particular in a method of preventing dengue disease.
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DEFINITIONS

[0019] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although, any processes and materials similar or equivalent to
those described herein can be used in practice for testing of the present invention,
the preferred materials and processes are described herein. In describing and
claiming the present invention, the following terminology will be used in accordance
with the definitions set out below.

[0020] Throughout the description, references to the words “can” and “may”, (e.g.
such as the phrase “can be” or “may be”) are not construed as limiting the invention

to specific embodiments but rather are illustrative and non-limiting examples.

[0021] Unless clearly indicated otherwise, use of the terms “a,” “an,” and the like

refers to one or more.

[0022] The term “large-scale” also called “production scale” or “manufacturing
scale” as used herein refers to isolation of the virus achievable from volumes of

starting sample in the order of thousands of litres.

[0023] The term “liquid drug substance” or “LDS” refers to a liquid comprising a
variable concentration of biological active agent and a predefined concentration of
excipients. The predefined concentration of excipients is set by the process of

preparing the LDS.

[0024] The term “predefined concentration” refers to a given concentration of an
excipient in a given liquid, which is set in advance and therefore, always remains the
same from batch to batch. The term “predefined volume” refers to a given volume of
liquid which is set in advance and therefore always remains the same from batch to
batch. The term “predefined” refers to values that are set by circumstances outside
the mixing process, i.e. the concentration of excipients in the LDS, and also refers to
values set for the mixing process, i.e. the concentration of excipients in the FEL and
the volume of FEL and the combined volume of LDS and VEL.
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[0025] The term “variable volume” refers to a volume of VEL or LDS, which can vary
from batch to batch depending on the concentration of the biological active agent(s)
in the LDS(s). The term “variable concentration” refers to a concentration of biological
active agent in the LDS, which can vary from batch to batch.

[0026] The term “target concentration” refers to the desired end concentrations of
excipients and active agents set in advance in the liquid pharmaceutical composition
(LPC) obtained/obtainable by the process according to the present invention. The
term “target volume” refers to the desired end volume set in advance of the liquid
pharmaceutical composition (LPC) obtained/obtainable by the process according to

the present invention.

[0027] As used herein, the term “excipient” refers to a substance added to a liquid
pharmaceutical composition in addition to the biological active agent. This can include
substances used for the purpose of enhancing stabilization of the active agent, salts,
carbohydrates (such as e.g., sugars), surfactants, proteins, bulking agents, fillers, or
agents that in combination with the active agent can confer a therapeutic
enhancement of the composition. In particular, excipients may refer to salts,
carbohydrates, non-ionic surfactants and albumins. Excipients may also refer to
buffers such as e.g., phosphate buffer. Excipients may also refer to buffers such as
e.g. phosphate buffer. Phosphate buffer is obtainable by admixing potassium buffer
salts such as e.g. potassium dihydrogen phosphate and disodium hydrogen
phosphate, in a set ratio. Within the meaning of this invention phosphate buffer is
considered as a single excipient. The excipients according to the present invention
may be described by referring to the admixed (dry) excipients.

[0028] The term “non-ionic surfactant” means a surfactant that contains neither
positively nor negatively charged functional groups. In contrast to anionic and cationic
surfactants, non-ionic surfactants do not ionize in solution. Non-ionic surfactants may
be selected from block copolymers, sorbitan esters, ethoxylated or propoxylated
sorbitan esters, alkyl-polyglycosides (APG), alkoxylated mono- or di-alkylamines, fatty
acid monoethanolamides (FAMA), fatty acid diethanolamides (FADA), ethoxylated
fatty acid monoethanolamides (EFAM), propoxylated fatty acid monoethanolamides
(PFAM), polyhydroxy alkyl fatty acid amides, or N-acyl N-alkyl derivatives of
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glucosamine (glucamides, GA, or fatty acid glucamide, FAGA), and combinations
thereof.

[0029] The term “albumin” refers to the albumin family of globular non-glycosylated
proteins. They are water-soluble, moderately soluble in concentrated salt solutions,
and experience heat denaturation. Suitable albumins for use in the process of the
present invention include mammalian serum albumins such as human serum albumin
and bovine serum albumin or lactalbumin. Serum albumin is one of the most common
proteins in vertebrate blood and has multiple functions. The protein is 585 amino acids
with a molecular weight of 66,500 D. Human serum albumin is not glycosylated and
has a single free thiol group. The human serum albumin may be recombinant human
serum albumin, or it may be human serum albumin purified from human serum.

Preferably, human serum albumin purified from human serum is used.

[0030] Within the meaning of this invention, the term “set excipient” refers to an
excipient which has the same concentration in the VEL, LDS, and FEL and
consequently, also in the LPC. The concentration does not have to be adjusted to
obtain a target concentration in the LPC, instead the concentration is already the
target concentration from the outset.

[0031] Within the meaning of this invention, the term “adjustable excipient” refers to
an excipient, which does not have the target concentration of the LPC in the LDS, but
instead needs to be adjusted to become the target concentration in LPC by
appropriate mixing with VEL and FEL.

[0032] As used herein, the term “biological active agent” refers to a compound which
is biologically active and is associated with a particular pharmacological effect. A
biological active agent is generally a substance which is manufactured in, extracted
from, or semi-synthesized from biological sources. Biological active agents may be
isolated from living sources, such as human, animal, plant, fungal, or microbial
sources. In particular, biological active agents are often derived from tissue cultures
of human or animal cell lines (e.g. Vero cell lines). In a particular embodiment,
biological active agents refer to viruses, such as e.g. dengue viruses. Different
biological active agents may, therefore, refer to different virus or to different serotypes
of the same virus.
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[0033] The process of the present invention can be used for preparing a liquid
pharmaceutical composition (LPC) comprising flaviviruses. The genus flavivirus
comprises enveloped positive-stranded RNA viruses such as West Nile (WN) virus,
Japanese Encephalitis virus (JEV), Zika virus, Dengue fever virus, yellow fever virus
(YF), Kyasanur Forest disease virus, Murray Valley encephalitis virus, St. Louis
encephalitis virus, Tick-borne encephalitis virus, West Nile encephalitis virus, Central
European encephalitis (TBE-W) virus, Far Eastern encephalitis (TBE-FE) virus,
Kunjin virus, Tyuleniy virus, Ntaya virus, Uganda S virus, Modoc virus, BVDV (e.qg,
strains NADL, and 890), CSFV Alfort 187, BDV BD31 virus, and/or GB virus-A, -B,
and/or -C.

[0034] The process of the present invention can be used for preparing a liquid
pharmaceutical composition (LPC) comprising dengue viruses, i.e., each of the
dengue serotypes. Dengue virus as used herein is a single stranded, positive sense
RNA virus of the family flaviviridae. The family flaviviridae includes three genera,
flavivirus, hepacivirus and pestivirus. As used herein, the term "dengue serotype”
refers to a species of dengue virus which is defined by its cell surface antigens and
therefore can be distinguished from other dengue serotypes by serological methods
known in the art. At present, four serotypes of dengue virus are known, i.e., dengue
serotype 1 (DENV-1), dengue serotype 2 (DENV-2), dengue serotype 3 (DENV-3)
and dengue serotype 4 (DENV-4). According to this definition, a dengue serotype 1
can be, for example, the chimeric dengue serotype 2/1 strain (TDV-1) described
herein. Thus, the process of the present invention can also be used for large-scale
production and manufacture of four live, attenuated dengue virus strains separately.

[0035] As used herein, the term “live, attenuated dengue virus” refers to a viable
and infectious dengue virus which is mutated to provide reduced virulence. The live,
attenuated dengue virus can be a dengue virus in which all components are derived
from the same dengue serotype or it can be a chimeric dengue virus having parts
from two or more dengue serotypes. A "virus strain" and in particular a "dengue virus
strain" is a genetic subtype of a virus, in particular of a dengue virus, which is
characterized by a specific nucleic acid sequence. A dengue serotype may comprise
different strains with different nucleic acid sequences which have the same cell
surface antigens and are therefore recognized by the same antibodies. A dengue

virus strain can be a dengue virus in which all components are derived from the same
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dengue serotype or it can be a chimeric dengue virus having parts from two or more

dengue serotypes.

[0036] As used herein “dengue-1”, “dengue-2“, “dengue-3“ and “dengue-4“ may
each refer to a chimeric or non-chimeric live attenuated dengue serotype.

[0037] A “chimeric virus” or "chimeric strain" or “chimeric virus strain” in general
comprises parts from at least two different viruses. For example, a chimeric virus can
comprise the prM and E proteins of dengue virus and the other proteins from another
flavivirus. The chimeric virus can comprise the prM and E proteins of dengue virus
and the other proteins from another flavivirus such as yellow fever virus, Zika virus,
West Nile virus, Japanese encephalitis virus, St. Louis encephalitis virus and tick-
borne encephalitis virus. The chimeric virus can comprise the prM and E proteins of
dengue virus and the other proteins from yellow fever virus strain YF-17D. Such
chimeric viruses are present in the commercial product Dengvaxia® and are
described in, e.g, WO 98/37911, WO 03/101397, WO 2007/021672, WO
2008/007021, WO 2008/047023 and WO 2008/065315.

[0038] A “chimeric dengue virus” or "chimeric dengue serotype strain" or “chimeric
dengue strain” preferably comprises parts from at least two different dengue
serotypes, i.e. a dengue-dengue chimera. Such chimeric dengue viruses are
described in WO 01/060847 A2, WO 2014/150939 A2 and WO 2017/179017 A1.

[0039] Certain embodiments of the present invention are thus including the
manufacture of tetravalent compositions of 4 chimeric dengue strains, and/or
tetravalent compositions of 4 attenuated dengue strains, such as e.g. 4 attenuated
chimeric dengue strains or the “TAK-003” product (see below). A chimeric dengue
virus may include parts from a different flavivirus such as yellow fever virus, Zika virus,
West Nile virus, Japanese encephalitis virus, St. Louis encephalitis virus and tick-
borne encephalitis virus. For example, the chimeric dengue virus described herein
can include parts from the yellow fever virus.

[0040] As used herein, a “chimeric dengue serotype 2/1 strain” or “DENV-2/1
chimera” or “TDV-1" refers to a dengue virus chimeric construct which comprises parts
from both DENV-2 and DENV-1. Preferably, in the chimeric dengue serotype 2/1



WO 2023/158989 PCT/US2023/062530

10

15

20

25

30

11

strain the prM and E proteins from DENV-1 replace the prM and E proteins from
DENV-2.

[0041] As used herein, “TDV-2" refers to a molecularly characterized and cloned
dengue serotype 2 strain derived from the live attenuated DEN-2 PDK-53 virus strain.
The PDK-53 strain is described for example in Bhamarapravati et al. (1987) Bulletin
of the World Health Organization 65(2): 189-195. In one embodiment, the TDV-2
strain served as a backbone for the chimeric TDV-1, TDV-3 and TDV-4 strains into
which parts from the TDV-1, TDV-3 and TDV-4 strains were introduced. TDV-1, TDV-
2, TDV-3 and TDV-4 together form a tetravalent dengue virus composition, “TAK-
003", a dengue vaccine candidate for which regulatory filings have recently been
submitted by Takeda.

[0042] As used herein, a “chimeric dengue serotype 2/3 strain” or “DENV-2/3
chimera” or “TDV-3” refers to a dengue virus chimeric construct which comprises parts
from both DENV-2 and DENV-3. Preferably, in the chimeric dengue serotype 2/3
strain the prM and E proteins from DENV-3 replace the prM and E proteins from
DENV-2.

[0043] As used herein, a “chimeric dengue serotype 2/4 strain” or “DENV-2/4
chimera” or “TDV-4” refers to a dengue virus chimeric construct which comprises parts
from both DENV-2 and DENV-4. Preferably, in the chimeric dengue serotype 2/4
strain the prM and E proteins from DENV-4 replace the prM and E proteins from
DENV-2.

[0044] As used herein, “TDV" refers to a tetravalent live attenuated dengue vaccine
that comprises a mixture of the four live attenuated dengue virus strains TDV-1, TDV-
2, TDV-3 and TDV-4 expressing surface antigens from the four dengue serotypes
DENV-1, DENV-2, DENV-3 and DENV-4, respectively. In one embodiment (e.g. also
in the examples), TDV-1 is characterized by the nucleotide sequence according to
SEQ ID No. 1 and/or the amino acid sequence according to SEQ ID No. 2. In one
embodiment, TDV-2 is characterized by the nucleotide sequence according to SEQ
ID No. 3 and/or the amino acid sequence according to SEQ ID No. 4. In one
embodiment, TDV-3 is characterized by the nucleotide sequence according to SEQ
ID No. 5 and/or the amino acid sequence according to SEQ ID No. 6. In one
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embodiment, TDV-4 is characterized by the nucleotide sequence according to SEQ
ID No. 7 and/or the amino acid sequence according to SEQ ID No. 8.

[0045] As used herein, the terms “subject” or “subjects” generally refer to human
subjects (e.g. infants, children or adults).

[0046] As used herein, the term "dengue disease" refers to the disease, which is
caused by infection with dengue virus. Symptoms of dengue disease include sudden
high fever, headaches, joint and muscle pain, nausea, vomiting and skin rashes. The
term dengue disease also includes the more severe forms of dengue haemorrhagic
fever (DHF) and dengue shock syndrome (DSS). Symptoms of DHF include increased
vascular permeability, hypovolemia and abnormal blood clotting mechanisms.
Subjects with DHF may present with severe manifestations of plasma leakage and
haemorrhage. When a subject with DHF experiences shock he or she will be
categorized as having DSS. Symptoms of DSS include bleeding that may appear as
tiny spots of blood on the skin and larger patches of blood under the skin. Prolonged
shock is the main factor associated with complications including massive

gastrointestinal haemorrhage that can lead to death.

[0047] As used herein, “preventing” refers to preventing a subject from developing
one or more symptoms of a disease; in particular dengue disease because of an
infection with a dengue virus. In a particular embodiment, preventing dengue disease
includes preventing DHS and/or DSS.

[0048] “Dengue virus vaccine” as used herein means either a monovalent vaccine,
i.e., one of the four known dengue serotypes, a divalent vaccine, i.e., two of the four
serotypes, a trivalent vaccine, i.e., three of the four serotypes, or tetravalent vaccine,

i.e., all four serotypes.

[0049] The term “viral titer”, “virus titer” or “titer” as used herein refers to the
concentration of infectious viral particles. The viral titer can be determined using an
assay which measures the ability of a flaviviral particle to bind to, penetrate and deliver
its genome to the cytoplasm of a host cell, thereby allowing expression of structural
proteins in a host cell. Viral titer in the context of the invention can be measured using
a immunofluorescence assay. Alternatively, any other analytical method can be used
to measure the viral titer, for example, viral titer can be measured by a functional
assay, such as an assay described in Xiao et al., Exp. Neurobiol. 144:113-124, 1997,
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or Fisher et al., J. Virol. 70:520-532, 1996. The virus titer is herein expressed in log1o
PFU/mI. Virus concentrations are determined by an immune focus assay that results
in plaque forming units (PFU). In one example, the immune focus assay is carried out
as described in detail in section 2.5 of Brewoo et al. (Vaccine. 2012 February 14;
30(8): 1513—1520. doi:10.1016/j.vaccine.2011.11.072.)."

[0050] The term “dry” (or "dried product") refers to a solid material with a residual
water content of less than about 10% w/w. Dried products are preferably dried to
residual liquid (water) contents of 8% or less, 5% or less, or preferably from about 0.1
% to about 5 %. Preferably, the residual water content is determined in accordance
with the Karl Fischer titration method.

[0051] The term “lyophilization” as used herein refers to freeze-drying of an aqueous
solution, resulting in a powder or solid. Lyophilization involves manipulating the
temperature and pressure of the solution so that the phase of the solution can move
directly from the frozen state to the gaseous state without moving through the liquid
phase/state. This is achieved by cooling the solution and lowering the pressure to
below the triple point of water (the temperature and pressure at which water can exist
in equilibrium in the liquid, solid, and gaseous states — which is 0.01°C). This allows
for the removal of the solvent from the product without subjecting the product to
intense heat.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0052] Figure 1: A schematic drawing illustrating the mixing process according to

Example 1 of the present application.

DETAILED DESCRIPTION

[0053] The invention provides a batch mixing process for preparing a liquid
pharmaceutical composition (LPC) with a predefined, consistent target concentration
of at least one biological active agent. The at least one biological active agent is
prepared through a biological process, e.g. cell culture processes such as protein
expression, the end product of which is a liquid drug substance (LDS) with a batch-
to-batch variable concentration of the at least one biological active agent. In order to
prepare the LPC with the correct concentration of the at least one biological active
agent, different volumes of each of the at least one LDS(s) must be used. However,
the LPC additionally comprises at least one adjustable excipient. Therefore, the at
least one biological active agent and the at least one adjustable excipient are
variables that need to be adjusted, resulting in the need to calculate concentrations
and volumes for each variable. Especially when the LPC comprises more than one,
for example four, biological active agents and more than one, for example four,
adjustable excipients, the process of mixing solutions correctly would be
complicated and inefficient. Hence, the invention provides an efficient batch mixing
process. Using this process, only the volume of each of the at least one LDS(s) and
the volume of the variable excipient liquid (VEL) need to be adjusted.

[0054] The invention comprises the steps of providing a variable excipient liquid
(VEL) comprising the at least one adjustable excipient at a predefined concentration
(P[Ex]veL), one or more liquid drug substance (LDS) comprising one biological active
agent at a variable concentration (Y[Aj]Los) and the at least one adjustable excipient at
a predefined concentration (°[Ex]ios), and a fixed excipient liquid (FEL) comprising the
at least one adjustable excipient at a predefined concentration (P[Ere.). The VEL and
FEL can be provided as stock solutions, since the concentration of the at least one
adjustable excipients therein does not change from batch to batch, i.e. when different
batches of LPC are prepared. Thus, the same VEL and FEL can be used to prepare
each batch of LPC, wherein each batch of LPC may comprise different batches of
LDS(s).
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[0055] Hence, in one embodiment, the VEL and FEL concentration of the at least
one adjustable excipient do not change when different batches of LPC are prepared.
This means that the same stock preparations of VEL and FEL can be used to prepare
each batch of LPC.

[0056] It is a feature of the present invention that the LDS(s) and the FEL have the
same predefined concentration of the at least one adjustable excipient, while the FEL
has a different predefined concentration of the same at least one adjustable excipient,
according to the formula P[Ex]veL = P[Ex]os # P[Ex]reL, This means that in order to arrive
at an LPC comprising the same at least one adjustable excipient at a predefined
concentration of choice, only the volume of VEL needs to be adjusted. The variable
volume of the at least one LDS is calculated according to the concentration of the
biological active agent, which is variable due to its nature. Hence, the VEL is adjusted
based on the volume of LDS(s) needed to provide the target concentration of the at
least one biological active ingredient in the LPC. The fixed volume of the FEL and the
fixed volume of the sum of (LDS(s) + VEL) are predefined and correspond to the
predefined volume and target concentration of the at least one adjustable excipient of
the LPC. The FEL, LDS(s), VEL and LPC may also comprise at least one set excipient
at a fixed concentration.

Excipients

[0057] In one embodiment, the VEL comprises at least one, at least two, at least
three, at least four, at least five, at least six, at least seven, at least eight, at least nine,
at least ten, at least eleven, at least twelve, at least thirteen, at least fourteen, at least
fifteen, at least sixteen, at least seventeen, at least eighteen, at least nineteen or at
least twenty adjustable excipients at a predefined concentration. In another
embodiment, the VEL comprises between one and twenty, between one and fifteen,
between one and ten or between one and eight adjustable excipients at a predefined
concentration. In a preferred embodiment, the VEL comprises at least four adjustable
excipients at a predefined concentration.

[0058] In one embodiment, the FEL comprises at least one, at least two, at least
three, at least four, at least five, at least six, at least seven, at least eight, at least nine,
at least ten, at least eleven, at least twelve, at least thirteen, at least fourteen, at least
fifteen, at least sixteen, at least seventeen, at least eighteen, at least nineteen or at
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least twenty adjustable excipients at a predefined concentration. In another
embodiment, the FEL comprises between one and twenty, between one and fifteen,
between one and ten or between one and eight adjustable excipients at a predefined
concentration. In a preferred embodiment, the FEL comprises at least four adjustable

excipients at a predefined concentration.

[0059] In one embodiment, the LDS comprises at least one, at least two, at least
three, at least four, at least five, at least six, at least seven, at least eight, at least nine,
at least ten, at least eleven, at least twelve, at least thirteen, at least fourteen, at least
fiteen, at least sixteen, at least seventeen, at least eighteen, at least nineteen or at
least twenty adjustable excipients at a predefined concentration. In another
embodiment, the LDS comprises between one and twenty, between one and fifteen,
between one and ten or between one and eight adjustable excipients at a predefined
concentration. In a preferred embodiment, the LDS comprises at least four adjustable
excipients at a predefined concentration.

[0060] In one embodiment, the VEL, LDS, or FEL comprises at least one excipient
selected from salts, sugars, non-ionic surfactants, and proteins. In one embodiment,
the VEL, LDS, and FEL each comprise at least one excipient selected from salts,
sugars, non-ionic surfactants, and proteins.

[0061] In one embodiment, the VEL and LDS each comprise the same at least one
excipient. In one embodiment, the VEL and LDS each comprise the same at least one
excipient at the same predefined concentrations.

[0062] In another embodiment, the VEL and LDS each comprise the same at least
one excipient at different predefined concentrations.

[0063] In one embodiment, the FEL, VEL and LDS each comprise the same at least
one excipient. In one embodiment, the VEL and LDS each comprise the same at least
one excipient at the same predefined concentrations and the FEL comprises the same
at least one excipient at a different predefined concentration.

[0064] In another embodiment, each batch of FEL, VEL and LDS comprise the
same at least one excipient. In another embodiment, each batch of FEL, VEL and
LDS comprise the same at least one adjustable excipient and at least one set

excipient.
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[0065] In one embodiment, each batch of the liquid pharmaceutical composition
(LPC) comprises the same predefined target concentration of at least one excipient.
In one embodiment, each batch of the liquid pharmaceutical composition (LPC)
comprises the same predefined target concentration of at least one adjustable

excipient and at least one set excipient.

1. Adjustable excipients: salts

[0066] The salts can be anhydrous or hydrates. The salts can be either one, two,
three, or four sodium salts, or one, two, three, or four potassium salts, or one, two,
three, or four magnesium salts. Each possibility can be combined with the other

possibility. Thus, each possibility represents a separate embodiment of the invention.

[0067] For example, the sodium salt can be sodium fluoride, or sodium chloride, or
sodium bromide, or sodium iodide, or sodium sulphate, or disodium salts such as
disodium phosphate, or sodium dihydrogen phosphate or disodium hydrogen
phosphate or disodium hydrogen phosphate, dihydrate, or sodium bicarbonate or
sodium carbonate. For example, the potassium salt can be potassium fluoride, or
potassium chloride, or potassium iodide, or potassium sulphate, or potassium
dihydrogen phosphate or potassium dihydrogen sulphate or potassium bicarbonate
or potassium carbonate. For example, the magnesium salt can be magnesium
fluoride, or magnesium chloride, or magnesium iodide, or magnesium sulphate, or
magnesium dihydrogen phosphate or magnesium bicarbonate or magnesium
carbonate. In one embodiment, the at least one salt is a sodium salt, preferably
selected from sodium chloride and disodium hydrogen phosphate dihydrate. In
another embodiment, the at least one salt is a potassium salt, preferably selected

from potassium dihydrogen phosphate and potassium chloride.

[0068] In one embodiment, the VEL, LDS or FEL comprises at least one sodium salt
and at least one potassium salt.

[0069] In one embodiment, the VEL, LDS and FEL each comprise at least one

sodium salt and at least one potassium salt.

[0070] In one embodiment, the VEL, LDS or FEL comprises sodium chloride and

disodium hydrogen phosphate dihydrate.
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[0071] In one embodiment, the VEL, LDS and FEL each comprise sodium chloride
and disodium hydrogen phosphate dihydrate.

[0072] In one embodiment, the VEL, LDS or FEL comprises potassium dihydrogen
phosphate and potassium chloride.

[0073] In one embodiment, the VEL, LDS and FEL each comprise potassium
dihydrogen phosphate and potassium chloride.

[0074] In one embodiment, the VEL, LDS or FEL comprises sodium chloride,
disodium hydrogen phosphate dihydrate, potassium dihydrogen phosphate and
potassium chloride.

[0075] In one embodiment, the VEL, LDS and FEL each comprise sodium chloride,
disodium hydrogen phosphate dihydrate, potassium dihydrogen phosphate and
potassium chloride.

[0076] Each of the above salts can preferably be used within the range of 0.9 mM
to 130 mM in the VEL, LDS, or FEL.

[0077] For example, the VEL can comprise sodium chloride in the range 100 to 130
mM, 110to 130 mM, 120 to 130 mM and other three salts within the range of 0.9 to 6
mM. For example, the VEL can comprise potassium chloride in the range 100 to 130
mM, 110 to 130 mM, 120 to 130 mM and other three salts within the range of 0.9 to 6
mM. For example, VEL can comprise magnesium chloride in the range 100 to 130
mM, 110to 130 mM, 120 to 130 mM and other three salts within the range of 0.9 to 6
mM.

[0078] For example, the VEL can comprise sodium fluoride in the range 100 to 130
mM, 110to 130 mM, 120 to 130 mM and other three salts within the range of 0.9 to 6
mM. For example, the VEL can comprise potassium fluoride in the range 100 to 130
mM, 110to 130 mM, 120 to 130 mM and other three salts within the range of 0.9 to 6
mM.

[0079] For example, the VEL can comprise sodium carbonate in the range 100 to
130 mM, 110 to 130 mM, 120 to 130 mM and other three salts within the range of 0.9
to 6 mM. For example, the VEL can comprise potassium carbonate in the range 100
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to 130 mM, 110 to 130 mM, 120 to 130 mM and other three salts within the range of
0.9 to 6 mM.

[0080] For example, the VEL can comprise sodium chloride in the range 100 to 130
mM, 110 to 130 mM, 120 to 130 mM, and potassium chloride in the range 1 mM to 2
mM, 1 mM to 1.5 mM and two other salts within the range of 0.9 to 6 mM. For example,
the VEL can comprise sodium chloride in the range 100 to 130 mM, 110 to 130 mM,
120 to 130 mM, and magnesium chloride in the range 1 mM to 2 mM, 1 mM to 1.5
mM and two other salts within the range of 0.9 to 6 mM. For example, the VEL can
comprise potassium chloride in the range 100 to 130 mM, 110 to 130 mM, 120 to 130
mM, and magnesium chloride in the range 1 mM to 2 mM, 1 mM to 1.5 mM and two
other salts within the range of 0.9 to 6 mM.

[0081] For example, the VEL can comprise sodium fluoride in the range 100 to 130
mM, 110 to 130 mM, 120 to 130 mM, and potassium chloride in the range 1 mM to 2
mM, 1 mM to 1.5 mM and two other salts within the range of 0.9 to 6 mM. For
example, the VEL can comprise sodium fluoride in the range 100 to 130 mM, 110 to
130 mM, 120 to 130 mM, and potassium carbonate in the range 1 mM to 2 mM, 1 mM
to 1.5 mM and two other salts within the range of 0.9 to 6 mM. For example, the VEL
can comprise sodium fluoride in the range 100 to 130 mM, 110 to 130 mM, 120 to 130
mM, and magnesium chloride in the range 1 mM to 2 mM, 1 mM to 1.5 mM and two
other salts within the range of 0.9 to 6 mM. For example, the VEL can comprise
sodium iodide in the range 100 to 130 mM, 110 to 130 mM, 120 to 130 mM, and
potassium carbonate in the range 1 mM to 2 mM, 1 mM to 1.5 mM and two other salts
within the range of 0.9 to 6 mM.

[0082] For example, the VEL can comprise sodium chloride in the range 100 to 130
mM, 110 to 130 mM, 120 to 130 mM, and potassium chloride in the range 1 mM to 2
mM, 1 mM to 1.5 mM, potassium dihydrogen phosphate within the range 0.9 to 1.2
mM, 0.9 to 1.0 mM and one other salt within the range of 4 to 6 mM, 5 to 6 mM. For
example, the VEL can comprise sodium chloride in the range 100 to 130 mM, 110 to
130 mM, 120 to 130 mM, and potassium phosphate in the range 1 mM to 2 mM, 1
mM to 1.5 mM, potassium dihydrogen sulphate within the range 0.9 to 1.2 mM, 0.9 to
1.0 mM and one other salt within the range of 4 to 6 mM, 5 to 6 mM. For example, the
VEL can comprise sodium chloride in the range 100 to 130 mM, 110 to 130 mM, 120
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to 130 mM, and potassium phosphate in the range 1 mM to 2 mM, 1 mM to 1.5 mM,
sodium dihydrogen sulphate within the range 0.9 to 1.2 mM, 0.9 to 1.0 mM and one
other salt within the range of 4 to 6 mM, 5 to 6 mM.

[0083] For example, the VEL can comprise sodium chloride in the range 100 to 130
mM, 110 to 130 mM, 120 to 130 mM, and potassium chloride in the range 1 mM to 2
mM, 1 mM to 1.5 mM, potassium dihydrogen phosphate within the range 0.9 to 1.2
mM, 0.9 to 1.0 mM and disodium hydrogen phosphate dihydrate within the range of 4
to 6 mM, 5 to 6 mM. For example, the VEL can comprise potassium chloride in the
range 100 to 130 mM, 110 to 130 mM, 120 to 130 mM, and magnesium chloride in
the range 1 mM to 2 mM, 1 mM to 1.5 mM, sodium dihydrogen phosphate within the
range 0.9 to 1.2 mM, 0.9 to 1.0 mM and disodium hydrogen phosphate dihydrate
within the range of 4 to 6 mM, 5 to 6 mM. For example, the VEL can comprise
potassium chloride in the range 100 to 130 mM, 110 to 130 mM, 120 to 130 mM, and
magnesium chloride in the range 1 mM to 2 mM, 1 mM to 1.5 mM, sodium dihydrogen
phosphate within the range 0.9 to 1.2 mM, 0.9 to 1.0 mM and magnesium carbonate
within the range of 4 to 6 mM, 5 to 6 mM.

[0084] For each of the above examples, the concentration of an adjustable excipient
is the same in the VEL and the LDS

[0085] Each of the above salts can be used within the range of 3 mM to 50 mM in
the FEL.

[0086] For example, the FEL can comprise sodium chloride in the range 20 to 50
mM, 30 to 50 mM, 40 to 50 mM and other three salts within the range of 3 to 25 mM.
For example, the FEL can comprise potassium chloride in the range 20 to 50 mM, 30
to 50 mM, 40 to 50 mM and other three salts within the range of 3 to 25 mM. For
example, the FEL can comprise magnesium chloride in the range 20 to 50 mM, 30 to
50 mM, 40 to 50 mM and other three salts within the range of 3 to 25 mM.

[0087] For example, the FEL can comprise sodium fluoride in the range 20 to 50
mM, 30 to 50 mM, 40 to 50 mM and other three salts within the range of 3 to 25 mM.
For example, the FEL can comprise potassium fluoride in the range 20 to 50 mM, 30
to 50 mM, 40 to 50 mM and other three salts within the range of 3 to 25 mM.
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[0088] For example, the FEL can comprise sodium carbonate in the range of 20 to
50 mM, 30 to 50 mM, 40 to 50 mM and other three salts within the range of 3 to 25
mM. For example, the FEL can comprise potassium carbonate in the range 20 to 50
mM, 30 to 50 mM, 40 to 50 mM and other three salts within the range of 3 to 25 mM.

[0089] For example, the FEL can comprise sodium chloride in the range 20 to 50
mM, 30 to 50 mM, 40 to 50 mM, and potassium chloride in the range 4 to 6 mM, 5 to
6 mM and two other salts within the range of 3 to 25 mM. For example, the FEL can
comprise sodium chloride in the range of 20 to 50 mM, 30 to 50 mM, 40 to 50 mM,
and magnesium chloride in the range 4 to 6 mM, 5to 6 mM and two other salts within
the range of 3 to 25 mM. For example, the FEL can comprise potassium chloride in
the range of 20 to 50 mM, 30 to 50 mM, 40 to 50 mM, and magnesium chloride in the
range 4 to 6 mM, 5 to 6 mM and two other salts within the range of 3 to 25 mM.

[0090] For example, the FEL can comprise sodium fluoride in the range 20 to 50
mM, 30 to 50 mM, 40 to 50 mM, and potassium chloride in the range 4 to 6 mM, 5 to
6 mM and two other salts within the range of 3 to 25 mM. For example, the FEL can
comprise sodium fluoride in the range 20 to 50 mM, 30 to 50 mM, 40 to 50 mM, and
potassium carbonate in the range 4 to 6 mM, 5 to 6 mM and two other salts within the
range of 3 to 25 mM. For example, the FEL can comprise sodium fluoride in the range
20 to 50 mM, 30 to 50 mM, 40 to 50 mM, and magnesium chloride in the range 4 to 6
mM, 5 to 6 mM and two other salts within the range of 3 to 25 mM. For example, the
FEL can comprise sodium iodide in the range 20 to 50 mM, 30 to 50 mM, 40 to 50
mM, and potassium carbonate in the range 4 to 6 mM, 5 to 6 mM and two other salts
within the range of 3 to 25 mM.

[0091] For example, the FEL can comprise sodium chloride in the range of 20 to 50
mM, 30 to 50 mM, 40 to 50 mM, and potassium chloride in the range 4 to 6 mM, 5 to
6 mM, potassium dihydrogen phosphate within the range 3 to 4 mM, 3.2to 4 mM and
one other salt within the range of 18 to 22 mM. For example, the FEL can comprise
sodium chloride in the range of 20 to 50 mM, 30 to 50 mM, 40 to 50 mM, and
potassium phosphate in the range 4 to 6 mM, 5 to 6 mM, potassium dihydrogen
sulphate within the range 3 to 4 mM, 3.2 to 4 mM and one other salt within the range
of 18 to 22 mM. For example, the FEL can comprise sodium chloride in the range of
20 to 50 mM, 30 to 50 mM, 40 to 50 mM, and potassium phosphate in the range 4 to
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6 mM, 5 to 6 mM, sodium dihydrogen sulphate within the range 3 to 4 mM, 3.2 to 4
mM and one other salt within the range of 18 to 22 mM.

[0092] For example, the FEL can comprise sodium chloride in the range 20 to 50
mM, 30 to 50 mM, 40 to 50 mM, and potassium chloride in the range 4 to 6 mM, 5 to
6 mM, potassium dihydrogen phosphate within the range 3 to 4 mM, 3.2t0 4 mM and
disodium hydrogen phosphate dihydrate within the range of 18 to 22 mM, 19 to 22
mM, 20 to 22 mM. For example, the FEL can comprise potassium chloride in the range
20 to 50 mM, 30 to 50 mM, 40 to 50 mM, and magnesium chloride in the range 4 to 6
mM, 5 to 6 mM, sodium dihydrogen phosphate within the range 3 to 4 mM, 3.2 to 4
mM and disodium hydrogen phosphate dihydrate within the range of 18 to 22 mM, 19
to 22 mM, 20 to 22 mM. For example, the FEL can comprise potassium chloride in
the range 20 to 50 mM, 30 to 50 mM, 40 to 50 mM, and magnesium chloride in the
range 4 to 6 mM, 5 to 6 mM, sodium dihydrogen phosphate within the range 3 to 4
mM, 3.2 to 4 mM and magnesium carbonate within the range of 18 to 22 mM, 19 to
22 mM, 20 to 22 mM.

[0093] In one embodiment, the VEL and LDS each comprise the same at least one
salt. In one embodiment, the VEL and LDS each comprise the same at least one salt
at the same predefined concentrations.

[0094] In one embodiment, the FEL, VEL and LDS each comprise the same at least
one salt. In one embodiment, the VEL and LDS each comprise the same at least one
salt at the same predefined concentrations and the FEL comprises the same at least
one salt at a different predefined concentration.

[0095] In one embodiment, one of the excipients comprised in the FEL, VEL and
LDS is a phosphate buffer. The phosphate buffer comprises potassium dihydrogen
phosphate and disodium hydrogen phosphate. In one embodiment, the phosphate
buffer comprises potassium dihydrogen phosphate within the range 0.9 to 1.2 mM
and disodium hydrogen phosphate dihydrate within the range of 4 to 6 mM.

[0096] In one embodiment, the total concentration of phosphate ions in the VEL and
LDS is between 1 mM and 15 mM. In one embodiment, the total concentration of
phosphate ions in the VEL and LDS is between 1 mM and 10 mM, between 1 mM and
9 mM, between 1 mM and 8 mM, between 1mM and 7mM, between 2 mM and 10
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mM, between 2 mM and 9 mM, between 2 mM and 8 mM, between 2 mM and 7mM,
between 3 mM and 10 mM, between 3 mM and 9 mM, between 3 mM and 8 mM,
between 3 mM and 7mM, between 4 mM and 10 mM, between 4 mM and 9 mM,
between 4 mM and 8 mM, between 4 mM and 7mM, between 5 mM and 10 mM,

between 5 mM and 9 mM, between 5 mM and 8 mM, or between 5 mM and 7mM.

[0097] In one embodiment, the total concentration of phosphate ions in the FEL is
between 10 mM and 50 mM. In one embodiment, the total concentration of phosphate
ions in the FEL is between 10 mM and 45 mM, between 10 mM and 40 mM, between
10 mM and 35 mM, between 10 mM and 30 mM, between 15 mM and 45 mM,
between 15 mM and 40 mM, between 15 mM and 35 mM, between 15 mM and 30
mM ,between 20 mM and 45 mM, between 20 mM and 40 mM, between 20 mM and
35 mM, or between 20 mM and 30 mM.

2. Adjustable excipients: sugars

[0098] The sugar in the FEL, VEL or LDS can be monosaccharides, (e.g. glucose,
galactose, ribose, mannose, rhamnose, talose, xylose, or allose arabinose.),
disaccharides (e.g. trehalose, sucrose, maltose, isomaltose, cellibiose, gentiobiose,
laminaribose, xylobiose, mannobiose, lactose, or fructose), trisaccharides (e.qg.
acarbose, raffinose, melizitose, panose, or cellotriose) and sugar polymers (e.g.
dextran, xanthan, pullulan, cyclodextrins, amylose, amylopectin, starch,
celloologosaccharides, cellulose, maltooligosaccharides, glycogen, chitosan, or
chitin). The sugar in the FEL, VEL or LDS can be sugar alcohols such as mannitol,
sorbitol, arabitol, erythritol, maltitol, xylitol, glycitol, glycol, polyglycitol, polyethylene
glycol, polypropylene glycol, and glycerol. The sugar in the FEL, VEL or LDS can be
a non-reducing sugar. The sugar in the FEL, VEL or LDS can be sucrose, trehalose

or its hydrates such as trehalose dihydrate.

[0099] Each of the above sugars can be used within the range of 120 to 160 g/L in
the VEL or LDS and within the range of 180 to 220 g/L in the FEL. For example,
sucrose can be within the range of 120 to 160 g/L, 130 to 160 g/L, 140 to 150 g/L in
the VEL or LDS and 180 to 220 g/L, 190 to 210 g/L, 200 to 210 g/L in the FEL. For
example, trehalose can be within the range of 120 to 160 g/L, 130 to 160 g/L, 140 to
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150 g/L in the VEL or LDS and 180 to 220 g/L, 190 to 210 g/L, 200 to 210 g/L in the
FEL. For example, trehalose dihydrate can be within the range of 120 to 160 g/L, 130
to 160 g/L, 140 to 150 g/L in the VEL and 180 to 220 g/L, 190 to 210 g/L, 200 to 210
g/L in the FEL.

[00100] In one embodiment, the VEL and LDS each comprise the same at least one
sugar. In one embodiment, the VEL and LDS each comprise the same at least one

sugar at the same predefined concentrations.

[00101] In one embodiment, the FEL, VEL and LDS each comprise the same at least
one sugar. In one embodiment, the VEL and LDS each comprise the same at least
one sugar at the same predefined concentrations and the FEL comprises the same

at least one sugar at a different predefined concentration.

3. Set excipients: non-ionic surfactant

[00102] The non-ionic surfactant in the FEL, VEL or LDS can be selected from block
copolymers, sorbitan esters, ethoxylated or propoxylated sorbitan esters, alkyl-
polyglycosides (APG), alkoxylated mono- or di-alkylamines, fatty acid
monoethanolamides (FAMA), fatty acid diethanolamides (FADA), ethoxylated fatty
acid monoethanolamides (EFAM), propoxylated fatty acid monoethanolamides
(PFAM), polyhydroxy alkyl fatty acid amides, or N-acyl N-alkyl derivatives of
glucosamine (glucamides, GA, or fatty acid glucamide, FAGA), and combinations
thereof.

[00103] The non-ionic surfactant in the FEL, VEL or LDS can be a high molecular
weight non-ionic surfactant. The non-ionic surfactant can be a non-ionic triblock
copolymer. The surfactant can be a non-ionic, hydrophilic, polyoxyethylene-
polyoxypropylene block copolymer (or EO-PO block copolymer). The EO-PO block
copolymers can include blocks of polyethylene oxide (-CH2CH20O-designated EO)
and polypropylene oxide (-CH2CHCH3O- designated PO). The PO block can be
flanked by two EO blocks in a EOx-POy-Eox arrangement. Since the PO component
is hydrophilic and the EO component is hydrophobic, the overall hydrophilicity,
molecular weight and the surfactant properties of the copolymer can be adjusted by
varying x and y in the EOx-POy-Eox block structure. In aqueous solutions, the EO-
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PO block copolymers will self-assemble into micelles with a PO core and a corona of
hydrophilic EO groups.

[00104] The non-ionic surfactant in the FEL, VEL or LDS can be a poloxamer.
Poloxamers are non-ionic triblock copolymers composed of a central hydrophobic
chain of poly(propyleneoxide) flanked by two hydrophilic chains of poly(ethylene
oxide). The length of the polymer blocks can be customized, leading to different
poloxamers with slightly different properties. The non-ionic surfactant in the FEL, VEL
or LDS can be Pluronic F127 (poloxamer 407), Pluronic F68 (poloxamer 403),
Pluronic P123, Pluronic P85, other polyethylene oxide-polypropylene oxide (EO-PO)
block copolymers of greater than 3,000-4,000 MW or combinations thereof.

[00105] The concentration of the non-ionic surfactant in the FEL, VEL or LDS can be
the same. The concentration of the non-ionic surfactant in the FEL, VEL or LDS each
can be with the range 2.0to 12 g/L, 4to 12 g/L, 6 to 12 g/L, 8to 12 g/L, or 10 to 12
g/L. The concentration of a high molecular weight non-ionic surfactant in the FEL,
VEL or LDS each can be with the range 2.0to 12 g/L,4to 12 g/L,6to 12 g/L, 8to 12
g/L, or 10 to 12 g/L. The concentration of a poloxamer in the FEL, VEL or LDS each
can be with the range 2.0to 12 g/L, 4 to 12 g/L, 6 to 12 g/L, 8 to 12 g/L, or 10 to 12
g/L. The concentration of Pluronic F127 (poloxamer 407) in the FEL, VEL or LDS each
can be with the range 2.0to 12 g/L, 4to 12 g/L, 6 to 12 g/L, 8 to 12 g/L, or 10 to 12
g/L. The concentration of Pluronic F68 (poloxamer 403) in the FEL, VEL or LDS each
can be with the range 2.0to 12 g/L, 4to 12 g/L, 6 to 12 g/L, 8 to 12 g/L, or 10 to 12
g/L. The concentration of Pluronic P123 in the FEL, VEL or LDS each can be with
the range 2.0to 12 g/L, 4 to 12 g/L, 6 to 12 g/L, 8 to 12 g/L, or 10 to 12 g/L. The
concentration of a Pluronic P85 in the FEL, VEL or LDS each can be with the range
20to12g/L,4to12g/L, 610 12g/L,8to 12 g/L, or 10to 12 g/L.

4. Set excipients: protein

[00106] The protein in the FEL, VEL or LDS can be any protein which is essentially
inert and does not react with the virus. In particular, the protein does not affect the
structure or infectivity of the virus. Thus, the protein can be a structural protein or a
serum protein. The protein can be selected from an albumin, human serum albumin,

collagen, hydrolyzed collagen, gelatin and hydrolyzed gelatin.
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[00107] The concentration of the protein in the FEL, VEL or LDS can be the same.
The concentration of protein in the FEL, VEL or LDS each can be within the range 0.5
to1.5¢g/L,0.7to 1.2 g/L, 0.8 to 1.0 g/L. The concentration of protein in the FEL, VEL
or LDS each can be within the range 0.5t0 1.5 g/L, 0.7to 1.2 g/L, 0.8to 1.0 g/L. The
concentration of albumin in the FEL, VEL or LDS each can be within the range 0.5 to
1.5 ¢g/L, 0.7 to 1.2 g/L, 0.8 to 1.0 g/L. The concentration of human serum albumin in
the FEL, VEL or LDS each can be within the range 0.5to 1.5 g/L, 0.7 to 1.2 g/L, 0.8
to 1.0 g/L. The concentration of collagen in the FEL, VEL or LDS each can be within
the range 0.5t0 1.5 g/L, 0.7 to 1.2 g/L, 0.8 to 1.0 g/L. The concentration of gelatin in
the FEL and VEL each can be within the range 0.5t0 1.5¢g/L,0.7t0 1.2 g/L, 0.8t0 1.0
g/L.

Combinations of excipients

[00108] In one embodiment, the VEL, LDS(s), and FEL each comprise a predefined
concentration of at least four adjustable excipients, providing a LPC with a target
concentration of the at least four adjustable excipients, wherein the at least four
adjustable excipients are phosphate buffer, sodium chloride, potassium chloride, and
trehalose.

[00109] In one embodiment, the VEL, LDS(s), and FEL each comprise a predefined
concentration of four adjustable excipients, providing a LPC with a target
concentration of the four adjustable excipients, wherein the four adjustable excipients
in the VEL and LDS(s) are (i) a phosphate buffer comprising potassium dihydrogen
phosphate within the range 0.9 to 1.2 mM and disodium hydrogen phosphate
dihydrate within the range of 4 to 6 mM, (ii) sodium chloride in the range 100 to 130
mM , (iii) potassium chloride in the range 1 to 2 mM, and (iv) trehalose in the range of
120 to 160 g/L; and wherein the four adjustable excipients in the FEL are phosphate
buffer comprising potassium dihydrogen phosphate within the range 3 to 4 mM and
disodium hydrogen phosphate dihydrate within the range of 18 to 22 mM , sodium
chloride in the range 20 to 50 mM , potassium chloride in the range of 4 to 6 mM, and

trehalose in the range of 180 to 220 g/L.

[00110] In one embodiment, the VEL, LDS(s), and FEL each comprise a predefined
concentration of four adjustable excipients and two set excipients, providing a LPC
with a target concentration of the four adjustable excipients and two set excipients,
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wherein the four adjustable excipients in the VEL and LDS(s) are (i) a phosphate
buffer comprising potassium dihydrogen phosphate within the range 0.9 to 1.2 mM
and disodium hydrogen phosphate dihydrate within the range of 4 to 6 mM, (ii) sodium
chloride in the range 100 to 130 mM, (iii) potassium chloride in the range 1 to 2 mM,
and (iv) trehalose in the range of 120 to 160 g/L; and wherein the four adjustable
excipients in the FEL are (i) a phosphate buffer comprising potassium dihydrogen
phosphate within the range 3 to 4 mM and disodium hydrogen phosphate dihydrate
within the range of 18 to 22 mM , (ii) sodium chloride in the range 20 to 50 mM , (iii)
potassium chloride in the range of 4 to 6 mM, and (iv) trehalose in the range of 180 to
220 g/L; and wherein the two set excipients in the VEL, LDS(s) and FEL are F127 in
the range of 2.0 to 12 g/L and HSA in the range of 0.5 to 1.5 g/L.

[00111] In one embodiment, the VEL, LDS(s), and FEL each comprise a predefined
concentration of four adjustable excipients, providing a LPC with a target
concentration of the four adjustable excipients, wherein the four adjustable excipients
in the VEL and LDS(s) are (i) a phosphate buffer comprising potassium dihydrogen
phosphate within the range 0.9 to 1.0 mM and disodium hydrogen phosphate
dihydrate within the range of 5 to 6 mM, (ii) sodium chloride in the range 120 to 130
mM , (iii) potassium chloride in the range 1 to 1.5 mM, and (iv) trehalose in the range
of 145 to 155 g/L; and wherein the four adjustable excipients in the FEL are (i) a
phosphate buffer comprising potassium dihydrogen phosphate within the range 3.2
to 4 mM and disodium hydrogen phosphate dihydrate within the range of 20 to 22
mM, (ii) sodium chloride in the range 40 to 50 mM , (iii) potassium chloride in the
range of 5 to 6 mM, and (iv) trehalose in the range of 200 to 210 g/L.

[00112] In one embodiment, the VEL, LDS(s), and FEL each comprise a predefined
concentration of four adjustable excipients and two set excipients, providing a LPC
with a target concentration of the four adjustable excipients and two set excipients,
wherein the four adjustable excipients in the VEL and LDS(s) are (i) a phosphate
buffer comprising potassium dihydrogen phosphate within the range 0.9 to 1.0 mM
and disodium hydrogen phosphate dihydrate within the range of 5to 6 mM, (ii) sodium
chloride in the range 120 to 130 mM , (iii) potassium chloride in the range 1to 1.5
mM, and (iv) trehalose in the range of 145 to 155 g/L; and wherein the four adjustable
excipients in the FEL are (i) a phosphate buffer comprising potassium dihydrogen
phosphate within the range 3.2 to 4 mM and disodium hydrogen phosphate dihydrate
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within the range of 20 to 22 mM, (ii) sodium chloride in the range 40 to 50 mM , (iii)
potassium chloride in the range of 5 to 6 mM, and (iv) trehalose in the range of 200 to
210 g/L; and wherein the two set excipients in the VEL, LDS(s) and FEL are F127 in
the range of 8 to 12 g/L and HSA in the range of 0.8 to 1.2 g/L.

Volumes of VEL, LDS, FEL and LPC

[00113] It is in the nature of the invention that the volume of VEL, LDS and FEL are
each smaller than the predefined target volume of the LPC. Furthermore, the volume
of the VEL and LDS combined is smaller than the predefined target volume of the
LPC. The combined volume of VEL, LDS and FEL is equal to the predefined target
volume of the LPC. This applies to each batch of LPC. The VEL and FEL can be
provided as stock solutions. The same volume of FEL can be used to prepare each
batch of LPC, wherein each batch of LPC may comprise different batches of LDS(s).

The volume of VEL will be adjusted depending on the volume of LDS(s) used.

[00114] Hence, in one embodiment, the VEL and FEL concentration of the at least
one adjustable excipient do not change when different batches of LPC are prepared.
This means that the same stock preparations of VEL and FEL can be used to prepare
each batch of LPC.

[00115] The predefined target volume of the LPC can be any volume. For example,
for each batch of LPC, the predefined target volume of the LPC may be between 10 L
and 1000 L. In one embodiment, the predefined target volume of the LPC is between
10 L and 500 L, between 10 L and 250 L, between 10 L and 200 L, or between 10 L
and 150 L,. In another embodiment, the predefined target volume of the LPC is at
least 100 L. In one embodiment, the predefined target volume of the LPC is between
100 L and 500 L, between 100 L and 250 L, between 100 L and 200 L, or between
100 L and 150 L. In a preferred embodiment, the predefined target volume of the LPC
is between 100 L and 250 L.

[00116] The LPC has a predefined target volume and is composed of a variable
volume of at least one LDS (*Vips(), the variable volume of VEL (“WveL) and the fixed,

predefined volume of FEL (°VreL) according to the equation:

T P
Viee = "Veg, + "Wy + Xiz1 Vipsq,
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Hence, the volumes of FEL, VEL and each of the at least one LDS are smaller than
the volume of LPC.

[00117] In one embodiment, the predefined volume of the FEL is less than the
predefined target volume of the LPC.

[00118] In one embodiment, the predefined volume of the FEL is at least 10% of the
predefined volume of the LPC. In one embodiment, the predefined volume of the FEL
is between 10% and 90% of the predefined volume of the LPC. In one embodiment,
the predefined volume of the FEL is between 10% and 80%, between 10% and 70%,
between 10% and 60%, between 10% and 50%, or between 10% and 40% of the
predefined volume of the LPC. In one embodiment, the predefined volume of the FEL
is at least 20% of the predefined volume of the LPC. In one embodiment, the
predefined volume of the FEL is between 20% and 90% of the predefined volume of
the LPC. In one embodiment, the predefined volume of the FEL is between 20% and
80%, between 20% and 70%, between 20% and 60%, between 20% and 50%, or
between 20% and 40% of the predefined volume of the LPC. In one embodiment, the
predefined volume of the FEL is between 25% and 40% of the predefined volume of
the LPC. In one embodiment, the predefined volume of the FEL is between 25% and
35% of the predefined volume of the LPC.

[00119] In one embodiment, the predefined volume of the FEL is at least 5% of the
predefined volume of the LPC. In another embodiment, the predefined volume of the
FEL is at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90% or at least
95% of the predefined volume of the LPC. In a preferred embodiment, the predefined
volume of the FEL is at least 20% of the predefined volume of the LPC.

[00120] In most cases, several LDS(s) are used and the volume of each individual
LDS is smaller than the volume of the VEL. Thus, in one embodiment, the variable
volume of the LDS is less than the variable volume of VEL. In some cases, especially
where an LDS has a low concentration of the biological active agent, the volume of
an individual LDS may be larger than the volume of the VEL. Hence, in some
embodiments, the variable volume of the LDS is larger than the variable volume of
VEL.
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[00121] The volume of the intermediate liquid (IL) is variable and can be expressed
as YWiL = PVeeL + YWheL. It is composed of one variable parameter, YWye, which is

calculated according to *Vyz;, = PVypreipsy = “Vibs(eotar fOr €ach batch of LPC; and

one fixed parameter, PVee. The sum of the volume of VEL and LDS, ”V(VEHLDS) is

also predefined and is chosen according to the process requirements.

[00122] In some cases where the concentration of the biological active agent in the
at least one LDS is low, no VEL may be used. In this case, "Vi5, = 0. Hence, in some
embodiments, no VEL is used to make up the LPC. Hence, no VEL is added to the

intermediate liquid (IL). In the case that "V, = 0, it follows that YV = PVeg,.

[00123] In one embodiment, the sum of the variable volume of LDS and the variable
volume of VEL is between 10% and 90% of the predefined volume of the LPC. In one
embodiment, the sum of the variable volume of LDS and the variable volume of VEL
is between 10% and 80%, between 10% and 70%, between 10% and 60%, between
10% and 50%, or between 10% and 40% of the predefined volume of the LPC. In one
embodiment, the sum of the variable volume of LDS and the variable volume of VEL
is between 20% and 90% of the predefined volume of the LPC. In one embodiment,
the sum of the variable volume of LDS and the variable volume of VEL is between
20% and 80%, between 30% and 80%, between 40% and 80%, between 50% and
80%, or between 60% and 80% of the predefined volume of the LPC. In one
embodiment, the sum of the variable volume of LDS and the variable volume of VEL
is between 65% and 75% of the predefined volume of the LPC.

[00124] In one embodiment, the sum of the variable volume of LDS and the variable
volume of VEL is at least 10% of the predefined volume of the LPC. In another
embodiment, the sum of the variable volume of LDS and the variable volume of VEL
is at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%,
at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90% or at least 95% of the predefined
volume of the LPC. In a preferred embodiment, the sum of the variable volume of LDS
and the variable volume of VEL is at least 50% of the predefined volume of the LPC.
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Biological active agent

[00125] The at least one LDS comprises one biological active agent at a variable
concentration (V[AjLps). According to the present invention, variable volumes of LDS
are used to achieve the desired concentration of the biological active agent from each
LDS in the LPC. A variable volume of the at least one LDS is mixed with an
intermediate liquid (IL) comprising a predefined volume of FEL and a variable volume

of VEL, to formulate a predefined volume of LPC. This applies to each batch of LPC.

[00126] In one embodiment, the LPC comprises at least one LDS. In one
embodiment, the LPC comprises at least two, at least three, at least four, at least five,
at least six, at least seven, at least eight, at least nine, or at least ten LDSs. In one
embodiment, the LPC comprises between 1 and 20 LDSs, between 1 and 15 LDSs,
between 1 and 10 LDSs, or between 1 and 5 LDSs. In one embodiment, the LPC

comprises at least four LDSs. In one embodiment, the LPC comprises four LDSs.

[00127] In one embodiment, the biological active agent is a flavivirus. In one
embodiment, the biological active agent is a dengue virus, preferably a live attenuated

dengue virus.

[00128] In one embodiment, the LPC comprises at least one dengue virus serotype.
In one embodiment, the LPC comprises at least two different dengue virus serotypes.
In one embodiment, the LPC comprises at least three different dengue virus
serotypes. In one embodiment, the LPC comprises four different dengue virus

serotypes.

[00129] In one embodiment, the LPC comprises at least one chimeric dengue strain.
In one embodiment, the LPC comprises at least two different chimeric dengue strains.
In one embodiment, the LPC comprises at least three different chimeric dengue
strains. In one embodiment, the LPC comprises at least four different chimeric dengue

strains.

[00130] In one embodiment, the LPC comprises at least one dengue virus serotype
strain and at least one chimeric dengue strain. In one embodiment, the LPC
comprises at least one dengue virus serotype strain and at least two different chimeric
dengue strains. In one embodiment, the LPC comprises at least one dengue virus
serotype strain and at least three different chimeric dengue strains.
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[00131] Preferably, the dengue virus strains and chimeras described herein are live
attenuated dengue virus strains and chimeras.

[00132] In one embodiment, the LPC comprises four biological active agents,
wherein the four biological active agents are:

5 (i) live attenuated dengue virus serotype 1,
(i) live attenuated dengue virus serotype 2,
(iii) live attenuated dengue virus serotype 3, and
(iv) live attenuated dengue virus serotype 4.

[00133] In one embodiment, the LPC comprises four biological active agents,
10  wherein the four biological active agents are:

(i) live attenuated chimeric dengue virus serotype 1,
(i) live attenuated chimeric dengue virus serotype 2,
(iii) live attenuated chimeric dengue virus serotype 3, and
(iv) live attenuated chimeric dengue virus serotype 4.

15 [00134] In one embodiment, the LPC comprises four biological active agents,
wherein the four biological active agents are:

(i) live attenuated chimeric dengue virus serotype 1,

(i) live attenuated dengue virus serotype 2,

(iii) live attenuated chimeric dengue virus serotype 3, and
20 (iv) live attenuated chimeric dengue virus serotype 4.

[00135] In one embodiment, the LPC comprises four biological active agents,
wherein the four biological active agents are:

(i) live attenuated dengue virus serotype 1,
(i) live attenuated dengue virus serotype 2,
25 (iii) live attenuated dengue virus serotype 3, and

(iv) live attenuated dengue virus serotype 4;
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wherein the dengue serotype 1 is a chimeric dengue serotype 2/1 strain, the dengue
serotype 2 is a non-chimeric dengue serotype 2 strain, the dengue serotype 3 is a
chimeric dengue serotype 2/3 strain and the dengue serotype 4 is a chimeric dengue
serotype 2/4 strain;

wherein the dengue serotype 2 strain is derived from the wild type virus strain DEN-2
16681 and differs in at least three nucleotides from the wild type as follows:

a) 5'-noncoding region (NCR)-57 (nt-57)
b) NS1-53 Gly-to-Asp (nt-2579)

c) NS3-250 Glu-to-Val (nt-5270);
wherein the three chimeric dengue strains are

biological active agents, wherein the four biological active agents are derived from the
serotype 2 strain by replacing the structural proteins prM and E from serotype 2 strain
with the corresponding structural proteins from the other dengue serotypes, resulting
in the following chimeric dengue strains:

- a DENV-2/1 chimera,
- a DENV-2/3 chimera, and
- a DENV-2/4 chimera.

[00136] Hence, in one embodiment, the LPC comprises the dengue serotype 2
strain (TDV-2), the DENV-2/1 chimera (TDV-1), the DENV-2/3 (TDV-3) chimera and
the DENV-2/4 (TDV-4) chimera as described above.

[00137] In one embodiment, the chimeric dengue serotype 2/1 strain (TDV-1)
comprises a nucleic acid sequence that is at least 70 % identical to the nucleic acid
sequence according to SEQ ID NO: 1. In one embodiment, the chimeric dengue
serotype 2/1 strain (TDV-1) comprises a nucleic acid sequence that is at least 75 %,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%
identical to the nucleic acid sequence according to SEQ ID NO: 1.

[00138] In one embodiment, the chimeric dengue serotype 2/1 strain (TDV-1)
comprises a nucleic acid sequence encoding for an amino acid sequence that is at
least 70 % identical to the amino acid sequence according to SEQ ID NO: 2. In one
embodiment, the chimeric dengue serotype 2/1 strain (TDV-1) comprises a nucleic
acid sequence encoding for an amino acid sequence that is at least 75 %, at least
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80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical

to the amino acid sequence according to SEQ ID NO: 2.

[00139] In one embodiment, the a dengue serotype 2 strain (TDV-2) comprises a
nucleic acid sequence that is at least 70 % identical to the nucleic acid sequence
according to SEQ ID NO: 3. In one embodiment, the a dengue serotype 2 strain (TDV-
2) comprises a nucleic acid sequence that is at least 75 %, at least 80%, at least 85%,
at least 90%, at least 95%, at least 98%, or at least 99% identical to the nucleic acid
sequence according to SEQ ID NO: 3.

[00140] In one embodiment, the dengue serotype 2 strain (TDV-2) comprises a
nucleic acid sequence encoding for an amino acid sequence that is at least 70 %
identical to the amino acid sequence according to SEQ ID NO: 4. In one embodiment,
the dengue serotype 2 strain (TDV-2) comprises a nucleic acid sequence encoding
for an amino acid sequence that is at least 75 %, at least 80%, at least 85%, at least
90%, at least 95%, at least 98%, or at least 99% identical to the amino acid sequence
according to SEQ ID NO: 4.

[00141] In one embodiment, the chimeric dengue serotype 2/3 strain (TDV-3)
comprises a nucleic acid sequence that is at least 70 % identical to the nucleic acid
sequence according to SEQ ID NO: 5. In one embodiment, the chimeric dengue
serotype 2/3 strain (TDV-3) comprises a nucleic acid sequence that is at least 75 %,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%
identical to the nucleic acid sequence according to SEQ ID NO: 5.

[00142] In one embodiment, the chimeric dengue serotype 2/3 strain (TDV-3)
comprises a nucleic acid sequence encoding for an amino acid sequence that is at
least 70 % identical to the amino acid sequence according to SEQ ID NO: 6. In one
embodiment, the chimeric dengue serotype 2/3 strain (TDV-3) comprises a nucleic
acid sequence encoding for an amino acid sequence that is at least 75 %, at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical

to the amino acid sequence according to SEQ ID NO: 6.

[00143] In one embodiment, the chimeric dengue serotype 2/4 strain (TDV-4)
comprises a nucleic acid sequence that is at least 70 % identical to the nucleic acid
sequence according to SEQ ID NO: 7. In one embodiment, the chimeric dengue
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serotype 2/4 strain (TDV-4) comprises a nucleic acid sequence that is at least 75 %,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%

identical to the nucleic acid sequence according to SEQ ID NO: 7.

[00144] In one embodiment, the chimeric dengue serotype 2/4 strain (TDV-4)
comprises a nucleic acid sequence encoding for an amino acid sequence that is at
least 70 % identical to the amino acid sequence according to SEQ ID NO: 8. In one
embodiment, the chimeric dengue serotype 2/4 strain (TDV-4) comprises a nucleic
acid sequence encoding for an amino acid sequence that is at least 75 %, at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical

to the amino acid sequence according to SEQ ID NO: 8.

[00145] In a preferred embodiment, TDV-1 is characterized by the nucleotide
sequence of SEQ ID NO. 1, TDV-2 is characterized by the nucleotide sequence of
SEQ ID NO. 3, TDV-3 is characterized by the nucleotide sequence of SEQ ID NO.
5, and/or TDV-4 is characterized by the nucleotide sequence of SEQ ID NO. 7. In a
further preferred embodiment, TDV-1 is characterized by the amino acid sequence
of SEQ ID NO. 2, TDV-2 is characterized by the amino acid sequence of SEQ ID
NO. 4, TDV-3 is characterized by the amino acid sequence of SEQ ID NO. 6, and
TDV-4 is characterized by the amino acid sequence of SEQ ID NO. 8. In a further
preferred embodiment, TDV-1 is characterized by a nucleotide sequence encoding
the amino acid sequence of SEQ ID NO. 2, TDV-2 is characterized by a nucleotide
sequence encoding the amino acid sequence of SEQ ID NO. 4, TDV-3 is
characterized by a nucleotide sequence encoding the amino acid sequence of SEQ
ID NO. 6, and TDV-4 is characterized by a nucleotide sequence encoding the amino
acid sequence of SEQ ID NO. 8.
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[00146] Table 4. Sequences of the TDV virus strains

SEQ ID NO. dengue virus strain sequence type

SEQ ID NO.1 | TDV-1 (DENV-2/1 chimera) nucleotide sequence
SEQ ID NO. 2 | TDV-1 (DENV-2/1 chimera) amino acid sequence
SEQ ID NO. 3 | TDV-2 (DENV-2) nucleotide sequence
SEQ ID NO. 4 | TDV-2 (DENV-2) amino acid sequence
SEQ ID NO. 5 | TDV-3 (DENV-2/3 chimera) nucleotide sequence
SEQ ID NO. 6 | TDV-3 (DENV-2/3 chimera) amino acid sequence
SEQ ID NO. 7 | TDV-4 (DENV-2/4 chimera) nucleotide sequence
SEQ ID NO. 8 | TDV-4 (DENV-2/4 chimera) amino acid sequence

[00147] The volume of each of the at least one LDS to be added is calculated
according to the predefined target volume of the LPC and the predefined target
concentration of the biological active agent in the LPC.

[00148] In one embodiment, the biological active agent is a flavivirus. In one
embodiment, the biological active agent is a dengue virus. The dengue virus may be
at least one dengue virus serotype strain. The dengue virus may be at least one
chimeric dengue strain.

[00149] In one embodiment, the LPC comprises at least one dengue virus serotype
strain. In one embodiment, the LPC comprises at least two different dengue virus
serotype strains. In one embodiment, the LPC comprises at least three different
dengue virus serotype strains. In one embodiment, the LPC comprises four different
dengue virus serotype strains, such as .g. four different live attenuated dengue virus
serotype strains.

[00150] In one embodiment, the LPC comprises at least one chimeric dengue strain.
In one embodiment, the LPC comprises at least two different chimeric dengue strains.
In one embodiment, the LPC comprises at least three different chimeric dengue

strains. In one embodiment, the LPC comprises at least four different live attenuated
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dengue strains, such as e.g. four different live attenuated strains, for example four
different live attenuated dengue strains with each strain being e.g. either a chimeric
and/or non-chimeric dengue strain, in particular such as TAK-003.

[00151] Typically, the target concentration of the at least one biological active agent

in the LPC is predefined according to the specific requirements of the LPC product.

[00152] In one embodiment, the biological active agent is a flavivirus and the target
concentration of the flavivirus in the LPC is a titer of at least 10° PFU/ml. In another
embodiment, the biological active agent is a flavivirus and the target concentration of
the flavivirus in the LPC is a titer of at least 10* PFU/ml. In another embodiment, the
biological active agent is a flavivirus and the target concentration of the flavivirus in
the LPC is a titer of at least 10° PFU/m.

[00153] In one embodiment, the biological active agent is a live, attenuated dengue
virus strain, preferably a dengue virus serotype strain or chimeric dengue virus strain,
and the target concentration of the live, attenuated dengue virus strain in the LPC is
a titer of at least 3 logio PFU/mI. In another embodiment, the biological active agent
is a live, attenuated dengue virus strain, preferably a dengue virus serotype strain or
chimeric dengue virus strain, and the target concentration of the live, attenuated
dengue virus strain in the LPC is a titer of at least 4 logioc PFU/ml. In another
embodiment, the biological active agent is a live, attenuated dengue virus strain,
preferably a dengue virus serotype strain or chimeric dengue virus strain, and the
target concentration of the live, attenuated dengue virus strain in the LPC is a titer of
at least 5 log1o PFU/mL.

[00154] In one embodiment, the batch mixing process is a large-scale batch process.
“Large-scale” also called “production scale” or “manufacturing scale” as used herein
refers to provision of the biological active agent, e.g. a flavivirus at a large scale as

opposed to a laboratory scale or small scale.

[00155] Hence, in accordance with the large-scale manufacturing process, the target
concentration of the biological active agent, e.g. a flavivirus or dengue virus, is
prepared in a large volume. Thus, the total amount of the biological active agent is
high compared to small-scale, e.g. laboratory scale, processes. For example, the
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target titer for one batch of LPC may be about 6 logic PFU/mlin 100ml, which means
about 11 log1o PFU total of virus.

[00156] The LPC is made up of at least one batch of LDS which, in accordance with
the large-scale manufacturing process, has a high concentration of the biological
active agent, e.g. a flavivirus or dengue virus, manufactured in a large volume. For
example, if four LDSs are combined to make up one batch of LPC, they may each

have a different volume, such that YWips1 + "Wips2 + "Vipss + "Wipss + PVreL = PV pc.

[00157] In one embodiment, the large-scale titer of the live, attenuated dengue virus
strain in the LDS can be at least 6 logio PFU/mI. In most cases, the large-scale titer
of the live, attenuated dengue virus strain in the LDS can be between 6.0 log1o PFU/mI
and 9.0 log1o PFU/mI. Exemplarily, each batch of LDS used to make up one batch of
LPC of a large-scale process can have a volume of up to 30 L and a titer of between
6.0 logio PFU/mI and 9.0 logio PFU/mI. Hence, in one embodiment, the total virus
content of each batch of LDS used to make up one batch of LPC can be between
10.4 logso PFU and 13.5 log1o PFU.

[00158] In another example, each batch of LDS used to make up one batch of LPC
of a large-scale process can have a volume of at least 50 ml and a titer of between
6.0 logio PFU/mI and 9.0 logio PFU/mI. Hence, in one embodiment, the total virus
content of each batch of LDS used to make up one batch of LPC can be between
7.5 log1o PFU and 10.8 log1o PFU.

[00159] Hence, in one embodiment, the total virus content of each batch of LDS used
to make up one batch of LPC can be between 7.5 logio PFU and 13.5 log1s PFU.

[00160] In one embodiment, the large-scale target titer of the live, attenuated dengue
virus strain in the LPC can be at least 4 logio PFU/ml. In most cases, the large-scale
target titer of the live, attenuated dengue virus strain in the LPC can be between 5.0
log1o PFU/ml and 7.0 logio PFU/mI. Exemplarily, each batch of LPC of a large-scale
process can have a volume of between 100 and 150L and a target titer of between
5.0 logio PFU/ml and 7.0 logo PFU/mI. Hence, in one embodiment, the total virus
content of each batch of LPC can be between 9 logio PFU and 12.18 logi PFU. In
another embodiment, the total virus content of each batch of LPC can be between 10
log1o PFU and 12.18 logie PFU. In another embodiment, the total virus content of each
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batch of LPC can be between 10.3 logio PFU and 12.18 logiw PFU. In another
embodiment, the total virus content of each batch of LPC can be between 10.3
logio PFU and 12.07 logso PFU.

[00161] In one embodiment, the large-scale batch process comprises processing
multiple batches with varying LDS concentrations. For example, at least two batches
of LDS4; (LDS;.1, LDS1 2 and so on) each comprising a biological active agent A1 at a

variable concentration V[Ai]Lpst,.

[00162] In one embodiment, the large-scale batch process comprises processing at
least two batches of LDS;; each comprising a biological active agent Ai at a variable
concentration V[Aj]ipsij. In another embodiment, the large-scale batch process
comprises processing at least three batches, at least four batches, at least five
batches, at least six batches, at least seven batches, at least eight batches, at least
nine batches, at least ten batches of LDS;; each comprising a biological active agent

Ai at a variable concentration V[ALpsij;

[00163] Hence, in one embodiment, the large-scale batch process comprises
processing at least two batches of LDS1; each comprising a biological active agent
A1 at a variable concentration V[Ails1j; at least two batches of LDS;; each
comprising a biological active agent A2 at a variable concentration V[Az]ipsz;.; at least
two batches of LDSs; each comprising a biological active agent A3 at a variable
concentration V[As]pssj. and at least two batches of LDS4; each comprising a
biological active agent A4 at a variable concentration V[As]Lpss,j.

[00164] In one embodiment, the large-scale batch process comprises processing at
least two batches of LDS;j each comprising a dengue serotype 1 (D1) at a variable
concentration V[D1]ips1j; at least two batches of LDS,; each comprising a dengue
serotype 2 (D2) at a variable concentration V[D;]ipsz.; at least two batches of LDS;;
each comprising a dengue serotype 3 (D3) at a variable concentration Y[Ds]ipss;. and
at least two batches of LDS,4; each comprising dengue serotype 4 (D4) at a variable

concentration Y[D4]ipsaj.

[00165] In one embodiment, the large-scale batch process comprises processing at
least three batches, at least four batches, at least five batches, at least six batches,
at least seven batches, at least eight batches, at least nine batches, at least ten
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batches of LDS:; each comprising a dengue serotype 1 (D1) at a variable
concentration V[D4].ps1j; at least three batches, at least four batches, at least five
batches, at least six batches, at least seven batches, at least eight batches, at least
nine batches, at least ten batches of LDS;j each comprising a dengue serotype 2 (D2)
at a variable concentration V[D;]ips2j.; at least three batches, at least four batches, at
least five batches, at least six batches, at least seven batches, at least eight batches,
at least nine batches, at least ten batches of LDSs; each comprising a dengue
serotype 3 (D3) at a variable concentration V[Ds].pssj. and at least three batches, at
least four batches, at least five batches, at least six batches, at least seven batches,
at least eight batches, at least nine batches, at least ten batches of LDS4; each

comprising dengue serotype 4 (D4) at a variable concentration V[D4]ips4;.

[00166] In one embodiment, the large-scale batch process comprises processing at
least three batches, at least four batches, at least five batches, at least six batches,
at least seven batches, at least eight batches, at least nine batches, at least ten
batches each of LDSy;, each comprising a dengue serotype 1 (D1) at a variable
concentration V[D1]ips1j; of LDS2; each comprising a dengue serotype 2 (D2) at a
variable concentration V[D2]ipsz.; of LDS3; each comprising a dengue serotype 3 (D3)
at a variable concentration Y[Ds]iossj. and of LDS4; each comprising dengue serotype

4 (D4) at a variable concentration V[D4].ps4,.

[00167] In one embodiment, the process of the invention comprises in step 1
providing one LDS comprising one live, attenuated dengue virus strain at a variable
concentration of V[Ai]Lps, and in step 2 mixing the one LDS at a variable volume of
"Wipsq) to provide a LPC with a target concentration of the live, attenuated dengue
virus strain of T[Aq]Lec, preferably wherein the live, attenuated dengue virus strain is a
chimeric dengue serotype 2/1 strain (TDV-1).

[00168] In one embodiment, the process of the invention comprises in step 1
providing one LDS comprising one live, attenuated dengue virus strain at a variable
concentration of V[A¢]Lpos, and in step 2 mixing the one LDS at a variable volume of
“Wips( to provide a LPC with a target concentration of the live, attenuated dengue
virus strain of T[A].rc, preferably wherein the live, attenuated dengue virus strain is
a dengue serotype 2 strain (TDV-2).
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[00169] In one embodiment, the process of the invention comprises in step 1
providing one LDS comprising one live, attenuated dengue virus strain at a variable
concentration of V[A¢]Lps, and in step 2 mixing the one LDS at a variable volume of
“Wips(1y to provide a LPC with a target concentration of the live, attenuated dengue
virus strain of T[A].ec, preferably wherein the live, attenuated dengue virus strain is a
chimeric dengue serotype 2/3 strain (TDV-3).

[00170] In one embodiment, the process of the invention comprises in step 1
providing one LDS comprising one live, attenuated dengue virus strain at a variable
concentration of V[A¢]ps, and in step 2 mixing the one LDS at a variable volume of
"Wips() to provide a LPC with a target concentration of the live, attenuated dengue
virus strain of T[A1]Lec, preferably wherein the live, attenuated dengue virus strain is a
chimeric dengue serotype 2/4 strain (TDV-4).

[00171] In one embodiment, the process of the invention comprises in step 1
providing two LDSs each comprising one live, attenuated dengue virus strain at a
variable concentration of V[A].os and V[Az]Lps, and in step 2 mixing the two LDSs each
at a variable volume of "Wips@)and YVips) to provide a LPC with a target concentration
of the two live, attenuated dengue virus strains of T[As]ec and T[Az]rc, preferably
wherein the two live, attenuated dengue virus strains are selected from a chimeric
dengue serotype 2/1 strain (TDV-1), a dengue serotype 2 strain (TDV-2), a chimeric
dengue serotype 2/3 strain (TDV-3), and a chimeric dengue serotype 2/4 strain (TDV-
4), which can be combined in any pair-wise combination. For example, the two LDSs
can comprise TDV-1 and TDV-2, or TDV-1 and TDV-3, and so on.

[00172] In one embodiment, the process of the invention comprises in step 1
providing three LDSs each comprising one live, attenuated dengue virus strain at a
variable concentration of V[A]Lps, V[Az]Los and V[As]Lps and in step 2 mixing the three
LDSs each at a variable volume of "Wibs(), "Vibs@) and "Wipse) to provide a LPC with
a target concentration of the two live, attenuated dengue virus strains of T[A¢]iec,
T[Az]iee. and T[As]ec, preferably wherein the three live, attenuated dengue virus
strains are selected from a chimeric dengue serotype 2/1 strain (TDV-1), a dengue
serotype 2 strain (TDV-2), a chimeric dengue serotype 2/3 strain (TDV-3), and a
chimeric dengue serotype 2/4 strain (TDV-4), which can be combined in any
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combination. For example, the three LDSs can comprise TDV-1, TDV-2 and TDV-3,
or TDV-1, TDV-3 and TDV-4, and so on.

[00173] In one embodiment, the process of the invention comprises in step 1
providing four LDSs each comprising one live, attenuated dengue virus strain at a
variable concentration of Y[A]ps, Y[Azlps, Y[Aslos and V[A4os and in step 2 mixing
the four LDSs each at a variable volume of “Wips), "Wips), "Vips@) and YVWipsw) to
provide a LPC with a target concentration of the four live, attenuated dengue virus
strains of T[Aq]ire, T[A2lee, T[Aslec and T[Adlec, preferably wherein the four live,
attenuated dengue virus strains are a chimeric dengue serotype 2/1 strain (TDV-1), a
dengue serotype 2 strain (TDV-2), a chimeric dengue serotype 2/3 strain (TDV-3),
and a chimeric dengue serotype 2/4 strain (TDV-4).

[00174] In one embodiment, the VEL, four LDSs, and FEL each comprise a
predefined concentration of four adjustable excipients and each LDS comprises one
biological active agent, providing a LPC with a target concentration of the four
adjustable excipients and four biological active agents; wherein the four adjustable
excipients in the VEL and LDS(s) are phosphate buffer comprising potassium
dihydrogen phosphate within the range 0.9 to 1.2 mM and disodium hydrogen
phosphate dihydrate within the range of 4 to 6 mM, sodium chloride in the range 100
to 130 mM , potassium chloride in the range 1 to 2 mM, and trehalose in the range of
120 to 160 g/L; and wherein the four adjustable excipients in the FEL are phosphate
buffer comprising potassium dihydrogen phosphate within the range 3 to 4 mM and
disodium hydrogen phosphate dihydrate within the range of 18 to 22 mM , sodium
chloride in the range 20 to 50 mM , potassium chloride in the range of 4 to 6 mM, and
trehalose in the range of 180 to 220 g/L; and wherein the four biological active agents
are a chimeric dengue serotype 2/1 strain (TDV-1), a dengue serotype 2 strain (TDV-
2), a chimeric dengue serotype 2/3 strain (TDV-3), and a chimeric dengue serotype
2/4 strain (TDV-4).

[00175] In one embodiment, the VEL, four LDSs, and FEL each comprise a
predefined concentration of four adjustable excipients and two set excipients and
each LDS comprises one biological active agent, providing a LPC with a target
concentration of the four adjustable excipients, two set excipients and four biological
active agents; wherein the four adjustable excipients in the VEL and LDS(s) are
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phosphate buffer comprising potassium dihydrogen phosphate within the range 0.9
to 1.2 mM and disodium hydrogen phosphate dihydrate within the range of 4 to 6 mM,
sodium chloride in the range 100 to 130 mM, potassium chloride in the range 1 to 2
mM, and trehalose in the range of 120 to 160 g/L; and wherein the four adjustable
excipients in the FEL are phosphate buffer comprising potassium dihydrogen
phosphate within the range 3 to 4 mM and disodium hydrogen phosphate dihydrate
within the range of 18 to 22 mM , sodium chloride in the range 20 to 50 mM , potassium
chloride in the range of 4 to 6 mM, and trehalose in the range of 180 to 220 g/L; and
wherein the two set excipients in the VEL, LDS(s) and FEL are F127 in the range of
2.0 to 12 g/L and HSA in the range of 0.5 to 1.5 g/L and wherein the four biological
active agents are a chimeric dengue serotype 2/1 strain (TDV-1), a dengue serotype
2 strain (TDV-2), a chimeric dengue serotype 2/3 strain (TDV-3), and a chimeric
dengue serotype 2/4 strain (TDV-4).

EXAMPLES

[00176] The following example is included to demonstrate certain aspects and
embodiments of the invention as described in the claims. It should be appreciated
by those of skill in the art, however, that the following description is illustrative only

and should not be taken in any way as a restriction of the invention.

EXAMPLE 1 (MIXING PROCESS FOR A DENGUE VIRUS VACCINE)

[00177] In the following, as an example, a liquid pharmaceutical composition (LPC)
with a batch size of 127 L with predefined titers and predefined concentrations of
excipients is prepared from 4 dengue liquid drug substances (LDSs) by admixing a
variable excipient liquid (VEL) and a fixed excipient liquid (FEL). The predefined titer
of the LPC is the formulation target titer.
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Table 1: Determination of the volume of each LDS required to obtain a target

titer of biological active agent in 127L LPC from each individual liquid drug

substance (serotypes dengue-1, dengue-2, dengue-3, dengue-4)

Serotype /ILDS Target Titer LDS Titer Volume of each
(Log1oPFU/mL) in LPC (Log1wPFU/mL) | serotype added
(127L) (mL)
dengue-1 (D1) 5 81 127
dengue-2 (D3) 6 7.5 4016.1
dengue-3 (Ds) 6 8.5 401.6
dengue-4 (Ds) 5.5 7.5 1270
Total 5814.7

" Example concentrations of each of the biological active agents present in each of
the four different liquid drug substances (dengue-1, dengue-2, dengue-3 and dengue-

4) individually.
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Table 2: Determination of volumes to be mixed to form the LPC

Liquid VEL LDS FEL LPC
Potassium dihydrogen phosphate

(mM) 0.939 0.939 3.76 1.76
Disodium hydrogen phosphate,

dihydrate (mM) 5.33 5.33 21.4 10.0
Total concentration of phosphate

ions (mM)? 6.27 6.27 25.2 11.76
Sodium chloride (mM) 124 124 416 100.0
Potassium chloride (mM) 1.44 1.44 5.76 27
Trehalose dihydrate (g/L) 150 150 204 165.8
F127 (g/L) 10.0 10.0 10.0 10.0
HSA (g/L) 1.00 1.00 1.00 1.00
Volumes of VEL and LDS 84.1853 L | 5.8147 L

Combined volume VEL and LDS,

and FEL 90 L 37L
Combined volume of VEL, LDS and

FEL = total volume of LPC 127 L 127 L

The pH of the LPC is between 7.0 and 8.5
2Refers to ions in both their protonated and basic forms.

[00178] For the example LPC with a batch size of 127 L, a maximum LDSs + VEL
volume of 90 L was chosen in order to account for a range of possible
concentrations of the biological active agent, e.g. virus titers. Accordingly, a FEL

volume of 37 L was chosen.

[00179] The titer value for each LDS is naturally variable due to the underlying
biological process. Due to the variability in titer values of different batches of LDS, in
order to achieve the desired end titer of each dengue serotype (TDV-1, TDV-2,
TDV-3 and TDV-4) in the liquid pharmaceutical composition (LPC), different
volumes of each of the LDSs for each dengue serotype must be added. These
volumes change from batch to batch due to the changing titers resulting from the

upstream process. Since the excipient concentrations in the VEL are, according to
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the present invention, defined to be the same as in the LDSs, various total volumes
of LDSs can be added to the VEL in order to obtain a predefined volume (e.g. 90 L)
of the LDSs and the VEL, while the excipient concentrations are constant. The
predefined volume of the LDSs and the VEL (e.g. 90 L) can afterwards be combined
with a predefined volume of FEL (e.g. 37 L) with a defined excipient concentration
predefined to obtain the target concentration of excipients and the target titers in the
LPC.

[00180] Thus, from batch to batch only the volume of VEL has to be adjusted to the
required volume of LDSs in a specific batch depending on the titers of each of the
LDSs, whereas all other volumes and concentrations have to be determined only
once and do not change from batch to batch. In particular, the VEL and FEL
composition and concentration do not change and can be prepared as stock
solutions. The adjusting of the volume of VEL is a simple adjustment.

[00181] The process follows the following steps:
(1) First, the required volume of each LDS is determined for each virus
serotype:

10Target Titer x 127 L
10QLDsS titer

Required volume =

(2) The required volume of VEL is then determined:

90 L — Total volume of LDSs (all serotypes) = Volume of VEL required

(3) Next, the determined volume of VEL is mixed with 37 L of FEL to
form an Intermediate Liquid (IL).

(4) Finally the appropriate quantity of IL is added along with the required
volume of each of the LDSs (which may have been combined) to
form the final pharmaceutical composition (LPC)

See figure 1 for a schematic diagram showing the above process.

The application further comprises the following items:

ltem 1: A batch mixing process for preparing a liquid pharmaceutical
composition (LPC) comprising at least one biological active agent and at least one
adjustable excipient, wherein the at least one biological active agent has a target

concentration in the LPC ("[Aj].rc) and the at least one adjustable excipient has a
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target concentration in the LPC ("[Ex].rc), the process comprising at least two
steps:

step 1: providing

e a variable excipient liquid (VEL) comprising the at least one adjustable
excipient at a predefined concentration (P[Ex]veL),

e one or more liquid drug substances (LDS) comprising one biological
active agent at a variable concentration (V[A]ps) and the at least one
adjustable excipient at a predefined concentration (F[ELps), and

¢ afixed excipient liquid (FEL) comprising the at least one adjustable
excipient at a predefined concentration (°[Ex]reL), wherein the predefined
concentration of each of the adjustable excipients is defined in
accordance with equation 1:

P[Exlver = P[Exlips # P[Ex]rer 1
wherein P[EJ]ps is predefined by the process of manufacture of LDS and
P[ExFeL is further defined by the conditions of step 2
step 2: combining
o all of the LDSs each at a variable volume ("Vips)),

e the VEL at a variable volume (*V\eL), and

e the FEL at a predefined volume (PVreL),

to form the LPC with a target volume ("V.pc) and with a target concentration of

all of the biological active agents and all of the adjustable excipients, wherein

the variable volume of each LDS is defined according to equation 2:

@)

vy o T[4dpe
LDS(i)) — V[Ai]LDS

T
X Vipc,

the combined total volume (PV(veL+Lps)) Of all LDSSs (“Wips(otay=Y ;21 Vips(iy) @nd
the VEL is predefined, and the variable volume of the VEL is defined according
to equation 3:

Vyg, = pV(VEL+LDS) - UVLDS(total)' @)
and the predefined volume of the FEL (PVreL) is defined according to equation
4:

PVeer, = "Vipe = PVvEL+Lps)» “

and the pre-defined concentration of each of the adjustable excipients in the

FEL is defined according to equation 5:
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p _ "[Exlipe X "Vipe = "VivpLaips) X P[Exlves ()
[Ex]reL = )
VFEL
ltem 2: The batch mixing process of item 1, comprising in step 1 providing

one LDS comprising one biological active agent at a variable concentration of
V[A1los, and in step 2 mixing the one LDS at a variable volume of W ps() to provide
a LPC with a target concentration of one biological active agent of T[A1]Lec.

ltem 3: The batch mixing process of item 1, comprising in step 1 providing

two LDSs each comprising one biological active agent at a variable concentration of
V[A1]os and V[Az]Los, and in step 2 mixing the two LDSs each at a variable volume of
"Wibs¢) @and "Wips() to provide a LPC with a target concentration of the two biological

active agents of T[Aq]ec and T[Az]ipc.

ltem 4: The batch mixing process of item 1, comprising in step 1 providing
three LDSs each comprising one biological active agent at a variable concentration
of V[Ad]ws, V[Azlos and V[As]Los and in step 2 mixing the three LDSs each at a
variable volume of YW ps(), "Wips@ and YWips) to provide a LPC with a target
concentration of the three biological active agents of T[Ai].rc, T[A2]rc. and T[As]Lpc.

Item 5: The batch mixing process of item 1, comprising in step 1 providing four
LDSs each comprising one biological active agent at a variable concentration of
V[Ai]Los, Y[Az2]bs, V[Aslos and V[A4]Los and in step 2 mixing the four LDSs each at a
variable volume of "Wy psq), "VWipsw), "Wips@) and YWips@) to provide a LPC with a target
concentration of the four biological active agents of T[A1]Lec, T[Az2lre, T[As]re and
T[AdlLrc.

Item 6: The batch mixing process according to any one of the preceding
items, wherein in step 2 the component liquids are combined in the following order:
a. the FEL and the VEL are first combined to provide an intermediate
liquid (IL),
b. the IL and the at least one LDS are then subsequently combined to
provide the LPC.
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ltem 7: The batch mixing process of any one of the preceding items for
preparing a LPC, wherein
the VEL, LDS(s), and FEL each comprise a predefined concentration of
one adjustable excipient
5 —  P[Ea]wew in the VEL,
—  P[Ea]wps in the LDS and
—  P[EaJreL in the FEL,
providing a LPC with a target concentration of the one adjustable excipient
T[Ea]pc; or wherein
10 the VEL, LDS(s), and FEL each comprise a predefined concentration
of two adjustable excipients
—  P[Ea]veL and P[Ep]ved in the VEL,
—  P[EJ]ps and P[Ep]Lps in the LDS and
—  P[Ea]reL and P[Ep]reL in the FEL,
15 providing a LPC with a target concentration of the two adjustable excipients
T[EalLee and T[Ep]Lpc; or wherein
the VEL, LDS(s), and FEL each comprise a predefined concentration of
three adjustable excipients
—  P[Ea)ve, P[Eb]ver and P[Ec]veL in the VEL,
20 —  P[Ea]ips, P[Eb)ips and P[Ec]ios in the LDS and
—  P[Ea]reL, P[Eb]reL and P[Ec]rec in the FEL;
providing a LPC with a target concentration of the three adjustable excipients
T[Ea]tee, T[Eb]ec and T[Ec]iec; or wherein
the VEL, LDS(s), and FEL each comprise a predefined concentration
25 of four adjustable excipients
—  P[EalveL, P[Evblve, P[Eclver and P[Eq]ver in the VEL,
—  P[Ea]wps, P[Eblios, F[Ed]Los and P[Eg]ios in the LDS and
—  P[Ea]reL, P[Eb]reL, P[Ec]rer and P[EqglreL in the FEL;
providing a LPC with a target concentration of the four adjustable excipients
30 T[Ealipe, T[Eblire, T[Ecire @and T[Ed]ipc.

Item 8: The batch mixing process of any one of the preceding items, wherein
the at least one adjustable excipient is selected from the group of carbohydrates,
salts and buffer salts.
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Item 9: The batch mixing process of any one of the preceding items, wherein
the VEL, LDS(s), and FEL further comprise at least one set excipient.

Iltem 10: The batch mixing process of item 9, wherein the at least one set

excipient is selected from the group of non-ionic surfactants and albumins.

ltem 11: The batch mixing process of item 9 or 10, wherein the VEL, LDS(s),
FEL each comprise a predefined concentration of four adjustable excipients
—  P[EalveL, P[Eb]veL, P[Edver and P[Eq4]veL in the VEL,
—  P[Ealios, P[Eb]Lps, F[Edos and P[Eqd]ips in the LDS and
—  P[BalreL, P[EblreL, P[Ec]reL and P[Eq]re in the FEL; and
a predefined concentration of two set excipients,
providing a LPC with a target concentration of four adjustable excipients
T[Ealpe, TEblipe, T[Ecipc and T[Eq]iee; and

two set excipients.

ltem 12: The batch mixing process of item 11, wherein the adjustable
excipients are phosphate buffer, sodium chloride, potassium chloride, and trehalose,

and the set excipients are F127 and HSA.

ltem 13: The batch mixing process of any one of the previous items, wherein
the one biological active agent is a virus, such as a live attenuated virus.

ltem 14: The batch mixing process of item 13, wherein the virus is a flavivirus,

such as a dengue virus.

ltem 15: The batch mixing process of item 14, comprising in step 1 providing
four LDSs each comprising one of the four serotypes of dengue virus D1 D> D3z and D4
at a variable concentration of V[D1]ps, Y[D2]Los, V[Ds]Los, and Y[D4]ips and in step 2
mixing the four LDSs each at a variable volume of Wips(), "Wibs@), "Wips@ and Wipsw
to provide a LPC with a target concentration of all four serotypes of dengue virus of

T[Di]pe, T[D2lpc, T[Dslirc, T[DalLrc.
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ltem 16: The batch mixing process of any one of the preceding items, wherein
VEL, LDS(s), FEL and LPC are all aqueous liquids with a pH of from pH 7.0 to pH
8.5.

ltem 17: The batch mixing process of any one of the preceding items, wherein
the process further comprises:
step 3:
¢ drying the liquid pharmaceutical composition (LPC) obtained from step 2,
such as by lyophilization, to obtain a dry pharmaceutical composition
(DPC).

Item 18: A batch mixing process for preparing a liquid pharmaceutical
composition (LPC) with a predefined target volume ("Virc), comprising

(a) at least one adjustable excipient, wherein the at least one adjustable
excipient has a target concentration in the LPC ("[Ex]rc), and
(b) four biological active agents A1, Az, Az and Ay,

wherein said four biological active agents are

- dengue serotype 1 (dengue-1)

- dengue serotype 2 (dengue-2)

- dengue serotype 3 (dengue-3)

- dengue serotype 4 (dengue-4)

and wherein each biological active agent has a target concentration in the LPC

(T[A1]LPC, T[AZ]LPC, T[A3]LPC, T[A4]LPC),

wherein said batch mixing process comprises the following steps:

(@ providing four liquid drug substances (LDS), each LDS comprising a
biological active agent at variable concentration (V[A1]lLos1, V[Az]Lps2,
V[As]Lpss, Y[A4lLpse)

(i) combining variable volumes (‘Wips() of the four LDSs together making a

combined total volume of all LDSs according to equation 6:

vVLDS(total) = UVLDS(l} + UVLDS(Z) + vVLDS(3) + 1]sz(@ ®)

and either subsequently to step (ii) or simultaneously with step (ii);
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(iii) combining an intermediate liquid (IL) at a variable volume YV, with said
combined total volume of all LDSs ”VLDS(MULD to generate the LPC;

wherein said batch-mixing process is characterised in that:

o the variable volume (Wips() of each of the four LDSs is defined in

5 accordance to equation 2:

"TAilpex "Vipe @

v _
VLDs(i) = Al

e the variable volume of intermediate liquid (IL) YV is calculated by
subtracting the calculated combined total volume of all LDSs to be combined
in step (ii) from the predefined target volume of the LPC according to the
equation 3:

VVIL = TVLPC - vVLDS(total) &)

10 o the IL is made by mixing a predefined volume of a fixed excipient liquid (FEL)
PVrgL with a variable volume of variable excipient liquid (VEL) "Wye., said
variable volume of VEL being calculated by subtracting the predefined
volume of the FEL from the calculated variable volume of IL YV, according to
the equation 4:

UVVEL = UVIL - pVFEL (4)

15 wherein the adjustable excipient(s) in the VEL are at the same concentration(s)

as the adjustable excipient(s) in the combined total volume of all LDSs.

Item 19: The batch mixing process of item 18, wherein the LPC further
comprises (c) at least one set excipient.

ltem 20: The batch mixing process of item 19, wherein the adjustable
20 excipients are phosphate buffer, sodium chloride, potassium chloride, and trehalose,
and the set excipients are F127 and HSA.

ltem 21: The batch mixing process of any one of items 18 to 20, wherein the
process further comprises:
25 step 3:
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o drying the liquid pharmaceutical composition (LPC), such as by
lyophilization, to obtain a dry pharmaceutical composition (DPC).

ltem 22: The batch mixing process of any one of the preceding items, wherein
the batch mixing process is a large-scale batch process.

Item 23: A pharmaceutical composition (PC) obtainable by the batch mixing

process according to any of the items above.

ltem 24: The pharmaceutical composition (PC) of item 18, for use in a method
of treatment or prevention, in particular prevention, of a disease in a subject or

subject population.

Item 25: The pharmaceutical composition (PC) of item 18, for use in a method
of treatment or prevention, in particular prevention of dengue disease, in a subject or

subject population.
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CLAIMS

A batch mixing process for preparing a liquid pharmaceutical composition (LPC)
comprising at least one biological active agent and at least one adjustable excipient,
wherein the at least one biological active agent has a target concentration in the LPC
("[AlLrc) and the at least one adjustable excipient has a target concentration in the LPC

("[ExLrc), the process comprising at least two steps:
step 1: providing

e a variable excipient liquid (VEL) comprising the at least one adjustable excipient at a

predefined concentration (P[E.Jvel),

e one or more liquid drug substances (LDS) comprising one biological active agent at a
variable concentration (V[A]Los) and the at least one adjustable excipient at a predefined

concentration (PF[Ex]wps), and

+ a fixed excipient liquid (FEL) comprising the at least one adjustable excipient at a
predefined concentration (P[Ex]reL), wherein the predefined concentration of each of the

adjustable excipients is defined in accordance with equation 1:
PIEx]ver = P[ExLps # P[Ex]FeL 1

wherein P[E,.ps is predefined by the process of manufacture of LDS and P[E,]re. is further
defined by the conditions of step 2

step 2: combining

o all of the LDSs each at a variable volume (“Wipsg),
e the VEL at a variable volume (*WveL), and

o the FEL at a predefined volume (PVFeL),

to form the LPC with a target volume (Vi pc) and with a target concentration of all of the

biological active agents and all of the adjustable excipients, wherein

the variable volume of each LDS is defined according to equation 2:
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)

vy _ TlAdipe %< Ty
LDS(i) - V[Ai]L s LPC»

the combined total volume (°V(eL+Los)) Of all LDSs (“Wipsgotay=X.i21 Vips(y) @nd the VEL is

predefined, and the variable volume of the VEL is defined according to equation 3:

UVVEL = pV(VEL+LDS) - UVLDS(total)r ©)

and the predefined volume of the FEL (PVeeL) is defined according to equation 4:

PVeer = "Viee — "VveL+LDs)» “)

and the pre-defined concentration of each of the adjustable excipients in the FEL is defined
according to equation 5:

"ExlLpe X "Vipe — pV(VEL+LDS) x PlExlvey ®)
PVprL

p[Ex]FEL =

The batch mixing process of claim 1, comprising in step 1

providing one LDS comprising one biological active agent at a variable concentration
of V[A1]Los, and in step 2 mixing the one LDS at a variable volume of "Wy ps() to provide
a LPC with a target concentration of one biological active agent of T[A1]Lec;

or providing two LDSs each comprising one biological active agent at a variable
concentration of Y[Ai].os and V[Az]Lps, and in step 2 mixing the two LDSs each at a
variable volume of YWips¢1yand YVips() to provide a LPC with a target concentration of
the two biological active agents of T[A¢]Lpc and T[Az]Lpc; OF

providing three LDSs each comprising one biological active agent at a variable
concentration of V[Ai]Lps, V[Az]ios and V[As]Lps and in step 2 mixing the three LDSs each
at a variable volume of “Wipsu), "Wipsey and “VWips@) to provide a LPC with a target
concentration of the three biological active agents of T[A1]Lrc, T[Azliec. and T[As]iec; or

providing four LDSs each comprising one biological active agent at a variable
concentration of V[Ailws, V[Az]ps, V[As]ps and V[A4los and in step 2 mixing the four
LDSs each at a variable volume of "Wips@), "Wibs@), “Vips@e) and YWipsw to provide a
LPC with a target concentration of the four biological active agents of T[A1]iec, T[A2]Lrc,
T[As]Lpe and T[A4]irc.
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3. The batch mixing process according to any one of the preceding claims, wherein in step

2 the component liquids are combined in the following order:

a. the FEL and the VEL are first combined to provide an intermediate liquid (IL),

b. the IL and the at least one LDS are then subsequently combined to provide the
LPC.

4. The batch mixing process of any one of the preceding claims for preparing a LPC, wherein

the VEL, LDS(s), and FEL each comprise a predefined concentration of one
adjustable excipient

—  P[Ea]veL in the VEL,

—  P[Ealps in the LDS and

—  P[EaJreL in the FEL,
providing a LPC with a target concentration of the one adjustable excipient
T[Ea]Lpc; or wherein

the VEL, LDS(s), and FEL each comprise a predefined concentration of two

adjustable excipients

—  P[Ealver and P[Ep]ve in the VEL,

—  P[Ealos and P[Ep]ps in the LDS and

—  P[E4]reL and P[Ep]reL in the FEL,
providing a LPC with a target concentration of the two adjustable excipients
T[EalLrc and T[Es]iec; or wherein

the VEL, LDS(s), and FEL each comprise a predefined concentration of three

adjustable excipients
- P[Ea]VEL, P[Eb]VEL and P[EC]VEL in the VEL,
- P[Ea]LDs, P[Eb]LDs and P[EC]LDS in the LDS and

- P[Ea]FEL, P[Eb]FEL and P[EC]FEL in the FEL;
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providing a LPC with a target concentration of the three adjustable excipients T[Ea]ipc,

T[Eb]rc and T[Eg]ipe; or wherein

the VEL, LDS(s), and FEL each comprise a predefined concentration of four
adjustable excipients

- P[Ea]ver, P[Eb]ver, P[Eclver and P[Eq]ver in the VEL,
—  P[Ed]ps, P[EblLps, P[Ec]os and P[Eqlips in the LDS and
—  P[Ea]reL, P[Eb]reL, P[Eclrer and P[Eqg]reL in the FEL;

providing a LPC with a target concentration of the four adjustable excipients T[Ea]irc,

T[Eblire, T[Eclire and T[Eq]pc.

The batch mixing process of any one of the preceding claims, wherein the VEL, LDS(s),
and FEL further comprise at least one set excipient; wherein optionally the at least one

set excipient is selected from the group of non-ionic surfactants and albumins.

The batch mixing process of claim 5, wherein the VEL, LDS(s), FEL each comprise a

predefined concentration of four adjustable excipients
—  P[EalveL, P[Eb]ver, P[Eclver and P[Eq]ver in the VEL,
- P[Ealips, P[Eblios, P[Eclios and P[Eq]ios in the LDS and
—  P[Ea]reL, P[Eb]reL, P[Ecrer and P[Eqg]reL in the FEL; and
a predefined concentration of two set excipients,
providing a LPC with a target concentration of four adjustable excipients
T[Ealirc, T[Eblipe, T[Ec]ire and T[Edliec; and
two set excipients.

The batch mixing process of any one of the previous claims, wherein the one biological
active agent is a virus, such as a live attenuated virus.

The batch mixing process of claim 7, wherein the virus is a flavivirus, such as a dengue

virus.
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The batch mixing process of claim 8, comprising in step 1 providing four LDSs each
comprising one of the four serotypes of dengue virus Dy D2 Ds and D4 at a variable
concentration of V[D1].ps, Y[D2]os, Y[Ds]Los, and Y[Da4]Los and in step 2 mixing the four LDSs
each at a variable volume of YWipsa), "Wips@), "Wips@e) and YWipsw) to provide a LPC with a
target concentration of all four serotypes of dengue virus of T[Dy]irc, T[D2lirc, T[Dslirc,
T[D4]rpe.

The batch mixing process of any one of the preceding claims, wherein the process further

comprises:
step 3:

¢ drying the liquid pharmaceutical composition (LPC) obtained from step 2, such as by
lyophilization, to obtain a dry pharmaceutical composition (DPC).

A batch mixing process for preparing a liquid pharmaceutical composition (LPC) with a

predefined target volume ("V.pc), comprising

at least one adjustable excipient, wherein the at least one adjustable excipient has a target
concentration in the LPC ("[EJ]rc), and

four biological active agents A, A2, Az and Ay,

wherein said four biological active agents are

dengue serotype 1 (dengue-1)
dengue serotype 2 (dengue-2)
dengue serotype 3 (dengue-3)

dengue serotype 4 (dengue-4)

and wherein each biological active agent has a target concentration in the LPC (T[A1]irc,
TA2lLre, T[As]Lre, TTA4]LPe),

wherein said batch mixing process comprises the following steps:

(iv)

v)

providing four liquid drug substances (LDS), each LDS comprising a biological active
agent at variable concentration (V[A1lbs1, V[A2]ibs2, V[As]Lpss, V[A4]LDs4)

combining variable volumes (“Wipsg) of the four LDSs together making a combined

total volume of all LDSs according to equation 6:
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vVLDS(total) = vVLDS(l) + UVLDS(Z) + UVLDS(S) + UVLDS(4) ®)
and either subsequently to step (ii) or simultaneously with step (ii);

(vi) combining an intermediate liquid (IL) at a variable volume YV, with said combined

total volume of all LDSs "V, 5 torary t0 generate the LPC;

wherein said batch-mixing process is characterised in that:

5 o the variable volume ("Vips()) of each of the four LDSs is defined in accordance to equation
2:
vy "aillpex "Vipe 2
DS = T vaql, o AllLpsgy

e the variable volume of intermediate liquid (IL) YV, is calculated by subtracting the
calculated combined total volume of all LDSs to be combined in step (i) from the
predefined target volume of the LPC according to the equation 3:

UVIL = TVLPC - UVLDS(total) ®)

10 o the IL is made by mixing a predefined volume of a fixed excipient liquid (FEL) PVreL with a
variable volume of variable excipient liquid (VEL) WvyeL, said variable volume of VEL being
calculated by subtracting the predefined volume of the FEL from the calculated variable
volume of IL YV, according to the equation 4:

UVVEL = vVIL - pVFEL (4)

wherein the adjustable excipient(s) in the VEL are at the same concentration(s) as the

15 adjustable excipient(s) in the combined total volume of all LDSs.
12. The batch mixing process of claim 11, wherein the process further comprises:
step 3:

¢ drying the liquid pharmaceutical composition (LPC), such as by lyophilization, to obtain
a dry pharmaceutical composition (DPC).

20 18 The batch mixing process of any one of the preceding claims, wherein the batch mixing

process is a large-scale batch process.
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14. A pharmaceutical composition (PC) obtainable by the batch mixing process according to

any of the claims above.

15. The pharmaceutical composition (PC) of claim 14, for use in a method of treatment or

prevention, in particular prevention of dengue disease, in a subject or subject population.



