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QUANTIFICATION METHOD OF POLYSORBATE IN AQUEOUS FORMULATIONS

BACKGROUND OF THE INVENTION

TECHNICAL FIELD

The invention relates to a quantification method of polysorbate in aqueous formulations in the presence of
one or more (poly)peptides.

STATE OF THE ART

Non-ionic surfactants emerged as excipients of choice in aqueous biopharmaceutic formulations to stabilize
the protein against interfacial stresses, to saturate aggregation prone areas of the protein or help to prevent
adsorption. Thereby, they help to maintain the colloidal and conformational stability of the active
pharmaceutical ingredient (API), and hence, the biotherapeutic activity and efficacy. The most widely used
surfactants for aqueous biopharmaceutical formulations are polysorbates (PS), also known as Tween®, due
to their biocompatibility and low toxicity [1]. But polysorbates exhibit a number of degradation reactions, in
particular oxidation and (enzymatic) hydrolysis, whereby numerous degradation products are formed and
functional properties are lost, potentially leading to the instability of the aqueous formulation. Therefore, the
degradation of polysorbate might lead to particle formation in aqueous formulations, which can be a major

quality concern and potential risk factor [2].

Due to the known degradation of the polysorbates, for example, used to stabilize biopharmaceutical
formulations or biotherapeutic products, the presence and the concentration of polysorbates should be
closely monitored, i.e. during the development, manufacturing, and also along the shelf-life and storage time

of aqueous formulations.

Known methods for determining the polysorbate content are, for example, based on mass spectrometry,
evaporative light scattering detection, charged aerosol detection, nuclear magnetic resonance, and also
combined methods such as liquid chromatography with charged aerosol detection (LC-CAD) or LC-
evaporative light scattering detection with a mixed mode on-line solid phase extraction (SPE) cartridge and
an acidified mobile phase. These methods require expensive equipment, are time-consuming, personnel-
intensive and sometimes require complex sample preparation. In addition, most of the methods are not
compatible with the presence of proteins and require a protein removal step.

Therefore, a number of different assays for the quantitative analysis of polysorbates in biopharmaceutical
products are known, however, HPLC techniques in combination with charged aerosol detection (CAD) and
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HPLC techniques in combination with the fluorescence micelle assay (FMA) belong to the most extensively

used techniques for the quantification of polysorbates [3].

The fluorescence micelle assay (FMA) is based on the partitioning of the hydrophobic dye N-phenyl-1-
naphthylamine (NPN) into surfactant micelles. NPN exhibits a low-fluorescence signal in aqueous
environments, which increases in more hydrophobic environments such as the core of the micelles.
Polysorbates which are non-ionic surfactants form such micelles in aqueous solution. The micelles are
formed at and above the critical micelle concentration (CMC), which represents the concentration of the
surfactant at and above which the micelles being formed. For polysorbates the CMC at 25 °C ranges
between 15 — 75 yM for polysorbate 20 (PS20 HP) and is considerably lower for polysorbate 80 (PS80 HP)
with 7 — 16 pM [4]. Therefore, the fluorescence micelle assay is applied for the determination of the
polysorbate content in samples with a polysorbate concentration at and above the critical micelle
concentration (CMC). In fact, the CMC of polysorbates is significantly lower than the concentration of interest

in aqueous formulations to be determined.

For a better understanding the principle of the fluorescence micelle assay is explained in the Figures 1 to 3

as follows:

In Figures 1A and 1B the concept of the fluorescence micelle assay is shown in schematic illustrations. In
Fig. 1A a polysorbate containing sample 100a having water 125 as solvent is depicted whereby a number of
polysorbate molecules 130, namely 130.1, 130.2, 130.3, ... are present at the air-liquid interface. The
hydrophobic tails of the polysorbate molecules 130 extend out of the water surface whereas the hydrophilic
head is directed into the water. In the sample 100a the concentration c of the polysorbate (PS) is selected to
be equal or higher than the critical micelle concentration (c(PS) = CMC), i.e., the polysorbate forms micelles.
In the aqueous solvent 125 three micelles 110a, 110b and 110c¢ are schematically illustrated each of which
has a spherical shape. In each micelle 110a, 110b, or 110c, respectively, the hydrophilic head of each of the
polysorbate molecules 130 is located on the outside of the sphere and the hydrophobic tail of each of the
polysorbate molecules 130 is directed to the inside of the sphere, respectively.

If the hydrophobic dye N-phenyl-1-naphthylamine (NPN) is added to the sample 100a the dye is
“incorporated” into the nonpolar core of polysorbate micelles 110a, 110b, and 110c (schematically shown by
an NPN symbol in the middle of each sphere) as schematically shown in Fig. 1B. Due to the partitioning of
the NPN dye into the nonpolar core of the micelles, it results a significantly increased fluorescence signal.

In Fig. 1B the irradiated light is schematically illustrated by arrow 150.1 and the emitted fluorescence light is
schematically illustrated by arrow 150.2 which is detected in a fluorescence detector 165. This characteristic
allows the determination of the micelle concentration, and therefore the polysorbate concentration, by
measuring the fluorescence signal of the N-phenyl-1-naphthylamine (NPN) present in the micelles. This
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method was firstly described by Brito et al. [5] where the N-phenyl-1-naphthylamine was used for the
determination of the critical micelle concentration (CMC) of different surfactants.

In Figures 2A and 2B the same embodiment as in Figs. 1A and 1B is shown whereby the polysorbate is
polysorbate 20 (PS20). The polysorbate 20 has formed micelles 110a, 110b, 110c and 110d which are
completely intact. In this embodiment the fluorescence signal obtained by fluorescence micelle assay is a

very strong signal.

In Figures 3A and 3B the polysorbate is polysorbate 20 (PS20) which has been partially degraded. As may
be seen the micelles 120a and 120b may change their properties such as a destabilization of the initial
micelles or reduce the micelle concentration. Degradation products 175 from the intact polysorbate from the
micelles 120a and 120b of the polysorbate 20 are formed, and depending on their physicochemical properties
such as increased polarity, are now present in the aqueous phase. In this embodiment the fluorescence
signal obtained by fluorescence micelle assay is a decreased signal.

As a result, the fluorescence micelle assay may be used as a method to determine the content of
polysorbates in aqueous formulations, whereby fluorescence micelle assays are simple to perform and allow
a rapid determination of the polysorbate content.

One widely applied method to determine the concentration of polysorbate is the fluorescence micelle assay
(FMA) conducted on a high-performance liquid chromatography (HPLC) system. In such a case, the
fluorescence micelle assay is performed using a HPLC system which is connected to a fluorescence detector
as direct flow analysis of the fluorescent dye present in the mobile phase.

Figure 4 shows a schematically simplified diagram of a fluorescence micelle assay (FMA) conducted on a
HPLC system. The mobile phase 180 comprises the fluorescent dye in form of N-phenyl-1-naphthylamine
(NPN), an organic solvent such as acetonitrile, a buffer such as tris(hydroxymethyl)aminomethan (Trizma
base) or tris(hydroxymethyl)methylamin, and optionally appropriate additives, for example, a salt such as
NaCl, and a tenside, e.g. a non-ionic tenside such as polyalkylenglycolether (known brands are Bri®,
Genapol®, Lutensol®. The mobile phase 180 is taken through the capillary tubing 182 controlled by the pump
185 having a suitable flow rate. The sample 187 containig the polysorbate in aqueous solution is removed
through capillary tubing 188 and combined with the mobile phase 180. The polysorbate containing mobile
phase 180 is then guided through a reaction loop 190 and after that conveyed to the fluorescence detector
195 where the fluorescence signal is measured. After the sample containing polysorbate has been analysed,
it can be disposed as waste 197. For quantification, the polysorbate peak area is determined using a
calibration curve [3, 6]. As most HPLC devices are equipped with an autosampler, the fluorescence micelle
assay can also be performed automated on HPLC systems.
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Although this approach of the determination of the polysorbate concentration appears to be a direct
straightforward method, the fluorescence micelle assay performed on a HPLC system comes along with a
number of drawbacks, such as an analysis time of approximately two minutes per sample which constitutes
an analytical bottleneck, especially for huge sample sets. Furthermore, the non-specific adsorption of the
fluorescent dye N-phenyl-1-naphthylamine (NPN) to all accessible surfaces, especially of the capillaries and
valves of the chromatographic system, requires long flushing times with dye containing mobile phase to
saturate all surfaces with NPN. This adsorption of NPN causes the need of a specially adapted and
permanently assigned HPLC-system for performing the fluorescence micelle assay. In addition to that, also
desorption of the dye NPN might lead to a falsification of the surfactant concentration measurement.

In addition, it is well-known in prior art that the fluorescence micelle assay is not suitable to be used in the
presence of protein(s). The hydrophobic fluorescence dye NPN shall interact with other hydrophobic
components within the biotherapeutic formulations such as proteins. The known auto- or self-fluorescence of
components within the biotherapeutic formulations, for example proteins, could excite NPN (350 nm) which
might lead to errors in the quantification [7, 12]. The up-to-now prior art agreed on the finding that the
fluorescence micelle assay is not possible in the presence of a protein [3, 6, 8, 9, 10, 11, 12]. An additional
prior art search has confirmed that the fluorescence micelle assay has not successfully being performed in
the presence of a protein up to now.

Still in 2020 the publication [9] comes to the result that the fluorescence micelle assay failed to quantify
polysorbate 20 in the presence of protein (see p. 653/4, bridging paragraph). Thus, up-to-date publications
about the fluorescence micelle assay report data only in the absence of protein. As a result, a preparative
protein-removal step is considered to be required in order to perform the fluorescence micelle assay for
aqueous formulations.

Literature [3] also points out that the N-phenyl-1-naphthylamine (NPN) reaction shall not react uniformly for
the different polysorbate-esterified species, which should lead to a misestimation of the polysorbate content.

However, the present invention has been developed against an opinion or preconceived idea widely or
universally held by experts in that technical field according to which fluorescence micelle assay in the
presence of a protein shall not be feasible.

It is therefore an object of the present invention to avoid the deficiencies of prior art and to provide a method
for the quantification of poysorbate which overcomes the drawbacks of fluorescence micelle assay performed
on a HPLC-system.

Furthermore, it is a further object to provide a method for the quantification of polysorbate which may be also
suitable to perform high-throughput analysis of polysorbate containing samples.
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SUMMARY OF THE INVENTION

Surprisingly, it was found that the disadvantages known from prior art may be overcome by performing a
fluorescence micelle assay (FMA) using N-phenyl-1-naphthylamine (NPN) as fluorescence dye without a
HPLC-system wherein polysorbate contained in a liquid sample is quantifiable in the presence of one or more
peptides or polypeptides as well as proteins.

Therefore, a straightforward method to use a fluorescence micelle assay is provided. The method (a) for the

quantification of polysorbate in an aqueous formulation containing polysorbate and one or more

(poly)peptides having the following steps:

(a.1)  providing a sample of the aqueous formulation;

(a.2) adding of a solution containing the fluorescent dye N-phenyl-1-naphthylamine to the sample of step
(a.1) to obtain a fluorescent dye containing sample to be tested in a fluorescence micelle assay;

(a.3) optionally incubating the fluorescent dye containing sample of step (a.2);

(a.4) performing a fluorescence micelle assay with the fluorescent dye containing sample obtained in step
(a.2) or(a.3) and

(a.5) determining the content of polysorbate present in the sample from the fluorescence micelle assay
performed in step (a.4);

with the proviso that the method (a) is being performed without the use of a HPLC-system.

Also a high-throughput quantitative analysis of polysorbate containing samples including one or more
peptides or polypeptides as well as proteins is possible. Therefore, according to another embodiment, it is
provided a method (b) for the quantification of polysorbate in an aqueous formulation containing polysorbate
and one or more (poly)peptides having the following steps:

(b.1)  providing a number of samples of the aqueous formulation;

(b.2) adding of a solution containing the fluorescent dye N-phenyl-1-naphthylamine to each of the
samples, respectively, to obtain fluorescent dye containing samples to be tested in a fluorescence
micelle assay;

(b.3) optionally incubating the fluorescent dye containing samples of step (b.2);

(b.4) performing a fluorescence micelle assay with the fluorescent dye containing samples obtained in step
(b.2) or (b.3) and

(b.5) determining the content of polysorbate present in each of the samples from the fluorescence micelle
assay performed in step (b.4);

with the proviso that the method (b) is being performed without the use of a HPLC-system.

It was unexpected that any kind of (poly)peptide, particularly protein, present in the starting aqueous
formulation does not interfere with the measurement of the fluorescence micelle assay. Furthermore, it was
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also unexpected that impurities, additives, excipients, do not interfere with the measurement of the

fluorescence micelle assay.

Indeed, the methods of the present invention were found to reliably provide the content of polysorbate in
aqueous formulations wherein at the same time one or more peptides, polypeptides, or proteins are present.
In addition, the quantification can be employed for a series of test sets at the same time for a high-throughput
quantitative analysis of polysorbate in samples containing peptide(s), polypeptide(s), or protein(s).

The invention is also directed to the use of the method according to the invention for the quantification of
polysorbate in an aqueous formulation, for example, as a stability test of the aqueous formulation, during the
development, manufacture, shelf life or storage time thereof, whereby the aqueous formulation contains
polysorbate and one or more (poly)peptides as disclosed herein, with the proviso that the method is being
performed without the use of a HPLC-system and the fluorescence micelle assay is performed in the

presence of one or more peptides and/or one or more polypeptides, including one or more proteins.

A further subject of the present invention is also the use of a fluorescence micelle assay in a method for
quantification of polysorbate in an aqueous formulation comprising polysorbate and one or more
(poly)peptides as disclosed herein, with the proviso that the method is being performed without the use of a
HPLC-system and the fluorescence micelle assay is performed in the presence of one or more peptides

and/or one or more polypeptides, including one or more proteins.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the prior art and of the present invention will be described by way of example with reference
to the accompanying figures, which are schematic and are not intended to be drawn to scale so that no
assumption of precise geometric values can be made regarding the original size. The figures of the present
disclosure are incorporated in and constitute a part of the specification, also illustrating embodiments of the
invention without limitation to the specific embodiments described. The drawings together with the general
description and detailed description serve to explain the principles of the present disclosure. The same
features are denoted by the same reference signs throughout the figures. It is shown:

Figures 1A and 1B a schematic illustration of the concept of the fluorescence micelle assay;

Figures 2A and 2B a schematic illustration of a sample containing polysorbate 20 (PS20) before
and after adding the dye N-phenyl-1-naphthylamine used in the fluorescence
micelle assay, whereby polysorbate 20 forms intact micelles;

Figures 3A and 3B a schematic illustration of a sample containing polysorbate 20 (PS20) before
and after adding the dye N-phenyl-1-naphthylamine used in the fluorescence



10

15

20

25

30

35

WO 2023/046953 PCT/EP2022/076661

7

micelle assay, whereby polysorbate 20 has been partially degraded and forms
no or not intact micelles;

Figure 4 a schematically simplified diagram of a fluorescence micelle assay (FMA)
conducted on a HPLC system;

Figure 5 a schematic illustration according to an embodiment of the present invention;
Figure 5A a schematic illustration of an embodiment of a microplate;
Figure 6 a linearity plot of the fluorescence signal in a fluorescence micelle assay

according to an embodiment of the present invention with increasing
polysorbate concentrations;

Figure 7A to 7F diagrams showing the determination of polysorbate concentrations for the
investigation of the specificity of the fluorescence micelle assay according to
an embodiment of the present invention with or without polysorbate in the
presence or absence of different (poly)peptides.

Figures 1A, 1B, 2A, 2B, 3A, 3B, and 4 have been already described in view of several embodiments of the
prior art. Figure 5 will be described later in the context of an embodiment of the present invention. Figures 6

and 7A to 7F will be explained in the experimental section.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITION OF GENERAL TERMS

Terms not specifically defined herein should be given the meanings that would be given to them by a person
skilled in the art in light of the disclosure and the context.

The expression “quantification of polysorbate” shall be understood in its broadest sense and stands for the
determining of the concentration or amount of polysorbate present in an aqueous formulation from which a
sample is taken and examined. The quantification is achieved by using a fluorescence micelle assay (FMA).

A “fluorescence micelle assay (FMA)“ is a testing method known by the person skilled in the art, for which a
variety of literature is available [3, 5, 9] so that the skilled person knows the details of this procedure and is
familiar with it, for example, the sample amount which may be used, the appropriate solvents to be used, the
characteristics of the fluorescent dye N-phenyl-1-naphthylamine such as the light sensitivity to be taken into
account, the composition of the solution of the fluorescent dye added to a sample etc.

The expression “polysorbate” or “polysorbates” which are used interchangeably and synonymously represent
a class of emulsifiers or non-ionic surfactants used in pharmaceuticals, cosmetics and food. They are often
used to solubilise products in water that are not water-soluble. Polysorbates are oily liquids derived from
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ethoxylated sorbitan (a derivative of sorbitol) esterified with fatty acids. Well-known brand names are
Kolliphor, Scattics, Alkest, Canarcel and Tween. Commercially available polysorbates usually consist of a
mixture of structurally related molecules such as nonesterified sorbitan and/or isosorbitan-polyethylene glycol
(PEG) species, mono-, di-, tri-, tetra-esters, fatty acids, and the like.

Exemplary representatives of polysorbates are

polysorbate 20 (PS20) or polyoxyethylene (20) sorbitan monolaurate;
polysorbate 40 (PS40) or polyoxyethylene (20) sorbitan monopalmitate;
polysorbate 60 (PS60) or polyoxyethylene (20) sorbitan monostearate; and
polysorbate 80 (PS80) or polyoxyethylene (20) sorbitan monooleate.

The numbers 20, 40, 60 and 80 which follow the term ,polysorbate* stand for the main type of fatty acid
associated with the polyoxyethylene sorbitan residue of the molecule, i.e. monolaurate is indicated by 20,
monopalmitate is indicated by 40, monostearate is indicated by 60, and monooleate is indicated by 80.

The number 20 following the term ,polyoxyethylene refers to the total number of oxyethylene
-(CH2CH20)- groups present in the molecule.

In the present invention the main focus lies on polysorbate 20 and 80 which are mostly used in the
pharmaceutical industry, whereas polysorbate 40 and 60 are more commonly used in the food or cosmetics
industry.

According to the European Pharmacopoeia (Ph. Eur.) specification, for the content of fatty acids, the laurate
ester accounts for 40-60 % of esters in polysorbate 20, the remaining esters range from C8 to C18. The
oleate ester accounts for 58—-85 % of esters in polysorbate 80, the remainder range from C14 to C18

including stearate, linoleate, and linoleneate esters.

The term "aqueous" is intended to mean that water is present in the formulations. For example, water can
constitute a part of the solvent, e.g. a small part or the main part of the solvent or can represent the only
solvent present. In fact, any type of water may be used. Purified water may be preferred but according to
some embodiments also tap water may be used. The type of water selected depends from the intended use
of the aqueous formulation. Purified water used according to the present invention is water that has been
undergone a purification process such as distillation, reverse osmosis, carbon filtering, capacitive or electro-
deionization, micro- or ultrafiltration, ultraviolet oxidation or the like to remove impurities to be suitable for use.
Combinations of these processes may also be used in order to achieve water of such high purity, e.g.
ultrapure water, that its trace contaminants are measured in parts per billion (ppb) or parts per trillion (ppt). In
one embodiment, water used in the method of the invention is ultrapure water, for example ultrapure water of
type 1 (Milli-Q® water) according to ASTM D1193 or ISO 3696. According to another embodiment, the water
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used may be sterile water suitable for administration to a subject such as water for injection (WFI). Also,
distilled water, bidistilled or deionized water may be used.

The term “aqueous formulation” refers to a solution in which the solvent or one of the solvents is water. The
solution comprises a true solution, dispersion, suspension and the like, unless otherwise stated. The aqueous
formulation according to the invention comprises polysorbate and one or more (poly)peptides and optionally
excipient(s).

The term “sample” is understood as broadly as possible to mean a limited or smaller quantity of the aqueous
formulation, which is taken for analysis. The sampling may be done manually or by an automated method.

The expressions “(poly)peptide” or “(poly)peptides” which are summarized in the term “(poly)peptide(s)”

n oo« » o« n oo« » o«

comprise “peptide”, “peptides”, “polypeptide”, “polypeptides”, “proteins” and “protein”, whereby “protein” or
“proteins” are usually considered to be comprised by “peptide(s)” or “polypeptide(s)”. However, for better
understanding and to ensure that the term (poly)peptide(s) also includes proteins, the proteins are listed in
addition to the peptides and polypeptides herein. That is, “(poly)peptides” or “one or more (poly)peptides”
stand for one or more peptides and/or one or more polypeptides, which includes one or more proteins.
Therefore, peptide(s), polypeptide(s) and protein(s) and variations of these terms refer to peptide(s),
oligomer(s) such as oligopeptide(s), polypeptide(s) or protein(s) including fusion protein(s), respectively. As
generally known a peptide is an organic compound containing peptide bonds between amino acids.
According to their number, oligopeptides with few amino acids are distinguished from polypeptides with many
amino acids. For example, a peptide may comprise at least two amino acids joined to each other for example
by a normal peptide bond, or, alternatively, by a modified peptide bond, such as in the cases of isosteric
peptides. For simplification, the terms “peptide”, “polypeptide”, or “protein” can be interchangeably used in the
present application, the skilled person is familiar with the terms per se and understands their meaning. A
peptide, a polypeptide, or a protein can be composed of L-amino acids and/or D-amino acids. Preferably, a
peptide, polypeptide, or protein is either (entirely) composed of L-amino acids or (entirely) of D-amino acids,

thereby forming “retro-inverso peptide sequences”.

The terms “peptide”, “polypeptide”, or “protein” particularly refers to a “classical’ peptide, polypeptide or
protein, whereby a “classical” peptide, polypeptide or protein is typically composed of amino acids selected
from the 20 amino acids defined by the genetic code, linked to each other by a peptide bond. The terms
"peptide", "polypeptide" or "protein" include, in addition to these amino acids, amino acids other than the 20
defined by the genetic code, or they may be composed of amino acids other than the 20 defined by the
genetic code. In particular, a peptide, polypeptide or protein in the context of the present invention can
equally be composed of amino acids modified by natural processes, such as post-translational maturation

processes or by chemical processes, which are well known to a person skilled in the art.



10

15

20

25

30

35

WO 2023/046953 PCT/EP2022/076661

10

now

The terms “peptide”, “polypeptide”, “protein” also include modified peptides, polypeptides and proteins. For
example, peptide, polypeptide, or protein modifications can include acetylation, acylation, ADP-ribosylation,
amidation, covalent fixation of a nucleotide or of a nucleotide derivative, covalent fixation of a lipid or of a
lipidic derivative, the covalent fixation of a phosphatidylinositol, covalent or non-covalent cross-linking,
cyclization, disulfide bond formation, demethylation, glycosylation including pegylation, hydroxylation,
iodization, methylation, myristoylation, oxidation, proteolytic processes, phosphorylation, prenylation,
racemization, seneloylation, sulfatation, amino acid addition such as arginylation or ubiquitination. In
particular, the terms “peptide”, “polypeptide”, or “protein” also include “peptidomimetics” which are defined as
peptide analogs containing non-peptidic structural elements, which peptides are capable of mimicking or

antagonizing the biological action(s) of a natural parent peptide.

The peptide, polypeptide, or protein may be a therapeutic peptide, therapeutic polypeptide, or therapeutic
protein, which are used for the prevention or treatment of any disease or any disorder. The (poly)peptide,
particularly peptide, polypeptide or protein, may be an "antigen-binding molecule" which is capable of binding
to a target antigen, and encompasses monoclonal antibody, polyclonal antibody, monospecific antibody,
multispecific antibody (e.g., bispecific antibody), single chain antibodies or and antibody fragments (e.g. Fv,
scFv, Fab, Fab’, scFab, F(ab)2, Fab2, Fc and Fc’'-fragments), heavy and light immunoglobulin chains and
their constant, variable or hypervariable region as well as Fv- and Fd-fragments, diabodies, triabodies, scFv-
Fc, minibodies, single domain antibodies (e.g. VhH), etc.), as long as they display binding to the relevant
target molecule(s) or a mixture thereof. According to the invention, in addition to proteins in the form of one or
more antibodies, proteins may also be present in the form of one or more enzymes. Sizes of enzymes range
from just 62 amino acid residues, for the monomer of 4-oxalocrotonate tautomerase (approx. 6.8 kDa to over
2,500 residues (approx. 275 kDa) in the animal fatty acid synthase. Enzymes that belong to the protein
group are included here, such as peptidases, glycosidases, lipases, nucleases and lactase, but not
ribozymes, which are only made up of RNA.

In addition, it should be noted that in this disclosure, the singular and plural forms are not used in a restrictive
manner. As used herein, the singular forms "a", "an", "one" and "the" therefore refer to both the singular and
the plural, unless otherwise indicated or apparent from the context.

The expressions “comprising”, “comprise®, “comprised”, “containing®, “contain“ or “contained“ shall also
encompass the more specific term “consisting of” unless otherwise stated or apparent from the context.

The expression “about” or “approximately” means within 20 %, particularly within 10 % and more particularly

within 5 % of a given value or upper or lower range value.

EMBODIMENTS OF THE INVENTION

In the following the multi-step methods according to the present invention are described. Optimum method
conditions and parameters for each individual step may vary depending on the particular aqueous
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formulation, the optional additive(s), optional excipient(s), solvent(s) beside water selected and
(poly)peptide(s), present. Unless otherwise specified, the method conditions and parameters of each method
step may be readily selected by one of ordinary skill in the art based on the present disclosure. Exemplary
procedures are provided in the experimental section.

According to an embodiment of the present invention a method (a) has been developed to quantify
polysorbates in aqueous formulations containing polysorbate and one or more (poly)peptides:

In a first step (a.1) a sample of an aqueous formulation containing polysorbate and one or more

(poly)peptides is provided.

According to an embodiment the polysorbate is a polysorbate which is selected from polysorbate 20,
polysorbate 40, polysorbate 60, or polysorbate 80, particularly polysorbate 20 or polysorbate 80.

According to an embodiment the polysorbate may be intended for pharmaceutical use, particularly for use in
drugs. Particularly, the polysorbate 20 or polysorbate 80 is pharmaceutically acceptable and may have
pharma grade quality such as Ph. Eur./USP/China Pharmacopoeia grade quality. For example, the
polysorbate may be selected from polysorbate 20 or polysorbate 80 which are suitable for parenteral
administration.

The polysorbate 20 may be selected from the following commercial products: Super Refined™PS20,
Tween™20, Tween ™20 HP, Tween™ 20 pharma grade or PS20 HP, as available from Croda Europe Ltd., or
PS20 China grade, as available from Nanjing Well Pharmaceutical Co., Ltd. In view of polysorbate 80 this
may be selected from the following commercial products: Super Refined™PS80, Tween ™80, Tween™80
HP, Tween™ 80 pharma grade or PS80 HP, as available from Croda Europe Ltd, or PS80 China grade, as
available from Nanjing Well Pharmaceutical Co., Ltd.

The (poly)peptide(s) present is(are) not particularly limited within the scope of the invention rather any
peptide, polypeptide, or protein known to the person skilled in the art can be used as already explained,
regardless of its type, characteristics and size. Also a mixture of two or more (poly)peptides such as peptides,
polypetides, proteins may be present in the aqueous formulation.

The sampling can be carried out in any procedure known to the expert, for example manually by a person or
by an automated device or system. It is a matter of course that the sampling should be carried out in such a
way that the following analytical procedure is not adversely affected or compromised. The amount of the
sample withdrawn from the aqueous formulation wherein the polysorbate content is to be quantified depends
on several factors such as the type and composition of the aqueous formulation, the type and size of the
sample container into which the sample(s) is(are) filled, the type and size of the fluorescence micelle assay
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test device etc. It is also possible that the volume of the sample may be adjusted prior to perform the
fluorescence micelle assay. For example, the sample may be diluted, e.g. with water as solvent, or the
sample may be concentrated. The change of the sample volume must then be taken into account when
quantifying the polysorbate in the starting aqueous formulation later on.

In the following step (a.2) the solution containing the fluorescent dye N-phenyl-1-naphthylamine is added to
the sample obtained in step (a.1) in order to obtain a fluorescent dye containing sample to be tested in a

subsequent fluorescence micelle assay.

The fluorescence micelle assay method is based on the detection of the fluorescence emission intensity of
the fluorescent dye N-phenyl-1-naphthylamine in the presence of polysorbate at concentrations at or above
their critical micelle concentration. N-phenyl-1-naphthylamine (C1sH13N) has the following chemical structure

O

and is commercially available. Since it is hardly soluble in water a solution containing an organic solvent is
prepared or provided. The solution containing the dye in step (a.2) usually has the same components and in
particularly also the same composition, as used for the mobile phase in a combined FMA-HPLC method in
the prior art (see, for example, literature [9], p. 649, 3rd paragraph: “The mobile phase contained 150 mM
sodium chloride, 50 mM tris(hydroxymethyl) methylamin, pH 8.0, 5 % (v/v) ACN, 15 ppm Brij35, and 5 mM of
NPN.“).

According to an embodiment such a solution containing the fluorescent dye in step (a.2) usually contains the
hydrophobic dye in the range from 1 uM to 10 pM, particularly 5 uM, an organic solvent such as acetonitrile in
the range from1 %(v/v) to 10 %(v/v), particularly 5 %(v/v), a buffer such as tris(hydroxymethyl)aminomethan
(Trizma base) or tris(hydroxymethyl)methylamin in the range from 5 mM to 500 mM, particularly 50 mM, a
salt such as NacCl in the range from 10 mM to 1000 mM, particularly 150 mM, and a tenside, e.g. a non-ionic
tenside such as polyalkylenglycolether (known brands are Brij®, Genapol®, Lutensol®) in the range from
0.00015 % to 0.015 %, particularly 0.0015 %. The solution is typically a buffer solution wherein the
components are present to solubilize the fluorescent dye. Other compositions of the dye containing solution
are also possible in so far as they allow to conduct the subsequent fluorescence micelle assay.

It can be advantageous if the solution comprising the fluorescent dye N-phenyl-1-naphthylamine is mixed
prior to adding it to the sample in step (a.2). The mixing may be conducted by shaking or stirring, for
example. According to an embodiment a shaking is employed, for example, by using an orbital shaker in
order to achieve a shaking which is especially effective in a very short time.
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Such a mixing of the solution may remove any concentration gradient of the dye due to unspecific adsorption
on the surface of the reservoir and may contribute to have a more homogeneous solution of the dye.

Method step (a.3) is an optional method step. In individual cases, however, it can be advantageous if
incubation is carried out because the partitioning of the fluorescence dye into the inner core of the
polysorbate micelles could be improved. Thus, according to optional method step (a.3) the sample obtained
in step (a.2) is incubated.

According to an embodiment the incubating is performed under shaking.

In a further embodiment the incubating temperature is selected from the range of from 10 to 60 °C,
particularly 30 to 40 °C, more particularly 35 °C. The incubation temperature may be readily selected from the
above disclosed range.

The incubation time may be selected according to the knowledge of the average skilled person. Also no or
shorter or longer incubation times are possible; the skilled person is readily able to select a suitable

incubation temperature and time.

In an analytic procedure such as the fluorescence micelle assay it is useful if the preparation of the samples
before the actual fluorescence micelle assay measurement is carried out as quickly as possible so that there
is not a large time difference between the individual samples, for example, resulting in different contact times
with the dye. Therefore, immediately after the addition of the dye solution, all samples are incubated as soon
as possible. In any case, it may be useful if the dye-containing samples are protected from direct exposure to
light prior to performing the fluorescence micelle assay.

In method step (a.4) a known fluorescence micelle assay of the sample obtained in step (a.2) or step (a.3) is
performed. Since step (a.3) is an optional step it is not always performed. In case step (a.3) is omitted, the
fluorescence micelle assay of the sample obtained in step (a.2) is performed, in case step (a.3) is employed,
the fluorescence micelle assay of the sample obtained in step (a.3) is performed. In the fluorescence micelle
assay light of a wavelength of 350 nm is used to excite the fluorescence dye which then emits a fluorescence
light of the wavelength of 420 nm. A spectrofluorometer is used to carry out the fluorescence measurement.
Also a known sample container may be used for the measurement such as a quartz cuvette. It is
advantageous if the sample container or receptacle used in steps (a.1), (a.2), and (a.3) is the same in which
also the fluorescence measurement in step (a.4) is conducted.

Thus, the method (a) is performed with the use of a fluorescence detector, a HPLC system or device is not
used.
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Using the fluorescence micelle assay the content of polysorbate present in the sample is determined in step
(a.5). For quantification, the fluorescense signal can be evaluated with the help of a calibration curve, a blank

value and a suitable software can be used to determine the quantity of the polysorbate.

Thus, the method (a) can be applied for polysorbate content determination in (poly)peptide(s) containing
aqueous formulations without the need of a previous (poly)peptide(s) removal step.

According to a further embodiment of the present invention the method steps (a.1), (a.2), (a.3), (a.4), and
(a.5) are carried out one after the other, in the order mentioned, for example directly one after the other. It
can be useful if there are no intermediate steps between the individual method steps beside the
embodiments already described.

In case several samples shall be evaluated it is advisable if the samples may be processed in parallel or

simultaneously.

Further, method (a) allows to significantly reduce the analysis time per sample from 120 s of the FMA-HPLC
method to about 15 s - 20 s for the fluorescense micelle assay, thus reducing the analysis time by a factor of
at least 6.

It is possible that a part of the method steps or all method steps may be selected to be automated.

In another embodiment a method (b) may be used for a quantification screening of polysorbate in aqueous
formulations of a great number of samples, particularly at the same time. The method may be adapted so that
it can be performed using a liquid microbatch format combined with several liquid-handling steps for high-
throughput analysis purposes.

Therefore, a number of samples, especially a great number, of an aqueous formulation containing
polysorbate and one or more (poly)peptides are provided in step (b.1).

The number of the samples which can be provided in step (b.1) depends from several factors, such as the
type of sampling, the size and type of sampling device used, the desired sample throughput, the size and
type of the fluorescence micelle assay device and the like. By way of example, the number of samples can be
specified with at least 2, 5, 10, 20, 50, 96, 100, 200, 384, 500 or 1000. Also another number of samples may
be provided in step (b.1).

In the method step (b.1) the samples of the aqueous formulation to be tested may be provided at the same
time (simultaneously) or the samples to be tested may be provided one after the other. If the samples are
provided simultaneously, the throughput may be significantly increased.
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According to an embodiment the method (b) of the invention is performed in a microplate format. The
expression “microplate format” is to be understood in that the number of samples to be quantified is provided
in microplates (also known as microtiterplates), each sample is provided in one well of the microplate. A
microplate is a well-known laboratory device for the examination of biological or physical properties. The
mostly rectangular microplates are usually made of plastic and contain many wells isolated from each other in
rows and columns. A microplate typically has 6, 12, 24, 48, 96, 384 or 1536 sample wells; also microplates
with 3456 or 9600 wells are known. Each well of a microplate may typically receive and contain a volume of

several tens of nanolitres to several millilitres of the liquid sample.

Such microplates are particularly suitable for a high-throughput screening in pharmaceutical investigations.
Therefore, the method (b) of the present invention can be adapted to be used in a ‘microplate formate’
because the method (b) may be performed using a microplate or several microplates.

In order to achieve a high-throughput method a part of the method steps or all method steps of method (b)
may be selected to be automated.

According to an embodiment step (b.1) is automated. Therefore, according to an embodiment each sample to
be tested is transferred into a well of a microplate by an automated device or system. For example, a number
of samples may be processed in parallel and at the same time. There are no particular restrictions on the
number of samples that can be processed simultaneously, only the type and size of the automated
processing station used or the size of the microplate used can limit the number of samples to be examined.

Therefore, for example, a liquid handling device or station may be used which can process a great part or all
samples simultaneously in parallel. In such a case a microplate having a defined number of wells is used in
connection with a robotic workstation having equipment to automatically take and process analytic samples
such as liquid flexible channel arms, liquid handling arms equipped with disposable or fixed tips for multi-
pipetting, robotic grip arms and the like. Such robotic workstations usually also have integrated control
systems such as a liquid-level detection function or similar functions in order to ensure the correct processing
of the samples.

Such automation has great advantages, as the sample volume of all samples to be analysed is exactly the
same, the method steps per se and in combination are carried out as quickly as possible and many more
samples can be processed simultaneously and in parallel.

In step (b.2) the solution containing the fluorescent dye N-phenyl-1-naphthylamine is added to each of the
samples, respectively, to obtain fluorescent dye containing samples to be tested in a subsequent
fluorescence micelle assay. According to an embodiment the solution comprising the fluorescent dye N-
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phenyl-1-naphthylamine is simultaneously added to the samples which are, for example, present in a
microplate, i.e. each sample is located in a well of the microplate. Then, the fluorescent dye N-phenyl-1-
naphthylamine is present in each sample at the same time. Therefore, a variety of samples may be
processed at the same time. It is also possible to add the fluorescent dye N-phenyl-1-naphthylamine to each
of the samples one after the other. Apart from that the explanations to step (a.2) apply equally here.
Especially, according to an embodiment the solution containing the dye in step (b.2) may have the same
composition as used for the mobile phase in a combined FMA-HPLC method as described in the prior art
(see [9] loc.cit.]

It is advantageous if step (b.2) is automated because an equal treatment of all samples is ensured.

Prior to adding the solution comprising the fluorescent dye N-phenyl-1-naphthylamine to the samples, it may
be useful to mix the solution. For example, the solution is automatically shaken on a shaker to avoid

concentration inhomogeneity of the dye due to unspecific adsorption on the surface of the reservoir.

Subsequently, in method step (b.3), the samples obtained in step (b.2) may be incubated. This represents an
optional method step. The incubating may be performed under shaking. For example, the incubating in step
(b.3) may be performed with or without shaking, which is realized for the samples at the same time or one
after the other.

According to an embodiment the incubating temperature is selected from the range of from 10 to 60 °C,
particularly 30 to 40 °C, more particularly 35 °C. An incubation step, particularly under shaking, may have the
advantage that a partitioning of the fluorescence dye into the inner core of the polysorbate micelles might be

increased.

The incubation time may be readily selected by the skilled person. However, in the present invention the
incubation time may be adjusted to be very short as already explained. Also shorter or longer incubation
times are possible. The skilled person is readily able to select a suitable incubation temperature in the above

range and to select an incubation time in accordance with his knowledge.

According to an embodiment also optional step (b.3) may be automated. It is advantageous if step (b.3) is
automated because an equal incubation temperature and time and an equal shaking performance and time of

all samples can be ensured.

The shaking during incubation may be performed by an incubator shaker, for example. Such incubator
shakers are known temperature control instruments combining incubation and shaking functions.
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After incubation and before performing the fluorescence measurements for quantification, it is not necessary

to bring the samples to room temperature.

Subsequently, the fluorescence intensity of the samples obtained in method step (b.2) (if no incubation step
takes place) or obtained in method step (b.3) (if an incubation step takes place) is measured
spectrophotometrically in a fluorescence micelle assay in step (b.4) with an excitation wavelength of 350 nm
and an emission wavelength of 420 nm.

According to an embodiment also step (b.4) may be automated. This is advantageous because the
fluorescence micelle assay may be performed as quickly as possible with a variety of samples.

Using the fluorescence micelle assay the content of polysorbate present in each of the samples is determined
in step (b.5) by using a calibration curve. According to an embodiment also step (b.5) may be automated.

The method (b) is performed with the use of a fluorescence detector, a HPLC system or device is not used.

According to an embodiment the method steps (b.1) to (b.5) may be conducted fully automated whereby
several samples or all samples are processed in parallel. The inventive method (b) then allows to perform a
fully automated high-throughput fluorescence micelle assay, for example, conducted in a microplate format
using a liquid-handling station. This approach significantly reduces the analysis time per sample from 120 s of
the FMA-HPLC method to about 15 s - 20 s for the fluorescense micelle assay performed in method (b), thus
reducing the analysis time by a factor of at least 6.

In Figure 5 a schematic illustration of the method (b) according to steps (b.1) to (b.5) according to an
embodiment of the present invention is shown and described in the following:

In step (b.1) a number of samples 210.1, 210.2, 210.3, and 210.4 of an aqueous formulation containing
polysorbate and one or more (poly)peptides such as one or more peptides, polypeptides, or proteins are
provided. The polysorbate has formed micelles 220a, 220b, and 220c, which are depicted as black spheres,
so that the concentration of the polysorbate is equal or higher than the critical micelle concentration (c(PS) =
CMC). In the shown exemplary embodiment the samples 210.1, 210.2, 210.3, and 210.4 are present in the
wells of a microplate, i.e. each sample is present in one well of the microplate, respectively. That is, the
samples 210.1, 210.2, 210.3, and 210.4 in step (b.1) have been already transferred onto a microplate by an
automated device or system, for example, a liquid handling device or station. A schematic illustration of an
embodiment of a microplate 400 is shown in Figure 5A. Other embodiments of a microplate are also possible.

In step (b.2) in this exemplary embodiment the solution comprising the fluorescent dye N-phenyl-1-
naphthylamine is simultaneously added to each of the samples 210.1, 210.2, 210.3, and 210.4, respectively,
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by an automated procedure. For example, the solution is simultaneously pipetted with suitable feeding
systems 310.1, 310.2, 310.3, 310.4 by an automated system or device 300.

Prior to adding the dye containing solution it may be automatically mixed (not shown), for example shaken, to
avoid concentration inhomogeneity of the dye.

In the exemplary embodiment shown the optional method step (b.3) is performed and the samples are
incubated with or without shaking. If a shaking is selected this may be performed, for example, by use of an
incubator shaker. Such an incubator shaker may simultaneously hold and process one or more microplates,
each containing a variety of samples. In the shown exemplary embodiment the incubating temperature is
selected to be 35°C for 60 s so that the partitioning of the fluorescence dye into the inner core of the
polysorbate micelles 220a, 220b, and 220c might be improved. Other incubation times or no incubation are
conceivable and possible. The incubation time may be readily selected by the skilled person. The incubation
temperature has been selected from the range as disclosed herein.

After incubation under shaking or without shaking, the fluorescence micelle assay of step (b.4) of the samples
obtained in method step (b.3) is conducted in a spectrophotometer with an excitation wavelength of 350 nm
(represented by arrow 350.1) and an emission wavelength of 420 nm (represented by arrow 350.2). Using
the fluorescence micelle assay the content of polysorbate present in the sample is determined in step (b.5)

for example using appropriate software.

It has been found particularly advantageous to provide and test the samples in microplates, as the
microplates are also suitable for high-throughput screening in a spectrophotometer. Thus, the method of the
present invention including the testing of the samples can be performed partly or fully automated, e.g. on a
liquid-handling station, whereby the use of a microplate format is beneficially.

In the following the term "methods" shall refer to both the method (a) according to steps (a.1) to (a.5) and the
method (b) according to steps (b.1) to (b.5), unless otherwise stated.

According to an embodiment the methods are performed using disposable labware such as disposable
microplates. This prevents carry-over from one sample to another and cleaning problems with the equipment
do not occur.

In another embodiment the methods are performed using disposable labware which has non-binding, low-
binding or medium-binding surfaces. In order to minimise the binding of the fluorescent dye N-phenyl-1-
naphthylamine, the use of non-binding, low-binding or medium binding surfaces may be useful. For example,
several types of polystyrene microplates are known which have non-binding, low-binding or medium-binding
surfaces for said fluorescent dye.
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Such specific, non-binding disposable labware, can overcome the above-mentioned disadvantages of the
fluorescence micelle assay performed on a HPLC system like dedication of analytical equipment which is
adapted for the special use and also fluorescence signal fluctuations caused by adsorption and desorption
events of the hydrophobic dye N-phenyl-1-naphthylamine in the HPLC system can be circumvented.

The polysorbate concentrations in the samples may be readily determined whereby the inventive methods
allow the analysis of nearly all types of aqueous formulations. If the concentration of polysorbate is to be
determined in samples with a very low or very high concentration of polysorbate, it may be useful to adjust
the sample volume for these samples, e.g. by an additional dilution step or by concentrating the sample.
Adjusting the sample volume might also be necessary before analysis to fit into the linear range of the
calibration curve. The linear range of the calibration curves may be influenced by various experimental
parameters, e.g. the batch-by-batch composition of the polysorbate used. However, the skilled person can
readily perform a calibration with suitable calibration samples for each polysorbate to be used, determine the
linear range and take the results into account in the measurements, based on his knowledge and the
technical teaching disclosed herein.

It is therefore appropriate if the results of the calibration samples, for given linearity, are used for subsequent

evaluation of the polysorbate content of a series of samples to be measured.

As will be demonstrated in detail, the methods are also highly suitable for biopharmaceutical samples and
show accurate and specific results for the determined polysorbate content. The high precision of the methods
found, also if a variety of samples is screened, proves the non-existence of random errors, which might be
traced back to the use of several liquid-handling steps, also in view of an automated liquid-handling station.

It has been found that the methods are very selective and show no or very low interferences due to
hydrophobic components potentially present in the aqueous formulations evaluated. Even (poly)peptide(s)
such as peptides, polypeptides, or proteins with different hydrophobic properties do not impair the method in

any way. This is unexpected.

In addition, the polysorbate quantification methods of the present invention are applied for the first time to
analyse peptide, polypeptide, or protein containing samples. Actually, the presence of a (poly)peptide,
particularly a protein, in the aqueous formulation has no negative influence on the methods of the invention.
The fluorescence micelle assay performed according to the methods of the present invention is usable in the
presence of (poly)peptide(s), particularly peptide(s), polypeptide(s), or protein(s). The hydrophobic
fluorescence dye N-phenyl-1-naphthylamine has not been found to interact with other hydrophobic
components within the aqueous formulations such as peptides, polypeptides, or proteins. Further, it has been

found that the known auto- or self-fluorescence of components within the aqueous formulations, for example
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of peptides, polypeptides, or proteins, did not result in an unwanted excitation of N-phenyl-1-naphthylamine
(at a wavelength of 350 nm) and no errors in the quantification of polysorbate could be found due to such an
interaction. Therefore, the well-established finding in prior art that the fluorescence micelle assay shall not be
possible in the presence of a protein is not correct and not in accordance with our experimentations to be

explained later.

Also a nonuniformity of the interaction of N-phenyl-1-naphthylamine with different polysorbates could not be
observed so that a misestimation of the polysorbate content did not occur.

The polysorbate quantification methods of the present invention can therefore and unexpectedly applied to
analyse peptide(s), polypeptide(s), or protein(s) containing samples; in other words, the fluorescence micelle
assay performed in the methods according to the invention allows to quantify polysorbate in the presence of
peptide(s), polypeptide(s), or protein(s). As a result, a preparative peptide-, polypeptide-, or protein-removal
step is needless at all.

The methods of the invention can be performed with one or several samples, also a high number of samples
may be evaluated. The methods may be conducted by hand or by an automated system. The method steps
may be perfomed one after the other and also at the same time in parallel in order to save time.

Furthermore, the methods of the invention, particularly method (b), based on a fluorescence micelle assay
using the dye N-phenyl-1-naphthylamine may be implemented in microplate format and are therefore suitable
for high-throughput concentration screening.

In the methods of this invention not using a HPLC system, the analysis time per sample can be reduced from
2 min per sample when performing the fluorescence micelle assay on a HPLC system to about 15 - 20 s per
sample in the inventive methods, thus enabling in method (b) an increased sample throughput. Alternative
polysorbate quantification methods, such as UPLC-QDa (Ultra Performance Liquid Chromatography with
Quadrupole Dalton detection) has an analysis time of 10 min per sample [13], mixed-mode HPLC-CAD (High-
Performance Liquid Chromatography with Charged Aerosol Detection) has an analysis time of 8 min per
sample, and reversed-phase (RP) UHPLC-CAD (Ultra High Performance Liquid Chromatography with
Charged Aerosol Detection) has an analysis time of 36 min [3] so that the methods of the present invention
are clearly superior to state of the art methods in terms of the analysis time required.

Thus, by the transfer of the assay from the FMA-HPLC system to the microplate format, for example,
executed on a liquid-handling station, particularly according to method (b), the analysis time per sample can
be reduced by a factor of at least six. This reduction of analysis time is highly advantageous for large sample
sets and makes the methods according to the present invention, particularly method (b), superior compared
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to other polysorbate analytical methods with longer analysis times. Particularly such a reduction of analysis
time is very valuable in industrial scale, for example during the development of biotherapeutic products.

There are therefore provided simple fluorescence-based methods for the rapid determination of the

polysorbate content in aqueous formulations which may be also very suitable in industrial scale.

In fact, the described method (b) enables the screening of a much larger number of samples, thus, providing
more robust and reliable data on polysorbate content and polysorbate degradation that may be present. The
large throughput also enables the analysis of sample replicates and therefore allows a statistical
interpretation of the collected data.

With regard to the sample volume to be checked there are no special restrictions, the sample volume can be
very low and is comparable with the combined fluorescence micelle assay (FMA)-HPLC setup of the prior art.
For example, a sample having an amount of 10 uL may be examined in the methods of the invention.

Since the accuracy and reliability of the quantification of polysorbate by means of the fluorescence micelle
assay has been questioned or even doubted in some publications, it is in any case necessary to examine the

fluorescence micelle assay as an analytical method in this respect in detail.

In order to verify whether the fluorescence micelle assay performed on a liquid-handling station in a
microplate format is a reliable test method, the assay was investigated in terms of linearity, specificity,
accuracy, robustness, and precision according to literature [14, 15]. The detailed experiments are described
in the experimental section. The methods of the invention were assessed in terms of these parameters for the
determination of surfactant concentrations in samples in the presence or absence of (poly)peptides,
particularly peptides, polypeptides, or proteins. The essentials of these studies are summarized in the
following:

Linearity

The ICH Q2(R1) guideline was followed [14], according to which the linearity of an analytical method
indicates its ability, within a certain range, to produce results directly proportional to the concentration of the
analyte in the sample. For the testing of the linearity between the fluorescence signal and the polysorbate
concentration, the fluorescence was measured for samples containing different set polysorbate
concentrations (see the experimental section). The linearity of the fluorescence signal for the fluorescence
micelle assay (FMA) performed in microplates was demonstrated for concentrations up to 0.6 mg/mL
PS20 HP (polysorbate 20 high purity), up to 0.8 mg/mL polysorbate 20 China grade (PS20 China grade), and
up to 0.3 mg/mL PS80 HP (polysorbate 80 high purity).
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Typically, biopharmaceutical formulations contain polysorbate concentrations in the above-mentioned ranges
and can therefore be measured directly using the methods of the present invention. For samples containing
higher or lower concentrations of polysorbate, the sample volume can be adjusted as required, for example a
dilution step or concentration step may be conducted prior to performing the methods of the present
invention.

Specificity

Specificity refers to the ability to unambiguously determine the analyte in the presence of expected
components such as impurities, degradation products, matrix, etc. (see literature [17]). In the fluorescence
micelle assay, this means that the fluorescence signal is only due to the polysorbate present, but no
fluorescence signal comes from the peptide, polypeptide, or protein, the buffer or the added excipients. In
terms of specificity, different monoclonal antibodies (mAbs) have been examined, the most of them did not
show a fluorescence signal and no problems were encountered with regard to specificity of the fluorescence
signal from polysorbate in the presence of these peptides, polypeptides, or proteins.

Another protein in form of a monoclonal antibody (mAb) showed an intrinsic fluorescence signal observed at
the wavelengths used for the fluorescence micelle assay. In the absence of polysorbate this florescence
signal of the protein per se was referred to as ‘apparent’ polysorbate concentration. This ‘apparent’
polysorbate concentration of the protein (in the absence of polysorbate) showed a fraction of the intensity of
the fluorescence signal of the polysorbate which was determined in a separate experiment. In the experiment
as shown in the experimental section the protein showed a fluorescence signal which corresponds to 15 % of
the total fluorescence signal of the polysorbate concentration of the formulated sample. Surprisingly, despite
the presence of both components — protein and polysorbate — whereby the protein alone showed a
fluorescence signal in the fluorescence micelle assay, only the polysorbate was selectively detected with the
fluorescence micelle assay. There was no signal intensification derived from the protein.

That means that even if a peptide, polypeptide, particularly a protein, in the sample shows an intrinsic
fluorescence signal in the absence of polysorbate, the fluorescence micelle assay is capable to selectively

detect the signal arising from the polysorbate when both components are present.

The high specificity of the assay was also shown in connection with a widely used standard protein, namely
alpha-lactalbumin. This standard protein has a molecular mass of about 10 % of a mAb and a significantly
lower complexity in its structure. In contrast to other mAbs which have been examined, alpha-lactalbumin has
an acidic pl (isoelectric point), and therefore a negative overall surface charge under the experimental
conditions used, while the other mAbs used had a positive net charge under the experimental conditions
applied. In control samples composed of pure buffers and pure formulation buffers without spiked polysorbate
no interfering signal derived from the buffer components and the added excipients has been observed. These
results support our finding, that the fluorescence micelle assay is very specific for the analysis of polysorbate,
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independent of the physicochemical properties of the peptides, polypeptides, or proteins, buffer or excipient

substances present in the solution.

The high specificity of the assay was also shown in connection with a widely used enzyme, namely lysozyme.
Lysozyme is a protein and enzyme which consists of 129 amino acids and molecular weight thereof is
approximately 14 kDa to 15 kDa. Lysozyme has an alkaline pl (isoelectric point) and therefore a positive
surface charge under the experimental conditions used, as the mAbs used. Also these results support our
finding, that the fluorescence micelle assay is very specific for the analysis of polysorbate, independent of the
physicochemical properties of the peptides, polypeptides, or proteins, buffer or excipient substances present
in the solution.

Accuracy
The accuracy of an analytical procedure is expressed in the degree of agreement between the value, which is

either a conventional true value or an accepted reference value, and the value found [14]. As demonstrated in
the experimental section, in terms of accuracy, the calculated spike recovery rates of polysorbate were in a
range of 80 % and 117 % for PS20 HP (polysorbate 20 high purity) spiked in buffer without protein. For the
samples containing protein, buffer substances and either PS20 HP (polysorbate 20 high purity) or PS80 HP
(polysorbate 80 high purity), the accuracy was in a range of 73 % and 117 % for the investigated formulations
with PS20 HP (polysorbate 20 high purity) and 79 % - 118 % for the formulations containing PS80 HP
(polysorbate 80 high purity).

Based on our experience, this range is comparable with other analytical methods and can be regarded as
acceptable for the analysis of samples, particularly biopharmaceutical samples.

At the low concentration of 0.1 mg/mL PS20 HP (polysorbate 20 high purity), it can be that the fluorescence
micelle assay shows the tendency to determine slightly lower values than the target concentration. This
observation could be caused by a non-linear correlation between the polysorbate concentration and the
fluorescence signal at polysorbate concentrations in a concentration range near the critical micelle

concentration (CMC).

Precision

The precision of an analytical procedure expresses the closeness of agreement (degree of scatter) between
a series of measurements obtained from multiple sampling of the same homogeneous sample under the
prescribed conditions [17]. For the fluorescence micelle assay performed on a liquid-handling station, the
precision was tested for five different mAbs in the experiments under the respective formulation conditions
containing the target polysorbate in high purity (PS HP) quality. Every sample was analyzed multiple times,
each as a 4x technical replicate. For the investigation of the precision, the average %CV (coefficient of

variation, also known as relative standard deviation of all four technical replicates, that have been analyzed
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multiple times, is in a range of 2.2 % - 3.6 %. The maximum %CV obtained during the analysis of the
precision for the five different mAbs were between 3.5 % and 6.8 %. The highest average %CV and the
maximum %CV was observed for the samples containing a mAb and PS80 HP (polysorbate 80 high purity).
This finding could indicate a lower precision of the fluorescence micelle assay for PS80 HP.

Overall, the results of the parameters to assess the capabilities of the fluorescence micelle assay indicate
that the high-throughput fluorescence micelle assay is specific for the analyte polysorbate and shows a high
precision and is, in combination with the acceptable accuracy, well suited for the determination of the
polysorbate 20 and polysorbate 80 concentration present in samples containing (poly)peptide(s) or placebos.

LOD and LOQ

For the fluorescence micelle assay, particularly conducted in microbatch format, the Limit of Detection (LOD)
and the Limit of Quantitation (LOQ) were determined according to [17]. These terms are used to describe the
smallest concentration of a measurand — here: the polysorbate concentration - that can be reliably measured
by an analytical procedure. Typically, a test is simply not capable of accurately measuring analyte
concentrations down to zero. Sufficient analyte concentration must be present to produce an analytical signal
that can reliably be distinguished from “analytical noise”, the signal produced in the absence of analyte.
Various analytical specifications can be applied to ensure that the LOD is meaningful and clearly
distinguishable from a negative or blank sample. In this regard it is also referred to the experimental section.

The following LODs and LOQs have been found:
The limit of detection (LOD) was determined to be 0.023 mg/mL of PS20 HP (polysorbate 20 high purity) and
the limit of quantitation (LOQ) was determined to be 0.069 mg/mL of PS20 HP (polysorbate 20 high purity).

In contrast to PS20 HP (polysorbate 20 high purity), for the PS20 China grade (polysorbate 20 China grade)
the LOD was determined to 0.009 mg/mL and the LOQ was 0.028 mg/mL, respectively. For PS80 HP
(polysorbate 80 high purity) the determined values were 0.001 mg/mL of PS80 HP (polysorbate 80 high
purity) for the LOD and 0.003 mg/mL PS80 HP (polysorbate 80 high purity) for the LOQ, respectively.

Comparing the determined LOD and LOQ of the method of the present invention, particularly in view of an
automated microplate based fluorescence micelle assay, and the method according to prior art using HPLC-
FMA, the LOD/LOQ for PS20 HP (polysorbate 20 high purity) was in the same concentration range for both
assay setups. For PS80 HP (polysorbate 80 high purity), the LOD and LOQ were significantly lower for the
automated microplate based fluorescence micelle assay (FMA). However, Fekete at al. [16] determined for
the PS80 HP (polysorbate 80 high purity) quantification via RP-HPLC in combination with a CAD detector
(CAD: charged aerosol detection) a LOD and LOQ being 0.005 mg/mL and 0.01 mg/mL for polysorbate 80
(PS80), respectively. The comparison of these values with the LOD/LOQ obtained for the methods of the
present invention shows that the LOD/LOQ are in a similar range and the fluorescence micelle assay also
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has the potential to determine the polysorbate 80 (PS80) concentration in a range, that is below polysorbate

80 concentrations typically used in biopharmaceutical formulations.

Combining the results of the linearity and the LOD/LOQ determination, the applicability of the methods of the
present invention, for example for the microplate based fluorescence micelle assay, can be set to a range of
0.1 mg/mL — 0.6 mg/mL for samples containing PS20 HP (polysorbate 20 high purity), 0.1 mg/mL —
0.8 mg/mL for samples containing PS20 China grade (polysorbate 20 China grade), and 0.05 mg/mL —
0.3 mg/mL for samples containing PS80 HP (polysorbate 80 high purity).

According to the invention, selective and easy-to-perform methods are therefore obtained without time-
consuming sample preparation, e.g. for the quantification of polysorbate 20 and polysorbate 80, in
pharmaceutically relevant amounts in the presence of peptide(s), polypeptide(s), or protein(s) and without
interference with components or excipients. In addition, also a high-throughput modification according to
method (b) is provided.

The invention is also directed to the use of the method according to the invention for the quantification of
polysorbate in an aqueous formulation, for example as a stability test of the aqueous formulation, during the
development, manufacture, shelf life, or storage time thereof, whereby the aqueous formulation contains
polysorbate and one or more (poly)peptides as disclosed herein.

A further subject of the present invention is also the use of a fluorescence micelle assay in a method for
quantification of polysorbate in an aqueous formulation comprising polysorbate and one or more
(poly)peptides, particularly, as disclosed herein.

The advantages of the present invention are manifold:

The methods according to the present invention have been developed in order to overcome the drawbacks of
prior art, especially the fluorescence micelle assay performed on a HPLC-system has numerous

disadvantages. This was successful.

The polysorbate quantification methods of the present invention are applied for the first time to analyse
(poly)peptide(s) containing samples. The methods are also highly suitable for biopharmaceutical samples and
show accurate and specific results for the determined polysorbate content, even in the event one or more
(poly)peptides are present.

The polysorbate concentrations in aqueous samples may be readily determined whereby the inventive
methods allow the analysis of nearly all types of aqueous samples, also biopharmaceutic samples. If

limitations in view of samples having concentrations being very low or very high occur, for these samples an
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adjustment of the sample volume is possible such as an additional dilution step or concentration step. The
high precision of the methods found, also if a variety of samples is screened, proves the non-existence of
random errors, which might be traced back to the use of several liquid-handling steps, even when an

automated liquid-handling station is used.

According to an embodiment the methods are performed using disposable labware. This prevents carry-over
from one sample to another and cleaning problems with the equipment do not occur.

In another embodiment the methods are performed using disposable non-binding, low-binding or medium-
binding labware for which the binding of the fluorescent dye N-phenyl-1-naphthylamine is minimised. With
such specific, non-binding disposable labware, the disadvantages of fluorescence micelle assays performed
with HPLC system, especially special adapted analytical equipment and fluorescence signal fluctuations
caused by adsorption and desorption events of the hydrophobic dye N-phenyl-1-naphthylamine in the HPLC
system can be avoided.

The methods of the invention can be performed with one or several samples, also a high number of samples
may be evaluated. The methods are very flexible and may be conducted by hand or by an automated system.
According to an embodiment the inventive method (b) allows to perform a fully automated high-throughput

fluorescence micelle assay, for example, conducted in a microplate format using a liquid-handling station.

The method steps may be performed one after the other and also at the same time in parallel in order to save
time. In the inventive methods the analysis time can be clearly reduced to about 15 to about 20 s per sample
compared to 120 s when performing the fluorescence micelle assay on a HPLC system, thus reducing the
analysis time by a factor of at least 6. This reduction of analysis time is highly advantageous, particularly for
large sample sets, and makes the methods according to the present invention superior compared to other
polysorbate analytical methods with longer analysis times. Particularly the use of the method steps (b.1) to
(b.5) according to the invention performed in industrial scale, for example during the development of aqueous
formulations such as biotherapeutic formulations or products, is extremely beneficial.

A part or all method steps may be automated. Particularly by transferring the method into a microbatch format
and combining it with the benefits of a number of easy-to-perform liquid-handling steps, the entire procedure
can be carried out in a simple, fully automated way, even with a large number of samples.

The sample volume to be used is generally very low and comparable with the combined FMA-HPLC setup of
the prior art, for example a sample having an amount of 10 yL may be examined.

The preparation of the samples is not complex, apart from the addition of the dye with the sample, no further
pre-treatment is required. The incubation step is only optional. The interaction between dye and polysorbate
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can be used in a simple way to perform quantification, especially in a high throughput method using multi-well
plates.

In case a set of samples is to be tested at the same time a liquid-handling station may be used which allows
performing parallelized and automated high-throughput analysis in a small scale [17].

Particularly method (b) enables the screening of a much larger number of samples, thus, providing more
robust and reliable data on polysorbate content and polysorbate degradation that may be present. The large
throughput also enables the analysis of sample replicates and therefore allows a statistical interpretation of
the collected data.

The inventive methods provided are sensitive, selective, and fast; do not require expensive or delicate

instrumentation; and are also suitable for high-throughput, particularly in a microplate format.

The determined LOD/LOQ allow the analysis of a broad set of samples, as polysorbate concentrations in
aqueous samples are typically many times above these values. The linear range of the fluorescence micelle
assay also allows the analysis of nearly all biopharmaceutical samples. Limitations could occur for
formulations with a PS80 HP content above 0.3 mg/mL. For these samples the adjustment of the sample
volume might be required such as an additional dilution step.

The methods provided are highly appropriate for the quantification of polysorbates in aqueous formulations
which has been demonstrated by determining the linearity, specificity, accuracy, robustness, as well as

precision of several embodiments according to the invention.

The results also demonstrate the suitability in a high degree of the developed methods to be used as high-
throughput method carried out in a microplate format to screen large sample sets for the quantification of
polysorbate, also in the presence of (poly)peptides and common excipients used for aqueous formulations.
The results of the experiments support that the methods of the invention are very specific for the analysis of
polysorbate, independent of the physicochemical properties of the (poly)peptides, buffer or excipient

substances present in the solution.

List of abbreviations

API active pharmaceutical ingredient
CAD charged aerosol detection

CMC critical micelle concentration

CcVv coefficient of variation

DF diafiltration

FCA flexible channel arm
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FMA fluorescence micelle assay
HIC hydrophobic interaction chromatography
HPLC high-performance liquid chromatography
[s]€] immunoglobulin G
kDa Kilodalton
LOD limit of detection
LOQ limit of quantification
NPN N-phenyl-1-naphthylamine
PS polysorbate
PS20 polysorbate 20
PS80 polysorbate 80
PS20 HP polysorbate 20 high purity (commercial product)
PS80 HP polysorbate 80 high purity (commercial product)
mADb monoclonal antibody
PBS phosphate buffered saline
PES polyethersulfone
RP reversed-phase
SPE solid phase extraction
UF ultrafiltration

In the following the experimentations performed are illustrated. The features and advantages of the present
invention will become apparent from the following detailed experiments, which illustrate some principles of
the invention by way of example without limiting its scope.

EXPERIMENTS
1. Materials and methods
11 Materials and reagents

All experiments were conducted with PS20 HP (polysorbate 20 high purity) and PS80 HP (polysorbate 80
high purity) from Croda Europe Ltd (Snaith, United Kingdom) and PS20 China grade (polysorbate 20 China
grade) (Nanjing Well Pharmaceutical Co., Ltd, Nanjing, China).

Polysorbate stock solutions with a concentration of 100 mg/mL were prepared by adding the surfactant to
Milli-Q® water with a subsequent homogenization by using a magnetic stirrer. Milli-Q water® is water provided
by a water treatment system that produces both ultra-pure water (type 1) and pure water (type 2) of the
highest quality directly from tap water. In the present experiments the water of type 1 has been used. If
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required the polysorbate stock solutions were further diluted with Milli-Q® water, e.g., for the preparation of

calibration samples.

The buffers used have a composition which is usally in protein reconditioning and further processing methods
such as UF/DF (Ultrafiltration/Diafiltration) steps.

The proteins in form of several monoclonal antibodies (mAbs) were kindly provided by Boehringer Ingelheim
Pharma GmbH & Co. KG. Alpha-lactalbumin from bovine milk type Il 285 % and lysozyme were purchased
from Merck KGaA (Darmstadt, Germany). The molecular properties of the proteins investigated in these

experiments are listed in Table 1.

All experiments were carried out in black 96-well FLUOTRAC™ 200 polystyrene microplates (Greiner Bio-
One GmbH, Frickenhausen, Germany).

The hydrophobic dye N-Phenyl-1-Naphthylamin (NPN), reagent grade (Sigma-Aldrich Corp., St. Louis, USA)
was prepared with a concentration of 5 yM in a buffer containing 5 % (v/v) acetonitrile HPLC Plus grade
299.9 % (Sigma-Aldrich), 150 mM sodium chloride for analysis EMSURE® (Merck KGaA, Darmstadt,
Germany), 50 mM Trizma® base 299.9 % (Sigma-Aldrich) and 0.0015 % Brij-35 MQ200 quality (Sigma-
Aldrich) at pH 8. The buffer was filtered after preparation with a 0.22 ym Steritop® PES filter (Merck) and
stored protected from light at ambient temperature for a maximum of 7 days.

1.2 Protocol for FMA on a liquid handling station

The FMA was performed on a Tecan Fluent® 1080 liquid handling station (Tecan Group, Mannedorf,
Switzerland). The platform was equipped with an 8-tip Flexible Channel Arm (FCA), a 96-channel liquid
handling arm, a Robotic Gripper Arm, a BioShake 3000 elm orbital shaker (Quantifoil Instruments GmbH,
Jena, Germany), an Incubator Shaker DWP (INHECO GmbH, Martinsried, Germany), and an Infinite® M
Nano+ dual-mode plate reader. All pipetting steps were performed with disposable tips (Tecan Group).

10 pL of each sample was transferred into the 96-well microplate by the FCA using a liquid-level detection
function. To ensure an equal incubation time of all samples, 240 L of the FMA buffer was added with the 96-
channel liquid handling arm. Prior to adding the FMA buffer to the samples, the buffer reservoir was
automatically shaken at 300 rpm for 60 s at room temperature on the orbital shaker to avoid concentration
inhomogeneity of NPN due to unspecific adsorption on the surface of the reservoir. Subsequently, the plate
was incubated for 60 s at 1000 rpm and 35°C for a possible better partitioning of the fluorescence dye into
the inner core of the PS micelles. After incubation, the fluorescence intensity was measured
spectrophotometrically with an excitation wavelength of 350 nm and an emission wavelength of 420 nm. All
samples were analyzed as four technical replicates with our current experimental setting. A technical
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replicate means the repeated measurement of the same sample to assess the random noise associated with

the protocol or equipment.

2. Results

21. General method development

By transferring the FMA from the HPLC system to the microplate format, the analysis time per sample could
be reduced from 2 min to about 15s to about 20 s, thus enabling an increased sample throughput.
Polysorbate quantification methods require significantly increased analysis time per sample (for example:
UPLC-QDa: 10 min per sample [13], mixed-mode HPLC-CAD: 8 min per sample, and reversed-phase (RP)
UHPLC-CAD: 36 min per sample [3]).

2.2. Analysis of polysorbate content

The analytical method of the present invention was evaluated for the determination of PS20 HP, PS20 China
grade, and PS80 HP content in aqueous solutions as well as in samples with biopharmaceutical protein
solutions and formulations. The parameters evaluated were linearity, specificity, accuracy, and precision.
Furthermore, the LOD and LOQ were determined.

2.21 Linearity

The linearity of the method of the present invention was evaluated according to the ICH Q2(R1) guideline
[14], according to which the linearity of an analytical procedure is its ability (within a given range) to obtain
results that are directly proportional to the concentration of analyte in the sample.

For the testing of the linearity between the fluorescence signal and the polysorbate concentration, the
fluorescence was measured for samples containing different set polysorbate concentrations in a range of
0.05 mg/mL to 0.8 mg/mL polysorbate. As criteria for the linearity, a R? of the linear fit 20.99 was defined. The
excitation wavelength was set to 350 nm and emitted light was measured at 420 nm. In Figure 6 the results
for the linearity of the FMA are shown, i.e. the linearity of the fluorescence signal with increasing PS20 HP,
PS20 China grade and PS80 HP concentrations is illustrated. With the above-mentioned constraint for R?,
the fluorescence signal was linear up to a content of 0.6 mg/mL PS20 HP and 0.8 mg/mL PS20 China grade.
For PS80 HP, linearity was observed for concentrations up to 0.3 mg/mL. The linear range of the calibration
curves may be influenced by various experimental parameters, e.g. the batch-by-batch composition of the
polysorbate used. However, the skilled person can readily perform a calibration with suitable calibration
samples for each polysorbate to be used, determine the linear range and take the results into account in the
measurements, based on his knowledge and the technical teaching disclosed herein.

It is therefore appropriate if the results of the calibration samples, for given linearity, are used for subsequent
evaluation of the polysorbate content of a series of samples to be measured.
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2.2.2 Specificity

Specificity refers to the ability to assess unequivocally the analyte in the presence of components which may
be expected to be present. Typically, these might include impurities, degradants, matrix etc. [14]. In the case
of the fluorescence micelle assay, this means that there is no fluorescence signal resulting from the protein,
the buffer substances, or the added excipients, except from the polysorbate present.

In the present experiments, five different mAbs were used, with different physicochemical characteristics, and
the standard protein alpha-lactalbumin was used for investigating the specificity of the FMA. The detailed
characteristics of these proteins are listed in Table 1. mAb1, mAb2, and mAb3 are 1gGs of the subclass IgG1,
while mAb4 and mADb5 belong to the IgG4 subclass. Only for mAb2 an intrinsic fluorescence signal at the
wavelengths used in the FMA was detected, all other mAbs did not show an intrinsic fluorescence at the
respective wavelength. In terms of protein hydrophobicity, there was a factor of 4.61 between the investigated
proteins, while mAb4 was the least hydrophobic one and mAb2 the molecule with the most prominent
hydrophobic character.
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Table 1: Overview of physicochemical properties of mAbs that were analyzed with high-
throughput fluorescence micelle assay (experimental data not shown).

Molecule mADb1 mAb2

Format IgG1 1gG1

Molecular 146 kDa 145 kDa

weight

Isoelectric >8 86-93

point

Self- No Yes

fluorescence*

Protein 150 65 mg/mL

concentration mg/mL

Protein 295 4.61

hydrophobicity*

Polysorbate 0.4 0.2 mg/mL

content mg/mL PS20
PS20

ke

n/a

mAb3

IgG1

144 kDa

8.3

No

100 mg/mL

1.69

0.5 mg/mL
PS80

mAb4

IgG4

145 kDa

7.7

No

20 mg/mL

3.50

0.4 mg/mL
PS20

mADbS

IgG4

146 kDa

7.9

No

20 mg/mL

2.24

0.4
mg/mL
PS20

Alpha- Lysozy

lactalbu me
min
n/a n/a

14 kDa 14 kDa

4.5 11.3
No No
0.5 10
mg/mL mg/mL
1 n/a
0.2 <0.3

mg/mL mg/mL
PS20 PS80

Threshold value: >10 % of overall fluorescence signal derived from protein alone in buffer without
polysorbate at formulation protein concentration determined as ‘apparent’ polysorbate

concentration.

Determined by HIC retention time, values normalized to retention time of alpha-lactalbumin.

not applicable
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-mAb1 (IgG1)

In the present experiments, the method according to the invention was carried out with a purified
mADb1. The mAb1 was used in an acetate buffer system at pH 5.5 and in a formulation buffer system
with acetate, sucrose and L-arginine at typical concentrations used for biopharmaceutical formulations
at pH 5.5. The target mAb1 concentration in the formulation was 150 mg/mL. As polysorbate PS20 HP
(polysorbate 20 high purity) was used.

Figure 7A shows the results of the specificity evaluation of the FMA. The samples examined were as
follows:

- 176 mg/mL mADb1 in acetate buffer without polysorbate,

- 150 mg/mL mADb1 in acetate buffer without polysorbate

- pure acetate buffer without polysorbate

- pure formulation buffer without polysorbate

- formulation buffer + 0.4 mg/mL PS20 HP (polysorbate 20 high purity) and

- 150 mg/mL mAb1 in formulation buffer + 0.4 mg/mL PS20 HP (polysorbate 20 high purity).

The results demonstrated that there was no significant background fluorescence signal, and thus, no
influence on the determined polysorbate concentration resulting from the protein, the acetate buffer
(which is an UF/DF buffer: Ultrafiltration buffer/Diafiltration buffer), and the components of the
formulation buffer without polysorbate. An acetate buffer is a buffer used, for example, in a UF/DF

step, which is a well-known procedure in protein processing.

In the sample containing formulation buffer + 0.4 mg/mL PS20 HP (polysorbate 20 high purity), the
PS20 HP concentration was determined to be 0.403+0.005 mg/mL PS20 HP.

In the sample containing 150 mg/mL mAb1 in formulation buffer + 0.4 mg/mL PS20 HP (polysorbate
20 high purity), the PS20 HP concentration was determined to be 0.394+0.018 mg/mL PS20 HP. The
target PS20 HP concentration was 0.4 mg/mL PS20 HP.

-mAb2 (IgG1)

In the present experiments, the method according to the invention was carried out with a purified
mADb2. The purified mAb2 was presented in a histidine buffer system at pH 6.0 and in a formulation
buffer system including histidine, sucrose, and mannitol at typical concentrations used for
biopharmaceutical formulations at pH 6.0. The target mAb2 concentration in the formulation was

65 mg/mL. As polysorbate the PS20 HP (polysorbate 20 high purity) was used.

Figure 7B shows the results of the specificity evaluation of the FMA performed with the following
samples:

- 92 mg/mL mADb2 in histidine buffer without polysorbate

- 65 mg/mL mAb2 in formulation buffer without polysorbate,

- pure histidine buffer without polysorbate
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- pure formulation buffer without polysorbate
- formulation buffer + 0.2 mg/mL PS20 HP (polysorbate 20 high purity) and
- 65 mg/mL mAb2 in the formulation buffer + 0.2 mg/mL PS20 HP (polysorbate 20 high

purity).

The results demonstrated that there was no significant background fluorescence signal, and thus, no
influence on the determined polysorbate concentration, resulting from the histidine buffer (which is an
UF/DF buffer: Ultrafilfration buffer /Diafiltration buffer) and the components of the formulation buffer
without polysorbate. In contrast to mAb1, mAb2 showed an intrinsic fluorescence signal in the FMA
with 0.057 mg/mL ‘apparent’ PS20 HP at a mAb2 concentration of 92 mg/mL (wherein no polysorbate
was present) and 0.03 mg/mL ‘apparent’ PS20 HP at a mAb2 concentration of 65 mg/mL (wherein no
polysorbate was present). This ‘apparent’ PS20 HP concentration under the later formulation condition
of 65 mg/mL mADb2 in a buffer without added PS20 HP, was therefore solely derived from the mADb2.
This constitutes about 15 % of the signal of the later mAb2 formulation in a buffer with 0.2 mg/mL
PS20 HP.

In the sample containing formulation buffer + 0.2 mg/mL PS20 HP (polysorbate 20 high purity), the
PS20 HP concentration was determined to be 0.198+0.003 mg/mL PS20 HP.

In the sample containing 65 mg/mL mAb2 in the final formulation buffer + 0.2 mg/mL PS20 HP
(polysorbate 20 high purity), the PS20HP concentration was determined to be
0.202+0.005 mg/mL PS20 HP. The target PS20 HP concentration was 0.2 mg/mL.

-mAb3 (IgG1)

The mAb3 molecule is also an IgG1 format and was formulated in an acetate buffer system with the
excipient trehalose with a surfactant concentration of 0.5 mg/mL PS80 HP at a high protein
concentration of 100 mg/mL at pH 5.5. As the PS80 HP concentration was above the upper limit of the
linear range (see 2.2.1 linearity: 0.3 mg/mL PS80 HP), samples were therefore diluted 1:2 with Milli-Q
water before the analysis. As polysorbate the PS80 HP (polysorbate 80 high purity) was used.

Figure 7C shows the results of the specificity evaluation of the FMA performed with the following
samples:

- 128 mg/mL mADb3 in acetate buffer without polysorbate

- 100 mg/mL mADb3 in acetate buffer without polysorbate,

- pure acetate buffer without polysorbate

- pure formulation buffer without polysorbate

- formulation buffer + 0.5 mg/mL PS80 HP (polysorbate 80 high purity) and

- 100 mg/mL mADb3 in the formulation buffer + 0.5 mg/mL PS80 HP (polysorbate 80 high

purity).
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There was no significant fluorescence signal obtained from the FMA resulting from the samples
without the presence of polysorbate, namely the pure acetate buffer (Ultrafiltration/Diafiltration buffer),
the pure formulation buffer or mAb3 in acetate buffer at a protein concentration of 128 mg/mL or
100 mg/mL, respectively. That means the components present in the samples without polysorbate did
not show a signal derived from the components present. The analysis of formulation buffer containing
0.5 mg/mL PS80 HP resulted in a determined PS80 HP concentration of 0.48+0.01 mg/mL PS80 HP.
The final formulation, composed of 100 mg/mL mAb3 in formulation buffer, resulted in a determined
PS80 HP content of 0.48+0.03 mg/mL PS80 HP in the FMA. The target PS80 HP concentration was
0.5 mg/mL.

-mAb4 (IgG4)
The mAb4 molecule is an IgG4 format. As polysorbate the PS20 HP (polysorbate 20 high purity) was
used.

Figure 7D shows the results of the specificity evaluation of the FMA performed with the following
samples:

- 54 mg/mL mAb4 in acetate buffer without polysorbate

- 20 mg/mL mADb4 in acetate buffer without polysorbate,

- pure acetate buffer without polysorbate

- pure formulation buffer without polysorbate

- formulation buffer + 0.4 mg/mL PS20 HP (polysorbate 20 high purity) and

- 20 mg/mL mAb4 in the formulation buffer + 0.4 mg/mL PS20 HP (polysorbate 20 high

purity).

The specificity testing of the FMA for this molecule showed in the polysorbate-free samples no
interfering signal derived from the pure acetate Ultrafiltration/Diafiltration (UF/DF) buffer and mAb4 at
concentrations of 54 mg/mL and 20 mg/mL, respectively, in acetate buffer. An acetate buffer is a
buffer used, for example, in a UF/DF step, which is a well-known procedure in protein processing. As

for the other formulations, there was no signal derived from the formulation buffer components.

The sample containing formulation buffer + 0.4 mg/mL PS20 HP (polysorbate 20 high purity) resulted
in a determined PS20 HP content of 0.393+0.014 mg/mL PS20 HP.

The sample containing 20 mg/mL mAb4 in the formulation buffer + 0.4 mg/mL PS20 HP (polysorbate
20 high purity) resulted in a determined PS20 HP content of 0.404+0.013 mg/mL PS20 HP. The target
PS20 HP concentration was 0.4 mg/mL.

- mAb5 (IgG4)
mADS5 is also an IgG4 format and was presented in the same formulation as mAb4. As polysorbate the

PS20 HP (polysorbate 20 high purity) was used.
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Figure 7E shows the results of the specificity evaluation of the FMA, performed with the following
samples:

- 26 mg/mL mAbS5 in acetate buffer without polysorbate

- 20 mg/mL mADbS in acetate buffer without polysorbate,

- pure acetate buffer without polysorbate

- pure formulation buffer without polysorbate

- formulation buffer + 0.4 mg/mL PS20 HP (polysorbate 20 high purity) and

- 20 mg/mL mADbS5 in the formulation buffer + 0.4 mg/mL PS20 HP (polysorbate 20 high

purity).

The FMA results of the specificity testing showed no signal for the acetate Ultrafiltration/Diafiltration
(UF/DF) buffer and mAbS at concentrations of 26 mg/mL and 20 mg/mL, respectively, in acetate buffer
for the polysorbate-free samples. There was also no signal resulting from the formulation buffer
without added PS20 HP.

The sample containing formulation buffer + 0.4 mg/mL PS20 HP (polysorbate 20 high purity) resulted
in a determined PS20 HP content of 0.402+0.014 mg/mL PS20 HP.

The sample containing 20 mg/mL mADbS5 in the formulation buffer + 0.4 mg/mL PS20 HP (polysorbate
20 high purity) resulted in a determined PS20 HP content of 0.4091£0.013 mg/mL PS20 HP. The target
PS20 HP concentration was 0.4 mg/mL.

- alpha-lactalbumin

The standard protein alpha-lactalbumin was also investigated for the specificity in the FMA. Due to the
low solubility, a concentration of 0.5 mg/mL was selected. As polysorbate the PS20 HP (polysorbate
20 high purity) was used.

Figure 7F shows the results of the specificity evaluation of the FMA, performed with the following
samples:
- 0.5 mg/mL alpha-lactalbumin in mixed buffer, pH 7, without polysorbate
- pure mixed buffer, pH 7, without polysorbate
- mixed buffer, pH 7, + 0.2 mg/mL PS20 HP (polysorbate 20 high purity) and
- 0.5 mg/mL alpha-lactalbumin in mixed buffer, pH 7, + 0.2 mg/mL PS20 HP (polysorbate
20 high purity).

Alpha-lactalbumin and the buffer system in the polysorbate-free samples did not show a signal in the
FMA. The FMA of the sample containing mixed buffer with added 0.2 mg/mL PS20 HP resulted in
0.194+0.004 mg/mL PS20 HP and the sample containing the protein dissolved at a concentration of
0.5 mg/mL in this buffer with added 0.2 mg/mL PS20 HP resulted in 0.197+0.006 mg/mL PS20 HP.
The target PS20 HP concentration was 0.2 mg/mL
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2.2.3 Accuracy

The accuracy of an analytical procedure expresses the closeness of agreement between the value,
which is accepted as either a conventional true value or an accepted reference value and the value
found [6]. Accuracy was first evaluated for the FMA by spiking known amounts of different PS20 HP
concentrations in acetate buffer. The investigated PS20 HP spike concentrations were 0.1, 0.3, and

0.6 mg/mL PS20 HP. The spike recovery rate was calculated according to equation I:

result of analysis

Spike recovery rate = ( ) x 100 O

theoretical spike value

The target PS20 HP concentration was 0.4 mg/mL PS20 HP. The accuracy was tested at 25 %, 75 %,
and 150 % of the target PS20 HP concentration. The results of the accuracy testing are summarized
in the following Table 2:

Table 2: Results of accuracy testing (n=12) of PS20 HP in acetate buffer
Spiked PS20 Protein Determined PS20 HP | Spike recovery rate
Spike HP concentration by FMA (n=12) PS20 HP (n=12)
[mg/mL] [mg/mL] [mg/mL] [%]
0.1 mg/ml PS20 HP 0.1 0 0.08 — 0.104 80— 104
0.3 mg/ml PS20 HP 0.3 0 0.297 - 0.351 99 — 117
0.6 mg/ml PS20 HP 0.6 0 0.582 - 0.648 97 - 108

As may be seen from Table 2, for the samples containing PS20 HP in acetate buffer, the spike
recovery rates were in a range of 80 — 104 % for samples containing 25 % of the target PS20 HP
content, 99 — 117 % for samples containing 75 % of the PS20 HP target, and 97 — 108 % at 150 % of

the target PS20 HP concentration, respectively.

-mAb1 (IgG1)

In a next step, the accuracy of the FMA was assessed in the mAb1 formulations, where the target
PS20 HP concentration was 0.4 mg/mL PS20 HP. Accuracy was tested at 25 %, 75 %, and 150 % of

the target PS20 HP concentration. The results of the accuracy testing are summarized in Table 3:

Table 3: Results of accuracy testing (n=12) of PS20 HP in a 150 mg/mL mAb1 solution in acetate
buffer
Spiked mADb1 Determined PS20 HP | Spike recovery rate
Spike PS20 HP concentration by FMA (n=12) PS20 HP (n=12)
[mg/mL] [mg/mL] [mg/mL] [%]
0.1 mg/ml PS20 HP 0.1 150 0.073 — 0.094 73 -94
0.3 mg/ml PS20 HP 0.3 150 0.298 — 0.352 99 — 117
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Spiked mAb1 Determined PS20 HP | Spike recovery rate
Spike PS20 HP concentration by FMA (n=12) PS20 HP (n=12)
[mg/mL] [mg/mL] [mg/mL] [%]
0.6 mg/ml PS20 HP 0.6 150 0.581 - 0.629 97 - 105

As may be seen from Table 3, for the samples containing PS20 HP and 150 mg/mL mAb1 in acetate
buffer, the spike recovery rates were determined to be in a range of 73 — 94 % for samples containing
25 % of the target PS20 HP content, 99 — 117 % for samples containing 75 % of the PS20 HP target,
and 97 — 105 % at 150 % of the target PS20 HP concentration, respectively.

-mAb2 (IgG1)
The accuracy of the FMA was assessed in the mAb2 formulations, where the target PS20 HP
concentration was 0.4 mg/mL PS20 HP. Accuracy was tested at 25 %, 50 %, 75 %, and 100 % of the

target PS20 HP concentration. The results of the accuracy testing are summarized in Table 4:

Table 4:  Results of accuracy testing (n=12) of PS20 HP in a 65 mg/mL mAb2 solution in a histidine

buffer
Spiked mADb2 Determined PS20 HP | Spike recovery rate
Spike PS20 HP concentration by FMA (n=12) PS20 HP (n=12)

[mg/mL] [mg/mL] [mg/mL] [%]

0.1 mg/ml PS20 HP 0.1 65 0.083 - 0.110 83-110

0.2 mg/ml PS20 HP 0.2 65 0.187 - 0.220 94 - 110

0.3 mg/ml PS20 HP 0.3 65 0.268 — 0.315 89 - 105

0.4 mg/ml PS20 HP 0.4 65 0.368 — 0.424 92 -106

As may be seen from Table 4, for the samples containing PS20 HP and 65 mg/mL mAb2 in histidine
buffer, the spike recovery rates were determined to be in a range of 83 — 110 % for samples
containing 25 % of the target PS20 HP content, 94 — 110 % for samples containing 50 % of the target
PS20 HP content, 89 — 105 % for samples containing 75 % of the PS20 HP target, and 92 — 106 % at
100 % of the target PS20 HP concentration, respectively.
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-mAb3 (IgG1)
The accuracy of the FMA was assessed in the mAb3 formulations, where the target PS80 HP

concentration was 0.5 mg/mL PS80 HP. Accuracy was tested at 20 %, 40 %, 60 %, and 120 % of the

target PS80 HP concentration. The results of the accuracy testing are summarized in Table 5:

Table 5: Results of accuracy testing (n=4) of PS80 HP in 100 mg/mL mAb3 solution in acetate
buffer
Spiked mADb3 Determined PS80 HP | Spike recovery rate
Spike PS80 HP concentration by FMA (n=4) PS80 HP (n=4)
[mg/mL] [mg/mL] [mg/mL] [%]
0.1 mg/ml PS80 HP 0.1 100 0.079 - 0.111 79 -111
0.2 mg/ml PS80 HP 0.2 100 0.214 - 0.236 107 - 118
0.3 mg/ml PS80 HP 0.3 100 0.324 — 0.340 108 - 113
0.6 mg/ml PS80 HP 0.6 100 0.483 — 0.587 81-98

As may be seen from Table 5, for the samples containing PS80 HP and 100 mg/mL mADb3 in acetate
buffer, the spike recovery rates were determined to be in a range of 79 — 111 % for samples
containing 20 % of the target PS80 HP content, 107 — 118 % for samples containing 40 % of the target
PS80 HP content, 108 — 113 % for samples containing 60 % of the PS80 HP target, and 81 — 98 % at
120 % of the target PS80 HP concentration, respectively.

-mAb4 (IgG4)
The accuracy of the FMA was assessed in the mAb4 formulations, where the target PS20 HP
concentration was 0.4 mg/mL PS20 HP. Accuracy was tested at 25 %, 75 %, and 150 % of the target

PS20 HP concentration. The results of the accuracy testing are summarized in Table 6:

Table 6: Results of accuracy testing of the FMA for PS20 HP in a 20 mg/mL mAb4 solution in
acetate buffer

Spiked mAb4 Determined PS20 HP | Spike recovery rate
Spike PS20 HP concentration by FMA (n=12) PS20 HP (n=12)
[mg/mL] [mg/mL] [mg/mL] [%]
0.1 mg/ml PS20 HP 0.1 20 0.085 - 0.106 85-106
0.3 mg/ml PS20 HP 0.3 20 0.294 - 0.327 98 — 109
0.6 mg/ml PS20 HP 0.6 20 0.528 — 0.600 88 — 100

As may be seen from Table 6, for the samples containing PS20 HP and 20 mg/mL mAb4 in acetate

buffer, the spike recovery rates were determined to be in a range of 85 — 106 % for samples
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containing 25 % of the target PS20 HP content, 98 — 109 % for samples containing 75 % of the
PS20 HP target, and 88 — 100 % at 150 % of the target PS20 HP concentration, respectively.

-mADbS (IgG4)

The accuracy of the FMA was assessed in the mAb5 formulations, where the target PS20 HP
concentration was 0.4 mg/mL PS20 HP. Accuracy was tested at 25 %, 50 %, 100 %, and 150 % of the
target PS20 HP concentration. The results of the accuracy testing are summarized in Table 7:

Table 7: Results of accuracy testing (n=8) of PS20 HP in a 20 mg/mL mADb5 solution in acetate buffer

Spiked mADb5 Determined PS20 HP | Spike recovery rate
Spike PS20 HP concentration by FMA (n=8) PS20 HP (n=8)
[mg/mL] [mg/mL] [mg/mL] [%]
0.1 mg/ml PS20 HP 0.1 20 0.095-0.115 95-115
0.2 mg/ml PS20 HP 0.2 20 0.196 — 0.227 98 - 114
0.4 mg/ml PS20 HP 0.4 20 0.410 - 0.436 103 - 109
0.6 mg/ml PS20 HP 0.6 20 0.553 - 0.613 92 - 102

As may be seen from Table 7, for the samples containing PS20 HP and 20 mg/mL mADbS5 in acetate
buffer, the spike recovery rates were determined to be in a range of 95 — 115 % for samples
containing 25 % of the target PS20 HP content, 98 — 114 % for samples containing 50 % of the target
PS20 HP content, 103 — 109 % for samples containing 100 % of the PS20 HP target, and 92 — 102 %
at 150 % of the target PS20 HP concentration, respectively.

-Lysozyme

The accuracy of the FMA was assessed in the lysozyme formulations, where the target PS80 HP
concentration was 0.2 mg/mL PS80 HP. Accuracy was tested at 50 %, 100 %, and 150 % of the target
PS80 HP concentration. Lysozyme is a protein and an enzyme which consists of 129 amino acids.

The results of the accuracy testing are summarized in Table 8:

Table 8: Results of accuracy testing (n=8) of PS80 HP in a 10 mg/mL lysozyme solution in
phosphate buffered saline (PBS)

Spiked lysozyme Determined PS80 HP | Spike recovery rate
Spike PS80 HP concentration by FMA (n=16) PS80 HP (n=16)
[mg/mL] [mg/mL] [mg/mL] [%]
0.1 mg/ml PS80 HP 0.1 10 0.086 — 0.103 86 — 103
0.2 mg/ml PS80 HP 0.2 10 0.184 — 0.204 92 - 102
0.3 mg/ml PS80 HP 0.3 10 0.254 - 0.294 85-98
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As may be seen from Table 8, for the samples containing PS80 HP and 10 mg/mL lysozyme in PBS
buffer, the spike recovery rates were determined to be in a range of 86 — 103 % for samples
containing 50 % of the target PS80 HP content, 92 — 102 % for samples containing 100 % of the target
PS80 HP content, and 85 — 98 % at 150 % of the target PS80 HP concentration, respectively.

2.2.4 Precision

The precision of an analytical procedure expresses the closeness of agreement (degree of scatter)
between a series of measurements obtained from multiple sampling of the same homogeneous
sample under the prescribed conditions [6]. For the FMA performed on a liquid-handling station, the
precision was tested for all mAbs under the respective formulation conditions containing the target
PS HP concentration. Every sample was analyzed multiple times, each as a 4x technical replicate.
The results for mAb1 are listed in Table 8. For this protein, the %CV (coefficient of variation, also
known as relative standard deviation) of each quadruplicate was 3.6 % at maximum, the intra-assay

variability (average %CV) was determined to be 2.2 % for mAb1.

Table 8: Results of precision testing for eight replicates (each n=4) for 150 mg/mL mAb1 in
formulation buffer + 0.4 mg/mL PS20 HP. The maximum %CV of each quadruplicate was 3.6 %.

Experiment oV
[%]

1 36

2 27

3 0.6

4 1.6

5 3.0

6 1.7

7 2.5

8 2.0

The precision was also investigated for the other mAbs of this study. The results showed an average
%CV of 2.5 % (maximum 3.5 %, six replicates, each n=4) for mAb2, 3.6 % (maximum 6.8 %, eight
replicates, each n=4) for mAb3, 2.6 % (maximum 3.5 %, six replicates, each n=4) for mAb4, and 2.2 %

(maximum 5.0 %, eight replicates, each n=4) for mAb5. All results are summarized in Table 9:



10

15

20

WO 2023/046953

42

PCT/EP2022/076661

Table 9: Summary of the evaluation of precision for the FMA conducted with mAb1 — mADbS.

Protein Protein PS type PS Replicates Average Maximum
concentration concentration [ %CV all %CV among
[mg/mL] [mg/mL] technical all technical
replicates replicates
[%] [%]
mAb1 150 PS20 HP 04 8x 4 2.2 3.6
mAb2 65 PS20 HP 0.2 6x 4 25 3.5
mAb3 100 PS80 HP 0.5 8x 4 3.6 6.8
mAb4 20 PS20 HP 04 6x 4 26 3.5
mAb5 20 PS20 HP 0.4 8x 4 2.2 5.0

2.2.5 Determination of LOD and LOQ

For the FMA conducted in microbatch format, the Limit of Detection (LOD) and the Limit of
Quantitation (LOQ) were determined according to [14]. Determined values for PS20 HP were
0.023 mg/mL LOD and 0.069 mg/mL LOQ. In contrast to PS20 HP, for PS20 China grade, the LOD
was 0.009 mg/mL and the LOQ was 0.028 mg/mL. For PS80 HP, the determined values were
0.001 mg/mL for the LOD and 0.003 mg/mL for the LOQ. The LODs and LOQs of PS20 HP, PS20

China grade and PS80 HP are listed in the following Table 10.

Table 10: Results of the LOD / LOQ testing of PS20 HP, PS20 China grade and PS80 HP.
LOD LOQ
[mg/mL] [mg/mL]
PS20 HP 0.023 0.069
PS20 China grade 0.009 0.028
PS80 HP 0.001 0.003

List of reference signs

100a-f, 187

125

130, 130.1, 130.2, 130.3
150.1, 350.1

sample

solvent

polysorbate molecule
irradiated light of 350 nm

150.2, 350.2 emitted light of 420 nm
165, 195 fluorescence detector
175 degraded polysorbate
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110a, 110b, 110¢c polysorbate micelles
120a, 120b not intact micelles
180 mobile phase
182, 188 capillary tubing
185 pump
190 reaction loop
197 waste
210.1, 210.2, 210.3, 210.4 sample
220a, 220b, 220¢ polysorbate micelles
310.1, 310.2, 310.3, 3104 feeding system
300 automated system or device
400 microplate
NPN N-phenyl-1-naphthylamine
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Claims

(@1)
@2

(a.3)
(a4)

(a.5)

45

A method (a) for the quantification of polysorbate in an aqueous formulation containing
polysorbate and one or more (poly)peptides having the following steps:

providing a sample of the aqueous formulation;

adding of a solution containing the fluorescent dye N-phenyl-1-naphthylamine to the sample of
step (a.1) to obtain a fluorescent dye containing sample to be tested in a fluorescence micelle
assay;

optionally incubating the fluorescent dye containing sample of step (a.2);

performing a fluorescence micelle assay with the fluorescent dye containing sample obtained
in step (a.2) or step (a.3) and

determining the content of polysorbate present in the sample from the fluorescence micelle
assay performed in step (a.4);

with the proviso that the method (a) is being performed without the use of a HPLC-system.

(b.1)
(b-2)

(b.3)
(b.4)

(b.5)

A method (b) for the quantification of polysorbate in an aqueous formulation containing
polysorbate and one or more (poly)peptides having the following steps:

providing a number of samples of the aqueous formulation;

adding of a solution containing the fluorescent dye N-phenyl-1-naphthylamine to each of the
samples, respectively, to obtain fluorescent dye containing samples to be tested in a
fluorescence micelle assay;

optionally incubating the fluorescent dye containing samples of step (b.2);

performing a fluorescence micelle assay with the fluorescent dye containing samples obtained
in step (b.2) or step (b.3) and

determining the content of polysorbate present in each of the samples from the fluorescence

micelle assay performed in step (b.4);

with the proviso that the method (b) is being performed without the use of a HPLC-system.

3.

The method according to claim 1 or 2,

characterized in that

one, two, three or more of the following conditions are fulfilled:

the incubating in step (a.3) is performed under shaking;

the incubating in step (b.3) is performed under shaking;

the samples of the aqueous formulation in step (b.1) are provided at the same time or one
after the other;

the solution containing the fluorescent dye N-phenyl-1-naphthylamine in step (b.2) is
added to each of the samples at the same time or one after the other;

the incubating in step (b.3) is realized for the samples at the same time or one after the
other;

the incubating in step (b.3) is performed under shaking and realized for the samples at the

same time or one after the other
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- the incubating in step (a.3) is performed at a temperature selected from the range of from
10 to 60 °C, particularly 30 to 40 °C; more particularly 35 °C;

- the incubating in step (b.3) is performed at a temperature selected from the range of from
10 to 60 °C, particularly 30 to 40 °C; more particularly 35 °C; and/or

- the methods (a) and/or (b) are performed with the use of a fluorescence detector.

4. The method according to any of the preceding claims 1 to 3,

characterized in that

mixing the solution containing the fluorescent dye N-phenyl-1-naphthylamine to remove any
concentration gradient of the dye, prior to adding it in step (a.2) or prior to adding it in step (b.2),

whereby the mixing is conducted by shaking or stirring.

5. The method according to any of the preceding claims 1 to 4,

characterized in that

the solution containing the fluorescent dye in steps (a.2) or (b.2) has the same components as used
for a mobile phase in a combined FMA-HPLC method to quantify polysorbate, particularly contains the
hydrophobic dye in the range from 1 uM to 10 pM, particularly 5 uM, an organic solvent in the range
from 1 %(v/iv) to 10 %(v/v), particularly 5 %(v/v), a buffer in the range from 5 mM to 500 mM,
particularly 50 mM, a salt in the range from 10 mM to 1000 mM, particularly 150 mM, and a tenside,
especially a non-ionic tenside, in the range from 0.00015 % to 0.015 %, particularly 0.0015 %.

6. The method according to any of the preceding claims 1 to 5,

characterized in that

the polysorbate is

- intended for pharmaceutical use, particularly for use in drugs; and/or

- selected from polysorbate 20, polysorbate 40, polysorbate 60, or polysorbate 80, particularly
polysorbate 20 or polysorbate 80; and/or

- selected from polysorbate 20 or polysorbate 80, which are suitable for parenteral

administration.

7. The method according to any of the preceding claims 1 to 6,
characterized in that
the method is performed using disposable labware having non-binding, low-binding or medium-binding

surfaces, particularly non-binding surface.

8. The method according to any of the preceding claims 1 to 7,
characterized in that

the method steps (b.1) to (b.5) are performed on a microplate.

9. The method according to any of the preceding claims 1 to 8,

characterized in that
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a part or all of the method steps (a.1) to (a.5) are automated,
and/or

a part or all of the method steps (b.1) to (b.5) are automated.

10. The method according to any of the preceding claims 1 to 9,

characterized in that

the (poly)peptide(s) is(are) selected from a monoclonal antibody, polyclonal antibody, monospecific
antibody, multispecific antibody, single chain antibodies or antibody fragments thereof, such as, Fv,
scFv, Fab, Fab’, scFab, F(ab')2, Fab2, Fc and Fc’-fragments, heavy and light immunoglobulin chains
and their constant, variable or hypervariable region as well as Fv- and Fd-fragments, diabody,
triabody, scFv-Fc, minibody, or single domain antibody as well as one or more enzymes or a mixture

thereof.

11. The method according to any of the preceding claims 1 to 10,

characterized in that

the (poly)peptide(s) is(are) selected from therapeutic (poly)peptide(s), which are used for the
prevention or treatment of a disease or a disorder.

12. The method according to any of the preceding claims 1 to 11,
characterized in that

a biopharmaceutic formulation is used as the aqueous formulation.

13. Use of the method according to any of the preceding claims 1 to 12,
during the development, manufacture, shelf life, or storage time thereof, whereby the aqueous

formulation contains polysorbate and one or more (poly)peptides.

14. Use of a fluorescence micelle assay in a method for quantification of polysorbate in an

aqueous formulation containing polysorbate and one or more (poly)peptides.

15. Use of a fluorescence micelle assay in a method for quantification of polysorbate in an
aqueous formulation containing polysorbate and one or more (poly)peptides according to any of the

preceding claims 1 to 12.



