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As reported in the previous commentary (Ishii-Watabe et al., ] Pharm Sci 2017), the Japanese biophar-
maceutical research group is promoting collaborative multilaboratory studies to evaluate and standardize
new methodologies for biopharmaceutical characterization and quality control. We have conducted the
studies and held 2 annual meetings in 2018 and 2019. At the 2018 meeting, Dr. Rukman DeSilva of the U.S.
Food and Drug Administration and Dr. Srivalli Telikepalli of the National Institute of Standards and Tech-

I;fg’ tv:gl:(rjli):logy nology participated as guest speakers. At the 2019 meeting, we invited Prof. John Carpenter of the Uni-
proteins versity of Colorado, Prof. Gerhard Winter and Prof. Wolfgang Friess of Ludwig Maximilian University of
physicochemical properties Munich, and Dr. Tim Menzen of Coriolis Pharma Research, as guest commentators. In both meetings, the
stability main research topic was strategies for the characterization and control of protein aggregates/subvisible

protein aggregation analysis
imaging methods
regulatory science

particles in drug products. Specifically, the use of the light obscuration method for insoluble particulate
matter testing with reduced injection volumes, and a comparison of analytical performance between flow
imaging and light obscuration were discussed. Other topics addressed included host cell protein analysis,
bioassay, and quality control strategies. In this commentary, the recent achievements of the research group,
meeting discussions, and future perspectives are summarized.

© 2020 Published by Elsevier Inc. on behalf of the American Pharmacists Association.

Introduction with novel structures or novel modes of actions. Examples include

bispecific antibodies and immune checkpoint inhibitors. To pro-

Biopharmaceuticals such as mAbs comprise a very important
category of drugs that have been developed to satisfy unmet
medical needs. Their impact on the treatment of cancers and im-
mune diseases has been remarkable. In addition, there have also
been advancements in the development of biopharmaceuticals
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mote the development of innovative biopharmaceuticals, regula-
tory bodies have developed programs to accelerate their approval,
including PRIME (priority medicines) of the European Medicines
Agency (EMA), Breakthrough Therapy Designation of the US Food
and Drug Administration (FDA), and the SAKIGAKE Designation
System of the Ministry of Health, Labour and Welfare (MHLW) of
Japan. These programs are intended to shorten the drug develop-
ment time frame. Meanwhile, in the areas of manufacturing and
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quality control of the products, novel manufacturing technologies
such as continuous manufacturing are attracting interest. For the
characterization and quality control of these new products, the use
of state-of-the-art technologies is required. Under these situations,
there has been pressure upon the drug manufacturing industry to
create novel products expeditiously and to ensure their quality. To
this end, manufacturers are expected to increase resource utiliza-
tion efficiency and quality control levels. Therefore, we applied
collaborative research efforts in the attempt to resolve the issues
that are common to the development and quality control of
biopharmaceuticals.

The research group, supported by the funding agency, Japan
Agency for Medical Research and Development (AMED) and Japan
Health Sciences (HS) Foundation, was established in 2017. Members
include researchers from the National Institute of Health Sciences
(NIHS), Osaka University, and 24 companies related to bio-
pharmaceuticals (Fig. 1). At present, there is ongoing research on
protein aggregates, glycan structure, host cell proteins (HCPs), and
bioassay. Analytical quality by design will also be considered in the
near future. An opening meeting was held in Tokyo in 2017 and
featured Prof. John Carpenter of the University of Colorado as a
special guest. An outline of the meeting was reported in the Special
Topic Commentary.1 On November 6, 2018, an annual meeting was
convened and featured guest presenters Dr. Rukman DeSilva of the
Center for Drug Evaluation and Research (CDER) of the FDA and Dr.
Srivalli Telikepalli of the US National Institute of Standards and
Technology (NIST) (Fig. 2). On October 7, 2019, we invited Prof. John
Carpenter, Prof. Gerhard Winter, and Prof. Wolfgang Friess of Lud-
wig Maximilian University (LMU) of Munich, Germany, and Dr. Tim
Menzen of Coriolis Pharma Research GmbH, Germany, as guest
commentators.

The agendas of these annual meetings are listed in Figure 3.
Here, we summarize these 2 meetings and reveal our research
progress and current interests as a meeting report. First, we
describe the recent achievements in our research and discussion
that took place during the meetings regarding the characterization
and control of subvisible and visible particulate matter for thera-
peutic protein injections. Next, the recent research and industrial
topics we discussed in the meetings are described. Finally, outlines
of the group discussions held at the meetings in terms of protein
aggregates, HCP, bioassay, and control strategy are shared.
These reports reflect the current interests of Japanese researchers
in chemistry, manufacturing, and control (CMC) issues of
biopharmaceuticals.
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Recent Achievements in the Characterization and Control of
Subvisible and Visible Particulate Matter for Therapeutic
Protein Injections

Recent Advances of the Research Group

Activities, achievements, and future challenges of the protein
aggregates/insoluble particulate matter analysis subgroup were
outlined by Hiroko Shibata (NIHS). The 2 major discussions were
regarding the light obscuration and flow imaging methods.

One of the issues in regard to the measurement of protein aggre-
gates/subvisible particles in therapeutic protein injections lies in
reducing the test volume used in the insoluble particulate matter test
by the light obscuration (LO) method, which is an internationally
harmonized pharmacopoeia test. In the current method, multiple vials
of drug products, each containing less than 25 mL, may have to be
pooled so there is enough sample to analyze on the LO. However,
when this practice is applied, it raises both the cost and the risk of
foreign particulate contamination during operations. Therefore, we
performed a collaborative study on the LO method to assess the
feasibility of using test volumes <5 mL. In this collaborative study, the
impact of reduced test volume between 0.2 mL and 5 mL on the ac-
curacy and precision of particle counts was evaluated using poly-
styrene count standard particles. The collaborative study results
indicated that testing with reduced volumes between 0.2 mL and 5 mL
can be applicable for the LO method, although testing with less than 1
mL requires justification of the test volume to be used.” The findings of
this study were reflected in the new Japanese Pharmacopoeia (JP)
general test, <6.17>, “insoluble particulate matter test for therapeutic
protein injections,” which is listed in the JP 17, Supplement 2.

The other topic presented was a flow imaging (FI) method. Fl is a
powerful tool for the evaluation of protein aggregates/subvisible
particles and is expected to be used in lieu of LO (Fig. 4). However, FI
has neither been standardized nor listed in any compendium.
Therefore, we attempted to assess the adequacy of FI standardiza-
tion. In the collaborative study, 3 types of subvisible particles (i.e., 2
types of heat-denatured intravenous immunoglobulin preparations
and nonproteinaceous ethylene-tetra fluoroethylene [ETFE] parti-
cles) were distributed among 12 laboratories and their particle
number and sizes were analyzed, and then the results were
compared across methods (FI and LO), laboratories, and in-
struments (i.e., Micro-Flow Imaging and FlowCam). There were
marked differences between FI and LO in terms of detectability
when highly transparent particles were counted in the
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Figure 1. Members of the AMED Research Group.
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Nov. 6, 2018

Oct. 7, 2019

Figure 2. Participants of the annual meetings.

preparations. FlowCam generated relatively higher particle counts
than Micro-Flow Imaging. Nevertheless, consistent results across
all 3 types of samples were obtained using the same instrument
from the same manufacturer. We concluded that the FI method
advances detailed characterization of subvisible particles in thera-
peutic protein products, which will help to identify the critical
quality attributes related to safety. Details of this analysis were

published as the “Collaborative Study for Analysis of Subvisible
Particles Using Flow Imaging and Light Obscuration: Experiences in
Japanese Biopharmaceutical Consortium.”> These results will be
reflected in drafting points to consider for FI method, which will
hopefully be listed in the JP in the near future.

As an ongoing project, the collaborative study for distinguishing
protein aggregates from silicone oil particles using FI data was also

Annual Meeting of 2018

Guest speakers:
Dr. Rukman DeSilva, FDA
Dr. Srivalli Telikepalli, NIST

1. Research in protein aggregates/particulate matter
1) Assessing visible and subvisible particulates in therapeutic
protein products — A regulator’s perspective
Dr. Rukman DeSilva, FDA (WebEx presentation)

2) New reference standards for monitoring proteinaceous
particles in biotherapeutics
Dr. Srivalli Telikepalli, NIST

3) Subgroup activities on protein aggregates/insoluble
particulate matter analysis
Hiroko Shibata, NIHS

2. Current topics
1) Quantitative evaluation of protein aggregates by gLD, and
Immunogenicity by silicone oil protein complex
Susumu Uchiyama, Osaka Univ

2) Collaboration between the bioprocess development and
analytical departments in biopharmaceutical product
development

Yosuke Ikeda, Chugai Pharma Manufacturing

3. Group Discussion
* Protein aggregates
(Facilitator: Yu Hayashi, Astellas Pharma)
* HCP
(Facilitator: Takashi Muto, Astellas Pharma)
* Bioassay
(Facilitator: Yukako Tanaka, Astellas Pharma)
* Control strategy
(Facilitator: Satoshi Saitoh, Chugai Pharma Manufacturing)

Annual Meeting of 2019

Guest commentators:
Prof. John Carpenter, University of Colorado
Prof. Gerhard Winter, LMU Munich
Prof. Wolfgang Friess, LMU Munich
Dr. Tim Menzen, Coriolis Pharma

1. Current topic

High Throughput Formulation Screening

-General information and Considerations-
Hiroyuki Suetomo, Kyowa Kirin

2. Progress in research on protein aggregates
Subgroup activities on protein aggregates/insoluble
particulate matter analysis

Hiroko Shibata, NIHS

Figure 3. Agendas of the annual meetings of 2018 and 2019.
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Figure 4. Analytical methods of protein aggregates and particles.

discussed. The objective of this study is to build a standardized data
analysis method (such as filter or decision tree) that enables us to
sort particle data into protein aggregates and silicone oil, even in
the case where the data are obtained in different laboratories.
Particle data including morphological parameters were collected
for both protein aggregates and silicone oil from 11 laboratories,
and the data sets are being used to train machine-learning models.

Discussion on the Recent Achievements of the Research Group

At the meeting, we had the following discussion with guest
commentators: Prof. John Carpenter mentioned that, in addition to
the Fl, imaging flow cytometer is a very useful instrument to
distinguish protein aggregates from silicone oil droplets. Based on
the data of fluorescence-labeled protein aggregates, the method
can discriminate fluorescently labeled protein aggregates from
silicone oil droplets. The instrument has high-throughput capa-
bility. When trying to distinguish protein aggregates from silicone
oil droplets, one problem is that distinguishing particles less than 5
um diameter is quite difficult because the image resolution is
insufficient due to pixel size.

Prof. Wolfgang Friess asked for strategies to distinguish silicone
oil from protein aggregates. Hiroko Shibata explained that her team
has a plan to develop a decision tree to distinguish protein aggre-
gates from silicone oil droplets based on images obtained from FI.
The participants agreed on the usefulness of a combination of data
obtained by multiple methods, such as resonant mass measure-
ment (RMM) and quantitative laser diffraction (qLD), to distinguish
protein aggregates from silicone oil droplets.

Prof. Gerhard Winter stated that publishing the data sets of
images of silicone oil and protein aggregates as references for this
community will be quite exciting. He asked whether the method-
ology of Fl is to be used as the compendial method. Hiroko Shibata
answered that the method will be useful if it is listed in the Phar-
macopeia as general information.

There was a question from a participant regarding the immu-
nogenicity risk of silicone oil—coated protein aggregates. Prof. Car-
penter commented that the immunogenicity of the complex of
protein aggregates and silicone oil is still unknown, and it is difficult
to predict what risk micrometer sized particles pose in patients.

The Global Topic Related to Particles in Biopharmaceuticals

The guest speaker Dr. Rukman DeSilva (CDER, FDA) led a video
conference on the “Regulatory considerations for the assessment of
visible and subvisible particles in therapeutic protein products.”
The guest speaker Dr. Srivalli Telikepalli (NIST) then presented on
“New reference standards for monitoring proteinaceous particles in
biotherapeutics.” Below, the contents of the presentation by Dr.
Telikepalli are presented.

Summary of the Presentation “New Reference Standards for
Monitoring Proteinaceous Particles in Biotherapeutics” by Dr.
Srivalli Telikepalli

To allow more consistent monitoring of proteinaceous particles
in biotherapeutics, NIST is developing protein-like particle stan-
dards spanning the subvisible and visible size ranges. Currently,
there are no appropriate standards that mimic the optical proper-
ties of proteinaceous particles; the differences in physical proper-
ties between current microsphere standards and protein particles
can lead to a discrepancy in measurements.

For the NIST subvisible reference material (RM 8634), we have
fabricated particles using a chemically inert copolymer called ETFE.
The particles are prepared using a specially built motorized appa-
ratus that abrades an ETFE tube against a diamond abrasive discin a
well with a surfactant solution.* The result is a suspension con-
sisting of polydisperse-sized particles with irregular and trans-
lucent morphology; the particles resemble proteinaceous particles
much more closely than the polymer microspheres currently used.
The batch was characterized for particle size distribution (PSD) by
FI and 2 in-house modified microscopy-based techniques.
Morphological measurements (aspect ratio, ellipse ratio, and
compactness) of the particles were obtained by scanning electron
microscopy and other optical microscopy techniques. The data from
these methods were corrected for known instrument biases to
generate PSD and morphology data that are independent of the
method used to assign as reference values. Several applications of
RM 8634 were described.” RM 8634 can be useful for instrument
qualification and verification and to correct reported diameters
provided by particle counting methods. The reported diameter
output can be adjusted to match the reference value diameters of
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RM 8634. These corrections incorporate some of the instrument
biases and will greatly diminish the variability among the in-
struments. In addition, RM 8634 can be used to better mimic the
low optical contrast of very translucent proteinaceous particles and
provide a better understanding of the impact of refractive index on
PSD.

The second portion of the talk was focused on challenges in
visual inspection and on the development of a universal visible
protein-like particle standard. Visual appearance testing of pro-
teinaceous particles in biotechnology-derived products is chal-
lenging, on account of the subjective nature of the visual
inspection method. Visible proteinaceous particles in biological
products may be accepted on a case-by-case basis if it has been
documented that those particles have no impact on the safety,
efficacy, or quality of the product.® To develop a reference stan-
dard for visible proteinaceous particles, 2 types of particles are
being evaluated and have successfully been shown to be good
candidates. The particles span a broad size range (50 pm to 300
um) and are composed of either ETFE or an epoxy-based negative
photoresist, called SU-8. ETFE particles are prepared using a
modified milling machine in which the ETFE is moved perpen-
dicular to a sharp cutter at a defined feed rate. The SU-8 particles
are prepared using a photolithographic method, as described by
Cavicchi et al.” Unlike the ETFE solutions, which are polydisperse,
SU-8 particles can be monodisperse in solution, in terms of size
and morphology. The 2 types of standards have different uses.
The ETFE particles are more useful for assessing the relative
amount of proteinaceous particle content in a product, which
might be useful during early development and stability assess-
ments,® while the SU-8 is more effective when used for deter-
mining detection threshold. The ETFE and SU-8 particles can be
implemented as training sets and for qualification of visual in-
spection methodologies. These particles can be used to decrease
the subjectivity associated with visual appearance testing. Future
work will include distributing these particle types to different
organizations so that the optimal particle type selected can be
developed into an NIST reference standard.

We hope that these standards provide more representative
sizing and counting results of irregular, translucent particles than
microspheres and can be used to more consistently monitor and
track visible proteinaceous particles in biotherapeutics. Uniform
protein-like particle standards that are widely available will drive
industrial collaboration to better characterize and understand the
impact of proteinaceous particles in biotherapeutics.

Questions and Answers Related to the Presentation by Dr. Srivalli
Telikepalli

After the presentation, Dr. Telikepalli answered the following
questions from the audience. The contents were as follows:

Question 1: Please let us know the factors or risks that could

affect protein aggregate formation in lyophilized formulations.
Answer 1: The freezing, primary, secondary drying, and
reconstitution stages of lyophilization can all induce particles
to form. During these stages, the protein is subjected to
numerous stresses such as denaturation of the protein at
interfaces (container interface, air-water interface, or ice-
crystal interface), changes in solute concentration, and
possible pH changes.’

Question 2: Could you provide us information about the

appropriate containers for freeze-drying?
Answer 2: Choosing the appropriate container-closure sys-
tem is extremely important for freeze-drying.
The container-closure system should be compatible with the
freeze-drying process, protein type, and formulation. It is

important to choose a system that does not allow moisture,
oxygen, extractables, or leachables into the container during
storage.'’ The container and closure should have a strong
seal and be resistant to breaking. The vials should have a
uniform thickness and should have a low coefficient of
expansion to allow for even heat flow."" Generally, glass vials
are often chosen for freeze-drying. Plastics may allow some
moisture ingress and may be more prone to releasing
leachables and extractables.

Question 3: Freezing process (temperature, freezing rate) seems

to have influence on particle formation. Does the thawing pro-

cess also have significant effect on particle formation?
Answer 3: Yes, during thawing, the protein can be exposed to
ice-liquid interfaces that can lead to partial unfolding/
denaturation of the molecules and lead to subsequent par-
ticle formation. Recrystallization during thawing can apply
stress on proteins at the ice-water interface, which can
damage the protein. If the solution is frozen fast, air can
become entrapped but can be released during thawing. This
air that was entrapped can serve as an interface and denature
proteins. If the solution is thawed fast, the buffer compo-
nents can be thawed quickly where the protein molecules are
not exposed to local changes in excipient concentrations or
pH changes for a prolonged period.'? If the thawing is slow, it
is possible that the buffer components thaw at different rates
and the protein can experience pH fluctuations or be exposed
to local changes in solute concentrations, which can lead to
particle formation and aggregation.'

Recent Research and Industrial Topics Regarding the
Development and Quality Control of Therapeutic Proteins

Research Topic of Protein Aggregate Characterization

Susumu Uchiyama of Osaka University presented recent
studies on the quantitation of protein aggregates by a qLD
method. Previous studies by Totoki et al.'* had demonstrated that
gLD provides particle size distribution quantitatively while
covering a wide range of sizes from 150 nm to 10 pm by using
appropriate refractive index of protein aggregates for data anal-
ysis. In a recent study,' intravenous immunoglobulin solutions
containing aggregates were analyzed by qLD, RMM, and flow
imaging analysis (FIA). The quantitative ranges of aggregates
obtained by these methods, over the specified size ranges, are
shown in Table 1. The qLD method quantifies protein aggregates
over a broad size range, spanning the submicron (covered by the
RMM) to the micron size range (covered by the FIA). Consistent
results for the numbers of aggregates quantified by qLD with
those by RMM and nanoparticle tracking analysis (NTA) for
submicron range and with those by FIA, and LO for micron range
except for 2-5 um range, were introduced. Higher concentration
of aggregates in 2-5 um range by qLD could be attributed to the
efficient quantification of qLD at around 2 pm. Finally, the
application of qLD for real-time monitoring of aggregate growth
under stress conditions of isothermal incubation at 42°C or
agitation at 190 strokes min~! in qLD cell was demonstrated.
Marked difference between the 2 stress conditions in the time
dependence of growth of aggregates was presented, showing that
heat stress induces sequential growth of aggregates: small sub-
micron aggregates formation occurs initially, and subsequently,
the number of small submicron aggregates decrease while the
aggregates in the several hundred nanometer size range increase,
and finally micron aggregates dominate. By contrast, it was
shown that agitation stress leads to the generation of micron
sized aggregates immediately after the start of the experiment,
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Table 1
Quantitative Ranges of RMM, FI, and qLD Determined Using IVIG Samples

Method Size Range (um) Concentration Range (# mL™") Concentration Range (g mL™")
qLD 0.3-20 1.8x10%-1.9x107 3.3x10°-63.3x10°6
RMM 0.5-2.0 1.1x10*1.1x107 5.6x10710-1.8x10°¢
FIA (ESD) 2.0-100 1.2x10%-1.8x10° 2.5%x1078-84.9x10°°
20-100 30-3.5x10° 1.2x1076-84.9x10°6

ESD, equivalent spherical diameter.
This table is slightly modified from Table 1 in Yoneda et al., J. Pharm. Sci. 2019."°

while the size distribution is not significantly altered by the
agitation stress.

Industrial Topics

Collaboration Between the Bioprocess Development and Analytical
Department in Biopharmaceutical Product Development

Yosuke Ikeda of Chugai Pharma Manufacturing Co., Ltd. made a
presentation related to the collaboration between bioprocess and
analytical departments in industry. At Chugai, he participated in the
development of several original therapeutic protein products that
were manufactured by the company itself. A summary of his pre-
sentation is described in the following.

Continuous and close collaboration between the bioprocess
department and analytical department of a company is important
in biopharmaceutical product development. Generally, in a
nonclinical phase, a stable genetically engineered cell with high
titer is selected to establish the master cell bank (MCB). Culture and
purification processes are developed in the bioprocess department
for the stable manufacture of high yields of the product. The sam-
ples derived from bioprocess development are analyzed in the
analytical department to confirm the product purity by evaluating
the contents of product-related variants (such as high— and
low—molecular weight species and charge variants), cellular im-
purities (such as HCP and DNA) or an affinity chromatography
column ligand (such as protein A). In cell line development, for
instance, hundreds of cell lines are created by plasmid transfection,
gene amplification, cloning, and final selection for MCB establish-
ment. Key performance indicators such as titer, viable cell density,
viability, glucose consumption, or lactate accumulation are verified.
The quality of the products derived from these cell lines is also
checked. Close collaboration between cell line development and
analysis is therefore important in the establishment of an MCB cell
line that can produce a product with high titer and the desired
quality.

The analytical department is also responsible for developing and
validating methods and performing release and stability (QC)
testing. If the analytical method development and QC testing sites
are separate, technical transfer of the method from the former to
the latter is required. However, a cooperative method validation
between the 2 sites may obviate technical transfer by including it as
part of method validation.

Generally, in a clinical phase, cell culture and purification pro-
cesses are improved to establish the manufacturing process for
commercial stage. These activities aim to develop more robust culture
process with higher titer and also more efficient purification process
with lower impurities and higher recovery. To assess the compara-
bility of the product before and after these process improvement (i.e.,
process changes), the product quality is also assessed, even when the
changes have minimal or even no impact on it.

Decision making in a commercial manufacturing process is
sometimes difficult. It must strike a balance between cost and
quality. For example, the commercial manufacturing process
should be selected on the basis of either lower cost and shorter

process time, but higher impurity levels, or of comparatively higher
cost and longer process time, but lower impurity levels. The
analytical method should be changed as needed to facilitate in-
depth product characterization.

For new drug application or biological license application, the
robustness of established cell culture and purification processes
should be confirmed by evaluating data derived from process design
studies such as scaled-down model qualification, process parameter
range study, column lifetime, and others. The analytical department
is responsible for analyzing samples obtained from process design
studies, detailed product characterizations, and method validation
for commercial QC testing such as release testing and stability
testing. Thus, collaboration among the bioprocess development and
analytical departments and the QC testing site is essential at each
phase of biopharmaceutical product development.

High-Throughput Formulation Screening—General Information and
Consideration

Hiroyuki Suetomo of Kyowa Kirin Co., Ltd. presented on the
high-throughput formulation screening and survey results in our
group, as follows:

Many biologics, currently under market, are monoclonal anti-
bodies. Because monoclonal antibodies have similar structures
(except for antigen-binding site), their chemical and physical sta-
bility may be optimized with similar formulations. Some com-
panies have developed platform formulations based on prior
knowledge of monoclonal antibodies and their stability. In recent
years, biologics with higher specificity and effectiveness than
conventional monoclonal antibodies, such as bispecific antibodies,
have been developed. However, such biologics have a more
complicated structure than conventional monoclonal antibodies,
and due to the limited knowledge, it is difficult to adopt a platform
formulation strategy. Therefore, to identify an optimized formula-
tion, it is important to obtain a large amount of data in a large
formulation space and analyze the data by statistical analysis or
artificial intelligence (Al) techniques.

To obtain a large amount of data for the formulation develop-
ment, high-throughput formulation screening (HTFS) is desired.
Generally, HTFS uses multiwell plates and requires a sample
preparation robot, liquid handler, plate handler, and various
analytical instruments. In addition, statistical analysis or Al analysis
techniques is required to derive the optimal formulation from a
large amount of data. Using this system, over 96 formulations can
be simultaneously examined and an optimal formulation be iden-
tified relatively easily, even for novel biologics where only minimal
holistic knowledge is available.

Unfortunately, an integrated HTFS system is not currently mar-
keted. We therefore need to purchase each piece of equipment and
integrate the pieces into one system. One of the points to be
considered in this case is compatibility, that is, the equipment
cooperation among different vendors. Especially in the case of
establishing a fully automated system, it is necessary to develop in-
house software that controls the cooperation among equipment,
such as removal of a plate from an incubator, the placement of a
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plate in a liquid handler, instructions for dispensing a liquid handler
into an analytical plate, the transfer of an analytical plate from a
liquid handler to an analytical instrument, and sending run com-
mands to analytical equipment. This in-house software develop-
ment could be avoided by constructing a semi-automated system in
which the transfer of plates and the operation of equipment are
performed manually.

It is also necessary to consider data management. One approach
to formulation screening by HTFS is to weight the attributes and
select a formulation that will minimize changes in those attributes
following stress, such as heat, freeze-thaw, light, and agitation. The
large sets of data obtained are required to be combined into a single
data sheet to facilitate ease of analysis by statistical or machine-
learning methods. Moreover, it will be desirable to establish in
silico formulation screening using the accumulated data in the
future. In the in silico formulation screening, the characteristics of
biologics and limited analytical results will be used as input, and
suitable formulations will then be proposed as output by Als
developed on the basis of data accumulated in the HTFS. In the
design of the HTFS, it is important to consider how the data should
be accumulated and utilized.

Thus far, the importance and consideration of high-throughput
techniques have been described using the formulation screening as
an example. Some of the global pharmaceutical companies seem to
be utilizing high-throughput systems for drug substance or drug
product development at various stages.

Hiroyuki Suetomo then introduced the current status of high-
throughput system installation for development of drug sub-
stances and drug products, as well as the data management based

a Proportion of companies installing high-throughput systems
in each stage of drug development

HNo Under consideration M Yes

o 0
- - [=]

42
20 40
23
Cell line Upstream Downstream  Formulation Analysis

development development development development

Q. Do you use a high-throughput system / automation
system during the drug development?

C Construction of database for utilizing the data in other
product development

= Yes
= Under consideration

63% No

Q. Do you manage the data as a database and extrapolate
them to other product development?

on the survey results in the research group. Figure 5a shows the
rate of installation of high-throughput systems in cell line devel-
opment, upstream, downstream, formulation development, and
analysis. Although there are some differences in progress, it is clear
that installation of high-throughput approaches is considered in all
fields (20%-40%). However, only a few companies (0%-20%) have
reached practical use. Although there is a difference in progress
according to the field, it seems to be advancing as the corre-
sponding equipment for the high-throughput systems is becoming
more available.

Figure 5b shows the person in charge of data analysis. Approx-
imately half of the companies (44%) performed statistical or
machine-learning analyses of the obtained data. However, these
data are analyzed not by a data scientist, but by researchers.
Figure 5c shows only a few companies (6%) have constructed da-
tabases to utilize the data for other product development, and
many companies (63%) have not begun to construct databases. In
addition, 37% of the companies had constructed a database or were
considering to construct it, and the same proportion of companies
had used electronic data (Fig. 5d), suggesting that use of electronic
data and construction of a database are progressing at the same
time.

The introduction of a high-throughput system including data
management seemed to be very effective when more efficient
monoclonal antibody development is required or when there is
little or no prior knowledge available. However, because an inte-
grated system described previously is not commercially available, it
is necessary to carefully judge the introduction by considering the
balance between its own product pipeline and resources for system

b Person in charge of data analysis using statistical or Al techniques

0%

= Data Scientist
= Researcher
56% Outsourcing
None

0%

’ Q. Who analyzes the dataset using statistical or Al techniques ?

d Proportion of electronic data utilized as analytical raw data
in each company

25%
= Approx. 100%
= Approx. 50%
Under Consideration
None
38%

Q. To what extent is the electronic raw data utilized?

Figure 5. Survey results on implementation of high-throughput screening system.
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introduction and maintenance. It is important that in introducing
the system, it is arranged according to the user requirement spec-
ifications, and that equipment with the necessary functionality at
the necessary scale is chosen, and that the pieces seamlessly
cooperate physically. It is also necessary to consider how to manage
and utilize the large data sets for scientific decision making.

Discussion on the Presentation About High-Throughput Screening

After the presentation, discussion about the high-throughput
screening method was held on the following topics:

(1) The validity of physical stress induced by shaking the 96-well
plate

In the high-throughput screening system, presented above,
samples in a 96-well plate were physically stressed by orbital
shaking. The opinion was raised that there are differences from the
actual conditions in vials or syringes such as sample volume, ma-
terial surface, and type of stress (shaking in 96-well plate and air-
water interface turn over in vial or syringe). Further studies
reflecting actual conditions are needed after evaluating the pre-
formulation by the high-throughput screening method.

(2) Temperature for protein stability evaluation

The participants discussed the optimal temperature for protein
stability evaluation. For evaluating protein stability, short-term
storage at 25°C or 40°C is commonly used for developing formu-
lations. Some biopharmaceuticals show good correlation between
protein stability in short-term storage at 25°C or 40°C with that in
long-term storage at 4°C. However, the correlation of physical
stability under these conditions is still unclear, whereas chemical
degradation under these conditions showed great correlation.
Therefore, although protein stability evaluation by short-term
storage at 25°C or 40°C in high-throughput screening is useful for
ranking the formulation, it is necessary to recognize that these data
do not always reflect the protein stability at 4°C.

(3) Differential scanning fluorimetry (DSF)

For the comparison of thermal stability of biopharmaceuticals,
DSF is commonly used. The melting temperature (Ty,) value ob-
tained by DSF analysis is considered to be indicative for thermal
stability. Two comments were raised regarding the use of DSF data
for comparison of protein stability in various formulations: it was
mentioned that the pH of some buffers changes during heating of
samples to 80°C, and this pH shift might cause artifacts. The par-
ticipants were also concerned about the correlation between the
DSF data and protein stability in long-term storage at 4°C, same as
for evaluation of protein stability at 25°C or 40°C. A participant
pointed out that only 1 or 2 papers showed good correlation be-
tween DSF and 2-year protein stability at 4°C, although more pa-
pers showed good correlation between DSF and protein stability in
short-term storage at 40°C. There might be a lot of unpublished
data which showed no correlation between the parameters. Thus, it
is necessary to use DSF data for evaluating formulations very
carefully.

(4) High-throughput screening and automatic assay system

High-throughput screening is useful for evaluating formulations,
especially if the number of candidates is high. The data collected by
highly automated and standardized systems could help select the
appropriate liquid formulation. There were some additional opinions.
A thorough list of methods for evaluating formulations was suggested
in the presentation, but some participants proposed the use of
additional assays that are suitable for a high-throughput platform
(e.g., “ReFOLD assay” and biolayer interferometry) to gain additional
knowledge. Second, it was pointed out that it is important for

high-throughput screening to identify which parameters and
characteristics are critical for formulation or preformulation. In
addition, there was a comment regarding the application of bioassays
in high-throughput screening, but it was considered that bioassay
would be difficult to incorporate into an automatic high-throughput
system.

(5) In silico approach

The participants also discussed the in silico formulation
development approach as some have started to work in this area.
The in silico approach for studying formulations has 2 aspects:
One is the data science including machine learning such as neural
networks, and the other is molecular modeling, including mo-
lecular dynamics simulation to generate a developability index.
Molecular modeling based on sequence or charge distribution
information can be easily aligned with the environment,
including pH, and may provide useful information. At present, the
in silico formulation development approach is typically not
applied, even in the largest companies, whereas the simulation of
specific molecules could be performed. However, many com-
panies are interested in in silico approaches and their prospective
application for formulation development is expected. The activity
of PIPPI (Protein-excipient Interactions and Protein-Protein In-
teractions in formulation) consortium in EU, who are developing
a database to guide product formulation development, was also
shared briefly.

Discussion on Current Interests in the Development of
Therapeutic Proteins From the CMC Expert View

Four topics to be collaboratively studied and resolved in current
pharmaceutical industry practice were discussed.

Protein Aggregates

Discussion topics on protein aggregates:

(1) Usefulness of analytical techniques for protein aggre-
gates in subvisible range

(2) Points to consider in LO method

(3) Suitable therapeutic protein product used as represen-
tative samples in protein aggregation studies

Twenty-eight researchers from pharmaceutical companies,
contract research organizations, manufacturers, and academia
participated in the discussion on protein aggregates.

(1) The discussion began on the topic of analytical techniques
for protein aggregates in the subvisible range. The
methods enumerated included FI, RMM, qLD, NTA,
analytical ultracentrifugation, coulter counter, and field
flow fractionation, among others. Nearly all researchers
use the LO method for the release test, whereas use of the
others is restricted to characterization studies. The
analytical performance of FIl was assessed and compared to
that of LO by this research group and other authors.
Certain technical concerns were raised regarding the
application of other techniques in characterization and
release tests. For example, RMM entails complex data
interpretation and measurement parameter establish-
ment. Moreover, there are no standard particles that could
mimic protein aggregates (sinkers) or silicone oil droplets
(floaters). Difficulties also seem to be encountered when
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using NTA to analyze soft or heterogeneous particles such
as protein aggregates. An overseas consortium has been
developing standard analytical methods for RMM and NTA
on an ongoing basis, but the methods have not yet been
published. In conclusion, relative comparisons between
each method and laboratory should be performed to
establish a standardized analytical method for subvisible
particles that could be used as a platform method.

(2) Regarding the LO method, the issues faced when testing with
reduced sample volume in cases of using high concentration
samples were discussed. Basically, all researchers use undi-
luted samples in LO measurements. In certain cases, how-
ever, to avoid redundant counting of particles, high viscous
and high concentration samples were diluted. Tare volume
was also considered when using high concentration samples
at an early method development stage. Ideally, when using
diluted samples, the linearity should be confirmed by
comparing undiluted and diluted samples.

(3) The selection of protein to be used as a model for the eval-
uation of protein aggregates was also discussed. Our
conclusion was that, as each protein has unique character-
istics, it is difficult to select one as a model for aggregate
evaluation. Data obtained for various proteins (e.g., mono-
clonal antibodies, polyclonal antibodies, and others) are
useful to assess the suitability of new container designs.

HCP Assay

Discussion topics on HCP assay:

(1) Experiences with HCP assays (process-specific, plat-
form, and commercially available) and their strategies

(2) Utility of antibody affinity extraction (AAE) method

(3) Bridging the gaps among HCP assays

Fifteen researchers from the analytical- or quality-related de-
partments of various pharmaceutical companies and contract
research organizations participated in the discussion on HCP.

(1) Participants shared their experiences with process-specific,
platform, and commercially available assays applied to late-
phase HCP assay. Seven organizations have developed in-
house HCP assays for the late phase, and 3 of them plan to
develop them in the near future. Seven of ten organizations used
a process-specific assay, and 3 of them used a platform assay for
the late phase. Three of the organizations used a process-specific
assay as a means of applying a platform assay for use throughout
product development. In the development of multiple products,
it is difficult to develop a process-specific assay for each one.
Moreover, a platform assay can greatly accelerate the clinical
phase.

(2) The usefulness of the AAE method was also discussed. Unlike
traditional two-dimensional polyacrylamide gel electropho-
resis/western blotting (2D-PAGE/WB), AAE PAGE can eval-
uate coverage under native conditions. However, AAE PAGE
can underestimate or overestimate, depending on the bind-
ing activity of the anti-HCP antibody resin and the wash/
elute condition. Therefore, it was difficult to conclude which
method shows the more accurate coverage ratio. In addition,
AAE has a disadvantage in terms of control of experimental
conditions and quality of the results of experiments, because
it is usually outsourced. As none of the attending organiza-
tions had any prior experience with AAE technology, more
data will be needed to evaluate its usefulness.

(3) Bridging the gaps among the different HCP assay methods
was also discussed. HCP assays are a type of sandwich ELISA
using polyclonal antibodies. Therefore, the quantitative re-
sults obtained from various test methods differ. When a
method is changed, it is necessary to understand the prop-
erties of the reagents and provide reasons for switching
them. Coverage assessment, sample dilution linearity, in-
process sample clearance, and historical data for previous
products are useful in bridging the gaps among reagents.
Moreover, maintaining appropriate storage conditions of
previous samples is important for bridging study.

Bioassay

Discussion topics on bioassay:

(1) Bioassay setting during clinical development
(2) Impediments to test result robustness and ways to
overcome them

Over 20 researchers from pharmaceutical companies, contract
research organizations, and academia participated in the discussion
on bioassay. This method is crucial to understand and control the
potency of biopharmaceutical products. The discussion focused
mainly on bioassay knowledge, technique, setup, and validation.

(1) It is generally known that binding and functional assays are
used to test antibody product potency. Binding assays such as
ELISA and surface plasmon resonance are applied for QC
testing in the early stages of clinical development and are
often replaced by functional cell-based assays later on in the
process. This is because the test method should be selected
according to the product mode of action. The method should
also comply with the requirements of the regulatory author-
ities of the applicant countries. In addition, the means of
bridging the data should demonstrate the validity of switching
the test method. The need for a thorough understanding of the
relationship between the physicochemical properties and the
biological activity of the product was also discussed. A suffi-
cient knowledge of the properties of the product may simplify
the QC tests. In certain cases, this information may facilitate
the approval of a product based only on the binding assay.

(2) Experience has shown that a major hurdle for bioassay lies in
the control of assay conditions to ensure robust test results.
Some companies are investigating the implementation of
automated systems that could mitigate test errors and vari-
ability among analysts. This challenge is worthwhile from
the perspective of easier acquisition of large amounts of data
and the application of experimental design. Furthermore, it
was emphasized that appropriate controls of bioassay steps
such as cell characterization, cell culture monitoring, and the
management of critical reagents are imperative.

Control Strategies

Discussion topics on control strategies:

(1) What are control strategies?
(2) Which analytical techniques should be used to achieve
them?
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Eleven researchers from the analytical- or quality-related de-
partments of pharmaceutical companies, contract research orga-
nizations, and academia participated in the discussion on control
strategies.

(1) Participants were asked to define control strategies to eval-
uate perceptions of them. All participants stated that control
strategies are, in fact, comprehensive manufacturing and
analytical strategies. Close relationships between
manufacturing and analysis are necessary for the identifi-
cation of critical process parameters and critical quality at-
tributes (CQAs). They are also required to determine the most
efficient controls, including release tests, in-process tests, or
monitoring processes to achieve quality target product
profile.

(2) Most of the participants already had professional experience
in analysis. Therefore, the analytical techniques needed to
realize control strategies were discussed. A wide variety of
analyses are conducted during the development of bio-
pharmaceuticals. As protein molecules are complex, it is
important to use more than one method (“standard” and
“orthogonal” methods) for characterization studies. In gen-
eral, participants used multiple analytical techniques to un-
derstand higher order structure, impurities (aggregates,
fragments, post-translation modifications, glycans, HCP, and
others), and potency. Information derived from multiple
analyses is essential for CQA identification, justifying speci-
fications, and new drug applications. A multi-attribute
method using mass spectrometry may replace certain
orthogonal methods and reduce characterization workload
and cost.

Future Perspectives

The quality risk management system cited in the ICH Q8-11
guidelines for the establishment of quality control strategies is
well accepted and implemented in Japan. In identifying quality
attributes to be controlled (i.e., CQA), elucidating the quality attri-
butes of the product and assessment of their risk on safety and
efficacy are important. It is also necessary to understand the rela-
tionship between each CQA and process parameters. The use of
appropriate analytical methods is essential throughout these steps.
The topics discussed at the meetings addressed specific CQAs
related to biopharmaceuticals. Several emerging analytical tech-
nologies for the analysis of protein aggregates were presented,
including FI. These new methodologies will disclose characteristics
that are not evaluated by traditional technologies such as LO.
Evaluation of the analytical performance of newly developed
technologies will shorten the time required for analytical method
development and enable more effective and appropriate product
analysis. As the novel methods reveal these characteristics and
their impacts on product safety and efficacy, it is expected that

product quality control will become more appropriate and
efficacious.
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