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ADC Discussion Points

ADC Components and Mechanism

of Action

« Typical approach to cancer treatment

* ADCs and their molecular
composition

« Types of linker systems

+ Mechanism of action

« Examples of marketed ADC
therapies
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Formulation and Process
Development

+ The development process

* The analytical method toolbox

« Stability indicating methods

+ Process development case studies

Today we will speak about development of
antibody-drug conjugates (ADCs).

We will introduce them, explain a little bit
about what they are and then also include our
formulation process development.

Let us start by considering current cancer
treatment options. They differ depending on
the type of cancer.

Solid tumors are typically treated with multiple
methods. First surgery, if possible, if you can
use it to remove most of the tumor. There are
even diagnostic agents out there now that can
help highlight the tumors edges around healthy
tissue so that the surgeon can follow those
highlighted areas and remove all the tumor cell.
Other methods include administering
chemotherapeutic agents and then also
radiation.

Radiation is targeted as much as possible to the
tumor area, but by large, radiation can still hit
healthy tissue and healthy tissue that is deeply
affected and can result in scarring.

Chemotherapeutic agents, the small molecules
that we currently have vary widely, but we
usually must infuse quite a lot of them on a
frequent basis. And we infuse so much so that
these small molecules can hit their intended

areas where the tumor lies. The big challenge there is when you are giving them in large doses, they also

affect healthy tissue with potential severe side effects.



Cancer Treatment Options

Administration Options
+ Oral

« Injection / infusion

+ topical

Common Treatment Options

+ Differs depending on the type of cancer

« Solid tumors treated with multiple method
+ Surgery to remove tumor if possible
+ Administration of chemotherapeutic

agent(s)

- Radiation

+ Radiation is targeted as much as possible
to the tumor, but healthy tissue can also be
affected

+ Chemotherapeutic agents are given in
large doses to ensure they access the
tumor.
- This also affects healthy tissue

+ The results are often severe side effects
such as nausea, fatigue, loss of hair
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Examples of Chemotherapeutic Agents
Drug Class Subgroup Drug
Antifolate Methotrexate

Antimetabolites Pyrimidine antagonists Cytarabine, gemcitabine

Ribonuclectide reductase inhibitors Hydroxyurea

Oxazaphosphorines Cyclophosphamide

Nitrogen mustards Chlorambucil
Alkylating agents . .
Nitrosoureas Carmustine

Platinum-based agents Cisplatin, carboplatin

Topoisomerase | inhibitors

Topoisomerase inhibitors . . ~
Topoisomerase Il inhibitor

Irinotecan, topotecan
Etopaside

Vinca alkaloids Vincristine, vinblastine

Mitotic inhibitors
Taxanes Paclitaxel, docetaxil

Antibiotics NA Bleomycin, doxorubicin
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= Three Molecular Entities
» Monoclonal antibody

» Chemical linker system

= Cytotoxic agent

ADC Composition

N7

Cytotoxic agent

Antibod The synthetic microtubule-disrupting
The antib ! agent, monomethyl auristatin E [MMAE),
s that induces target cell death’

brentuximab,

specific for CD30’

A synthetic protease-cleavable linker
that covalently attaches MMAE to the
CD30-directed antibody and releases
the agent within the target cell
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Patients will lose their hair, they have nausea,
fatigue. And this fatigue and nausea often
requires treatment with additional
medications. So, it becomes a very tough
situation for the patients.

These medications are most often given by
injection or infusion, but there are oral
medications available as well as topical,
especially for skin melanomas. Some examples
of these chemotherapeutic agents may have
heard of, they've been around for a long time,
such as antimetabolites.

There are ones that are known as cytarabine
and gemcitabine. They've been around for a
long time. Alkylating agents, such as the
platinum-based agents like cisplatin and
carboplatin. Those are also well known and
have been around a long time, like
Nitrosoureas Carmustine and there are the
vinca alkaloids, vincristine, vinblastine. If
you're a gardener, you may have heard of
Vinca vines that we can plant during the
summer. And those Vinca vines are exactly
where these vinca alkaloids come from.

So now let us consider an entirely different
approach rather than inundating the body
with these toxic materials, we can drastically
reduce the number of chemotherapeutic
molecules that we give to a patient, if we can
incorporate them onto an ADC, Antibody-
Drug Conjugate. These antibody-drug
conjugates are three molecular entities. There
is the monoclonal antibody, which in this
diagram, that's that blue area of the Y,
typically we build antibodies into genes.



These antibodies can be chosen so that they
Desirable Properties for the ADC Components will preferentially goto cells that are

Components and Properties expressing a certain protein or chemical
oo o 3 signal, such as a tissue factor. On these
* Target specificity
« Delivers drug only to the tumor cell anthOdIeS, S|nce our bod|es already knOW
+ Should be selectively expressed or over-expressed on cancer cells .
* Target-binding affinity hOW tO WOI’k W|th them, we can attaCh a
« Cytotoxic agent (payload or warhead) B B B
A i e 5% chemical linker system. That is that yellow
« Sufficiently potent to destroy tumor cells even at low doses line in the diagram’ ma k|ng it ve ry Simple
* Around 4 to 6 molecules per antibody . '
- Linker system looking. They're actually very complex. And
» Forms chemical connection between the payload and antibody H HYH
* Must be stable in circulation to ensure payload remains attached until it reaches the cell the red spheres represent Wh0|e Ind IVId ual
« Characterized as cleavable or non-cleavable mo|ecu|es of CytOtOXiC agent’ perhaps four

to eight individual molecules per monoclonal
antibody. That is a drastic reduction in the
—— Baxter : number of those cytotoxic, the molecules
given to a person.

We want the antibody to specifically target a certain cell that is expressing or over expressing a certain
molecule. We hope these cancer cells are only expressing that target that the antibodies are going to, or
they could be over expressing them. We want this so that the antibody-drug conjugate has a limited
effect on healthy tissue.

We would like to have strong target binding affinity. The cytotoxic agent often known as the “payload”
or the “warhead” that is attached to that antibody; we would like it to stay firmly attached to that
antibody until it reaches its desired point or target. This allows us to provide very low doses but still kill
the tumor cells. We want the linker system to remain firmly attached to the antibody until it reaches its
desired destination. The older linker systems, when this technology was first developed, tend to not link
as well, and you would have free linker and chemotherapeutic agent floating around.

You do not see that as much anymore. These linker systems are firmly attached and they're fairly stable
when circulating through the body. And we want that so that they deliver the payload only to the tumor
cell preferentially. These linker systems,

they are both known as cleavable and non-

cleavable.
ADC Platform Here is just another example of ADC
J.M. Lambert, C.Q. Morris, Advanced Therapeutics, 2017 platform. The antibody is in blue and red

and this large linker system is accompanied
by the warhead. We would attach
specifically four or six individual molecules

\\"// %%%,}%% to those antibodies.
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The linker systems could be cleavable or
non-cleavable. We want these to be stably
attached so that they don't release this
Cleavable and Non-cleavable Linkers anyWhere Wlthln the bOdy They mUSt

+ Linkers must be stabilized to avoid the release of the drug when not at the target maintain that Conjugate as an inactive

+ Must maintain the conjugate inactive and nontoxic while bound to the antibody Substance untll |t reaCheS ItS ta I’get Non

Linker Systems

Non-cleavable Linkers Cleavable |inkerS, these ADCS are
+ The ADC is internalized and the mAb is degraded in the lysozyme inte rnalized into the Ce” Where the
« Results in release of the cytotoxic agent inside the tumor cell . .
antibody is then degraded. And that's what

Cleavable Linkers releases the warhead. Cleavable linkers will
. ggteemg‘eﬂs cleaved based on environmental conditions such as pH and redox cleave depending on certain environmental
« Different types are used based on the microenvironment of the tumor Conditionsl |ets say. What is the pH?

+ Acid-sensitive linkers .

- Lysosomal protease-sensitive linkers Perhaps a redox potentlal.

+ Others

— Baxter I's

They could be acid sensitive or be sensitive
Marketed ADCs to lysosomal protease, says which will
cleave that linker once it reaches its

Types of Marketed Antibody Drug Conjugates desired |Ocati0n.
ADC Antibod Link Payload « .
, i e - Here is just an example of the marketed
Sacituzumab Humanized Cleavable SN-38 i
(Trodsivy) ADCs. There are five of them that | am
Gemtuzumab Humanized Cleavable Calicheamicin . .
(Mylotarg) aware of, and you'll see on the left side of
Trastuzumab (Kadeyla) Humanized Non-cleavable DM1 .
Brentuximab (Adcetris) Chimeric Cleavable MMAE the table the dlfferent ADCS The neXt
:rémuzumat): Humanized Cleavable Calicheamicin Column |S the ant|b0dy | placed e|ther
}@Sponsa, . . .
humanized or chimeric here. In general,
All 5 products are Iyophilized solids. they all use a type of IgG. Typically IgG-1 or
= Suggests poor solution stability '
Frozen slufions can have challenging supply chains and not afcis IgG-4. Then currently, there's cleavable and
non-cleavable linkers that are marketed.
— Baxter 7

And then each of them is associated with
the payload. There are also a couple more that are outside of development. We developed them here at
our site. | have patents on the formulations for two of them, both here in the U.S. and in Europe, but we
transferred those to our site in Halle, where they're currently making clinical supplies. All five of these
products that are currently marketed and the ones that we transferred to Holland are lyophilized. So
that tells us something about them.

That means they are not solution stable. So, they may be stable at very low temperatures, but what we
have seen, what we have all been aware of with the pandemic, is that cold chain storage can be a huge
challenge. Even if you can ship it cold chain and have it remained cold, the facilities that you're shipping
to may not be able to have that type of low temperature storage. So in order to get around those
incompatibilities with unstable solutions or low temperature storage, we could look at freeze-drying
them to extend their stability.



What Makes an Optimal ADC Drug Product Formulation?

Stability of Linkage

Stability of mAb

« Aggregation

« Fragmentation
+ Deamidation

Lyophilization is often
chosen to improve long —
term stability.

So, what makes an optimal ADC drug product
formulation? Well, first, once we formulate it
and we process it, that linker system must
still remain stable. Again, just to mention,
older linker systems which are still available,
they tend to not stick as well. And what that
means is that, when working with those
older linker systems, you would have to work
and treat it as a category four compound per
safe bridge. And that means working with
them in isolators. Otherwise, you risk the
health of the people working with them.

The current linkers that have very good
stability, we can work with them as a
category three compound and work with

them in our laboratory, still taking appropriate precautions just like we do with any other chemical, but
we do not have to work with it only in an isolator. We want the monoclonal antibody to be stable. So
throughout our studies, we're looking at potential for aggregation or potential for fragmentation or de-
emanation. And the way to improve this long-term stability is often through lyophilization.

Development Process For Lyophilized

Analytical Method Development

Formulation Studies

Biophysical
Characterization

Effect of pH, lonic
Strength, Surfactants

Screening Study

Low Temp Thermal
Analysis by DSC
Freeze-Dry Microscopy
Trial runs to induce
failure during primary
drying
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Solids

Lyo Form Development

Primary Drying —
Design Space
Secondary Drying —
Effect of Residual
Moisture Study
Confirmation Batch and
Long-Term Stability

Analytical Support

0

This is just a quick diagram showing you an
overview of our process or anybody's
process really. We must have good
analytical methods in place, in particular
stability-indicating analytical methods.

We usually start with our formulation
studies, solution stability studies. We want
to determine, what's the best buffer?
What's the dependence on pH? Is there a
dependence on buffer concentration that
would make a difference for the stability of
this molecule?

That will then provide us the basic data where we can start building our formulation for lyo
development processes. And throughout all of these studies we're working in areas that we expect
some failure. We want to know where our product will fail so that we can stay away from those areas. If
we can design a lot of studies where we never see any failure, we will not know if we are right on the
edge of failure or not. So, it is important to be able to test that. And in lyo development, we also test for
failure. I'll show you some slides later on. And then we conduct thorough secondary drying studies,
where we examine the effect of residual moisture on the stability of the product. And we will provide
you some case studies on that as well.



The ADC Analytical Toolbox

« UV-Vis « SEC « iCE
+ Nano-Drop « DLS + Peptide Mapping

Fragmentation Particulates Compendial

+ SDS-PAGE * MFI + pH

* CE-PAGE * HIAC » Appearance
Drug Antibody Ratio ‘

- DAR-HIC + Free-Drug by RP- + Residual Moisture

HPLC - Recon Time

Stability Indicating Methods for ADCs

Common Methods to Examine During the
Studies:

iCE - image capillary electrophoresis
DAR - drug antibody ratio
Free — Drug

Methods to Depend on for Examining
Stability

SEC - size exclusion chromatography
- provides information on aggregation
iCE — examines for deamidation
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Free-Drug

Monitoring this method depends on method
of conjugation used

Do not often see free drug with more recent

linking systems

Lyophilized Sample - 2 Weeks @ 50°C |
(Red)

Lyophilized Sample — TO (Blue) | ‘
Free Drug RS @ 0.5 pg/mL (Black)

Resolution Solution (Pink)

Our analytical toolbox: all these methods are
extremely important, but there are a few of
them that are more important than others at
early stages.

For example, we may look at concentration,
but | have never seen concentration change
and it does not really represent a great
stability indicating method. What we want to
know is, do we see fragmentation? Do we
see aggregation? Do we see anything that
would relate to this not being stable over the
long-term? | will show you a slide next that
would include that. So part of aggregation
would be SEC, DLS, Dynamic Light Scattering.
Sometimes those are good to use both at
the same time because DLS uses very little
solution. It is almost like getting some data
for “free.” The DAR-HIC is drug antibody
ratio with hydrophobic interaction
chromatography. We use that to determine
if we have our linker systems still in place.
And as | mentioned with the newer linker
systems, we never see any changes at that.
So we might include that particular assay
perhaps on long-term stability, just so we
have that data.

Our stability indicating methods though, the
most common ICE, we may look at DAR or a
free drug over time, but it depends on the
linker system. So really what we focus on is
SEC and ICE during the early studies. We find
those tell us a lot more information.

Here is an example of free-drug, and this is a
solution and lyophilized samples stored at
50 degrees C. We don't often store our
solution samples at 50 C but for the next few
examples, for some reason we did on these
studies and | don't remember the exact
reason why when we do, we store at 50
degrees C so that we hopefully can get some
data quicker and maybe provide us some
idea of what may come when we store it for
longer term.



DAR-HIC: Drug Antibody Ratio Hydrophobic Interaction Chromatography

Often do not observe changes in DAR even under stressed conditions when
using the more recent linking systems.

" ) Lyophilized sample TO

1| Solution sample stored at

o %
DARM 40°C for 2 weeks

DAR 4
DAR 2

DAR 6
: 1 PAR2 ‘\ DAR 6
i DAR 0 ) |\ JPAge paro ||| JoAR 8
o o J\ JY AW S | .V.¢ PA
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iCE — Monitors Changes in Isoform Profile

Valuable for detecting charge variants such as deamidation.
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SEC

Used for monitoring soluble aggregates.
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_ i SECatTO | SECafter
_ " - / | storage as a
- | - | ’ liquid for 1 week
. { \ - \ at 50°C
- [ - ’ \
| ~| - ’ \

i | A\ [
- | \ / AN Y
i I | ./ N N .

It is frequent in our early studies that we will
store freeze dried samples at 50 C for one or
two weeks, but also store them at 25 C and 40
C for two and four months. So this is an
example of monitoring free drug. Rarely have
we ever seen free drug available in the
formulations when we are using these newer
linker systems.

Here is also an example of the drug antibody
ratio. Again, even under stressed conditions,
I'm showing you here 40 C for two weeks, but
we have data for 40 C for up to six or 12
months, maybe two years where you do not
see any changes in the drug antibody ratio. So,
it's usually just included as a check.

ICE however we do use. We use this because
we do see changes over time that may show
us different charge isoforms that develop due
to the storage conditions, but also due to our
formulation conditions. This is just an
example. This is a graphic TO and then one
after one week at 50 C, we see a large change.
And so that tells us this will be an important
stability indicating method.

SEC, size-exclusion chromatography, we also
use. We monitor soluble aggregates and we
do see changes over time. And | will show you
some examples, some statistical analysis that
we've used where we use SEC and ICE to
determine which direction we should go.



ADC and Protein Formulation Components

Component Function Examples

Tonicity Agent Isotonicity NaCl, Mannitol, and Glycine

Non-ionic Inhibit formation of Polysorbate 20 or

surfactant aggregates Polysorbate 80

Buffer pH Control Sodium phosphate, potassium
phosphate, citrate, histidine,
and tris

Disaccharide  Stabilizer Sucrose, Trehalose, Maltose,

Lactose, Sorbitol

Crystalizing Provide structure to Mannitol or Glycine
Excipient cake

Some solution buffer components can destabilize proteins and ADCs when
used in a frozen or freeze-dried formulation.
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ADC and Protein Formulation Components

Component Function Examples

Tonicity Agent Isotonicity NaCl, Mannitol, and Glycine
Non-ionic Inhibit formation of Polysorbate 20 or
surfactant aggregates Polysorbate 80

Buffer pH Control Sodium phosphate,

potassium phosphate,
citrate, histidine, and tris

Disaccharide  Stabilizer Sucrose, Trehalose, Maltose,
Lactose, Sorbitol

Crystalizing Provide structure to Mannitol or Glycine
Excipient cake

Some solution buffer components can destabilize proteins and ADCs when
used in a frozen or freeze-dried formulation.
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So now just let's take a look at the
components of a formulation for
lyophilized antibody-drug conjugate. These
are some common formulation excipients. |
wouldn't use all of them but some
common ones are listed and why we would
use them. For example, pH control or
stabilization of the lyophilized solid or
providing bulk.

But again, we hope that all our excipients
that we are using are inert and they should
not interact. However, they do bring some
interactions and here are some examples.

One example, this is not really an
interaction, but sodium chloride, if we
need to adjust the tonicity, we will only
adjust tonicity, if our route of
administration is direct injection or into
the muscle or under the skin,
subcutaneous. If it is going to be
administered as an infusion, we do not
really need to worry about adjusting
tonicity for that formulation.

But if we choose to and we are
lyophilizing, we try to stay away from
sodium chloride. Salts definitely decrease
your critical product temperatures. So
they lower them to temperatures that

make it difficult to freeze or difficult to dry. So, it's better to adjust tonicity with Mannitol and Glycine.
We may include an ionic surfactant to inhibit aggregates. I'll explain a little bit more about that later.
Buffers. Some buffers that we try to stay away from are phosphates, mainly because they can bring

along with them some metals.

They are known as types of chelators. They are in those lists of antibody-drug conjugates that are

marketed. They use phosphate buffers. So they are still used but you just have to be aware of them. The
choice of disaccharide. If we have a large molecule, we need to include an amorphous excipient in there.
Typically we use Sucrose or Trehalose. Maltose or lactose are available but these are known as reducing

sugars.

What that means is that they interact with proteins when they're freeze dried. In particular, they'll result
in an interaction called the Maillard reaction that results in browning. That's what leads to meat
browning when you cook it. So we stay away from those reducing sugars. We might add a crystallizing



excipient. | often do because it makes it easier to freeze dry and more difficult to lead to failure. So, you
could add Mannitol or Glycine.

| have just had a webinar question, “what are the most used cases for Mannitol and Glycine?” Mannitol
and Glycine, they do not offer any protection to your protein. And so what means is that you cannot use
them alone with a protein. You'll use them to form structure. Mannitol and Glycine, therefore, make a
nice scaffold. So, they will hold all the amorphous components in place, but still result in a really nice
looking lyophilized solid.

They also allow you to process at much higher temperatures. So it reduces your freeze drying time. So
they add a huge advantage. But if you look at those marketed formulations many of them don't include
it. I have included them in the formulations | develop only because of that ease for drying.

So, for those of you not too familiar with freeze-
drying this is a generalized process diagram.
What we have is shelf temperature versus time.

Freeze-Dry Cycle Diagram

Freezing Primary Drying Secondary Drying

(Solidificaon) (lce sublimation)  (Desorption) The red line is just shelf temperature. So we first

= \@ ‘ have our freezing step. We cool it to some very
@ ﬁ i (Z@ low temperature, let's say -40, -50, hold for a

20 { ambient| vacuum ‘ 25% certain amount of time and freeze it. And then

o we could introduce an annealing step if we have

2 a crystallizing component. That's where we

40 Over90% would raise the temperature to let's say -15 or

«» -50 ‘water

%0 so and hold for let's say three hours just to

0 10 20 30 40 50 60

Time (h ensure that it crystallizes.
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helf Temperature (°C)
)

And then we can go into primary drawing. That's
where we initiate a vacuum and then we remove that bulk ice. And we remove it based on a difference
in vapor pressure of ice in the sublimation front and the vapor pressure of ice in the condenser. That's a
whole another lecture, so I'll just leave it at that. But at the end of primary drying, you should probably
have around, let's say two to five percent water.

And then we go into secondary drying. That's where we raise the shelf temperature. Pressure is no
longer important here because we need energy now to remove the moisture. That is what we call
attached water or water that can only be released through diffusion. And so we need energy there to
remove it. And for that reason we need to increase our shelf temperature, let's say to 30 or 40 degrees C
and hold it for a certain amount of time to reduce moisture.

| will show you later where we conduct the studies to study the effect of residual moisture. That goes
into it a little more in depth than this generalized diagram.



So here are some basic questions to consider before we start formulation. We strive to keep things as
simple as possible. So we only add components if we have data to demonstrate that they're needed.

Questions to Consider Before Developing the Formulation

Keep it simple — only add components if there are data to support them.

+ What is the effect of the buffer type, buffer concentration, and pH on the
stability of the ADC in solution?

High buffer concentration can increase pain on injection and can destabilize the
molecule.

« Studying a range in buffer concentration can exhibit where the formulation fails
and can aid in establishing an acceptable range for the buffer components.

« Is the ADC sensitive to interfacial interactions?

Is a surfactant needed to preferentially coat the vial to prevent loss of the
molecule?

Is a surfactant needed to prevent aggregation at the air / solution interface and
the ice / solution interface?

+ Is the ADC sensitive to the method of transferring the solution from a tank,
through a filling needle to the vial?

« What is the effect of using a peristaltic pump vs. a piston pump?

—— Baxter 119

Our first webinar question for proteins and
monoclonal antibodies is, Q: (from the
audience) “what is the effect of buffer
type, buffer concentration in pH on the
stability of the ADC and solution?” A: Well,
is there an effect on buffer concentration?
We don't want to go too high because high
buffer concentration can cause pain upon
injection and it can also interact with your
molecule. So, we need a steadier range of
buffers in our range of pH and a range of
concentration.

Next Question Q: (from the audience) is
the ADC or protein sensitive to interfacial
interactions? A: What we need to know is

when we have our formulation added to our vial, do we lose protein or ADC by it preferentially adhering
to the glass surface or when we have all these ice crystals form? Now we have a lot of contact of your
molecule with the ice surface. It can then unfold an aggregate. Do we have that problem?

So, there are some studies that we need to do to conduct and determine if we need to add something
such as a surfactant to prevent that. Finally, is our ADC sensitive to the method of transferring the
solution from the take through the filling needle into our vial? We need to think about how these
formulations will be processed at full scale. And that's where these pumping studies come into play.

Formulation Development — Solution Study

The Effect of Buffer Type, Buffer Concentration, and pH
« Statistical design of experiments decreases the number of formulations needed
and makes it easier to compare the data
May include ADC concentration if there is sufficient supply
Store for 2 weeks at 25°C and 40°C unless molecule is affected severely by heat
+ Stability indicating methods: SEC and iCE

Buffer Type Buffer Concentration pH
Histidine 10 mM 5
Citrate 30 mM 6
Phosphate 50 mM 7
——— Baxter 120

First, this is the solution study |
mentioned. Where we look at the
differences between types of buffer,
buffer concentration and pH. This sets
up for a really nice statistical design of
experiments to reduce the number of
formulations we preparing, reduce the
number of samples we're sending to the
lab and reduce the amount of material
we're using. So what we can do is
formulate these and place them at two
weeks, let's say at one to two weeks at
25 and 40 degrees C and test them
weekly.
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Formulation Development

The effect of interfacial interactions
+ Examine the effect of interfacial interactions on aggregation
« Shake studies
+ Freeze / thaw studies
« Conducted alone and with a range in concentration of surfactant
» Often used polysorbate 20 or 80

+ Examine the effect of shear stress on aggregation
« Compare the use of a peristaltic pump and a piston pump
+ Circulate solution through the pumps and collect samples over time

— Baxter

Here is an example of the data that we get from
this. This is size-exclusion chromatography and
we're looking at the statistical analysis after two
weeks of storage at 40 C. First let's look at
buffer concentration. There is a slight effect if
you increase the 50 millimolar, when compared
to 10 and 30, we see more aggregation and that
is common. You do not really need to go above,
let us say 20 to 30 millimolar in concentration of
the buffers.

Now let us look at buffer type. Here, histamine
and phosphate seemed to be much better with
reducing aggregation than when compared to
citrate. Next pH. Decreasing the pH to five led
to more aggregation. So now that helps us
narrow in on our range of acceptable pH.

We will also look at the ICE data. ICE data is
telling us the same story. Basically, we want to
stay between pH six and seven. We want to
avoid the citric buffer. In fact, histamine seems
to be a bit better. And in general, with the ADCs
that we worked with here in our lab most of
them are quite stable and formulated well with
a histamine buffer, around pH six. And then
again, formulating between 10 and 30
millimolar. What this just helped us do is
determine our center point. Now we can
formulate at 15 millimolars of buffer and we
now have our acceptable formulation range.

Now let us consider formulation development.
So effective interfacial interactions. We
typically need to design some type of study to
look at the effective interfacial phenomenon
particularly at the air solution interface, the
glass solution interface and the ice solution
interface. So what we do is develop or create a
shake study and this doesn't have to be violent
shaking. This is just shaking so that you
constantly turn over the solution to expose the
molecules to the air solution interface.

And we'll set up something where we set
samples prepared with and without a
surfactant and hopefully the range of

surfactants so that we know what the minimum amount of surfactants is needed to prevent
aggregation. And we'll conduct this shaking for 30 to 60 minutes and then we'll also do freestyle studies
where we take the samples and freeze them and then thaw them for, let's say three and five cycles.



We often use Polysorbate 80 but there is the mixture out there. | haven't seen any literature that
suggests one is highly better than the other. Both are used to equal extent. And then we'll also look at a
shear stress study because... Q: (Question from the audience) a “Do you use poloxamers as
surfactants?" A: They can be used. We haven't used them widely in our lab. | cannot really tell you a
strong reason why. It is just that we have a lot more experience with polysorbate. Q: (Question from the
audience): “What surfactants other than PS 20 and 80 have you seen commonly used if any?” A: The
poloxamers like what was mentioned but again we do not often use those. But they are out there. I'll
show you a link to a website where you can look at where they're used and what types of formulations
are used and what concentrations. Very good questions.

| So, let's just jump to the next slide. This is an
example, this is an antibody-drug conjugate.
These are actually from two different
antibiotic-drug conjugates or studied, effect

of agitation and effect of freestyle. In here
we have polysorbate 80 presented.

No surfactant was needed in the formulation

Effect of Agitation on Percent Main Peak
Formulation PS80 (%) TO 30 Min 60 Min
T 0 596 5.7 £
2 0.02 99.7 996 9.5
3 010 995 995 995

In these studies we've prepared samples
without polysorbate with a very low

Effect of Freeze / Thaw on Percent Main Peak

Formulation PS80 (%) T 3X 5X
! o o 7 e concentration. You can even go lower 0.2%
3 o0 s %3 L but I've seen 0.1% and then | made an
ﬁ‘l:e[é;;z Trgrwp?;;nctptigicljocr:\cemrat\cn to determine if there is a minimum concentration artIfICIa“y hlgh 11% And we |ook to see |f
Excipients and their concentrations used in marketed products can be searched at the we haVe a ny d ifferences in the IOSS Of main
Ilee‘a?:‘g\ggl:cﬁefadtenis‘si::arch for Approved Drug Products (fda.gov) peak USing SEC and here we dO not. And we
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do not have to include a surfactant in these
formulations for the ADCs. This is the link
here to the website. There's inactive ingredient search that the FDA has. And it's a wonderful site. They
will not tell you this specific product that it's used in but it lists every product out of the market, whether
it be topical, injectable or oral that has that particular excipient in it. And at what concentrations.

Q: (Question from the audience): “Are ADCs more stable than classic monoclonal antibodies?” A: From
my experience, | have to say, ADCs we have worked with have been extremely stable or there a certain
monoclonal antibodies that show a far less stability so, yeah, it's a good question. And almost makes you
feel like it's easier to work with, but it don't let your guard down. You still have to perform these studies
because they can still degrade. But just for your reference, check out that website. It really helps to
show you what the maximum concentrations
have been used. And there are for some
Transtsrefitia smgll molecule .form}JIations that are
Solution to i delivered by IV infusion, the amount of
Filling Needles i g - : polysorbate present is far larger than you
ST —— ' would expect. So it's a good site to see
manufacturing 1 what's out there.

Several years ago, there was a conference
where (I can't remember who presented it)
but there was a presentation there about the
types of filling methods that were used. And
someone had said that you should never use
a piston pump and | can't say that. Q:
(Question from the audience) “Should we use
polysorbate after the CMC concentration?”

Piston Pump




A: By default, you already are. Most of these polysorbates have CMC concentrations that are very, very
low. So, you're automatically forming the CMCs.

Back to the filling methods. So there are different filling methods and the manufacturing area. I'm only
listing two of them here, but one is your peristaltic pump. That's the two pictures on your left side.
That's where we use, let's say most often we're using a silicone type of tubing. That's threaded over
those rotating bars and they push let's use it as a positive displacement pump. So they rotate they
squeeze and let go of the silicone tubing to transfer the solution. The big challenges with those is it's
important to perform studies to determine how long can you use your silicone tubing in that pump
before you start to see degradation of your silicone tubing? What we have seen is that there can be
times for specific types of tubing since they're being compressed over time, often, they could split at the
sides or what's also very common is that the inside of the tubing rubs together and it creates spalling. So
you'll end up with small pieces of silicone tubing in your fill vials. So those are studies that are important
to conduct before you just use tubing for an extended amount of time. There's also what's known as the
piston pump and that's that lower picture on your left. | think | said left two pictures but for peristaltic
and not right. But the piston pump, what you're seeing there are two cylinders and inside the cylinder is
another cylinder that terms that goes up and down. And it has to be narrow enough to fit into that
outside cylinder without scraping. So that means there has to be a gap, that gap has to be filled and it's
filled with the solution that you're filling. So, that means it's considered self-lubricating. What it does is
that it moves, picks up a volume of solution and then injects it into your vial. The concern here is that
over time since that solution is being self-lubricating, that your molecule will build up over time. Some of
it remains trapped and is exposed to a lot of shear. For some molecules that's a problem, for others it's
not at all. But it's important to conduct a study to determine if it is a challenge.

So, let's just look at one challenge. This is
where we took solution and we circulated it
five times and 10 times through a peristaltic
pump and through a piston pump. Why

_ would I want to recycle it? Well, I'm trying to
m s imitate that solution being trapped in

n —-pisens between the cylinder for the piston pump
over time.

secpercentman | Effe@Ct of Pumping

peak after 2 weeks

at 40°C / 75% RH Method

And here we took those formulations and
placed them on short term stability one in

i N\ two weeks. Why would we do that? Well,
:2 \\ we learned the hard way. Before we just
| e " e e ) wanted to know, whether you see particles
—— Baxter % ! form over time and just tested them at T's

pre pump and then T zero didn't see any
changes and then we saw changes later on. What that made us realize is that we need to place these on
stability. And what we found is that certain molecules, this is for one particular ADC the piston pump
over time wasn't a bad choice. Because we saw an increase in aggregation and large decrease in main
peak.



i Considerations for Freeze
:: Drying a Large Molecule

* The effect of freezing on a large molecule
* The formation of ice leads to freeze — concentration
* Freeze concentration changes the solution environment
+ May lead to a pH shift with certain buffers
+ Presence of salts can change ionic strength

ice increases potential for unfolding at the ice — solution
interface.

+ Almost all large molecules will require an amorphous sugar for
stabilization in the freeze dried solid.

+ Concentration of protein combined with large surface area of

So consideration for freeze-drying a large
molecule I'm going to have to fast forward
through here | have a lot more slides here than
| have the time. We started a little bit late
though. We need to realize that there's freeze
concentration that occurs. And when freeze
concentration occurs, that changes the
environment in which your molecule was in so
that could lead to other changes. Some reasons
we'd want to add excipients well, if you have
low solids content, you'll want to add
something there for bulk. In general, since
we're talking about an ADC, it's a large
molecule, we have to have an amorphous

excipient there. Amorphous excipient surround those molecules and prevent them from unfolding,
maybe due to loss of water or from interacting with each other.

Experimental Design for Lyophilization Feasibility Study

Formulations for freeze drying and stability studies

Formulation ‘Sugar Type Sucrose (%) Mannitol (%) pH
Trehalose 1 5 5.0
Sucrose
Sucrose
Trehalose
Sucrose
Trehalose
Sucrose
Trehalose

[ I T S A TR
W oW wwn 2 on
w W ww o e
@
n

Concentration of crystalizing sugar (mannitol) must be equal to or
greater than the amorphous sugar (sucrose or trehalose)

—— Baxter

Freeze Drying

Equipment Overview

The Spider™
Sample
Extractor

Product
Chamber

Condenser

—— Baxter

So, we can conduct a study to look at different
sugar types we've done this where we look
examine the effect of sucrose and trehalose
while keeping mannitol constant.

The reason we do this is that if you're going to
use a crystallizing component, they have to be
at either the same concentration or more than
your amorphous component. Otherwise you
risk them not crystallizing.

Here is an example of a freeze dryer that
has a sample thief on there and on your
product chamber and then here's your
condenser. So water flows from your
product chamber to your condenser.




* Process Overview
« Freezing

= Cool solution to
around -40°C

FreezeBooster® + Hold isothermally to

Controlled N } solidify
Nucleation = ! ) :
Station = | + Primary Drying

= Removal of bulk ice

= Manipulate shelf
temperature and
chamber pressure to
control product
temperature

« Secondary Drying
* Increase shelf
temperature to
remove unfrozen
water

Freeze Drying

+ Process Overview Continued
« Vials are filled with solution
« Stoppers are partially seated in vials
» Vials are transferred to the shelf of the Iyophilizer

Lyophilization Cycle for a Feasibility Study

In-Process Data

|
Primary Drying

—— Baxter
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Just as an overview I've provided that before
already but so | won't go into depth here since
| don't have much time. But just realize that
there are different ways we could freeze
things, the slower you freeze it, meaning that if
you choose to freeze that let's say 0.1 degrees
C per minute, we see that there's a higher
degree of super cooling. That means the
solution does not freeze until very low
temperatures. That creates a very small ice
crystals and that could be a problem. We could
also include controlled ice nucleation this is an
example from Millrock where they use a freeze
booster that's where they're injecting a fog of
ice into the chamber to act as seeds.

These vials are filled with solution are partially
seated with the stoppers that have an escape
area. These happened to be single vent, but
they can be dual vent.

This is an example of in-process data. What |
wanted to show you here is the main portion
of this is primary drying and we can determine
when primary drying is done by a couple of
reasons. Again, that's a total different lecture.
We can look at product temperature. We
could also look at reduction of pressure
towards the end of primary drying.



This is an example of stability for these
Stability Data for Dried Solids freeze-dried solids. We found that, and
this was time and again with ADCs,

Store at 40°C / 75% RH for 2 Months theylre more Sensitive to pH than

- — anything else. So formulating at this
5 seo —fomt high pH 6.5 with trehalose is that
2 20 e formulation eight. Over two months,

we saw a large decrease in the
%0 g stability.

T0 1 month 2 month
Time

Formulation Sugar Type Sucrose (%) Mannitol (%) pH
Trehalose 3 5.

Sucrose
Sucrose
Trehalose
Sucrose
Trehalose
Sucrose
Trehalose
— Baxter I3
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Q: (Question from the audience) “In your experience, how comparable is the lyophilization behavior in
the ADC to the behavior of the drug-free mAb? A: They're pretty much comparable because the
monoclonal antibody itself let's say is about 150 kilodaltons. The ADC is very close to that. That linker
system and the small molecule that's attached, they don't add much more weight. So they're very close.
When we become concerned about... That's a good question, because what we're concerned about
when let's say, if we have to use a surrogate to do these studies, lyophlization studies. We might do that
because we are concerned about their resistance to mass flow of water vapor from the solid to the
condenser and if your surrogate has a far different molecular weight than your antibiotic drug
conjugate, it can have less resistance to mass transfer than your antibody drug conjugate and therefore
dry, faster and easier. So those are some things to keep in mind.

Let's say our goal here is that our dried solid

occupies the same volume as your solution. The

top we consider not acceptable. This was a
formulation form developed from just sucrose.

‘ And when you formulate with a morphous

¢ iRcceptable orNot? component only, they tend to shrink. In this

+ Dried solid should occupy the

samennlune Jo Favjilag when St Accaable case, the temperature and also resistance mass
transfer of water vapor are high and so you

resulted in much higher degrees of shrinking
you don't want that.

I Sample Appearance

Acceptable




I Sample Appearance

* Formulation and Process Affect Appearance
+ Must understand the behavior of the formulation at low
temperature.
+ Crystalline or amorphous?
» How do the components affect each other’s behavior?

= Are the critical product temperatures amenable to freeze drying?

+ Difficult to dry formulations when the product temperature must
remain below -37°C.

* High solids content increases the resistance to mass transfer.
« May increase drying time or may be difficult to dry.

Collapse

Examples of Poor Appearance

Example of Poor Appearance

Partial Collapse

In general, we want things to look good
because on the market you'll receive a lot of
complaints if they have an odd appearance.
They could be completely stable in fact, in a
lot of these collapsed formulations, we do not
really see a large change in stability. It's just
that they're difficult to reconstitute and they
don't look pretty.

Here are some examples of poor appearance.
This is collapse.

This is partial collapse and again, this was
mostly an amorphous compound.



Example of Poor Appearance

Puffing / Bubbling
« Formulation contained glycine that did not crystallize.

+ Had to include an annealing step to prevent puffing

— Baxter 139

Appearance of the Dried Solid

Considerations
+ Stability

* Collapsed solids have more water associated with them.
+ May or may not affect stability of the product.

* Product Complaints

+ May receive complaints from the market that require
investigations and responses.

* Suggests that formulation and process are not well
understood or controlled.

— Baxter a0

Identify the Failure Point During Primary Drying

Evaluate Samples for Changes in the Physical Appearance

Conduct aggressive cycles by increasing the shelf temperature at constant pressure.

50 250
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~— Shelf Iniet

"
I
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e Front Vial

Center Vial 1

Temperature (°C)
°
Pressure (mTorr)

g

e Center Vial 2

- Center Vial 3

Capacitance Manometer

222.5°C e Pirani Gauge

-50 -+ - - - - - - 0
0 5 10 25 30 35

15 20
Time (Hours)

Primary Drying Conducted at +30°C, 100 mTorr. Maximum Product Temperature = -22.5°C
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This is an example of puffing and this
particular formulation, it contained
glycine and the original cycle did not
have an annealing cycle. It was
completely stable just like that but if you
add an annealing step the entire solid
looks much more presentable.

Just some considerations of why you
want things to look good.

I'm going to jump here; we want to
conduct failure identification and failure
studies. And that's where we use the
same samples over and over again, let's
say about 10 of them and we freeze dry
it warmer and warmer temperatures.
And we want to look at the effect of the
shelf temperature on product
temperature and appearance.



Identify the Failure Point During Primary Drying

Conduct a Cycle Using +40°C Shelf Temperature

gx 120 §
2
£10 E
H 100
fo . ¢
Front Vial 2
£ 80 &
2-10 —==Center Vial T
60
20 + e Center Viat 2
30 | Shelf infet 0
40 + =—=Capacitance Manometer 20
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Time (Hours)

Primary Drying Conducted at +40°C, 100 mTorr. Maximum Product Temperature = -16.3°C.
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Identify Failure Point During Primary Drying

Appearance of Samples Dried at +30°C During Primary Drying

All Samples Exhibited Acceptable Appearance as Expected Because
Product Temperature was Maintained Below Failure Point

— Baxter o

Identification of Secondary Drying Conditions

Determine the Effect of Residual Moisture on the Stability of the Formulation

» Create a calibration curve using NIR and Karl Fischer (KF)
= Obtain samples during secondary drying at different temperatures to obtain
samples with a wide range of residual moisture levels
= Scan the samples using NIR and confirm residual moisture using KF

¥ =0.9924x +0.0227 .
RE=0.9951 -

Calculated % Residual Moisture
& 4 K oW B o, @ o~

Actual % Residual Moisture
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So I'm going to jump to this one. This
formulation is formulated with Mannitol
and sucrose. And this is just an example of
how stable it is drying. The entire freeze-
drying cycle is conducted at four degrees
C.

It never came close to the failure point
and the samples still look presentable. A
slight change but that's just kind of
creeping away from the wall. There were
still acceptable.

A final point we like to examine the effect
of residual moisture and stability. And we
do that by taking samples throughout
secondary drying conditions and building
a calibration curve using near NIR and Karl
Fischer.



Collection of Samples During
Secondary Drying

Collection of Samples During Secondary Drying

The Effect of Shelf Temperature and Time on Residual Moisture Content

. 3.83%
)

Temperature, €
% Residual water

-

Identification of Secondary Drying Conditions

Determine the Effect of Residual Moisture on the Stability of the Formulation

» Collect samples with specific residual moisture levels

= Conduct a cycle and remove samples at specific shelf temperatures during
secondary drying based on the calibration curve

= Scan samples using NIR to determine moisture level

= Place samples with high, medium, and low moisture levels on accelerated
stability
= Samples removed at 15°C, 30°C, and 50°C resulting in average residual

moisture values of 2.3%, 0.8%, and 0.4%, respectfully

» Examine samples for changes as a function of moisture content
= Include thermal analyses, such as DSC and XRPD

— Baxter 149

We use a sample thief to start collecting
samples throughout the end of primary
drying and throughout secondary drying.

This is an example, here are steps in shelf
temperature. And this is how dry the
residual moisture is affected by shelf
temperature in time at that shelf
temperature. Here at the end of primary
drying at minus 25 this product had
almost four percent moisture.

But if you hold it minus 10 for say, a
number of hours, moisture drops to
around two and a half percent and so
forth. And so what we'll do is we'll
conduct a study or work removing
samples at specific conditions so that we
have samples prepared with different
levels of residual moisture.

This tends to be a very consistent way of
obtaining samples with definite residual
moisture contents. We then take these
samples, scan them using NIR to attain
the exact concentration of residual
moisture to zero, and then store them on
stability.



Effect of Moisture Content on Tg

= Water is a plasticizer and decreases the Tg in the samples with higher levels of

residual moisture
= Tg values range from 60°C to 78°C.
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X-Ray Powder Diffraction (XRPD) — TO

Effect of Residual Moisture on Mannitol Hemi-Hydrate Content
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Here are examples of how they change this
is T zero using DSC. We see with high
moisture concentration, the TG of this
dried salad shifts to the left. So lower
temperatures that means possibly less
stability and even shifts after two months
of storage, even further.

Another thing we look at is extra PD, extra
power refraction is where we take these
solids, we x-ray them, and they contain
mannitol. Here, I'm pointing out with the
arrow mannitol hemihydrate.

It tends to form in most conditions when
you freeze dry it. And what we're worried
about is the loss of that hydrate because
as it's lost, it releases moisture. And that
could interact with your solids. In the
cases where we studied luckily, it hasn't
been a problem. Our molecules have still
been completely stable, but it's something
we still investigate.



Effect of Moisture Content on Stability

Comparison of iCE Data

+ Slightly larger decrease in percent main peak at high moisture content
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Summary

ADCs and Product Development
= ADCs are monoclonal antibodies with a linker system that connects molecules of
a chemotherapeutic agent to the mAb.
ADCs are designed to specifically target tumor cells that express or over express
an antigen.
The ADC will preferably attach only to the tumor cells where they deliver their
payload

There are 2 different linker systems

Cleavable and non-cleavable

Most recent linker systems hold the chemotherapeutic agent tightly onto the
mADb to prevent release before the mAb attaches to the tumor cell

Keep formulations simple and only add excipients when the data support
them

Design studies to determine the failure points and establish acceptable ranges for
excipients as well as process parameters.

— Baxter I s7

And then we of course include iCE SCC.
In this case, it's showing that with
higher moisture you're seeing a little
more to degradation.

So, I'll quit there because we've already
gone well past our time. | tried to
answer questions as they went. Are
there any additional questions that you
can think of before we end? If not, I'd
like to thank you for attending. Thank
you for your attention and hope it was
useful to you.
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