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Characterization of an antibody-drug-conjugate (ADC) using
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Simple and fast-tracking of DAR distribution using intact
multiple attribute methodology (Intact MAM)

DAR determination for cystine-linked ADC (Vorsetuzumab) featuring SCIEX OS software

Kazuko Inoue', Ryo Yokoyama? Chie Inagaki?, Greg Roman?®, and Zoe Zhang?

'Eisai Co.,Ltd., Japan ?SCIEX Japan, *SCIEX USA

This technical note highlights the utility of SCIEX's flexible
solution for intact MAM within SCIEX OS software. This example
shows the drug antibody ratio (DAR) monitoring for antibody-
drug conjugates (ADCs). The streamlined MAM data flow from
data acquisition to data processing in compliance-ready SCIEX
OS software will also be demonstrated.

ADCs are biotherapeutics composed of small molecule drugs
conjugated to an antibody scaffold. An ADC molecule consists of
three components: monoclonal antibody, linker, and cytotoxic
drug. As a result, ADCs have a very complex molecular structure
with macromolecules and small molecule characteristics. The
information about the average DAR is essential for assessing
ADC qualities. For instance, a low DAR could reduce the efficacy
of a drug. Therefore, DAR values are one of the critical quality
attributes (CQAs) for the therapeutic index of ADCs.

In this technical note, we demonstrate SCIEX's intact MAM
workflow in DAR determination of a cystine-linked ADC from

monkey and mouse plasma. A time course study was
performed to showcase the streamlined LC-MS based
workflow, combining SCIEX high-resolution QTOF mass
spectrometry with user-friendly data analysis software.

Key features of SCIEX's intact MAM solution
for DAR monitoring

e High throughput: DAR monitoring for a large sample set

o Intuitive software: Powerful product attribute definition,
tracking, and quantification with flexible custom calculations
for CQAs based on specific user needs.

e Streamlined solution: Complete software solution for
acquisition and quantitative tracking of DAR changes.

e Compliance-ready: DAR quantification and monitoring are
performed in compliance-ready SCIEX OS software.

Streamlined Sciex flexible solution for MAM

Figure 1. A streamlined workflow for DAR monitoring using SCIEX intact MAM

RUO-MKT-02-15063
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Methods

Sample preparation:

Vorsetuzumab Mc-VC-PAB-MMAE ADC was purchased from
Creative Biolab Inc., (Shirley, NY). Human, monkey, mouse
plasma, and PBS samples were incubated with vorsetuzumab
MMAE ADC (30 pL, 0.1 mg/mL) for time intervals of 0, 24, 48,
and 72 hrs. These samples were diluted with HBS-EP buffer
(260 pL), followed by the addition of biotinylated human CD27
ligand as antigen of vorsetuzumab (10pL of 0.2 mg/mL aqueous
solution). The mixture was incubated at room temperature for 15
minutes to generate conjugates with biotinylated human CD27
and vorsetuzumab MMAE ADC. Subsequently, streptavidin
immobilized magnetic beads (Dynabeads M-280 streptavidin)
were suspended into the resulting mixture and incubated at room
temperature for 15 minutes with continuous mixing. After
incubation, the resulting magnetic beads collected from the
mixture were washed with HBS-EP buffer twice.

Table 2. Chromatography for intact and subunit analysis.

Time [min] Mobile Phase A [%] Mobile Phase B [%]
Initial 80 20
8 50 50
9 10 90
12 10 90
12.1 80 20
17 80 20

The biotinylated vorsetuzumab MMAE ADC was released from
the streptavidin magnetic beads using a pre-mixed PNGaseF
reaction solution (1ulL of rapid PNGaseF diluted with 37°C
prewarmed MilliQ water). Then it was incubated at 37°C for 60
minutes to conduct on-bead deglycosylation. After collecting the
magnetic beads from the rapid PNGaseF reaction mixture, the
beads were washed with HBS-EP buffer. The vorsetuzumab
MMAE ADC captured on the beads was eluted with 50 uL of
acetonitrile/MilliQ water/formic acid (10/90/0.01 V/V/V). The
eluates were treated with 10 mM TCEP at a final concentration
for 30 minutes at 37°C to reduce the intra-chain disulfide bond of
the ADC. The reduced ADC sample was injected into a
TripleTOF 6600+ system with a UPLC system.

Chromatography:

Subunits were separated using an ACQUITY BEH protein C4 1.7
um, 2.1 x 50 mm analytical column (Waters), which was kept at
80°C in the column oven of a Nexera 30A (Shimadzu) UHPLC
system. Table 1 shows the LC gradient used for subunit
separation at a flow rate of 0.3 mL/min with mobile phases A and

RUO-MKT-02-15063

B consisting of 0.1% formic acid in water and 0.1% FA in
acetonitrile, respectively.

Mass spectrometry:

LC-MS data were acquired using the TripleTOF 6600+ system.
The key TOF parameters are listed in Table 2.

Table 2. MS parameters for subunit and intact mass analysis.

Parameter Setting
Scan mode TOF-MS
Polarity Positive
Intact protein mode ON
Gas 1 60 psi
Gas 2 60 psi
Curtain gas 30 psi
Temperature 450 °C
lon spray voltage 5500 V
CAD gas 6
Time bins to sum 80
Accumulation time 0.5s
Start mass 500 m/z
Stop mass 4,000 m/z
Declustering potential 120 V
Collision energy 10V

Data processing:

Reconstruction and average DAR calculation of cystine-linked
ADCs were performed in compliance-ready SCIEX OS software,
version 2.2.

AHBENAEWANTREZAZRESE, FRATELEHEEMBN,
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Figure 2. Reconstructed spectrum from Cys-linked ADC incubated in human plasma. Top: Heavy chain. Bottom: light chain. Peaks corresponding
to the molecule carrying a higher number of drug payloads decreased throughout incubation time.

Data collection for DAR calculations

Compared to traditional antibodies, ADCs go through more
potential biotransformations with a payload in vivo and in vitro,
which can change DAR distribution significantly. ' The change of
in vivo DAR distribution of trastuzumab emtansine was recently
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reported in literature .23 DAR is one of the CQAs that must be
closely monitored during ADC manufacture and storage as it can
affect drug efficacy and safety. In this work, a time course
stability study was designed to investigate the changes of DAR
distribution from incubation of vorsetuzumab in different plasma.
Data were collected, evaluated, and reconstructed using SCIEX
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Figure 3. Parameter definition for each subunit of vorsetuzumab MMAE ADC in SCIEX OS software. SCIEX OS software allows
for convenient deconvolution of the respective subunits related to the ADC.

OS software over the time course study for vorsetuzumab MMAE
ADC in human plasma, as shown in Figure 2. The ADC peaks
with a different number of drug payloads were labeled in the
reconstructed spectra. The dominant species observed for the
heavy chain carried 0-3 drug molecules, while the light chain was
mainly conjugated with O or 1 drug payload. The DAR
distributions of both chains were shifted toward the lower
payloads throughout incubation.

Method generation for DAR calculation

SCIEX OS software offers a simple and streamlined intact MAM
solution*. Attributes can be easily defined, and integration
parameters for individual components can be adjusted to
achieve accurate quantitation in SCIEX OS software, as shown
in the previous technical note. * Figure 3 displays reconstruction
and peak integration parameters for developing intact MAM.
Using the advanced reconstruction parameters, the user can
define the number of spectra to average, S/N threshold,
resolution, and mass range for the assay. The attribute level can
be calculated within each attribute group using flexible custom
calculations. In this technical note, a method was built for

RUO-MKT-02-15063

automated DAR calculation, as shown in Figure 4. The
percentage of peak area for each payload from each subunit was
calculated using the formula displayed in Figure 4A. As
vorsetuzumab MMAE ADC has two heavy chains and two light
chains, the total ratio of each payload needs to be multiplied by
2, as shown in Figure 4B. Finally, the average DAR was
calculated by adding all the ratios from each payload (Figure
4C).

Intact MAM for automated DAR monitoring

Vorsetuzumab MMAE ADC samples incubated with plasma were
purified through immunocapture. On-bead reduction and
deglycosylation were performed to reduce sample complexity,
and a TripleTOF 6600+ system was employed to measure the
ADC's heavy chain and light chain. Molecular mass and
quantitative information of each subunit were obtained using
SCIEX's intact MAM solution. The average DAR of the entire
ADC can be calculated by building a custom formula within
SCIEX OS software, as illustrated in Figure 4. Detailed result
tables can be obtained and customized for accelerating data
review (Figure 5). The table includes all the quantification results
from intact MAM workflow, such as the ADC's absolute and

AHBENAEWANTREZAZRESE, FRATELEHEEMBN,

ADC ZiMEBMRR TR 15




Components Use the calculator to create a new formula. Components Use the calculator to create a new formula, 27 (0 [% Area of HC Drug_0))

Drug_1

Iculated Columns SUM MIN MEDIAN _ Calculated Columns --

R e e e

Note: The "Original text” option is recommended for formulas
that contain functions, such as the IF function, that compare
non-numeric values to numeric values.

Integration

m 2% (1 [% Area of HC Drug_1])
Drug_2

_ 2 * (2 * [% Area of HC Drug_2])

Drug_3

2* (3 * % Area of HC Drug 3])

Note: The *Original text" option is recommended for formulas
that contain functions, such as the IF function, that compare:

non-numeric values to numeri values. Treat resultng text values as | Zero v Lo
Workflow ( ) € Accept changes and retum to Calculated Columns X Discard
Components Use the calculator to create a new formula.

Formulaname | Average DAR

E [DAR of HC Drug 0] + [DAR of HC Drug_1] + [DAR of HC Drug_2] + [DAR of HC Drug_3] + [DAR of LC Drug_0] + [DAR of LC Drug_1]
== .
- — .

Integration

Note: The "Original text” option is recommended for formulas

that contain functions, such as the IF function, that compare.
non-numeric values to numeric values.

Figure 4. Custom formula for DAR calculation. (A) The calculation for the % area of each payload. Drug_1 is shown as an example. (B) The

calculation for the DAR of each payload. Drug_0, Drug_1, Drug_2, and Drug_3 on the heavy chain are shown as an example. (C) The calculation for
the average DAR of the entire ADC.
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Figure 5. Result table and metric plot of DAR in SCIEX OS software. (A) Result table showing reconstructed peak area and DAR calculated
customized formula. TIC, MS, and reconstructed spectrum were displayed on the same page. (B) Metric plots allow for easy visualization of DAR
distribution changes.

RUO-MKT-02-15063 ARABFNAELANTREERZTRESSE, TATHLEHEREMEN,

nxiRE Q

16 ADC Z5¥) SEBfRIR TR



percentage peak areas with a different number of drugs and

12 13 14 15 16

Average DAR (Intact ADC)

(| )

1.2 3 4 5 6 7 8 9 10 M1

1; Human_0Ohr, 2; Human_24hr 3; Human_48hr 4; Human_72hr

5; Monkey_0hr, 6; Monkey _24hr , 7; Monkey _48hr . 8; Monkey _72hr
9; Mouse_0hr, 10; Mouse _24hr . 11; Mouse _48hr . 12; Mouse _72hr

Figure 6. Average DAR of Intact ADC and DAR of each payload results. A;
Average DAR monitoring from each sample. B; DAR monitoring of each
payload result.

average DAR (Figure 5A). The results can be sorted by sample,
targeted attribute, or modification event.

A metric plot can be created to visualize the change of each
attribute (Figure 5B), offering a quick way of detecting changes
in the molecule. The metric plot in Figure 5B clearly shows that
the DAR distribution decreased throughout incubation of
vorsetuzumab MMAE ADC in different plasma (human, monkey,
and mouse). By comparison, the control samples incubated with
PBS did not show this trend, as the DAR remained consistent
over 3 days of incubation. The change in DAR distribution can
also be visualized using a bar graph, as displayed in Figure 6.
These results suggested that vorsetuzumab MMAE ADC
underwent a potential biotransformation process of the payload
in plasma, leading to a decrease in the average DAR value.
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Conclusions

SCIEX's flexible solution for intact MAM within SCIEX OS
software offers a powerful workflow for ADC analysis by
providing a streamlined and compliant software package,
from data acquisition through data analysis

e The combination of SCIEX high resolution mass
spectrometry and streamlined software presents a cutting-
edge solution for attribute monitoring in process
development, enabling faster decision making

eThe TripleTOF 6600+ system and SCIEX OS software
provide an excellent DAR monitoring tool.
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Introduction

Antibody drug conjugates (ADC’s) are an important class of
biotherapeutic compounds delivering a targeted, usually
cytotoxic drug selectively to the target cell. Lysine —linked
ADC'’s can be very complex with multiple payloads conjugated
to the same biotherapeutic protein. The drug-antibody-ratio
(DAR) needs to be characterized and monitored from batch-to-
batch, to ensure safety and efficacy of the biotherapeutic.
Analysis time bottleneck in a conventional set-up would be the
deglycosylation step, which is usually required to eliminate
complexity in the sample. Here we present data acquired from
a non-treated ADC with multiple payloads, and N-glycosylation
intact. Despite the complexity, reproducible analysis and
processing was achieved. Differential ion mobility was used to
further reduce the complexity and the background
interferences.

Intact protein analysis for antibodies and ADCs is a rapid
method for global observations of changes to product from lot-
to-lot. Intact protein analysis is used to control mass of
complete protein product, (i.e. to discover possible clipping or
truncation), glycosylation heterogeneity, and to assess the
DAR of ADCs. These aspects should be vigorously controlled,
as biological therapeutics are produced in cells, and
glycosylation patterns may vary due to changes in production.
The drug conjugation efficiency should also be assessed to
ensure safety and efficacy.

Reproducible, reliable and trustworthy data and processing are
the most important factors to assess the information from
intact protein analysis.

Lysine linked ADC’s are a common class of ADCs, with a high
number of possible conjugation sites in the structure (IgG
amino acids sequence typically has more than 70 Lys —
residues). Monitoring and characterization of the DAR calls for
strong data quality and confidence in data processing, with
automated calculations to allow fast decision making on the
quality of the product. The tools allowing for good quality
spectra and automated batch processing in the
biopharmaceutical industry allow not only for the sample

RUO-MKT-02-2814-A

preparation time to be reduced, but also to allow the response
time to the synthetic chemist department to be reduced. The
speed of the analysis would also allow for the opportunity to look
at more synthesis options in the same timeframe, and therefore
faster synthesis method optimization.

Total analysis time depends on the sample preparation. The
simpler this can be made, the more samples can be analyzed in a
reasonable time frame. To reduce the sample preparation time
high data quality, and orthogonal separation methods can be
used to evaluate product complexity. Differential ion mobility has
been shown to effectively reduce the data complexity and to
separate features of different sizes and mobility. Here, the
interferences in the spectra were separated from the ADC of
interest.
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Figure 1 (A) comparison of raw spectra from the chromatographic system
1: reverse phase separation. In Blue: spectra with SelexlON® technology
cell optimized for the transmission of ADC ions. In Pink: no differential
mobility separation applied. (B) Reconstructed spectrum of the Selex ON
technology-acquired data.

Experimental

Lysine-linked ADC was kindly provided by Sanofi-Vitry (France).
The amino acid sequence and drug moiety structure are
proprietary information.

The ADC sample was analyzed using TripleTOF® 5600 coupled
to Shimadzu Nexera UHPLC, by two different chromatographic
set-ups:
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1. Agilent SB C-8 (5pm 1mmx75mm). Gradient with 20 min
run time, 200 pyL/min flow rate. Solvents A: 0.1% formic
acid (FA) water; B: 0.1% FA Acetonitrile.

2. Waters Acquity UPLC BEH 200 SEC (1,7um
4,6mmx300mm). Gradient with 35 min run time, 300-400
uL/min flow rate. Solvents A: Ammonium formate 25mM,
1% FA; B: Acetonitrile. Column temperature 60 °C in both
cases. 5-10ug of ADC loaded on column per run.

SelexlON DMS technology was used in chromatographic
system 1. Data was acquired with a TOF-MS scan over the
mass range (m/z = 400-4500).Peak reconstruction was
performed using BioPharmaView™ software.
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Figure 2 Optimization of the SelexlON technology compensation
voltages (CoV) on a monoclonal antibody (mAb). Panes have been
marked with the applied CoV (here shown from -6 to 9). The separation
voltage was optimized to 3500V. For large proteins such as mAbs, the
transmission optimum was found with negative CoVs; for the smaller
proteins (Ab light chain) and interferences, the transmission optimum
was found with positive CoVs.

Results

In the initial (higher through-put) RP (C-8) set-up with SelexlON
differential mobility separation technology was used to reduce
background interference to allow for cleaner spectra and better
processing (Figure 1). The signal from the light chain (MW
around 25kDa) and the formulation background interference
was separated from the signal of the ADC (MW around 150
kDa) by separation voltage (SV) of 3500 V and compensation
voltage (CoV) of 3. The SelexlON parameters were optimized
by multiple injections to ramp through compensation voltages
from -12V to +12V, with the lower molecular weight features
having transmission optimum at the higher end (6-12V) and the
higher molecular weight features having their transmission
optimum at lower CoV values (-3 - 0) (Figure 2).

The second chromatographic set-up, with size exclusion type
separation, allowed for reconstruction quality spectra to be
acquired in normal mode with the TripleTOF system (Figure 3).

Data processing was achieved in BioPharmaView™ software
which employs maximum entropy reconstruction, here 100
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iterations employed (Figure 4). Batch submission in
BioPharmaView software demonstrated high level of
reproducibility in both, analysis and reconstruction processing.

Non-deglycosylated ADC was identified to carry up to 7 payloads
per antibody (Figures 4 and 5). The glycosylation pattern showed
three glycan structures to be the most significant ones
(combinations of GOF-GOF, GOF-G1F, G1F-G1F, G1F-G2F, G2F-
G2F; Figure 4.). The raw data was complex, -carrying
heterogeneity from both, the drug conjugation and the
glycosylation. The charge state envelope showed highest
intensity signal for charge states from about +40 to +65 in
chromatographic system 1, and +35 to +60 in the
chromatographic system 2.
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Figure 3 Chromatographic system 2 (SEC separation) Total ion
Chromatogram (3A) and the obtained ADC raw spectrum (3B) and a
zoom-in of the spectrum (3C) with the charge states highlighted
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In addition to reconstruction, BioPharmaView software performs
automated DAR calculations. The calculations for the samples
shown in Figure 4 are shown in Figure 5. The batch processing
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of six injections of the same sample are shown in Figure 6.
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Figure 5 Automated DAR calculations for the non-deglycosylated ADC.
The reconstruction area is given as a value, and also as a percentage
of the total area per each multiplicity of conjugation. The multiplicity is
represented as columns and the final DAR ratio is calculated.
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Figure 6 Reconstruction of analysis of six injections of the non-
deglycosylated ADC: (6A) the overlay of six reconstructed spectra, (6B)
the DAR ratios and (6C) the multiplicity represented as columns for the six
injections.

Conclusions

Complex ADC’s can be reproducibly analyzed without time
consuming sample preparation to deglycosylate the protein. The
reconstruction with BioPharmaView software enabled both the
DAR to be calculated and the glycosylation pattern to be
monitored within a single sample and single analysis for this
complex biotherapeutic. The sample analysis time was reduced to
obtain higher through-put by excluding sample pretreatment time,
combining shorter analysis time with SelexlON technology
separation, and by enabling fast data-analysis batch-processing
by BioPharmaView software
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Native LC-MS Analysis of an Intact Cysteine-Linked

Antibody-Drug-Conjugate

Featuring SCIEX TripleTOF® 6600 system with lonDrive™ Turbo V source and BioPharmaView™

Software 3.0.1
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The concept of antibody-drug-conjugates (ADC) delivering a
cytotoxic compound specifically to malignant target cells with the
help of a (at that time called) “heptophore” was described by
Paul Ehrlich in 1913. This very reasonable concept increases
selectivity for delivery and minimizes off-target toxicity. More
than 100 years later, much development focusing amongst
others on the protein itself, cytotoxic drugs, linkers, and
conjugation chemistry have been developed. Usually,
conjugation of payloads are obtained via lysine-linkage or
cysteine-linkage using native or engineered residues. Linkers
binding to the protein through thiols from cysteines offer an
advantage of less heterogeneity compared to lysine-linked ADCs
and the potential to be reduced in cellular compartments
releasing the drugs inside the cells while keeping the conjugates
intact during circulation.

With heterogeneity being a major challenge in the development
of ADCs, a variety of analytical tools are applied throughout
characterization. While conjugated light and heavy chains can be
analyzed separately after reduction of remaining inter chain
disulfide bonds using reversed-phase LC-MS detection. To
monitor the intact ADC, native LC-MS analysis provides a non-
denaturing approach to analyze intact ADCs. For native analysis,
size exclusion chromatography (SEC) with volatile, aqueous
buffers enables scientists to determine the drug-antibody-ratio
(DAR) on intact level for ADCs. The DAR is a critical quality
attribute (CQA) of ADCs which needs to be assessed during the
characterization of biotherapeutics. Furthermore, proteins take
up fewer charges during native analysis compared to reversed
phase conditions, resulting in less distribution of the signal and
an increased spacing of different features of the sample on the
m/z-axis. Finally, it is less unlikely to induce artefacts during the
analysis.

Here, the advantages applying native conditions for the
characterization of ADCs using a TripleTOF 6600 system are
described. A cysteine-linked ADC sample obtained from Merck
KGaA, Darmstadt, Germany was used as a model molecule for
which MS parameters were optimized and the DAR was
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assessed on intact level. In addition, the heterogeneity of the
sample was investigated and reconstructed masses were
assigned to different protein features.

Key Feature of TripleTOF 6600 System with
lonDrive Turbo V source and BioPharmaView
Software

e High resolution and high sensitivity for native MS analysis of
proteins and protein complexes

o Efficient desolvation of native eluents without disruption of
protein complexes

e Automatic matching or protein forms and DAR calculation of
ADCs
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Materials and Methods

Sample

A cysteine-linked ADC sample (see Figure 1) based on a mouse
monoclonal antibody (mAb) against hen egg lysozyme (HEL)
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Figure 1. Conjugation example via cysteines for MC vc-PAB-
MMAE.

coupled with maleimidio caproyl (MC) valine-citrulline (vc) p-
aminobenzyl oxycarbonyl (PAB) monomethyl auristatin E (MMAE)
(anti-HELXMC-vc-PAB-MMAE) obtained from Merck KGaA,
Darmstadt, Germany (c = 4.09 mg/mL).

Chromatography and Mass Spectrometry

An ExionLC™ system coupled to a SCIEX accurate mass
spectrometer TripleTOF 6600 system equipped with an lonDrive
Turbo V source were used for data acquisition. An isocratic
chromatography was used with conditions as shown in Table 1.
The MS parameters used are shown in Table 2.

Table 1. Chromatographic Conditions.

Parameter Value

Column Phenomenex bioZen SEC-3 150%4.6 mm, 1.8 ym
Mobile Phase A 50 mM ammonium acetate, pH 7.2

Mobile Phase B 50 mM ammonium acetate, pH 7.2

Flow Rate 150 pL/min

Column 26 °C

Temperature

Injection Amount 25 pl /100 g

Data processing:

Data was processed using BioPharmaView Software 3.0.1.
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Table 2. MS Parameters.

Parameter Setting
Scan Mode TOF-MS positive
GS1 60 psi
GS2 60 psi
Curtain Gas 35 psi
Source Temperature 250 °C
lon Spray Voltage 5000 V
Time Bins to Sum 80
Accumulation Time 1sec
TOF Start 1,000 m/z
TOF Stop 7,000 m/z
Declustering Potential 100 V
Collision Energy 7eV

Results

Analyzing the ADC sample under native conditions using the
TripleTOF 6600 system fitted with the lonDrive Turbo V source
resulted in a charge state envelope at higher m/z values
compared to denaturing analysis as expected (see Figure 2).
Using a source temperature of 250°C, reduced ion spray voltage
of 5000 V, and a low declustering potential, the non-covalent
sample was efficiently ionized, desolvated, and detected in its
intact state. Under native-like conditions the protein maintains a
3-D structure and therefore does not take up as many charges as
when being analyzed under denaturating conditions (envelope
between 5000-6700 m/z, Figure 2). Even though soft source
conditions are needed for keeping the molecule intact, the
desolvation of the molecules with the lonDrive Turbo V source
could be performed successfully. The source ensures high
efficiency in transferring heat to the molecule via two efficient
heaters, so that even when using low temperatures desolvation,
nicely separated protein features on an m/z scale (Figure 2, upper
right-hand corner), are obtained. The high quality raw spectrum
was reconstructed to a “zero charge state” using BioPharmaView
software allowing to assign the major proteoforms (Figure 3) with
theoretically calculated masses based on the sequence and
known modifications such as glycosylations and linker/drug
information. The protein was detected without any drug load
(naked mAb), with two drugs and with four drugs attached. For
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each drug load, different glycoforms were observed as expected
(see Figure 3).

By processing with BioPharmaView software the main 1108 .

proteoforms were automatically assigned and used to calculate a Lang - ‘

DAR value of 2.78 based on the reconstructed peak areas (Figure ::: E |

4). Furthermore, the drug load was visualized within the software _ I - Jii

as a bar graph for easy and quick comparison of different samples E 500 - r

or batches (Figure 4, upper right hand corner). = j:: p= —
Additional peaks were found in the reconstructed data which were ::: |

confirmed by the high quality spectral raw data using the help of 100 ‘W hl \J w ‘WL "\JU~ H\ L ll\

the so called hypermass tool: Any given peak in the reconstructed R T s:i“ \“‘”;zn:‘“ R

Mass/Charge

data can be calculated back to the potential charge states in the
raw data helping the user to discriminate between real peaks
being supported by raw data and potential artefacts (see figure 5).
These peaks could be linked back to partial loss of the MC-vc-
PAB-MMAE load (delta mass of 760 Da) and to the loss of
glycosylation with a delta mass of 1445 Da (see green and orange
labelling in Figure 3). Itis not clear if the losses are induced during
sample preparation, storage, or from the analysis. Interestingly,
loss of glycosylation has not been observed in native studies of
non-ADC molecules.’

Figure 2. TOF-MS raw data for intact ADC sample. Upper right
corner shows zoomed view of charge state z-28.
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Figure 3: Reconstructed TOF-MS data. Main glycoforms of naked mAb, mAb with drug load two and four can be found. In addition delta
masses of 760 Da and 1445 Da being linked to the loss of the drug and a part of the linker (orange arrows) and a loss of one GOF (green
arrows) could be assigned.
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display of drug load revealing a DAR of 2.78.
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Figure 4: Automatic processing in BioPharmaView software. Automatic assignment of reconstructed peaks, DAR calculation and graphical
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Figure 5: Hypermass feature in BioPharmaView software. Highlighting a peak in the reconstructed data (right hand side) results in a
calculation of all potential charge states in the raw data (red highlights, left hand side) enabling a user to discriminate between real
information and artefacts.
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Conclusions

Native SEC-MS provides orthogonal information to other
analytical tools for ADC samples during characterization. The
TripleTOF 6600 system and lonDrive Turbo V source resulted in
high quality data for accurate measurement of non-covalently
bound samples such as cysteine-linked ADCs in an intact state
under native conditions with minimal optimization. The source
technology of the lonDrive Turbo V source combines an excellent
desolvation of the molecule with soft ionization. The processing of
the raw data with BioPharmaView software enables users to get
access to critical quality attributes such as DAR with minimal
hands-on time. The high quality raw data provided additional
information on less abundant protein features giving further
insights into the complex molecular details of ADC samples.
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Intact Analysis of Antibody Drug Conjugates
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Introduction

Antibody-drug conjugates (ADCs) are an emerging class of
biotherapeutics. They offer the specificity of monoclonal
antibodies while incorporating cytotoxic payloads to efficiently
target and kill infected cells. By their nature, ADCs are highly
complex as they use an antibody backbone which must be well
characterized. Adding to this complexity is conjugation of the
cytotoxic payloads or drugs to the antibody. The number of drugs
attached to the antibody has been shown to impact the safety
and efficacy of the resulting ADC, and as such, must be
characterized and monitored through development. [1-3]

Presented here is a streamlined approach for the analysis of
ADCs to rapidly and accurately calculate the drug-to-antibody
ratio (DAR). We will discuss the use of the new, compact X500B
QToF, powered by SCIEX OS, with data processing using
BioPharmaView™ 2.0.1 for routine characterization of ADCs and
calculation of DAR using both the glycosylated and
deglycosylated forms.
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Figure 1: Trastuzumab emtasine. T-DM1 consists of a trastuzumab

backbone with MCC linker binding DM1, a cytotoxic drug to the antibody
via lysine residues.
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Experimental

Samples were prepared either neat for the glycosylated form or
using PNGase F (New England BioLabs (Ipswich, MA, USA) using
their standard protocol.

LCMS analyses were conducted using a benchtop X500B QTOF
mass spectrometer using SCIEX OS equipped with an Exion LC™
system. Table 1 lists the LCMS conditions used in these analyses.
Data was processed using BioPharmaView™ for reconstruction of
the intact protein and calculation of DAR.

Table 1 Exion LC™ conditions

Column Agilent Poroshell 300SB-C8 1.0 x 75mm 5 um
Mobile phase A 0.1 % Formic acid in water

Mobile Phase B 0.1% Formic acid in acetonitrile

Flow rate 0.2 mL/min

Column Temperature 75°C

Table 2 X500B mass spectrometry conditions

Source parameters:

CUR 30
GS1 50
GS2 50

lon Spray Voltage 5000 V
Source Temperature 400°C
TOFMS mass range 900 — 4000 m/z
DP 250 V
Accumulation time 05s
Time bins to sum 80
Intact Protein Mode (IPM) On
Large Proteins (>70kDa) On
Decrease Detector Voltage On

DP 250 V

Results and Discussion
Glycosylated T-DM1

For this study, we used trastuzumab emtansine (T-DM1), a lysine
conjugated ADC for the treatment of HER-2 positive metastatic
breast cancer. T-DM1 is comprised of an antibody, trastuzumab,
covalently linked via lysine residues to cytotoxic drug molecules
which are liberated following internalization by target cells (Figure
1). As drug molecules are attached to the antibody following
expression, assessment of the drug-to-antibody ratio (DAR) must
be determined regularly as part of the drug development process.
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We began our study by determining the DAR of the intact ADC.
As shown in Figure 2A, the resulting raw spectrum is highly
complex. Using the BioPharmaView reconstruction algorithm,
we generated high quality reconstructed spectra clearly showing
the different DAR species as well as the glycoprofile for each
DAR. The resulting reconstruction of the raw data gives us a
range of between 0-8 drugs attached to the trastuzumab (Figure
2B). As expected, the glycoprofile for each DAR is consistent
across each of the DAR species.

Mecorsiucod sty

e

Figure 3: Trastuzumab emtansine with 3 drugs attached. A closer
look at the reconstructed DAR shows evidence for the main glycoforms:
1 GOF/GOF, 2: GOF/G1F, 3:G1F/G1F and 4: G1F/G2F with
corresponding additions of one MCC linker without DM1.

Using BioPharmaView, (DAR) can be calculated based on the
reconstructed peak area distribution of the different drug
conjugated antibodies. DAR was calculated to be 3.49 (Figure.
5), which agrees well with previously reported value of 3.5 [1-3].
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Figure 2: T-DM1 raw (A) and reconstructed (B) data. Raw data (2A) oo -
includes glycosylations and ADC which increases the normal complexity T e e & ’.
of an antibody spectrum while 2B shows the reconstruction using L T e A L -
. iipicy

BioPharmaView and calculating 0-8 drugs attached to the trastuzumab.
. Figure 4: Calculation of DAR for trastuzumab emtasine usin
Looking CIOS?IV at each reconstructgd DAR separately, we BiogaPharmaViewT"'. Calculation of DAR using the software gives g
clearly see evidence for each of the main glycoforms as well as a simple table and graph, showing the median multiplicity of the ratio.
corresponding set of species with a mass shift of 221 Da and not Highlighted in the top right is the ratio calculated which was 3.49.

219 Da which would be the mass of the linker itself. (Figure 3).

This has previously been reported to be due to a reaction with
lysine residues, which results in chemical crosslinking. The initial
reaction of trastuzumab to the MCC linker produces an Deglycosylated T-DM1
intermediate which, in some cases, due to the proximal location
of lysines involves a second reaction causing the inter-chain
cross linking and a linker species of 221 Da without the DM1. [2]

We then removed the N-linked glycans using PNGaseF to
provide a spectrum with reduced complexity as the peaks
attributed to the glycoforms would be removed. As shown in
Figure 5A, we can clearly see that the glycoform complexity has
been reduced. In addition, the presence of the species with a
221 Da higher than each corresponding DAR species is evident
confirming our previous findings.
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Figure 6: DAR calculation for deglycosylated trastuzumab

4500
4000 emtansine. The 8 drug conjugates (highlighted bottom left) are then
used to calculate the DAR ratio (highlighted top left) to give a DAR ratio
2500 of 3.26.
3000
g 200 Conclusion
£ 2000
1800 We have shown that the benchtop X500B QTOF system
000 . . . .
1500 produces data with such quality that it can be used for routine
Py 8 analysis of such complex biologics such as ADCs which require
144000 146000 e, b 152000 high resolution data to identify glycosylations and the number of

drugs bound to the antibody. We have shown that the mass
Figure 5: Deglycosylated T-DM1 raw (A) and reconstructed (B)

spectrum. Raw data (5A) from the deglycosylated is used to reconstruct accuracy is such that we are able to identify a prominent 221 Da
the intact protein mass (5B). mass shift that has been reported by Jacobson et al as a

conjugation of the trastuzumab-MCC linker intermediate with a
proximal lysine residue. Processing of the data and
reconstruction was performed using BioPharmaView resulting in
fast reconstruction and accurate DAR calculations. The resulting
software was able to calculate the DAR ratio to be 3.46 on the
glycosylated form compared to the 3.5 listed in literature. [2]

The reconstructed spectrum for the deglycosylated trastuzumab
emtasine confirms the results observed in figure 2 of the
glycosylated form. Both confirm from 0 — 8 drugs attached to the
trastuzumab backbone. DAR calculations were performed using
the software, and the resulting DAR value is consistent with
previously reported values. [2]
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Introduction

Antibody drug conjugates (ADCs) represent a rapidly growing
class of biopharmaceuticals. ADCs are formed by the conjugation
of an active drug species to a monoclonal antibody," and they
often result in a distribution of products containing varying

numbers of active drugs bound at different locations around
the antibody.

Capillary electrospray ionization (CESI) is the integration of

capillary electrophoresis (CE) and electrospray ionization (ESI) Figure 1. OptiMS - Ultra low flow ESI Interface.
into a single process in a single device (Figure 1).2 CESI-MS

operates at low nL/min flow rates and offers several advantages, Materials and methods

including increased ionization efficiency and a reduction in Chemicals: All chemicals were reagent grade and were
ion suppression. CESI-MS separates analytes by their charge purchased from Sigma Aldrich or alternative suppliers.?

and size, and it is therefore a separation mechanism that Brentuximab vedotin was produced by Millennium

is complementary to more traditional techniques, such as Pharmaceuticals/Takeda.

reversed-phase LC.
Sample Preparation: BV was buffer exchanged with 200 mM

This document summarizes the work recently published by the ammonium acetate buffer (pH 7.0) using Amicon filters before
research group at LSMIS at the Université de Strasbourg.3 In
this application note, we will show how CESI-MS can be used

intact analysis.?

to characterize a gold standard ADC, brentuximab vedotin For middle-up analysis, BV was cleaved at the hinge region

(BV). BV is a cysteine-linked mono-methy! auristatin E (MMAE) by proteolysis using IdeS (FabriCATOR, Genovis) to obtain
monoclonal antibody (mAb), which was attached without Fc/2 fragments and an F(ab’)2 fragment. After digestion was

disrupting the heavy and light chain linkages of the mAb.3 We will completed, the sample was again buffer exchanged into 200 mM

show how CESI-MS is used as a nano-spray infusion device to ammonium acetate buffer (pH 7.0) before CESI-MS analysis.
identify the drug antibody ratio of the sample. We will also show
how CESI-MS can be used to study the “middle-up” structure for

For bottom-up analysis, a sample of desalted IdeS cleaved
ADC, which had undergone buffer exchange and was diluted

this protein, for example, by analyzing the light chain, Fab and with RapiGest (Waters) and reduced with dithiothreitol (DTT).
F(ab’)2 subunits. Finally, a bottom-up analysis of a tryptic digest

will be performed by CESI-MS to fully sequence the ADC.

Before enzymatic digestion, 10% of acetonitrile was added to
the sample. The reduced protein was then digested with trypsin
overnight, isopropanol (40%) and formic acid (1% v/v) were
added and the final solution diluted using ammonium acetate
(50 mM, pH 4.0) to produce a final concentration of 2.2 uM.?
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CESI-MS method: For the analysis of intact and digested

samples, a bare fused silica OptiMS cartridge (30 um ID x 91 cm)
from SCIEX was used and was thermostatted using recirculating
liquid coolant regulated at 20°C used. For the analysis of tryptic
digests, the sample was injected hydrodynamically (10 psi,

60 s) and peptides were separated using conditions shown in
Table 1 with a background electrolyte of 10% acetic acid. For MS
analysis of tryptic digests, a SCIEX TripleTOF® 5600+ LC-MS/
MS System was fitted with the NanoSpray® Ill lon Source. Gas

1 and 2 were not used, the curtain gas was set to 5 psi and

the temperature of the interface was set at 150 °C. lonization

at these very low-flow rates occurred by simply applying the
ionspray voltage (1,450 V). MS data was acquired using a TOF
survey scan (m/z 100-2,000 amu), which triggered MS/MS
acquisition (m/z 100-2,000 amu).
Pressure

Time Voltage

Action (min) (psi) Direction (kV) Solution
Rinse 3.5 100 Forward 0 0.1 M NaOH
Rinse 1.5 100 Forward 0 Water
Rinse 3 100 Forward 0 0.1 M HCI
Rinse 5 100 Forward 0 10% Acetic acid
Rinse 2 75 Reverse 0 10% Acetic acid
Rinse 60s 10 Forward 0 Sample Vial

Injection 10s 5 Forward 0 10% Acetic acid

Separation 35 0.1 Forward 20 10% Acetic acid

Voltage 2 10 Forward 1 10% Acetic acid

Table 1. CESI separation conditions used for the analysis of tryptic digests.

For nano-spray infusion, the CESI capillary was flushed with
10% acetic acid (5 min, 50 psi) and then with sample (5 min,

50 psi), and MS data was acquired at 5 psi. After each analysis,
the capillary was flushed with 10% acetic acid (10 min, 50 psi) to
prevent carryover. For these nano-spray infusion experiments,
MS data was acquired using a maXis 4G system (Bruker).

The maXis system was optimized for each analysis using the
actual sample and ion funnels with values that ranged from
300—-400 Vpp. The electrospray voltage ranged from 1,200—
1,800V, drying gas was set at 1.5 L/min and the source
temperature was set at 150 °C.

RUO-MKT-02-4400-B

Important:

* Aseparation current above 5 pA might cause permanent
damage to the separation capillary.

* Generally, please do not apply >2000V to generate
electrospray as it may result in capillary damage.

Results

When CESI is used as a nano-spray infusion device, the sample
is simply pushed to the MS detector at low nL/min flow rates.*
Desalted intact BV was analyzed in this mode to confirm the
molecular weight of this ADC and measure the drug to antibody
ratio (DAR), which is the drug loading on the antibody and
typically ranges from 0 to 8. An example of the data achieved

is shown in Figure 2, which gives an overview of the analysis

of BV by CESI-MS.
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Figure 2. Overview of brentuximab vedotin structural characterization
using sheathless CE-MS. (a) Native MS infusion for average DAR
determination and drug loading distribution assessment. (b) Middle-up
and bottom-up analysis.
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Based on the charge state of the deconvoluted mass spectrum
of the intact BV shown in Figure 2, the average DAR value was
between 3.8 and 3.9. A distribution of baseline resolved species
of BV was observed with masses that corresponded to the
intact mADb linked with O to 8 payloads of the drug. The mass
accuracies of intact BV were in total agreement with the results
reported in the literature.®
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Using the same experimental conditions as the intact analysis, a
middle-up sample was analyzed to elucidate the location of the
drug loading on the mAb, which had been cleaved at the hinge
region (Figure 2). The raw data highlighted multiply charged
protein peaks in 3 separate regions across the mass range of
2,000-6,000 amu (Figure 3). When deconvoluted, the multiply
charged protein envelopes depicted in Figure 3 showed that the
free light chain (LC) protein subunit (MW = 25040.1 + 0.1 Da) had
1 drug molecule linked to it as well as 2 glycation modifications.
The smaller Fab subunit (approximately 48-55 kDa) had 0—4
molecules of drug linked to the protein and was present as a
dimer. The F(ab’)2 subunit (approximately 97—-108 kDa) had 0-8
drug molecules attached to the protein subunit. As the drug units
were spread across multiple regions of the mAb, the IdeS middle-
up sample could not be used to calculate the DAR for ADCs, but
does give information about the location of the drug molecules
within BV.

2 ()
e ~
B T ' ™ o
i 4
z|@ s Da 'x?
GIFGIF
an GG
0 ré AN
48000 AB000. SO000 51000 52000 3000 54000 HOOC SE000 L
100 R:f‘ - \ ’
o A\ &
Rod
#13
D0
i o8 oe
o . Aash Ao, ok =

wes00 =y 160000 102000 104000 108000 108008

Figure 3. (a) MS spectra corresponding to native MS nano ESI infusion
of middle-up BV. (b) Charge state deconvoluted mass spectra of

(1) LC- drug conjugated subunit, (2) Fab subunits with the incorporation
of 0 to 4 drug molecules and Fc/2 homodimers and (3) F(ab’)2 subunits
with the incorporation of 0 to 8 drug molecules.
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CESI-MS has been previously used for the analysis of tryptic
digests of mAbs.® The next set of experiments performed on

BV were the bottom-up analysis of a tryptic digest to determine
the location of post-translational modification (PTM) sites,

the location of the drug linked to the mAb and the amino acid
sequence. The tryptic digestion protocol had been adapted from

the classical approach to improve the overall digestion, which
was affected by the presence of the drug molecules bound to
the mAb.® CESI-MS analysis took less than 35 min. Due to

the sensitivity and efficiency of the CESI-MS analysis, 100%
sequence coverage could be obtained for BV in a single injection
with the identification of the peptides based on their accurate
molecular weight as well as sequence data from MS/MS analysis.
The presence of the organic solvent in the sample preparation
did not seem to have an effect on the separation of the tryptic
peptides demonstrated by the detection of small (3 amino acids)
to large (63 amino acid) peptides.

Modified peptides (including N-glycopeptides) were detected in
the analysis, for example, TKYPREEQYN2?’STYR was observed
to have 11 glycoforms. Regarding drug-loaded-peptides, 4 were
detected (Figure 4), which was aided by the presence of organic
solvent in the sample preparation to prevent the loss of these
hydrophobic modified peptides.
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Figure 3. MS and MS/MS spectra of drug-loaded peptides. (a) [GEC]
- 1 drug, (b) [SCDK] -1 drug, (c) [THTCPPCPAPELLG] - 1 drug and
(d) [THTCPPCPAPELLG] - 2 drug molecules
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Identification of these drug containing peptides was confirmed
by MS/MS data analysis, which highlighted the presence of
several diagnostic drug fragment ions. A single drug loaded
peptide was located on the light chain of the mAb (GEC),

and the other peptides were present on the heavy chain. The
THTCPPCPAPELLG peptide actually had the potential of
containing 2 drug molecules, and these 2 different peptides have
been separated by CESI-MS.

Conclusions

A CESI-MS protocol for structural characterization of ADC
molecules has been developed. By using CESI-MS in 2 different
modes, several properties of an ADC could be confirmed,
including:

* DAR ratio calculation using native conditions

* Drug distribution on the F(ab’)2 and Fc/2 using nano-spray
infusion CESI-MS analysis of an IdeS digested middle-up
sample using native conditions

* 100% sequence coverage of the ADC and identification of
the drug location as well as the location of other PTMs

¢ Characterization of drug loaded peptides by analysis of
MS/MS spectra

For further information on this topic we would like to refer
readers to the full scientific publication on which this application
note is based.?
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Ultra-sensitive LC-MRM analysis for trastuzumab-emtansine
quantification in rat plasma

Featuring the SCIEX Triple Quad™ 7500 LC-MS/MS System — QTRAP® Ready, powered by SCIEX OS
Software

Zuzana Demianova and Lei Xiong
SCIEX, USA

With the adoption of immunoaffinity based sample preparation,
an ultra-low LLOQ of 1 ng/mL was achieved. The assay shows
high precision, accuracy, and good linearity, demonstrating the
robustness and performance of the developed method.

Quantification of protein therapeutics in biological matrices, play
a critical role in the drug discovery and development process.
LC-MS/MS has been routinely adopted for quantification of this
molecular class in bioanalytical laboratories, serving as an
alternative technology to the traditional ligand binding assays
(LBAs). Although mass spectrometry offers higher specificity
than LBA, there still remains a need for improved sensitivity for

Key features of the peptide quantification

workflow
accurate quantification of low concentration analytes in complex
matrices while still maintaining high analysis throughput,  Immunoaffinity-LC-MRM workflow? offers solid quantification
instrument easy-of-use, and robustness. of trastuzumab-emtansine in rat plasma at 1 ng/mL, with high

precision, accuracy, and linearity
In this work, the SCIEX Triple Quad 7500 System coupled with

an analytical flow HPLC system is employed to quantify
trastuzumab-emtansine in rat plasma. Multiple hardware
improvements on the ion source and the front end of the mass
analyzer significantly boost the system sensitivity.'

e Hardware improvements on the SCIEX 7500 System provide
significant gains in sensitivity for peptide quantification: the
OptiFlow® Pro lon Source with E Lens™ Technology provides
improvements in ion generation and the D Jet™ lon Guide
improves ion sampling

e SCIEX OS Software—an easy to use, compliance ready,
single platform for acquisition, processing and data

management
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Figure 1. Extracted ion chromatograms (XICs) of selected MRM for trastuzumab-emtansine in rat plasma. From left to right are blank, 0.5 ng/mL
(LOD) and 1 ng/mL (LLOQ).
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Methods

Immunocapture: A streptavidin coated immunoaffinity magnetic
bead slurry was aliquoted and washed with PBS buffer (1x) three
times. Biotinylated goat anti-human IgG antibody was added to
the beads and incubated at room temperature for 1 hour with
shaking. The conjugated beads were washed three times and re-
suspended in PBS buffer. Calibration standard samples were
prepared by spiking trastuzumab-emtansine and SILuMab
(internal standard) into rat plasma and performing serial dilution.
The concentrations of trastuzumab-emtansine in plasma ranged
from 0.5 - 20,000 ng/mL. To each calibration standard sample,
250 pL of PBS Buffer (1x) and 50 pL conjugated bead slurry
were added and the mixtures were incubated at room
temperature for 1 hour with shaking. The beads were
accumulated by magnetic stand and washed sequentially with
PBS buffer and 10 mM ammonium bicarbonate. The target
proteins were eluted by incubating the beads with 0.1% TFA in
water and vortexing for 10 min.

Protease digestion of immuno-enriched eluents: The eluents
were neutralized with 500 mM ammonium bicarbonate in water
and incubated at 95 °C for 10 mins with shaking. The samples
were cooled to room temperature and incubated with 1 pg of
trypsin/Lys-C mix per sample overnight at 37 °C. The digestion
was aborted by adding formic acid. The samples were
centrifuged at 15,000xg for 5 min. The supernatants were
collected and subjected to LC-MS/MS analysis.

LC-MS/MS conditions: Samples were analyzed in triplicate by a
SCIEX Triple Quad 7500 System, coupled with an ExionLC
System. The method details are summarized in Tables 1, 2 and
3. The data were processed using the Analytics module in
SCIEX OS Software 2.0.

Table 1. Chromatographic conditions.

Parameter Value

Column Zlﬁﬁg.fgir;sx bioZen Peptide XB-C18 50%2.1
Mobile phase A Water with 0.1 % formic acid

Mobile phase B Acetonitrile with 0.1 % formic acid

Flow rate 500 ul/min

Column temperature 40 °C

Injection volume 30 uL

RUO-MKT-02-12237-A

Table 2. Gradient information.

Time [min] Mobile phase A [%] Mobile phase B [%)]
Initial 95 5.0
0.7 95 5.0
0.8 90 10
3.5 75 25
4.0 60 40
4.5 10 90
6.0 10 90
6.1 95 5.0
7.7 95 5.0

Table 2. Mass spectrometric conditions.

Parameter Value |Parameter Value
Curtain gas 40 psi |Source temperature 500 °C
lon source gas 1 50 psi |Ion source gas 2 50 psi
CAD gas 11 |Ion spray voltage 1700 V
Name Q1 Q3 CE CXP
IYPTNGYTR1 542.8 808.4 23 13
IYPTNGYTR2 542.8 405.1 23 13
FTISADTSK1* 485.2 721.3 23 15
FTISADTSK2 485.2 608.2 22 15
GPSVFPLAPSSK1 593.8 699.4 31 15
GPSVFPLAPSSK2 593.8 846.5 28 15
FNWYVDGVEVHNAK[H] 562.9 713.3 23 15
GPSVFPLAPSSKIH] 597.8 707.4 28 15

ARBFXAEWNTRBEER

* MRM transition for the best sensitivity
[H] MRM transitions of internal standard peptides from SILuMab

s
vy

5%, TRATHLEHREMBER,

34 ADC ¥ EBMBR TR




Quantification results

Component... | Actual Co...| Num. Values|  Mean | Standard Deviation | Percent CV | Accuracy
FTISADTSK1 0.00100 3of3 9.852e-4 9.735e-5 9.88 98.52
FTISADTSK1 0.00500 3of3 5.293e-3 2.785e-4 5.26 105.86
FTISADTSKI | 0.01000 | 30f3 102402 | 7.576e4 740 102.44
FTISADTSKI | 0.05000 | 30f3 5083e2 | 4477e3 281 101.65
FTISADTSKI | 0.10000 | 3of3 102061 | 6762e3 6.63 101.99
FTISADTSKI | 0.50000 | 3of3 5176e1 | 11012 213 102,52
FTISADTSKI | 1.00000 | 3of3 1.060e0 9.045¢e-2 853 105.99
FTISADTSK] | 5.00000 | 3of3 1980920 3.620e-1 7.26 90,78
FTISADTSKT | 10.00000 | 3of3 9.388e0 9.304e-1 9.91 92.88
FTISADTSKT | 20.00000 | 30f3 1728e7 47751 276 8638

Figure 2. Quantification result summary.

The SCIEX Triple Quad 7500 System integrates innovations that
provide improvements in both ion generation and ion sampling.
The OptiFlow Pro lon Source with E Lens Technology provides

captures and transmits the ions in the high gas flow behind the
orifice plate.’

With the optimized method, the presented immunocapture-LC-
MRM assay demonstrated ultra-high sensitivity to quantify
trastuzumab-emtansine in rat plasma, with the LLOQ at 1 ng/mL
and the LOD at 0.5 ng/mL (Figure 1). As summarized in Figure
2, the assay accuracy is 86-106% and %CVs are below 10% for
all tested samples. The calibration curve covered 4.5 orders of
magnitude (1-20000 ng/mL) (Figure 3) and displayed a
regression coefficient (r) of 0.996 using a weighting of 1/x2.

24

Log Area Ratio

improvement in ion generation and the D Jet lon Guide efficiently

Calibration for FTISADTSKT: y = 5.95046 x + 5.01982e-4 (r = 0.99593, r* = 0.99187) (weighting: 1/ x*2)

Conclusions

e A highly sensitive immunoaffinity-LC-MRM workflow for
quantifying trastuzumab emtansine in rat plasma was
demonstrated

By using the SCIEX Triple Quad 7500 System coupled with
analytical flow HPLC, trastuzumab-emtansine was solidly
quantified at 1 ng/mL level

Good reproducibility, accuracy and wide linear dynamic range
as 4.5 orders of magnitude were achieved at the same time
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Figure 3. Calibration curve for trastuzumab-emtansine in rat plasma displayed with log-log format. Concentrations range from 1 ng/mL to
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Sensitive and Accurate Quantitation of the Antibody-Drug
Conjugate Ado-Trastuzumab Emtansine in Rat Plasma

High-Sensitivity Bioanalysis of ADC using BioBA with M3 MicroLC and QTRAP® 6500+ LC-MS/MS system

Khatereh Motamedchaboki,’ Remco van Soest’ and lan Moore?

'SCIEX, USA, 2SCIEX, Canada

Overview
Who Should Read This: Senior Scientists, Lab Directors

Focus: Improved quantitation of total antibody-drug
conjugates (ADCs) using BioBA solution and microflow
liquid chromatography-mass spectrometry (LC-MS/MS).

Goal: Develop an accurate and sensitive trap-and-elute
microflow LC-MS/MS method to improve sensitivity and
linear dynamic range of the BioBA High Capacity Sample
Enrichment method for quantitation of antibody-drug
conjugates in complex matrices.

Problem: Traditional LC-MS/MS methods for the quantitation
of antibody-drug conjugates and similar biotherapeutics often
deliver insufficient sensitivity. While we have seen improvement
in sensitivity for the antibody-drug conjugate ado-trastuzumab
emtansine quantitation in rat plasma using direct injection
microflow LC-MS/MS," this approach results in long sample
loading times, and MS contamination as a divert valve could
not be used.

Results: The SCIEX M3 MicroLC with a QTRAP 6500+ mass
spectrometer provides up to 5X lower limit of quantitation for

the antibody-drug conjugate ado-trastuzumab emtansine in
rat plasma. Quantitation over 5 orders of magnitude linear
dynamic range was achieved with r value of 0.995.

Key Challenges:

* Ligand binding assays (LBAs) like ELISA have been utilized
in the past for the quantitation of biotherapeutics such
as monocolonal antibodies (mAbs) and ADCs. These
methods have limited linear dynamic range, cross reactivity
and poor reproducibility

* Quantitation of mAbs over a wide dynamic range at low
nanogram levels often requires greater sensitivity than can
be achieved with LC-MS/MS with traditional LC flow rates

* Scientists who are familiar with quantitation of traditional
small molecule therapeutics and new to analysis of these
large and heterogeneous proteins conjugates require a
robust and sensitive work flow which is easy to implement
and reproducible in different laboratories

RUO-MKT-02-5037-A

Key Features:

* The SCIEX BioBA Kit includes a generic method and all
the reagents necessary for immunocapture and digestion
to quantitate ADCs in plasma

¢ Microflow LC-MS/MS allows quantitation over a wide linear
dynamic range of 5 orders of magnitude (1ng/ml-100ug/ml)

* Up to 4X improvement in s/n ratio enables quantitation at
5x lower concentration than can be achieved with traditional
flow LC-MS/MS

* Robust on-line trap-and-elute sample loading and desalting
increases column lifetime and reduces solvent consumption
and costs

Fast-Growing Field: Protein biotherapeutics like immunoglobulin
G (IgG)-derived monoclonal antibodies and antibody-drug
conjugates occupy a rapidly increasing share of the
pharmaceutical industry due to their lower toxicity, higher potency
and target specificity. Ado-trastuzumab emtansine (Kadcyla)

is the first HER2-targeted treatment for metastatic breast cancer.
It is made of two cancer-fighting drugs, a monoclonal antibody
trastuzumab (Herceptin) which targets HER2 and a lysine
conjugated chemotherapy drug. It is made to bring chemotherapy
inside HER2-positive cancer cells and kill them with less harm

to normal cells.

Due to the heterogeneous nature of lysine conjugated
adotrastuzumab emtansine, several bioanalytical assays,
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including ligand binding assays (LBAs), are required during the
drug development process. Ligand binding assays have limited
dynamic range, which makes hybrid LBA LC-MS/MS assays

a more attractive choice for quantitation of the total antibody.
These hybrid assays are based on quantitation of signature
peptides which provide a wide linear dynamic range.

The BioBA High Capacity Sample Enrichment Kit provides a
hybrid LBA LC-MS/MS workflow with a sample preparation
protocol, and a generic method for pharmacokinetic studies of
biotherapeutics during pre-clinical or phase I-IV studies. The
BioBA workflow (Figure 1) includes the enrichment of mAbs
from plasma using magnetic streptavidin beads conjugated with
an anti-Human IgG for enrichment and quantitation of the total
antibody with a generic or specific signature peptide. A target
specific immunocapture strategy can also be employed with

a recombinant target protein or an anti-idiotype antibody.
ncubate biotnylated

Add internal standard capture | Enriched target antibody

( antibody or drug
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Figure 1. BioBA Immuno-Enrichment and Sample Processing
Workflow. BioBA workflow includes immuno-enrichment of
mAbs and ADCs, reduction, alkylation, digestion and a generic
traditional flow LC-MS/MS method for the quantitation of the
mAbs and ADCs in plasma.

BioBA magnetic beads offer several advantages including:

ease of handling, scalability, improved sample recovery, parallel
processing of samples using a variety of magnetic stands

and use in high-throughput formats with robotics.® Following
enrichment, the proteins are eluted, reduced, alkylated, and
digested before detection using MRM based LC-MS/MS analysis
of generic or signature peptides of mAbs of interest. The trypsin/
lys-C enzyme mixture allows for the most efficient digestion.
Digestion can be completed within three and half hours,
enabling the workflow to be completed in a single day.’

In this application note we describe a robust and sensitive
workflow for total antibody quantitation of ado-trastuzumab
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emtansine in rat plasma using a hybrid LBA LC-MS/MS
approach. The BioBA sample preparation kit and BioBA generic
immunocapture strategy is employed, and then followed by
analysis of signature peptides on a M3 MicroLC coupled to a
QTRAP 6500 mass spectrometer. This method takes advantage
of a trap-and-elute strategy for fast sample injection and desalting
to increase throughput of lower flow rate microflow LC analysis.

Experimental Design

Sample Preparation: 10x spiking solutions of ado-trastuzumab
emtansine were first prepared in 1X BioBA bind/wash buffer
containing 0.01% BSA (bovine serum albumin), then spiked into
Sprague-Dawley rat plasma, K2EDTA (BioreclamationIVT) at
the final concentrations of 0.5-100000 ng/ml. SlLuMab (Sigma-
Aldrich), was used as internal standard (IS) and was added to
the plasma samples prior to BioBA immunocapture processing.

A blank and double blank sample was also prepared. The
double blank only had 1X BioBA bind/wash buffer containing
0.01% BSA and the blank sample had rat plasma with additional
internal standard. Spiked plasma samples (50 pL) were mixed
with internal standard and processed based on the BioBA generic
method? with some modified steps to reduce background signal
and improve signal to noise (s/n) ratio in order to utilize the
advantage of higher sensitivity provided by microflow LC. The
modified steps include; an extra hour of incubation of conjugated
beads with sample (2 hrs vs 1 hr in generic method) followed
with two wash steps with 500 pL of BioBA bind/wash buffer and a
500 pL of 50 mM ammonium bicarbonate instead of the two wash
steps with 200 pL of BioBA bind/wash buffer in generic method.
Also a 1:10 dilution of stock BioBA digestion buffer (500 mM
ammonium Bicarbonate) was used for preparing iodoacetamide,
Trypsin/Lys-C and a mass spec compatible surfactant was used,
with 1ug total Trypsin/Lys-C for each sample digestion.

Traditional Flow LC Microflow LC
Time (min) %B Time (min) %B
0 5 0 3
0.7 5 0.7 5
0.8 10 0.8 10
35 25 35 25
5 40 5 40
5.1 95 5.1 95
59 95 10.0 95
6 3 10.1 3
7 3 15 3

Table1. Gradients used for Traditional and Microflow LC-MS/MS.
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Traditional Flow Liquid Chromatography: A Shimadzu
Prominence HPLC system with two LC-20AD pumps, CTO-20A
column oven and a SIL-20AC autosampler was used. The
column was a 100 x 2.1 mm Kinetex C18 2.6 ym 100 A column
(Phenomenex). Mobile phase A, water with 0.1% formic acid,
and mobile phase B, acetonitrile with 0.1% formic acid was used

at a flow rate of 0.5 ml/min. Wash solvent for the autosampler

was 20/20/60 methanol/acetonitrile/IPA. Injection volume was

25 pL, and the column was kept at 40° C.The gradient method
used is listed in Table 1.

Microflow Liquid Chromatography: A SCIEX M3 MicroLC-TE
system, with two microLC gradient pumps and an integrated
autosampler was used in combination with a source mounted
column oven (SCIEX). A 10 x 0.3 mm trap column packed with

5 um 120 A ChromXP C18 CL and an analytical column 50 x

0.3 mm HALO Peptide ES-C18 2.7 um 160 A column was used
(SCIEX). Mobile phase A in the analytical gradient was water
with 0.1% formic acid, mobile phase B was acetonitrile with 0.1%
formic acid (Table 1) with flowrate of 10 yL/min. The column
temperature was set to 40° C. Injection volume was 25 pL, and
the autosampler needle and valve wash consisted of two cycles
using mobile phase B, followed by one cycle using mobile phase
A. For trapping conditions, mobile phase A in the loading gradient
was water with 0.1% formic acid, mobile phase B was acetonitrile
with 0.1% formic acid. Sample was loaded from the injection loop
onto the trap column using 100% A for two and half minute at

50 pL/min flow rate. The trap was then washed with 95% B
followed by 100% A each at 50 pL/min for 5 minutes after every
injection (Table 2).

Mass Spectrometry and Data Processing: A SCIEX 6500
QTRAP with lonDrive™ Turbo V source was used. For the
microflow LC experiments, the standard electrode was replaced

Time (min) %B
0 0
1 0
25 0
2.6 95
8 95
8.1 0
15 0

Table2. Gradient used for the Trap Wash Workflow.

RUO-MKT-02-5037-A

MS Parameters Traditional Flow LC Microflow LC
Electrode ID 100 ym 25 ym
Curtain Gas 30 20
Collision GAS High High
lonSpray Voltage 5500 5000
Temperature 600 250

lon Source Gas 1 50 20

lon Source Gas 2 65 20

Table3. Source Parameters

with a 25 pm ID electrode (SCIEX). The transitions and MS
parameters were optimized using DiscoveryQuant software
(SCIEX) and kept constant for both the traditional flow and
microflow LC experiments. The source and gas parameters are
listed in table 3. The MS parameters are listed in table 4, and
MultiQuant™ 3.0.2 software (SCIEX) was used for data analysis.
Sample for both microflow and traditional flow LC-MS/MS
analysis was prepared on the same day to exclude variations in
response due to sample preparation. Three replicate LC-MS/MS
injections were acquired for both the traditional flow and trap-and-
elute microflow LC analysis.

Results and Discussion

Improved Sensitivity: The calibration curve of Ado- trastuzumab
Emtansine standards in rat plasma matrix (0.5-100,000 ng/

ml) was generated using MultiQuant Software (Table 5, 6) for
data acquired by traditional and microflow LC using signature
tryptic peptides IYPTNGYTR and FTISADTSK. Figure 2 shows
the calibration curve for signature peptide IYPTNGYTR using
Microflow LC. Figure 3 shows the extracted ion chromatograms
(XIC’s) of the signature peptide (FTISADTSK) used for
quantitation of trastuzumab in both methods at the 5 ng/ml

and 10 pg/ml level. S/N ratio was improved by 4 fold for both
peptides using microflow LC. The LLOQ’s for both methods
were determined using the requirements of precision < 20% and
accuracy between 80 and 120% at LLOQ, and at any higher
concentration a precision <15% and accuracy between 85% and
115%. LLOQ improved by a factor of 5 using the microflow LC
trap-and-elute method using both signature peptides and the
generic peptide DTLMISR. For the traditional LC method the
limit of quantification (LOQ) was 5 ng/ml where the LOQ of 1 ng/
ml was achieved by microflow LC. Both the traditional flow and
microflow LC methods showed good linearity with r >0.99.
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for internal calibration

Actual
Concentration

1
5
10
50
100
1000
10000
25000
50000
100000

Actual Concen-
tration (ng/ml)

1
2
25
5
10
50
100
1000
10000
25000
50000
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Transitions Q1 Mass (Da)
1 423.2
423.2
418.2
418.2
542.8
542.8
485.2
485.2

Q3 Mass (Da)

629.4
516.3
619.3
506.2
405.8
808.2
608.2
721.3

Time (msec)
20
20
20
20
20
20
20
20

Microflow LC

Mean Measured

Concentration (ng/ml)

1.00
4.87
10.43
46.94
89.38
921.6
10930
27720
54780
93250

Accuracy (%)

100.42
96.92
104.29
93.89
89.38
92.16
109.27
110.86
109.57
93.25

Microflow LC

Mean Measured

Concentration (ng/ml)

0.9694
2.109
2.552
4.73
10.44
49.91
112.6
1052
10150
23040
42620

Accuracy (%)

96.94
105.43
102.10
94.71
104.35
99.82
112.59
105.18
101.49
92.15
85.24

Signature Peptide Sequences
S-DTLMIS[R].heavy 1
S-DTLMIS[R].heavy 2

G-DTLMISR.1
G-DTLMISR.2

S-IYPTNGYTR.1
S-IYPTNGYTR.2

S-FTISADTSK.1

S-FTISADTSK.2

CV (%)

3.24
7.61
9.37
6.35
241
4.38
0.56
3.04
3.04
4.35

CV (%)

8.04
6.80
4.65
8.04
3.27
2.14
6.81
1.18
3.68
3.59
3.94

DP (volts)

40
60
60
40
120
60
50
90

CE (volts) CXP (volts)

24
22
22
20
23
16
25
20

Table 4. Transitions and MS Parameters for Signature Peptides of Ado-Trastuzumab Emtansine and Internal Standard. Peptide transitions
in bold were used for quantification and the 2nd peptide transitions were used for confirmation with S-DTLMIS[R].heavy 1 transition used

Traditional Flow LC

Mean Measured

Concentration
4.63
11.50

49.65
99.52
921.6
10120
26270
52720
89650

Accuracy (%) CV (%)
92.63 7.48
115.00 7.30
99.29 8.05
99.52 1.62
92.16 0.71
101.24 4.00
105.06 2.04
105.44 1.41
89.65 2.93

Table 5. Quantitation Curve for Standard Ado-Trastuzumab Emtansine using Traditional Flow and Microflow LC-MS/MS. MultiQuant analysis
based on peptide IYPTNGYTR resulted in an accurate quantitation with single digit CV% and r value of 0.995. Micro LC-MS/MS provides 5X
increased in sensitivity with wider linear dynamic range as compared to Traditional LC-MS/MS.

Traditional Flow LC

Mean Measured
Concentration (ng/ml)

4.15
10.44
52.25
122.4
1017
10430

26230
48300
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Accuracy (%) CV (%)
83.12 19.83
104.42 15.65
104.49 2.23
122.41 4.11
101.67 0.91
104.25 4.00
104.93 3.63
96.60 2.68

Table 6. Quantitation Curve for Standard Ado-Trastuzumab Emtansine using Traditional Flow and Microflow LC-MS/MS. MultiQuant analysis

based on peptide FTISADTSK resulted in an accurate quantitation with single digit CV% for micro LC data and CV of 20% at LLOQ for Tradi-
tional LC data with r value of 0.995 and 0.998 for Microflow and traditional flow LC. Micro LC-MS/MS provides 5X increased in sensitivity with
wider linear dynamic range as compared to Traditional LC-MS/MS.

18
17
15
18
10
1"
25
15
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130
120+
110
100+
90
80
704
60
501
40
30
20

Area Ratio

101

Calibration for IYPTNGYTR_2: y = 0.00142x + 0.00518(r = 0.99551) (weighting 1/x*2) 1 ng/ml-100 pg/ml

Microflow LC

1 ng/ml-50 ngimi

0 4=

1/x"2 weighting.
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Figure 2. Quantitation Curve for Standard Ado-Trastuzumab Emtansine using Signature Peptide IYPTNGYTR. MultiQuant quantitation
curve using peptide IYPTNGYTR resulted in an accurate quantitation with single digit CV% and r value of 0.995 using peak area and

Microflow LC 2] Traditional Flow LC
10000 ng/ml 10000 ng/ml
‘ |
! [
onne/"wwwwwwwvwv‘vwwwvvvv T T T w‘lv T T T
L R R R LR LN B N
AN
900
Microflow LC 2.045 Traditional Flow LC 2229
7000
5 ng/ml 800 5 ng/ml
6000 S/N=20 7004 S/N=5
5000 600
2
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2
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200+
1000 100
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18 19 20 21 1.8 20 2.2
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Figure 3. Signal Intensity Improvement using M3 MicroLC. A 4 fold improvement in
s/n ratio was achieved using micro flow LC. XIC data for micro flow and traditional
flow LC for 10 pg/ml (Top) and 5ng/ml (Bottom) is shown here with improved s/n.
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Column Carryover: Carryover was determined by injecting the

digest of the immunocaptured extract from a blank+IS plasma
sample after an injection of the ULOQ of 100,000 ng/ml using
traditional flow LC-MS/MS, and The trap-and-elute microflow LC

method. Observed carryover was 0.0075 and 0.007 respectively.

The carryover was 1/3 of the response at the LLOQ (1 ng/ml)
which is slightly higher than required 20%. Additional washing
of trap and column is required to reduce the carryover if wider
dynamic range is required.

Conclusion

Up to 5x lower LLOQ was achieved using a trap-and-elute
microflow LC-MS/MS method at 10 yL/min, compared to using
a direct inject traditional flow LC-MS/MS method at 500 pL/
min for the quantitation of ado-trastuzumab emtansine using
the signature tryptic peptides IYPTNGYTR and FTISADTSK
in samples prepared using BioBA magnetic bead based
immunocapture.

The trap-and-elute method ensures similar throughput while
injecting the same 25 pL of extracted sample, while protecting
the column and MS from contamination. Similar results were
observed for infliximab using M3 MicroLC with SCIEX 6500
QTRAPA®

Optimized BioBA sample preparation protocol in combination
with microflow LC provides wider linear dynamic range of 4.5 for
traditional flow and linear dynamic range of 5 for microflow as
compared to the data obtained from generic method optimized
for traditional LC using IYPTNGYTR peptide transitions.'

This workflow offers a solution for applications where mAb’s
need to be quantified in low concentrations and/or when
sample volumes are limited.
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Metabolite Identification of Payload Species of Antibody Drug
Conjugates with Noncleavable Linkers using MetabolitePilot™ 2.0
Software and TripleTOF® 6600 System

MetabolitePilot™ 2.0 Software and SCIEX Triple TOF® 6600 System

lan Moore and Yuan-Qing Xia
SCIEX, Concord, ON, Canada

Key Challenges in ADC Metabolism Studies

e Metabolism studies of ADCs must consider many
different species: payload, payload plus linker,
and payload plus linker conjugated an amino acid
or peptide

e Potential biotransformations of all the above
species must also be considered

e Missing, low-level drug metabolites in complex
biological matrices

e Incomplete metabolite information leading to
repeated sample analysis and decreased
productivity

* Malr?talplng data qu_a"ty _for both ql:lantltatlve and Figure 1. The SCIEX Advanced Biotransform Solution featuring the new
qualitative  analysis in a high-throughput MetabolitePilot 2.0 software, TripleTOF® 6600 and Exion AD LC system.
environment

Key Features of MetabolitePilot 2.0 Software for
ADCs

e A dedicated ADC processing workflow that
performs targeted searching for all components of
the ADC: payload, linker and antibody

e Multiple peak finding strategies utilizing MS and
MS/MS information for targeted and untargeted
searching for drug related metabolites

e Dedicated ADC structure assignment workspace
and MS/MS fragment interpretation workspace
where both payload and peptide are considered

e Integrated correlation function allows comparison
of metabolism across multiple samples for time
course studies or inter-species comparison, using
both MS and analog data.

Introduction

. . . Figure 2A and Figure 2B. The structures of the linker plus payload of
Antibody drug conjugates (ADC) are designed for targeted trastuzumab emtansine (T-E) and SigmaMAb Antibody Drug Conjugate

delivery of a cytotoxic molecule to a diseased or mimic (MSQCS8), sites of conjugation to the mAb are highlighted in red.
cancerous tissue. ADCs are composed of three
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components: the antibody used for selective targeting, the
cytotoxic drug and a linker to connect the two. The goal in
design and development of ADCs is to maximize delivery
to the targeted tissue and minimize delivery to untargeted
tissues. There are currently two FDA approved ADC
therapies on the market for the treatment of cancer and
research efforts in ADC technology have grown across the
pharmaceutical industry to encompass therapeutic areas
other than cancer.

There are two classes of antibody drug conjugate (ADC)
linkers: cleavable and noncleavable. Cleavable linkers are
labile and are designed to release the unmodified
cytotoxin upon internalization by the target cell due to a
change in chemical environment (e.g. pH) or a specific
protease inside the cell. A noncleavable linker does not
contain any mechanism for payload release and relies on
antibody degradation through cellular processing for
release of the active species. In these ADCs the active
species is the cytotoxic payload with the linker and one or
more amino acids from the antibody.

In addition to studying the wusual small molecule
metabolism of the payload molecule separate from the
antibody, a necessary step in the development of ADCs is
the identification of the active payloads of both cleavable
and noncleavable linkers from the ADC and any
metabolism products involving active forms of likely
payload products. In addition to plasma or serum
incubations, in vitro systems of purified cellular fractions
(lysosomes or S9) or purified enzymes are often used to
characterize active payloads released from the ADC.

The number of possible species that can be generated
when considering the metabolic/catabolic fate of an ADC
is vast. One must consider payload-linker species with
one or more amino acids attached plus potential
biotransformations of the linker and/or payload plus any
cleavage or degradation products. To address this
challenging task SCIEX has introduced a specific ADC
workflow in the new MetabolitePilot™ 2.0 software. In this
tech note the ADC specific workflow features of the new
MetabolitePilot 2.0 were used to identify payload products
and metabolites from two noncleavable linker ADCs after
incubation with human liver lysosomes and S9 fraction.

Experimental
Reagents

Trastuzumab  emtansine (T-E) was  purchased
commercially. SigmaMAb Antibody Drug Conjugate mimic
(MSQCS8) was provided by Sigma-Aldrich. Human liver
lysosomes (HLL), S9 fraction and catabolism buffer were
kindly provided by Xenotech.

RUO-MKT-02-5472-A

Sample Preparation Incubations

ADCs were incubated with either HLL (0.25 mg/mL) or S9
fraction (1 mg/mL). ADC concentration was 50 uyg/mL in
each incubation. Control samples included ADC without
HLL or S9 and HLL or S9 without ADC. Total reaction
volume was 200 ul, consisting of 70 uL water, 20 uL
catabolism buffer (10x), 100 pL HLL or S9 and 10 puL
analyte stock solutions.

At different time points (1, 2, 4 and 26 hours) a 50 pL
aliquot was removed and processed. Sample processing
involved: adding 250 uL of cold ACN, then centrifuging at
14 x g for 15 minutes. The supernatant was removed to a
clean tube and dried under vacuum at 37 °C. Dried
samples were then reconstituted in 50 pyL 5% mobile
phase B for injection.

Mass Spectrometry Data Collection

Data was collected on a SCIEX TripleTOF® 6600 System
using SWATH® acquisition. TOF MS acquisition covered
m/z 300 to 2000. MS/MS data were collected using 25
variable SWATH windows focused around the m/z of the
linker payload plus the amino acid of conjugation. Five 13
Da windows centered around the parent mass (1103 for T-
E and 789 for MSQCS8) and expanding to windows of 50,
100 and 200 to cover a mass range of 50 to 2000 Da. A
collision energy of 40 with collision energy spread of 15
was used. Total scan time for the SWATH method was
850 ms.

Chromatography

Samples were chromatographed on a SCIEX Exion AD
system using a Phenomenex Aeris C18 Peptide column
(2.0 x 150 mm), 1.7 uym. Elution was performed using a
linear gradient from 5% to 80% B over 26 mins. Mobile
phase A was water with 0.1% formic acid and mobile
phase B was acetonitrile with 0.1% formic acid.

Data Processing

An ADC specific processing method was created in
MetabolitePilot 2.0 software for both T-E and MSQCS.
Briefly, the first step is to provide the chemical structure of
the payload and linker, designate the amino acid of
attachment, the type of conjugation chemistry involved
and then enter the antibody sequence. Next the size and
identity of protein/peptide sequence fragments from the
antibody linked to the payload were chosen. Non-specific
cleavage of two peptide bonds plus disulfide bond
cleavage was used and up to five amino acids were
considered. Then a biotransformation list and set of
cleavage metabolites of the payload was chosen. Since
the incubation in HLL and S9 occurs at ~pH 5 in a
reducing environment the biotransformation list contained
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only: loss of water, demethylation, internal hydrolysis and
the parent (payload plus linker). Phase | and Il metabolism
of the parent was not considered for this in vitro system. A
reference MS/MS spectrum was available for DM1+MCC
and used to designate characteristic product ions and
neutral losses. A reference spectrum for the MSQC8
payload was not available.

Peak finding for both ADCs included TOF MS with both
predicted and generic peak finding algorithms. The TOF
MSMS peak finding algorithm was used for T-E since a
reference MS/MS spectrum was available, at least 2
characteristic product ions (485.22, 547.22) and 1 neutral
loss were selected and the advanced MS/MS filter was set
to 1 unit below confident. A retention time window of 3 to
29 minutes was used to search for metabolites products.
A sample to control comparison ratio of >3 was used and
metabolites up to a charge state of 3 were considered.

Results

The MetabolitePilot™ 2.0 batch workspace was used to
setup and process the SWATH data collected from
incubations of both ADCs with HLL and S9 incubations at
all time points using the data processing parameters
described above. Both control samples were used during
processing of each time point. The batch processing table
of MetabolitePilot 2.0 has been expanded from 30 to 200
rows to increase throughput and the results from each
sample may be viewed individually in the results
workspace as they are completed before the whole batch
is finished.

A total of 59 potential metabolites of T-E were found in the
26 hour time point of the incubation with HLL within the
retention time window of 3 to 29 minutes. As T-E contains
a non-cleavable linker the released payload species
consists of DM1-MCC plus a lysine residue. Using the
results workspace of MetabolitePilot 2.0 Software this
released product was found at retention times 15.01 and
15.27 minutes as the released payload is a pair of
diastereomers (Figure 3). The released payload was
found in the TOF MS spectra as singly charged and
doubly charged protonated species and as the singly
charged sodium adduct all within +2.0 ppm (m/z
1103.4763, 552.2145 and 1125.4573).

RUO-MKT-02-5472-A

Figure 3. The results workspace of MetabolitePilot 2.0 software
displaying results from the incubation of T-E with human liver lysosomes.
The released payload species (payload+linker+lysine) was found at
retention times 15.01 and 15.27 minutes as a pair of diastereomer peaks.
The structure of the payload and linker species is displayed on the left
with the amino acid of conjugation below. Also displayed is the MS and
MS/MS spectra of the released payload species.

Figure 4. The interpretation results workspace of MetabolitePilot 2.0
software displaying results of the released payload species
(payload+linker+lysine) from the incubation of T-E with human liver
lysosomes. In this workspace product ions in the MS/MS spectra are
assigned to the identified metabolite. There are separate assignments for
both the small molecule payload and sequences of the mAb.

After identification of the released payload species in the
results workspace further confirmation was performed
using MS/MS in the interpretation workspace (Figure 4).
Once a putative metabolite is identified the structure of the
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payload and linker is loaded into the fragment
interpretation workspace and the putative peptide
sequence is loaded into the sequence workspace and the
residue of conjugation is assigned. Next the assign
fragments feature is used to calculate potential structures
for the fragments and neutral losses in the MS/MS
spectrum. For the singly charged released payload
species 4 common product ions (indicated in orange) were
found in the MS/MS at 140.0701, 467.2086, 485.2209 and
547.2208 within +4.0 mDa. Three of the four common
product ions had structures proposed as indicated in bold
on the chemical structure.

A similar workflow was followed to identify and confirm
other released payload species containing larger portions
of the antibody sequence in the 26 hour sample. Four
other catabolites containing the unmodified DM1-MCC
conjugated to a dipeptide sequence were found that had
at least two product ions in common and appeared as a

Table 1. List of released payload plus linker species from the
incubation of T-E with HLL and S9.

Catabolite RT1 RT 2
Parent 17.6

Parent+YK 15.17 15.40
Parent+K 15.01 15.27
Parent+KV 15.1 15.4

Parent+KS 15.0 15.3

Parent+KA 14.8 151

pairs of diastereomeric peaks. Table 1 lists their identity
and sequence. No catabolites conjugated to anything
larger than a dipeptide were confirmed in the sample, this
likely due to a combination of the length of the incubation
and the sample work-up which involved an organic
precipitation.

The correlation workspace of MetabolitePilot™ 2.0
software was next used to confirm the presence of the
identified metabolites across the assay time points and
between liver fraction experiments. The correlation
workspace has an interactive graph window where results
can be displayed as an x, y plot, bar graph or table. In
addition to the correlation workspace overlaid XIC’s, TOF
MS and TOF MS/MS spectra are also displayed for the
chosen metabolites/catabolites. Figure 5 displays the
correlation plot of the released payload plus lysine from
the HLL incubation. It was also observed in the 2 and 4
hour samples but not in the 1 hour time point. The peak
area of the compound (15.01 and 15.27 peaks) increased
by 4-fold between the 2 and 4 hour time points and by 5

RUO-MKT-02-5472-A

fold between the 4 and 26 hour time points. A similar fold
increase was seen for the S9 incubations. The dipeptide
payload species were seen predominantly in the 4 hour
and 26 hour samples and did not increase in peak area as
rapidly as the released payload plus lysine. The rate of
appearance of released payload species is a complex
proposition due to the heterogeneous nature of the T-E
molecule with DAR species from 0 to 8 and different lysine
residues involved in conjugation within each DAR species.

BEE

Figure 5. The correlation workspace of MetabolitePilot 2.0 software
displaying results of the released payload species (payload+linker+lysine)
from the incubation of T-E with human liver lysosomes. In this workspace
overlaid XICs from the LC chromatogram, MS and MS/MS spectra are
overlaid. The most abundant species found was payload+linker+lysine,
payload+linker plus dipeptide fragments containing lysine were also
observed.

MSQCS is a cysteine linked ADC that is not a therapeutic
molecule but an ADC mimic. A reference MS/MS
spectrum was not available for the dansyl fluorophore plus
linker so peak finding was performed using predicted
metabolites and generic peak finding. A total of 119
potential metabolites and catabolites were found within the
retention time window of 3 to 25 minutes and +5.0 ppm.
The linker in MSQCS8 is also a non-cleavable linker and
the released payload species for this ADC mimic would be
the dansyl fluorophore plus linker and cysteine. This
molecule is found in both single and doubly charged forms
at 14.92 minutes as a single peak. The interpretation
workspace (Figure 6) was then used to assign peaks in
the MS/MS, this was a critical step as no reference
spectra of the payload and linker was available. The
structural interpretation tool assigned structures to four of
the ions in the MS/MS all within £2.0 mDa and three of the
four ions contained the dansyl ring.
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Potential Metabolites: 119 of 378 Peaks.

Table 2. List of ions with m/z shifts of 14 Da found in the MS and
MS/MS spectra of MSQCS8 after incubation with HLL and S9.

software

Among the list of potential catabolites/metabolites a
putative demethylated metabolite of the
payload+linker+cysteine was identified in the TOF MS at
13.05 minutes. Again the interpretation workspace was
used to assign ions in the MS/MS to the metabolite
structure for confident ID. Three ions in the MS/MS
spectra were found with a mass difference of 14 Da when
compared with the ions assigned in the released payload
species. Based on the assigned fragment structures from
MetabolitePilot™ 2.0 software and their mass accuracies;
the site of demethylation was assigned to the
dimethylamino group of the naphthalene ring of the
payload (Figure 6).

The correlation workspace was used to visualize the
appearance of both of these metabolites across all time
points and sample sets. The payload+linker+cysteine was
found in both HLL and S9 fraction and at all time points
and increased over time. The demethylated
payload+linker+cysteine were observed in only the 4 and
26 hour time points in both the HLL and S9 incubations.

RUO-MKT-02-5472-A

Released Demethylated
Catabolite Pavioad Released
Y Payload
TOF MS 789.3662 775.3502
TOF MS/MS 1 449.2599 435.2390
TOF MS/MS 2 432.2329 418.2311
TOF MS/MS 3 336.1750 322.1596
HN”
Figure 5. The interpretation results workspace of MetabolitePilot™ 2.0 P
displaying results of the released payload species o] H 0’|\0
(payload+linker+cysteine) from the incubation of MSQC8 with human Cys—S$ o] N~ ~_NH
liver lysosomes. There are 3 product ions with proposed structures u/\/\/\n/
assigned to the payload species that include the dansyl fluorophore: N o]
449.2599, 432.2329 and 336.1750. X

Figure 6. Structural assignment of the demethylated MSQCS8 released
payload species.

Conclusions

The SCIEX Advanced Biotrans solution with the
TripleTOF™ 6600 system and new MetabolitePilot 2.0
software effectively addresses the complex task of
performing metabolite and catabolite ID on ADCs from
comprehensive peak detection with SWATH® acquisition
to metabolite finding. MetabolitePilot 2.0 software features
a dedicated ADC processing workflow that performs
targeted searching for all components of the ADC:
payload, linker and antibody plus cleavage metabolites
and biotransformations. This comprehensive knowledge
base combined with untargeted searching for drug related
metabolites and peak finding strategies utilizing MS and
MS/MS information ensures success for scientists
studying ADC metabolism.
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Heterogeneity analysis of cysteine-linked antibody-drug conjugate by

CE method

RS, BRALF
Tingjun Ren, Hongxu Chen

CE & Biopharma, Sciex, China

Key Words: Antibody-drug conjugate, Cysteine-linked, CE-SDS,
clEF, Heterogenecity analysis

Abstract: Antibody drug conjugates (ADCs) are innovative
biopharmaceutical emerging in recent years. And this kind of
biotherapeutics show unprecedented intrinsic heterogeneity, so
separation technologies play a critical role in their characterization.
In this tech note, heterogeneity of a Cys-linked ADC is analyzed by
using CE-SDS and clEF. In CE-SDS, we established the reduced and
non-reduced method to evaluate the purity of the ADC and explain
the meaning of each peak in CE-SDS. In cIEF method, we compared
the change of charge variant distribution between ADC and the
monoclonal antibodies. Both two method can give us the reference

of quality control assessment to the ADCs.
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MARBEEZY ( Antibody-drug conjugates, ADC ) 2—Fuig{L
FHYBITEEY (linker ) STUKABERERNAY . ERATIE
SRR MR BB MNRRGH, KAMEGT BANHARS
KRS, 2011588 F12013528, ADCH#brentuximabvedotin
( B M BAdcetris ) flado-trastuzumabemtansine ( A&
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EROPNGES, BEl, tRSEENE Ne0fADCEHY LT IRKRE
B,

ADCERMBEA XA BERBREMENERBEK. BER
RIUGRRELNEECS, HRETNSERVNARERREY,
BERARENBEE. —RH, HUEPAF N BER, HF
WO BERTIEAEREN R MTHERERBENTX, BT
GFREZAFSHOHE, TMUBEXNHREEREREBN MR
B, ARGRETIMANERER, 5—77E, oA HEEER
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FINASEE AN %, BENSHSE, SUEEY,
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mmam= Heavy Chain

m—m= Light Chain

@=Drug

\Small molecule or
Linker Peptide

Cys- (onjugated Lys-(omugated

E1. RN ER BRI R R EET A TEE.
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HREMHTOT, BRXNFRERBFFRRED . MEHM
ERIRALFERNEDBES. MTREREAURESN
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BE (clEF) 758 SMEFRREIT.

W5 K FSciex/A T AIPASOO PlusE MBI A D HT & 58, PUEiT
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Germany ) ; MA3RHERE =S (IKA, Germany) ;
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2.2#

IgG Purity/Heterogeneity Assay Kit ( PN A10663 ) #1Advanced
CIEF Kit ( PN A80976 ) R B Sciex. PR ( PN 17-0456-01 )
XM B GE Healthcareo EEFBERFII AN, FHEZE (PN
M6250 ) . FAZEERE (PN 1-1149 ) . BB (PN 345245) . S5k
9 (PN 221465) « SEMLEAR (PN 221228) . TRE_ZE
(PN 220000) . #5&E ( PN A5006 ) 7KEEER ( PN 537020 ) IR
% (U0631) ¥R ASigma-Aldrich, ERETHRAKHIRAZRE
B F7K ( Double Deionized Water, DDI Water ) o Ultracel YM-10 J& &
( Millipore PN A11530 ) o

1) CE-SDS:

MZBERER . a6 mg BAZ B AR 51,5 mLEPE S, IALmL
DDI Water/Zfit 5. IAILEC, BESCIRTF

2) clEF:

PRI . FRMRE. WERTERBF . BB ER. 43 MIRRR
. PERFIRER. PARFRER. 3 M Urea-clEF GeliA & MBS H 775%
ZMRSciex clEFIXFIE R BB,

2.3 Hin R T4
BRI E BT PR BIKMADCHE Rk B R AR AL

BR 400 uL HERANBIEE (#HBHFE10kD ) #, 14000 rpm,
Bi010 94h; N300 pL DDl water, 14000 rpm, B/(10 4350; B
JI300 uL DDI water, 14000 rpm, B/ix10 75, AERE RRLER
EA5.0mg/mL, FHBEFIREMKT50 mMo

1) CE-SDS:

BMA*Z1.5 mLEPE, DA pLER TRXEPEF, REE
JAAT5 pLEYSample bufferfEBAETR A95 pLo AEBEMKIEPE
FARIING L 2-SE 2B (I F% ) MMOBRA R (TR
E) o BEERE, ROBERELL 8. RAFEET70 CKAL0
. BEEOEBRSE, WE100 LEFHRER.

2) clEF:

DB MR R, HEMER SRS ER ( Master
Mix ) , %1, Master Mix T] E{LAF R HIF EFEIRZER/ ML, &
KEPAANELNEE, AEEREENL ITE, ZRITENSD
AR ATRHETEC HIMaster Mixo

BEfE, ER10 pLiff5240 pLERA R
BH200 LB FHERE F .

TRE, RIEET.
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K1 D E N HEREECHIAY clEF Master Mixo

FOHER

Wt BEME MR o
uL)
3 M FRE-CIEF BE 180 x (____+1)
3-10 A M EB R 12 x (____+1)
FAARAR E 20 x (____+1)
FRARFRE R 2 x (____+1)
pl AR ML 2 x (____+1)
pl AR M2 2 x (____+1)
pl AR/ M3 2 x (____+1)

3. Bk
3.1 CE-SDS:

NBBEMG. EAE. ERXEEMAE. 50umBE. 30 /20 cm
BIAENKE; ##%. 5kv, 20s; 9B -15kV, 40 min; FIEX
EWR, 4Hz; HREEE. 25°C; EMERE. 25°C; HOM
%, 25 (100x200pm ) ; PDAETES, #MEIC: 220 nm;

FEMENTNEE. TP ER, 20 psi RS E10050; B
MRS, 20 psi EJIRBES4H; DDI Water, 20 psi [£ /124>
#h; Gel Buffer, 70 psi EJIH%E100 %, &g, A-15 kvEB &4
10 735,

ez Ehs . WM, 70 psi ESIREE3 N B
S, 70 psi ESHE144h; DDI Water, 70 psi K115 45
Gel Buffer, 70 psi & /1431054,

3.2 cIEF:

NEEME. EME. PHEREEME. sopmMWRE. 30 /20 cm
BUBEMKE; #8F. 25 psi, 99s; B XH200 mMBEERFI300
mMEELIAE AR FBARA, 25 kv, 150%0; LFEEH.
FA350 mMBEER SR B BAMRIA, 30 kv, 30905, EIBREHNEK.
4Hz; HRERE. 10°C; EMERE. 25°C; HAMKE. 25
(100x200pm ) ; UVAIETIZE, #MIEAC: 280 nmo

HEMENTEE . BMPERE, 50 psi EHMzEs540; DDI
Water, 50 psifE 13243 $h; cIEF Gel, 50 psiFE/1M%E55r 1.

Stz EA%: 4.3 MIREBRK, 50 psifE 1A%350#h; DDI
Water, 50 psiFEJ1H%253 %4,

ARBENAEWANTREZAZRESE, FRATELEHEEMBN,

48 ADC 5 B MRR TR




4. GREWR
R (X DEEM) BT

4.1 CE-SDS;£#17

CE-SDSEHEATEE R, T, ﬁ?ﬁﬁ%‘, RE MR
ERR, EERARNESRAY DT RNERENEIRTTE,
HBUPERWBRAYMNIER (Reduced, R) MIEER ( Non-
Reduced, NR ) #@#TH N, ARSI EPHERITFE
54+ "I B ( sodium dodecyl sulfate, SDS ) & &, BiRR
$?ﬂ§¥f§ﬁ*ﬁﬁ¢ﬁ§ﬁﬁﬁ%%Zf%L)§% BEiERPNZ
REEWTR, FAERSE ( Light Chain, LC) F1E%% ( Heavy Chain,

c)o ﬁﬁﬂEL.)?ﬁ?nf@J#ﬁﬁ)”Uﬁgﬁ% TREARERBTR,
ﬁ?]ﬂ)\éﬁ%ﬂIﬂ?ﬂiﬂ%ﬁﬁﬂ’léﬁgﬁﬁﬂlﬂ" P EBERENSH
8] BT R A RS,

MFADCAMMLLE DT, RARZGATNBHRATHERN D
HroRES, RISSADCHEF TR RAAEIE A M 2 Bt 470 2™

JEJECE-SDS& 4 :

WITCE-SDSHFAER (E2) , oSN RBENE
% (2E8.03% ) , 25IENBERMNES (2823.13%) , 35EXR
BEMABHENESEMN (58 64.73%) , 4SEFLEHET, @
AR (B24.12%) o AERTH, BILEFECE-SDSHHT, HE%
BBEBEMARBERAY D FHEEIAS B ﬁﬁi%“it‘fﬁﬁ%
BE1ZANEY NS F, TAEREACE-SDSHEE 3 K X BEX
MABRELNHS B, BT 1TSS ESE2MTML, TUE—F
BE LR HEENBENE, M _FHTEHNEE. BT
TR ERRANTM, 125 ERRRN A BB XRES T
B, ERRTHBRAVS TENFENER, ZENPEEIX
B 714, EBIUI I SEMNERER. MFREZIBEREK
BERENESEUIE, THEHTESS TERK, BEITES
FERNESHTENFBEHAE,

3

<«

Mﬂﬁlr’\_vv A " ‘/\. -
N S "

) z ) ') )

E2. EADCHAYIIR RIACE-SDSE K IR, BIkEMHNHE3IT.
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ARBEXAE W NTRME

JE3E B CE-SDS A4 :

BTFiZADCAY R RIT ¥ AR IBELAY, EHTBEE, FF
ARBRFFTHAREEMTHN ZHRE. Bk, ADC ANEBRBEMS
A, BERARBE NS FHYNBIRASER, HiERK
JRCE-SDSA Tk E B3, RIBHFEMGE, 1-55EDHAET
BEMESE(LC), BEHE(HC), R (HL) . E&H (HH) . &
FRYE (HHL) , 6SIE HEERERY,

X i R AN AR R R A AT 04T TW—I'
i, W R SR B R RN,
(E3), 1%¢z$ﬁiﬂl%%]$ﬂl% iﬁﬂﬂ?"ih_)?%fflﬁ'l' HE R
E2BEK, EREEPRBHKESE (E2higEL) RRTHL.
HHLAISE BRIUIE R =) ( I3EPE’\]3\ s5HeSiE ) o

V& A 43 B
, 7£3EIRJECE-SDSH

- IRR ATV
Ud\jlum

wr\,_foe—;w

B3, EADCAYAIIEIR R IACE-SDSE K IEE . B k&M E3T

4.2 cIEFEATE B AR BITFEMSHT

ME4FFR, (A)#(B) 2AMREKRTRNEEIN N AIADCHA
Yo A3 pl Marker (10.0. 9.5. 5.5) #HITEFBH AWML ITE
(R>0.999) , HABEMFIENTNE 867, SRIEBEGERFTI
ITENIERES 3T, HBE R ERRBRAY/ N FiE,
BFHEDD FRSIANMRBERED FEMEET E.®, Fridapc
HYNEFE R MBE T EREEN TFRABEET T4, MNiEER
BOLEERSNEAFE, NIZADCAY TIENFE SHERHN
8.67& L E8.10, BEEFAEMpUELERAEER ERZ) (1.
8.12-8.76; ADCZ5#): 7.48-8.89) o

ARZXRE5SE, TATHLEHREMBER,

ADC ZiM T ZRR TR 49




ol 100\‘ | oS

® 1 Py 2 » % E » E M

El4. FEADCHMIBEL RIS AICIEFEB FKIGE,
K&

(A) #H1; (B)ADCEM. B

5. &ip

AFRET T ETFRERBENADCAYNRRMESTTT
ko {¥ FACE-SDSHICIEFTT 3k 43 B3 H A /N5 B e 1o S o ik ok
T4, BIFEEMIERRCE-SDSM TR, izt mitiT 7 4 E
BTN, 1) EEREEET, BEMRBREORHTUIASS B
EHNE, FUTXENF B TERNEEN . 2) R
BEMT, SHZEFBEARBIKAOADCHE SR, TSI AT A RIS
BMNEE. 3) BIXEEMIEXRFECE-SDSHIXLLA T, BBE—E
BREFRBREAYHOBESE, 4) EEAEREN N AHADCAHAMH
CEFFADF, BYHFENEB SRABEERMERNTL,
REENNEEEEE SMTNIFDBADCAYRIE M.

BTADCHYEEERANFRE, RNERFEHESTHIEMLS
WA HHATEN, AR BIEMER R EANEST, LW
T ADCEZY A NF MR B R R RMENT, SHZEEDRAREGY
M RRELRFIRET S %,

RUO-MKT-02-10284-ZH-A
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