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Analytical control strategies for monitoring of critical quality attributes (CQAs) are central to the development of biotherapeutics. The complexity of these modalities creates the need for
equally complex strategies to assure a robust process and a consistently safe and efficacious drug. Antibody-drug conjugates (ADCs) are one such modality that have common CQAs across
each unique drug. ADCs provide a unigue combination of a complex protein with a chemically bonded cargo that together control the activity of the drug. Here we discuss the significance
and methodologies to monitor some of the most impactful CQAs common across ADCs. The CQAs described herein include glycoprofile, drug-antibody ratio (DAR), position of conjugated
drug at the amino acid level, presence of conjugated linker without drug, cytotoxicity potency and quantity of host cell protein. Development and execution of these or similar assays will

assure appropriate control over the quality, efficacy, and safety of the ADC.

The effectiveness or strength of an ADC is in large part determined by the load of drug attached to each antibody molecule and its retention of target binding properties. The extent of drug
conjugation is controlled through process chemistry and monitored as a drug-antibody ratio (DAR). In early development, DAR is typically monitored using LC-HRMS of the intact ADC. By
identifying the sites and extent of conjugation one can be assured that the ADC maintains strength and targeting. This analysis can also reveal conjugation of linkers without drug. Glycoforms

can also be monitored in the ADC to assure consistency with the precursor antibody.

Ado-trastuzumab emtansine (Kadcyla) was used as a model ADC for LC-HRMS analysis on a Vanquish Flex-Orbitrap 240 (Thermo Fisher Scientific) system using a BioResolve RP mAb column
(Waters) for intact and subunit analysis. Data processing was performed in BioPharma Finder. ADC was injected as either intact or digested sample. For subunit analysis, the ADC was
digested with IdeS (Promega) at 37°C for one hour before injection. Some of this material was subsequently incubated with 10 MM DTT in 4 M guanidine-HCI, 67 mM Tris, 1.3 mM EDTA, pH 8 at

56°C for 45 minutes.

ADC Intact Mass Analysis: Deconvoluted data revealed a series of intact ADC masses consisting of glycoforms with various degrees of drug conjugation. An average DAR for Kadcyla can be
calculated as 3.53. The number of drug molecules per antibody is indicated in the text below the x-axis.

Subunit Analysis: Analysis shows F(ab)’2 subunits with degree of drug conjugate ranging from 0 to 6. The presence of conjugated linker without drug is also evident. No glycans were observed

in the F(ab)’2 subunit.

Intact Mass Analysis
Average DAR = 3.53

Kadcyla freeze 18 D3
Average DAR = 3.53 Trastuzumab _drug
1xA2G0F1xA2G1F 3xDM 1
100 , )
D2 15109273
Trastuzumab _drug
90 2xAZ2G1F 2xDM 1 D5
150296.32 Trastuzumab drug —
80 J 1xA2G0F1xA2G1FE S5xD M1
D1 15300767
70 Trastuzumab _drug .
= 2xA2G1F.1xDM 1 11 + D5
o 149339 09 Trastuzumab _drug
& 60 ) 2xA2G1F.5xDM 1
= 4 T17 s | &4/ 153168.50
£ 50 14916711 1
wm D6
L]
o 40 o s Trastuzumab_ drug
‘ o [| J124189.03  1xASGOF 1xA2G1F6XDM 1
153965 28
30
D7
20 148871.08 Trastuzumab _drug
2xA2G1F,7xDM 1
155084 .07
ﬂ | ] ¥ I_nJ : l ]l .

T
148000 150000 152000 154000 156000
Mass

DAR=0 DAR=1 DAR=2 DAR=3 DAR=4 DAR=5 DAR=6 DAR=7 DAR=8

For peptide mapping, LC-HRMS analysis was performed on an Acquity UPLC Peptide BEH CI8
column (Waters). Intact ADC was digested with SMART Digest soluble trypsin as described in
the product literature before analysis of tryptic peptides. Data processing was performed in
BioPharma Finder.

Peptide mapping gave complete coverage of the ADC and revealed amino acids carrying
drug conjugate as evidenced by a predicted mass shift and a signature drug fragmentation
ilon. Attachment of drug was confirmed by LC-MS/MS for 5 lysine residues (K42, K149, K88,
K217, K217).
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Residual DNA and host cell protein (HCP) control is critical at the drug intermediate level and
can be empirically determined using various platform approaches. Product specific
methods will be required for later phase products. Meso Scale Discovery assays developed
using antibodies against product specific HCPs can quantify existing impurities using simple
ELISA techniques. The precise amount of HCPs can be determined when compared to
reference standard.

Residual DNA and host cell proteins (HCP) control is critical at the drug intermediate
level due to impurities introduced in cell
culture stages. The amount of process
related impurities can be empirically 16000 ]
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approaches. During early phases,
commercially available HCP kits may
be a suitable option. However, product
Specific methods will be required for
later phases (i.e. MSD assays). MSD
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Potency can be determined using a measurable result that can be directly attributed to the
function of the drug. The mechanism of action of an ADC typically involves cell killing which
can be measured using a cell-based cytotoxicity assay. Identifying biologically relevant
cells, engineering cell lines or co-culture systems, strategizing dosing and curve fitting to
develop repeatable and reliable assays are some key considerations in the development of
potency assays.

The MOA of an ADC typically involves cell killing. This is often measured by ADCC (Antibody-
Dependent Cellular Cytotoxicity) or CDC (Cell Dependent Cytotoxicity) Monitoring. While
binding assays may be sufficient for regulators, a cell-based potency assay is the preferred
approach for later phases. The relative biological outcome can be determined by identifying
a measurable result that can be directly attributed to the function of the drug. Screening to
identify the biologically relevant cells, dosing strategy and curve fitting to develop
repeatable and reliable assays are some of the key considerations in the development of
potency assays. Cell line
screening, engineered lines
(including knock down or
knock out lines), effector and

" target lines or co-culture
' systems could be necessary
to consider. The final activity
read out platform may vary,
and kit-based approaches,
: e.g. measuring targeted
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cancer cell death using Cell
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During drug development and manufacturing of an ADC there are critical attributes that
should be monitored and are crucial to the success of most therapeutics. These include
potency, glycan analysis, and impurities assays dre a few of the CQAs used within a control
strategy to characterize a biologic. Using a portfolio of critical quality attributes and
determining correlations between these assays, ensures biologics are both effective and
consistently manufactured.

Data are provided which demonstrate what typically might be observed and some of the
challenges. These are representative and other data may vary in detail.
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