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Data from orthogonal analytical approaches confirmed that the process design space, control strategy and manufacturing unit operations enable consistent
production of the antibody drug conjugate (ADC), SDE-100. Lot to lot comparability is demonstrated for the different facilities and scales of manufacture
used for investigational new drug (IND) enabling and clinical lot production. Multiple methods are shown to build a complete picture of the average degree
of conjugation, conjugation site and site occupancy, with all being very comparable lot to lot.
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In support of MHRA approval for a newly built GMP manufacturing facility, Sterling developed and manufactured an antibody drug conjugate in the facility
and under cGMP. The project consisted of process and analytical development, with small scale process ‘fix’ runs executed in process development prior to
scale up to generate IND enabling toxicology bulk. The process was then transferred, further scaled up, and manufactured in the newly built facility. The
ADC, referred to as SDE-100, combined the anti CD25 IgG1l HuMax-TAC with the clinically validated toxin linker vedotin. The conjugation chemistry
involved selective partial reduction of interchain disulphides, followed by conjugation to the free thiols generated via the toxin linker maleimide (Figure 1).
Process development involved both single factor (OFAT) and multivariate design of experiment (DOE) approaches to establish a robust process design
space which would result in high lot to lot consistency; shown by highly comparable release testing data (World ADC, San Diego, 2022).

This work further evaluates lot to lot consistency between an IND enabling toxicology lot and three clinical lots. The focus of this work is to confirm
comparability with respect to drug loading using a number of orthogonal methods which can determine the average loading, site of conjugation and
conjugation site occupancy.

Fig. 1a The process chemistry used to
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Fig. 1b Cartoon image showing the interchain disulphide bond structure and amino
acid sequences in the antibody hinge region which are targeted during TCEP partial
reduction — the peptide sequences shown are specifically those expected following
tryptic digest of SDE-100.

Scale Sterling code Identifier
IND enabling TOX 10g SON326-015 A
GMP bulk #1 50g SDE-100-22-02 B
GMP bulk #2 50g SDE-100-22-03 C
GMP bulk #3 50g SDE-100-22-04 D

Fig. 1c The purpose, scale, Sterling lot number and poster identifier codes are summarised in the table above.

CH ROMOATOGRAPHIC METHODS

The two most common chromatographic methods used to determine the average drug loading and to provide some information regards specific sites of
conjugation for stochastic vedotin ADCs, like SDE-100, are hydrophobic interaction (HIC) and reverse phase (RP) HPLC. While HIC can determine the
average drug to antibody ratio (DAR) on intact antibody species, it provides limited information on the site of conjugation, with each main peak in the HIC
chromatogram consisting of a mixture of regiospecific conjugate isomers as shown in Figure 2.

Orthogonal analysis using RP-HPLC following reduction of the ADC provides further information on the site of conjugation by revealing, on average, which
interchain disulphides have been reduced and conjugated as shown in Figure 3. Again the method does not provide full detail of the exact site of
conjugation, as the retention times of the isomers of the 1 and 2 drug loaded heavy chain are often identical.

Commonly HIC is used as a quality control (QC) release method as it is sensitive to change in average DAR, provides information on the level of
unconjugated antibody and can often resolve ‘odd’ drug loaded species which can result from incomplete conjugation. RP is less commonly used for
release testing but is used during process development and characterisation. For all four lots of SDE-100, both HIC and RP-HPLC show a very high degree
of consistency lot to lot, supporting the robustness of process design, control and execution.

. |} , Fig. 2 Overlay of HIC-HPLC chromatograms from SDE-100 Lots A — D.
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Above each peak is a cartoon of conjugate isomers potentially present under
each main average DAR peak. Pink dots indicate site of conjugation for different
average DAR and show regiospecific isomers. HHLL nomenclature indicates
protein chains which are liberated following denaturation of the ADC. LX, HX
nomenclature indicates protein chains liberated following reduction and
denaturation of the ADC.
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Fig. 3 Overlay of RP-HPLC chromatograms of SDE-100 Lots A — D showing excellent ot to ot comparability. To the right is a cartoon of conjugated light and heavy antibody chain
species/isomers present under each main L1, H1, H? and H3 peak. Pink dots show site of conjugation.

SDS-PAGE METHODS

SDS-PAGE, in both traditional slab gel and in imaged capillary mode, are useful to provide further insight into the specific interchain disulphides which are
reduced. Reduction and conjugation across interchain disulphide bonds generates an antibody drug conjugate which will dissociate under denaturing
conditions. The pattern of bands produced is therefore characteristic of the average pattern of reduced disulphides.

Unlike HIC and RP-HPLC, the separation does not rely on the hydrophobic property of vedotin, merely on protein species molecular weight and so does not
actually confirm that both reduction and conjugation have occurred. None the less, it is a simple methodology which can be performed with the simplest of
equipment and enriches the information on lot to lot consistency and site of reduction and conjugation. An overlay of non-reducing imaged capillary
SDS-PAGE analysis is shown in Figure 4. For all four lots of SDE-100, non-reducing SDS-PAGE shows a very high degree of consistency; this data confirm the
consistency of the key reduction reaction which underpins this type of stochastic process.
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Fig. 4 Overlay of imaged

capillary SDS (Non-Reducing) of SDE-100 Lots A — D
showing excellent lot to lot comparability. Above each
peak in the electropherogram is a cartoon of antibody
fragments generated following sample denaturation
and indicative of specific disulphide bonds reduced

\ \ \ / and site of conjugation.
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MASS SPECTROMETRY METHODS

Mass spectrometry (MS) is essential for characterisation and comparability assessment of ADCs, and is employed in multiple ways. For example, for both
the HIC and RP-HPLC data shown, the identity of the conjugated species shown under each peak was confirmed by mass analysis. For HIC, individual DAR
peaks were collected and desalted via SEC-HPLC and analysed in native MS mode directly from the SEC column. For RP-HPLC, the column eluate was
directly compatible with mass spectrometry. Both these approaches confirm the expected conjugated masses for the intact antibody and light and heavy
chains but do not confirm actual site of conjugation.

In order to fully characterise the sites of conjugation, a proteolytic trypsin digest was performed on the ADCs, the resulting peptide were separated by
RP-HPLC to generate a peptide map, which in turn was analysed via a data dependant MS/MS fragmentation approach; using a quadrapole time of flight
instrument. The consistency of the peptide map and confirmed conjugated peptides demonstrates excellent lot to lot reproducibility of the SDE-100
process (Figure 5). Four conjugated peptides are expected, please see Figure 1 for details of the antibody hinge disulphides and expected cysteine
containing peptides: The light chain tripeptide with one drug, the Fab tetrapeptide with one drug and the Fc 23 amino acid peptide with one or two drugs.
Five conjugated peptides are actually observed based on incomplete tryptic digestion of the light chain tripeptide. The identity of each conjugated peptide
was confirmed via MS/MS sequencing of the peptide coupled with detection of indicator fragments associated with MS induced fragmentation of the
vedotin toxin linker, Figure 6.

During peptide assignment, all cysteine residues were considered by the software in an unbiased approach. Only the expected sites showed the addition of
the vedotin mass and subsequent indicator fragments. This analysis confirms that only interchain hinge region disulphides were reduced and conjugated;
99% amino acid sequence coverage was achieved in the MS/MS analysis.

The lot to lot consistency of the tryptic digest RP-HPLC map demonstrates excellent reproducibility of the SDE-100 process and confirms comparability of
the four SDE-100 lots as manufacturing facility and scale are varied.
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Fig. 5 Tryptic peptide map of SDE-100 lots. Conjugated peptide are highlighted and the peptide sequence and site of conjugation are shown above them. While only four conjugated
peptides are expected, five are identified, as a result of incomplete tryptic digestion.

Spectrum from SON340__Digest_GMP_3_0.5ug_ul_IDA15_07 wi#2 (sample 1) - SON340_ Digest_GMP_3_0.5ug_ul_IDA30_05, Experiment 1, +iDA TOF MS (300 - 2250) from 75.709 1o 76.934 min
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Fig. 6 An example of MS (Fig. 6a) and MS/MS (Fig. 6b) data confirming identity of conjugated peptides, this example is for the double conjugated 23 amino acid heavy chain Fc hinge
region peptide. The MS/MS spectra is labelled with identified Y series fragments and indicator fragments assigned to the vedotin toxin. The large star is a /18 m/z fragment resulting
from fragmentation of vedotin at the N-methyl valine n-terminal amino acid of the core toxin. The two small stars indicate fragments within the core toxin ion. Similar data sets were
generated for both the singly conjugated hinge peptide, the light chain terminal peptide, and the heavy chain Fab region targeted peptide.

SDE-100 is an example of a stochastic cysteine linked ADC in which conjugation is targeted to the cysteines of the interchain hinge disulphides. The extent of
conjugation and sites of conjugation are critical quality attributes for such ADCs and the process has to be developed and optimised to ensure consistency lot
to lot and in anticipation of future batch scaling. A quality by design (QbD) approach was taken during SDE-100 process development, with process
parameters and ranges studies in OFAT and DOE experiments and a design space identified in which minimal variability in extent and site of conjugation was
observed. This was translated into a process control strategy matched to appropriate equipment selection and unit operation execution, and used to
manufacture four lots of SDE-100. Independent of the facility or scale of manufacture all four lots were highly comparable.

Multiple orthogonal analytical methods were used to confirm the consistency of interchain disulphide reduction and subsequent conjugation. In particular,
mass spectrometry analysis of peptide maps confirmed conjugation of intended cysteine residues and absence of conjugation at other amino acids; including
intrachain disulphides and potentially reactive lysine, histidine and tyrosine residues.

To find our more, or to get in touch, please visit



