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Case Studies and Insights of Various Conjugation Methods

Introduction

Antibody-Drug Conjugates (ADCs) are biotherapeutic agents that combine three essential
components: an antibody, a cytotoxic payload, and a linker. The antibody is designed to
target a specific antigen on tumor cells, while the payload is a potent cytotoxic molecule
that aims to eliminate those cells. The linker serves as the bridge, facilitating the stable
attachment of the payload to the antibody while reducing the payload's hydrophobicity and

ensuring effective delivery to the target.

The efficacy and therapeutic index (TI) of ADCs are determined by the interplay of these
components. The TI, which represents the ratio of therapeutic activity to toxicity, is a critical
parameterin ADC development. A wider TI is essential to minimize off-target toxicity while
maximizing tumor cytotoxicity. The conjugation method, the method by which the payload
is attached to the antibody, has a significant impact on the pharmacokinetics,

pharmacodynamics, and overall therapeutic profile of the ADC.

To understand the role of conjugation methods in ADC properties, it's important to explore
how different strategies affect the therapeutic index and the stability, homogeneity, and

overall functionality of the resulting conjugates.
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Figure 1: Therapeutic index (TI) is the difference between toxicity and activity as a function of drug dose. In general
chemotherapy, the difference between activity and toxicity is very close. New approaches, such as ADCs, aim to increase

targeted tumor activity while minimizing off-target toxicity.
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Conjugation methods - Lysine

Lysine conjugation was the first widely adopted
techniquein ADC development. This method involves the
f ------------ c o use of surface-exposed epsilon-amines in lysine
E A/\/\f\’u\ residues on the antibody, which are conjugated to the
linker-payload using NHS-ester chemistry. Lysine
Lysine-amide coupling
conjugation is highly advantageous due to its simplicity,

scalability, and well-established chemistry. It does not

Figure 2: Lysine conjugation depends on . . . . . . .
] ] i ) require any antibody engineering, making it a relatively
primary amine chemistry to conjugate

payloads with high heterogeneity. High  Straightforward and cost-effective approach.

ADC heterogeneity can lead to poor
biophysical  properties and poor ~HoOwever, as we delve deeper into its limitations, we can

pharmacokinetics see that lysine conjugation lacks site specificity. With

roughly 20-22 lysine residues on the surface of the
antibody, there is no control over which lysine residue will act as the conjugation site. This
randomness leads to significant heterogeneity in the ADC product, making it difficult to
predict pharmacokinetics and therapeutic outcomes. Furthermore, lysine conjugation can
lead to batch-to-batch variability, which is a challenge for both production scalability and

regulatory approval.

Figure 3: Lysine conjugation possesses 20-22 surface-exposed lysine residues for conjugation. Typical lysine conjugates will
have a heterogenous DAR distribution. There is no specificity in the conjugation, leading to poor reproducibility, stability and

pharmacokinetics.
Case Study #1: In-house Trastuzumab Emtansine vs. Kadcyla®

This case study highlights lysine conjugation’'s efficiency and limitations using in-house

Trastuzumab Emtansine, benchmarked against the FDA-approved Kadcyla®:

e DAR:2.7(vs. Kadeyla® 2.5)
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e % Monomer: 97.0% (vs. Kadcyla® 98.4%)
¢ % Unconjugated: 53% (vs. Kadcyla® 55%)

LC-MS reveals a broad mass spectrum due to the heterogeneity of drug-loading patterns,
with payloads ranging from O to 6 DM1 molecules per antibody. HPLC-SEC demonstrates
dominant monomer peaks but also higher levels of unconjugated species and aggregation,

which are characteristic of lysine conjugates.
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Figure 4: Deconvolution mass profile for trastuzumab (black), in-house trastuzumab emtansine (blue), and Kadcyla®

(orange). Both ADCs show a broad and heterogenous distribution of linker-payload.
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Figure 5: HPLC-SEC overlay. Antibody only in orange, in-house Kadcyla in Aqua, commercial Kadcylain teal. Profiles between

in-house generated and commercial Kadcyla are within expected elution times by HPLC-SEC.



Summary of Lysine Conjugation
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Feature Lysine Conjugation
Simplicity High
Site-Specificity Low
Scalability Good
Homogeneity Poor

Risk to Antibody

Function

Moderate (due to randomness)

Regulatory Challenges

Moderate (batch variation)

These results demonstrate that lysine conjugation can reliably replicate the structural and

biophysical attributes of commercial products like Kadcyla®. However, the elevated

unconjugated fraction and lower monomer purity highlight the need for careful optimization

of conjugation ratios, purification conditions, and buffer systems to minimize aggregation

and excess payload.

Conjugation methods - Cysteine

Cysteine-maleimide alkylation

Figure 6: Cysteine conjugation depends on
reduction of the disulfide bonds from surface-
exposed cysteine residues to conjugate payloads

in a more "site-specific" manner.

Subsequently, the ADC development field shifted
toward site-specific conjugations, with cysteine
conjugation being the first widely adopted
approach. This method offers better control over
drug loading and more consistent
pharmacokinetics due to the homogeneity of the
resulting ADCs. The process involves the selective
reduction of disulfide bridges (cystines) to
generate free cysteine thiols, which are then
conjugated to maleimide-functionalized linker-

payloads. This maleimide-thiol chemistry is highly
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efficient and compatible with a wide variety of payloads.

Cysteine conjugation depends on reduction of the disulfide )

bonds from surface-exposed cysteine residues to

conjugate payloads in a more "site-specific” manner. Up to R -

8 payloads can be conjugated to traditional IgGil

antibodies. Cysteine ADCs lead to improved homogeneity 0 "‘_!_".T_';—'_’-'Eﬁ,_T_
and better pharmacokinetic profiles. DAR

However, cysteine conjugation is not without limitations.

The maleimide-thiol bond can undergo hydrolysis, Figure 7: Cysteine conjugation allows

for up to 9 payloads to be conjugated to
especially under physiological conditions, potentially

prototypical IgG antibody.
leading to premature drug release. Additionally, disulfide
reduction may compromise antibody stability, increasing risks of aggregation or misfolding,

especially if not properly controlled.
Case Study #2: In-house Trastuzumab Deruxtecan vs. Enhertu®

The in-house Trastuzumab Deruxtecan ADC demonstrates the benefits of optimized

cysteine conjugation. Key performance metrics:
e DAR: 8 (identical to Enhertu®)
e % Monomer: 98.9% (vs. Enhertu® 95.1%)
e % Unconjugated: <1% for both

LC-MS analysis confirms consistent drug loading patterns with well-resolved light and
heavy chain species bearing 0-3 drugs. HPLC-SEC profiles show a dominant monomer peak
with minimal aggregation, validating the structural integrity of the ADC. These results
underscore our ability to achieve clinical-grade quality through disciplined process control

in cysteine conjugation.
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Figure 8: Deconvoluted mass profile for reduced trastuzumab (black), in-house trastuzumab deruxtecan (blue) and

commercial Enhertu® (orange). Migration of both light and heavy chains in both commercial and in-house ADCs are

comparable to each other.
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Figure 9: Size-exclusion chromatography of trastuzumab (blue), trastuzumab at pH 8.0 (teal), in-house trastuzumab

deruxtecan (purple), and Enhertu® (orange). Retention times show low levels of aggregation.
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HIC-HPLC below shows a single, well-defined peak consistent with a highly homogeneous

DAR 8 conjugation and the distribution is comparable to commercial Enhertu® ADC.
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Figure 10: Hydrophobic interaction profile of trastuzumab (teal), in-house trastuzumab deruxtecan (blue) and commercial

Enhertu®. Retention profile of the in-house conjugate coincides with Enhertu®
Case Study #3: In-house Brentuximab Vedotin vs. Adcetris®

Another demonstration of cysteine conjugation's robustness is seen in the in-house

Brentuximab Vedotin ADC, benchmarked against the FDA-approved Adcetris®:
e DAR: 4.2 (vs. Adcetris® 4.8)
e % Monomer: 99.8% (vs. Adcetris® 98.9%)
¢ % Unconjugated: 5.6% (vs. Adcetris® 6.5%)

LC-MS shows matching conjugation species with intact light and heavy chain drug-loading
profiles. HPLC-SEC reveals clean monomer peaks and low levels of aggregation and excess
free payload. Notably, the in-house ADC demonstrates superior monomer purity and lower

unconjugated antibody, reflecting a high degree of control over the reduction and

conjugation steps.
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Figure 11: Deconvolution profile for reduced brentixumab (black), in-house brentixumab vedotin (blue), and Adcetris® (orange).

Migration of both light and heavy chains in both commercial and in-house ADCs are comparable to each other.
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Figure 12: Size-exclusion chromatography of brentixumab (purple), in-house brentixumab vedotin (blue), and Adcetris®.
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HIC-HPLC below shows broad distribution of DAR species, with an average DAR of 4.0 and

the distribution comparable to commercial Adcetris® ADC.
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Figure 13: Hydrophobic interaction profile of in-house bretixumab vedotin (blue) and commercial Adcetris®. Retention profile
of the in-house conjugate coincides with Adcetris®.

These results confirm that with well-tuned reduction and purification parameters, cysteine
conjugation can yield ADCs with quality attributes comparable, or even superior, to

commercial products.

Summary of Cysteine conjugation

Feature Cysteine Conjugation
Specificity Higher thanlysine
Homogeneity Improved

Antibody Binding

Good
Preservation
Structural Risk Moderate (due to disulfide reduction)
Bond Stability Potential issues with maleimide
FDA-Approved Use Yes (e.g., Adcetris®, Polivy®)

Cysteine conjugation remains the gold standard for ADC development, balancing
specificity, compatibility, and process scalability. The case studies of in-house Trastuzumab
Deruxtecan and Brentuximab Vedotin demonstrate how platform optimization can match

or exceed the quality of reference commercial products. From improved monomer content
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to tighter control over drug loading and aggregation, these examples reinforce cysteine

conjugation’s continued relevance and show that even subtle enhancements in process

design can vield tangible benefits in product quality and therapeutic potential.
Conjugation methods - Site-Specific Glycan Conjugation

Despite the reliability of cysteine-
One-pot Enzymatic Conjugation based ADCs, several challenges
remain. These include issues like
maleimide hydrolysis, which can
lead to instability of the ADC
conjugate, as well as concerns
regarding payload stability and

hydrophobicity. These factors can

affect the overall performance and

EndoS2v Homogenous ADC

therapeutic potential of cysteine-
based ADCs, making it essential to
Figure 14: Illustration of glycan site specific conjugation involving the explore alternative conjugation

glycan remodeling with enzyme and sugar and the conjugation of strqtegies and novel pCl\/]OCld

linker-payload by click chemistry. .
designs to overcome these

limitations.

To tackle these obstacles, other conjugation methods have been developed. Many of these
conjugations involved modifications using enzymes to modify antibodies for rapid
conjugation. Glycan conjugation has established itself as a more site-specific/position-
specific alternative to cysteine conjugation. It targets the conserved N-linked glycan site
Asn297 in the Fc region and modifies the residue with a full linker-payload or a linker-click
chemistry moiety. It is a non-disruptive conjugation that does not interfere with antigen
recognition, generates a homogeneous DAR species and allows for incorporation of click-

chemistry handles and other enzyme-reactive groups.

Glycan conjugation is still a young methodology and thus, it is not optimized. It is not
universally applicable, and it has limited commercial standardization to date. It also
requires more antibody engineering (glycan trimming, enzymatic remodeling) than lysine or
cysteine conjugations. Currently, there is a lot of effort in developing glycan conjugation,

with companies like Synaffix and Genovis leading the field.
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Case Study #4: In-house Trastuzumab Deruxtecan (Topo I linker) - Site-Specific DAR4

Glycan Conjugate

This case study evaluates an in-house Trastuzumab Deruxtecan ADC conjugated via a
glycan-based site-specific approach using a Topo ILinhibitor payload and designed for DAR

4 architecture.
e DAR:3.88
e % Monomer: 99.5%
e % Unconjugated: <1%

LC-MS confirms a sharp, dominant DAR 4 peak with minimal DAR O species, demonstrating
precise control over drug loading. HPLC-SEC reveals a single, symmetrical monomer peak

with no detectable aggregation, indicating excellent stability.
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Figure 15: Deconvolution profile for in-house trastuzumab deruxtecan conjugated via a glycan-based site-specific

approach at DAR 4.
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Figure 16: Size-exclusion chromatography profile of cysteine-conjugated trastuzumab deruxtecan DAR 4 (blue), and

glycan-conjugated trastuzumab deruxtecan DAR 4 (teal).

HIC-HPLC below shows a single, well-defined peak consistent with a highly homogeneous
DAR distribution and low amounts of unconjugated antibody. As opposed to the cysteine
ADC's heterogeneous DAR 4 distribution, the homogeneity of the glycan DAR 4 ADC will

likely result in favorable biophysical properties, better solubility, and pharmacokinetics.
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Figure 17: Hydrophobic interaction profile of cysteine-conjugated trastuzumab deruxtecan DAR 4 (blue), and glycan-

conjugated trastuzumab deruxtecan DAR 4 (teal).
This data confirms that site-specific glycan conjugation can produce ADCs with several key
advantages:

¢ High monomeric purity: Ensuring uniformity and stability in the final product.

e Very tight DAR control: Allows precise drug-to-antibody ratios, which is critical for

consistent therapeutic efficacy.
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o Improved hydrophilic properties: Help to reduce off-target interactions, minimize

toxicity, and enhance the robustness of the formulation for better stability and

delivery.

These findings support glycan-based conjugation as a next-generation alternative for

generating precise, stable, and pharmacologically optimized ADCs.

Summary of Glycan Conjugation

Feature Glycan Conjugation
Site-Specificity High (Fc glycan)
Homogeneity Excellent
Complexity Moderate-High (enzymes, glycan remodeling)
Need for Engineering No (uses native glycan)

Preserves Antigen

Yes
Binding
Clinical Use Growing
Summary

While lysine and cysteine-based conjugation methods have laid the groundwork for ADC
development, the future of ADC technology lies in refining conjugation strategies that
provide greater control, stability, and specificity. Site-specific conjugation, particularly
through glycan remodeling, represents a pivotal advancementin optimizing the therapeutic
index of ADCs. By enhancing uniformity, stability, and targeting precision, the next
generation of ADCs will be better equipped to overcome current limitations and tackle
future therapeutic challenges. This will not only pave the way for more effective and safer

cancer treatments but also expand the potential for ADCs in other therapeutic areas.

As industry and technology continue to evolve, we are committed to advancing our
expertise to guide our clients through their ADC development journey. By offering detailed
insights from subject matter experts, we help our clients understand how different

conjugation methods can impact ADC's therapeutic index and pharmacokinetics. Our goal
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is to provide the knowledge and tools necessary to make informed, strategic decisions,

ensuring successful outcomes as we navigate the complexities of ADC development

together.



