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A powerful and versatile alternative to legacy approaches is In 
Vitro Glycoengineering (IVGE). This technology offers a reliable 
and robust solution for optimizing biopharmaceutical workflows 
throughout the entire development and biomanufacturing life 
cycle. By providing precise control over glycosylation, IVGE 
stands ready to advance the next generation of protein-based 
drugs.3 This paper will explore key therapeutic areas where IVGE is 
not merely an improvement, but a critical enabling technology.

In the dynamic and highly scrutinized world of biopharmaceu-
tical manufacturing, an ongoing challenge continues to take
center stage: glycosylation. Effectively controlling glycans
during bioprocessing is considered a critical quality attribute  
by regulatory bodies due to their profound impact on safety, 
efficacy, and stability. In some cases, improper glycosylation 
can even trigger unwanted immune responses, or 
immunogenicity, in patients.1 For these reasons and more, the 
inherent variability and complexity
of glycosylation analysis and control is a constant and high-
stakes endeavor during bioprocessing. Traditional methods for
controlling glycosylation are inefficient and imprecise, leading
to inconsistent products and batch variability.2,3

Beyond Glycan Control: The IVGE 
Advantage in Key Biopharma Applications

Exploring the Expansive Reach of IVGE

makes IVGE a pivotal platform that can enhance diagnostic 
capabilities and possibilities.

One critical area of opportunity is in the development of 
biosimilars, which could expand patient access to high-cost 
biologics but includes immense analytical and regulatory 
challenges. These follow-on biologics must demonstrate analytical 
similarity to the originator drug, including having an identical 
or near-identical glycan profile. Traditional bioprocessing 
approaches struggle to replicate this profile consistently across 
batches and often result in significant variability that requires 
extensive (and expensive) non-clinical and clinical testing. IVGE 
directly tackles this by enabling the precise adjustment
of the final product’s glycan structure as a downstream process, 
demonstrating high similarity to the reference product and thus 
helping reduce the regulatory burden and speeding up market 
entry.

Given the intricate nature of glycosylation, a one-size-fits-all 
approach to biomanufacturing is not a viable strategy for 
achieving predictable and reproducible outcomes. While 
traditional methods offer some control, they often fall short in 
delivering the precision needed to guarantee a consistent and 
high-performing product. This lack of control has historically 
limited the potential of many protein-based therapies. 
IVGE, however, provides an unprecedented level of control, 
empowering scientists to move beyond simply managing 
glycosylation to actively engineering it for specific therapeutic 
objectives.

IVGE’s transformative capability and its versatility allow it to 
address a broad spectrum of challenges, from optimizing 
bioprocessing and creating “better” biologics to unlocking new 
possibilities in cell and gene therapy and vaccine development. 
Its ability to solve specific, long-standing industry challenges 
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The table below breaks down some of the applications within bioprocessing where IVGE offers a powerful solution with  
clear advantages.

IVGE Function Field of 
Application

Pain Point Limitation(s) of 
Current Methods

How IVGE Helps

Glycan 
Homogeneity

Antibody
engineering4,
Vaccine
development 5,6

Inconsistent 
glycosylation patterns 
can lead to batch 
variability and can 
weaken an immune 
response

Produces 
heterogeneous 
glycoproteins, making 
it difficult to control 
the exact antigen 
structure

Ensures glycan homogeneity 
by creating a single, well-
defined molecular structure 
using specific enzymes to add 
or remove sugar molecules 
after the protein is produced.

Half-Life 
Extension

Antibody 
engineering8, 
Biobetter 
engineering7,8

Many therapeutic 
proteins have a short 
half-life, requiring 
frequent, high-dose 
administration

Current methods
like PEGylation
are effective but
have significant
drawbacks (e.g.,
reduced efficacy,
heterogeneity)

Extends half-life extension 
by creating specific, stable 
glycoforms, while avoiding 
the pitfalls associated with 
PEGylation.

Analytical 
Similarity

Biosimilar 
engineering7

Manufacturing 
variability makes it 
difficult to replicate 
the complex glycan 
profile of the 
originator biologic 
with a high degree of 
precision

The “process is 
the product” for 
biologics, meaning 
small changes in 
manufacturing can 
lead to differences 
in the final product’s 
glycan structure

Facilitates glycan 
adjustment as a downstream 
process to ensure the final 
product’s glycosylation 
profile matches the originator, 
significantly reducing the 
regulatory burden of trials, 
testing, and paperwork.

Cell Homing & 
Persistence

Cell & gene 
therapy4,6

Cell therapies face 
challenges with 
persistence and 
targeting due to 
immune system 
clearance

Lack the capability 
and control needed 
to accurately and 
selectively engineer 
the complex surface 
of a living cell

Enhances cell homing and 
persistence through the 
highly specific enzymatic 
modification of cell surface 
glycans to optimize persistence 
and targeting

Immunogenicity Vaccine 
development5

The variable glycan 
structures on vaccine 
antigens can lead to 
a weak or unfocused 
immune response

Produces 
heterogeneous 
glycoproteins, making 
it difficult to control 
the exact antigen 
structure

Improves immunogenicity 
by ensuring a single, specific 
glycoform, which elicits a 
stronger, more targeted, 
and more effective antibody 
response

Lysosomal 
Targeting

Enzyme 
replacement 
therapy9

Therapeutic enzymes 
often lack the specific 
glycan signals (e.g., 
mannose-6-phosphate 
precursors) needed 
for cellular uptake 
and delivery to the 
lysosome

May bolster stability 
but can compromise 
the enzyme’s activity

Enables therapeutic 
function by precisely 
engineering the glycan 
structure to boost the enzyme’s 
stability and half-life and 
create the essential targeting 
moieties for cellular uptake  
and delivery

Brain 
penetration

CNS 
therapeutics10

Drug delivery to 
the brain is blocked 
by the blood-brain 
barrier’s (BBB) efflux 
mechanisms

Focus on enhancing 
influx (entry) and 
often fail due to drug 
efflux or toxicity 
issues

Increases therapeutic drug 
concentration in the brain  
by modifying glycan structures 
to inhibit drug efflux across the 
BBB
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Ready to take control of your glycosylation? Explore the IVGE toolbox from Roche CustomBiotech here.
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As the field of biologics continues to grow, the need for precise
control over post-translational modifications is paramount. 

Although traditional methods still have their place, IVGE 

represents a significant leap forward by enabling the precise 

engineering of protein properties, ultimately elevating the 

standard for developing more effective and safer therapeutics.

Roche CustomBiotech, a leader in the biopharma industry, has 
developed an IVGE toolbox that is designed for specific and 
efficient alteration of sugar moieties. This portfolio of highly pure 
and active glycosyltransferases and well-characterized activated 
sugars enables precise modifications and fine-tuning of glycan 
structures to meet the stringent quality and manufacturing 
requirements of the biopharmaceutical industry.11 By uncoupling 
glycosylation from the upstream bioprocess, IVGE technology 
allows manufacturers to optimize product yield and consistency 
while also enriching for desired glycoforms downstream.

A New Era of Precision With IVGE
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