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• Biotechnology products never consist of a single moiety: 
– Product related substances

• Protein variants that have similar biological activity to the ‘parent’ molecule

– Product related impurities
• Protein variants that do not have similar biological activity to the ‘parent’

molecule

– Process related impurities
• Host Cell Proteins

• Endotoxins
• Host cell DNA

• Media components

• Residual processing agents (e.g. protein A, process chemicals)

– Process Contaminants
• Adventitious agents

• Leachables

Biotechnology Products are ComplexBiotechnology Products are Complex
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Aggregates are complex entitiesAggregates are complex entities

• Aggregates can arise from:
– Product-related substances: dimer, HMW.
– Product-related impurities: fragments, cleaved 

products.
– Process-related impurities: process 

contaminants
– Process contaminants: leachables, tungsten, 

silicon oil, stainless steel.
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Adapted from Rathore, et al., Biotechn. Prog. May 2007, Online

Protein Design

Cell Culture

Purification

Formulation

Bulk DS

Filtration
UF/DF

DP Filling

Lyophilization

Inspection

Labeling
Packaging

Storage

Shipping

Delivery Device

Aminoacid sequence
Hydrophobicity, hydrogen bonding

Expression system, disulfide scrambling
Shear stress, pH, temperature
Membrane adsorption, leachates, unfolding
Exposure to various surfaces
Exposure to buffers, and reagents
Freeze/Thaw bulk effects

Excipient-protein interaction effects
Shear during mixing, filtration, filling
Exposure and adsorption to various surfaces
Protein unfolding due to membrane interactions
Foaming during filling
DP container interaction, light exposure
Foreign particle, leachate, extractable
Freeze/drying-dependent stress
Residual moisture level

Exposure to light and shear
Micro-bubbles formation
Temperature excursions
Light exposure
Long-term DP stability
Interactions with primary container
Silicone oil, glass interactions
Mechanical stress
Pressure changes
Temperature stress

Protein-device surface interaction
Protein-device component interaction
Shear during drug delivery
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• Typically, a single vial of drug product may have 
not a single type of aggregates, but an aggregate 
mixture.

• Aggregates differ in origin, type and size, and are 
caused by multiple factors. 

• Aggregates range in size from approx. 5-10 nm to 
approximately 20-50 µm apparent globular 
diameter

Not all aggregates are created equal!Not all aggregates are created equal!
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What are Aggregates?What are Aggregates?

N               M*

2 M*              M2

M* + M n M n+1
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Aggregates are associative proteinaceous entities, 
other than the intended biologic, present in the 
drug product.
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Aggregate formation scenariosAggregate formation scenarios
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Adapted from Biotechnol. Prog. 2007; 23:548-552
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The complexity of aggregates is increased 
by the potential of aggregates to become 

sub-visible or visible particulates.
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What do we know about aggregates?What do we know about aggregates?
• Aggregation pathways:

- Rapid hydrophobic collapse into oligomeric intermediates 
(monomer- mediated?)

- Conformational conversion into a partially misfolded nucleus

• Nucleation may be:
- Homonucleate: � -sheet packing, dimer, trimer, etc.
- Heteronucleate: foreign particles, leachates.

• More hydrophobic than the monomer

• May increase in size and amount during life cycle

• May be reversible

• May be immunogenic
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What we donWhat we don ’’ t know about aggregatest know about aggregates

• Full mechanistic knowledge (e.g., triggering, rate of 

aggregation)

• How to characterize them completely

• How to completely eliminate them

• How to detect and monitor them with a single method

• How to predict their formation

• How to predict their impact on safety

• How to predict their impact on efficacy
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Concerns related to the presence of Concerns related to the presence of 
aggregates in the drug productaggregates in the drug product

• Clinical Relevance
– Aggregates can potentially impact:

• Efficacy - Potency
• Safety – Immunogenicity – route of administration, single or 

multiple administration, neutralizing antibodies.

• Stability
– Are degradation products clinically relevant? 

• Consistency of Manufacture 
– Can you make the same product batch to batch?
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Aggregates pose a risk to the assurance of 
delivering a product of expected quality, 

safety and efficacy.
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Addressing aggregates in a riskAddressing aggregates in a risk --based based 
approach: ICH Q9approach: ICH Q9

• Risk Assessment:
– Risk identification: Does the drug product contain 

aggregates? What is the impact of having aggregates 
in the product?

– Risk analysis: Are aggregates a critical quality 
attribute (CQA)?

– Risk evaluation: Are aggregates a high risk CQA? 
Evaluation of uncertainty?

• Risk Control:
– Risk mitigation strategy: reduction of aggregates
– Risk acceptance: monitor and control of aggregates

• Risk Review:
– Continuous assessment of aggregates throughout 

product lifecycle.
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Risk Assessment: Do you know your Risk Assessment: Do you know your 
aggregates? Methodsaggregates? Methods
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1. Size exclusion chromatography
2. Analytical Ultracentrifugation
3. Light Scattering (i.e., DLS) 
4. Field Flow Fractionation 
5. Electrophoresis
6. Spectroscopy
7. Mass Spectrometry
8. Viscosity
9. Elementary Analysis
10.FT-IR
11.Raman
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1. Turbidity
2. Light Obscuration
3. Light Intensity 
4. Microscopy 
5. Visual Testing
6. Disc Centrifuge, laser light

UncertaintyUncertainty ! ! 0.5 0.5 �� m particles are not routinely tracked and analyzed!m particles are not routinely tracked and analyzed!

0.5 mm
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More than one orthogonal method should be 
used to monitor/study aggregates

Minimize your uncertainty!
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• Structural characterization of proteins

• Evaluation of the biological activity of the aggregate 

• Forced-degradation studies using accelerating 
conditions: Temperature, pH, photonic exposure 

• Special studies provide support for protein integrity 
during various conditions: shipping, freeze/thaw, 
physical stress.

• In general, the manufacturer should aim at studies 
that examine the potential for aggregation of the 
drug product throughout its life cycle. 

Risk Assessment: Do you know your Risk Assessment: Do you know your 
aggregates? Characterization studiesaggregates? Characterization studies
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Risk Control: Mitigation of aggregatesRisk Control: Mitigation of aggregates

���������	��
Addition of copper sulfate decreases free-thiol 
formation of a mAb during cell culture by HIC.

Biotech. Prog. 2005, 21:550-553
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Risk Control: Mitigation of aggregatesRisk Control: Mitigation of aggregates

���������	��
PEG-containing buffer improved the ability to 
separate aggregates for removal.
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Risk Acceptance: Monitor and control Risk Acceptance: Monitor and control 
of aggregatesof aggregates���������	��

Aggregates in human IgG can be detected as peaks 
eluting prior to the monomer main peak by size-
exclusion chromatography and light scattering

J. Chromatography A. 2004; 1043: 41-46
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Risk Acceptance: Monitor and control Risk Acceptance: Monitor and control 
of aggregatesof aggregates

���������	��
Aggregates underestimated using SEC can be 
detected by analyzing the sedimentation velocity 
by AUC.

Philo, et al., WCBP 2000 Poster
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Risk Acceptance: Monitor and control Risk Acceptance: Monitor and control 
of aggregatesof aggregates���������	��

Increased levels of large aggregates (particulates) during 
filling were detected by turbidity and light obscuration 
methods.

AAPS 2006, 8(3):E572-E579



22

• Aggregate risk should be re-assessed:
– With progress of manufacturing and clinical 

experience.
– With progress on method optimization/validation
– With manufacturing changes: culture, scale, site.
– If storage stability profile information changes
– If change of route of administration
– If change of delivery device
– At post-approval: additional indication, different 

dosing paradigm, different patient population. 

Risk Review: ReRisk Review: Re --assessment of riskassessment of risk
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Regulatory perspective on aggregatesRegulatory perspective on aggregates

� There is no regulatory guidance specific for 
aggregates. 

� ICH Q6B (specifications), ICH Q1A(R2) (stability), 
ICH Q2(R1) (validation), ICH Q5E (comparability), 
ICH Q5C (stability) guidances deal with aggregates 
as impurities

� USP/NF <788> is currently used to test for sub-
visible and visible particulates
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In general, the lowest possible levels of 
aggregates are recommended.

The limits for aggregate levels in the drug 
product will depend on the specific drug 
product and should be guided by a risk-

based approach that evaluates the potential 
impact of those aggregates to the Q,S&E of 

the drug product.
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Aggregates during IND phaseAggregates during IND phase

• A provisional specification for aggregates at 
release and during stability testing during IND is 
important to assure the safety of the product

• Broader ranges may be allowed during early 
phases due to limited clinical and manufacturing 
experience

• Traditionally aggregates are reported as percent 
of the total peak area based on 
chromatographic methods (e.g., SEC)
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Aggregates during license applicationAggregates during license application
• A more thorough characterization of proteinaceous aggregates is 

expected by licensure.

• Commercial specification for aggregates at release and during 
stability testing should be supported by aggregate characterization, 
manufacturing experience, and data obtained from pre-clinical, and 
clinical studies.

• Typically, limits to aggregate levels are tightened at licensure when 
cumulative information allow a statistical prediction of aggregate 
levels (for both release and expiry). 

• By licensure, a validated assay that measures aggregate levels 
during storage (may be stability- indicating). 
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ConclusionsConclusions
• Aggregates may happen at any step of the drug product 

life cycle.
• A program to study aggregates should be science-driven 

and should be linked to pre-clinical, clinical and 
manufacturing experience

• A robust program in aggregates uses a risk-based 
approach and implements the tools necessary for 
detection, monitoring, characterization, and minimization 
of aggregates.

• The limits for aggregate levels in the drug product will 
depend on the specific drug product and should be guided 
by a risk-based approach that evaluates the potential 
impact of those aggregates to the Q,S&E of the drug 
product.
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