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 Protein products designed to aggregate after in vivo 
administration in humans: 
 Human calcitonin, Degarelix
 Lantus insulin analogues

 Aggregation of antibody products in human plasma
 Antibody candidate durin Ilaris development
 Herceptin, Avastin, Remicade

 Therapeomic platform to optimize protein formulation 
based on studies of aggregation in human plasma
 Therapeomic particle scanner imaging (PSI)
 examples

Aggregation of therapeutic proteins after mixing with 
human plasma: implications for drug development 
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Fibrillation time
50 to 100 years 

1990-1997 Ciba-Geigy / Novartis: Development of stable, 
not aggregated hCT solutions by T. Arvinte.

Nasal Human Calcitonin spray product

hCT plasma concentration after in vivo
administration of hCT fibrillated gel

Use of hCT fibrils as slow release formulations
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Degarelix Gel
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Precipitation of the protein after subcutaneous    
injection (formation of hexamers)

Long‐acting insulin analog Fast‐acting insulin analog

No precipitation of the protein after 
subcutaneous injection 

Insulin analogs
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Interaction of  insulin analogs with human plasma
Light microscopy  with phase contrast

Precipitation at the interface Lantus ‐ plasma

Lantus: long‐acting insulin analog Apidra: fast‐acting insulin 
analog

Lantus added to PBS Lantus added to human plasma

Precipitation at the interface Lantus ‐ PBS Precipitation at the interface Lantus ‐ plasma

Comparison of aggregation in plasma with 
aggregation in  PBS
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 Protein products designed to aggregate after in vivo 
administration in humans: 
 Human calcitonin, Degarelix
 Lantus insulin analogues

 Aggregation of antibody products in human plasma
 Antibody candidate during Ilaris development
 Herceptin, Avastin, Remicade

 Therapeomic platform to optimize protein formulation 
based on studies of aggregation in human plasma
 Therapeomic particle scanner imaging (PSI)
 examples

Aggregation of therapeutic proteins after mixing with 
human plasma: implications for drug development 

1996-2000 Novartis - Development of Ilaris formulation:
Aggregates formed by mixing one mAb candidate antibody 

formulation with human plasma

10 volunteers; aggregation occurred in 5 volunteers

25 m
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Toxicity of Ig light-chain aggregates:
Atomic force microscopy of the initial structures observed 

during the formation of Ig light-chain amyloid fibrils.
Ionescu-Zenetti et al. (1999) Proc. Natl. Acad. Sci. USA 96, 13175-13179

Novartis Monoclonal Antibody 
Ilaris Approved 2009

The basis of Ilaris formulation  was 
developed by T. Arvinte using HTF and HTA
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Herceptin® (trastuzumab)
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Herceptin® (trastuzumab)

Reconstitution with
water (1.1% benzyl alcohol)

Lyophilized
21 mg/ml

Stable 28 days
at 2-8 ºC

Dilution in an infusion bag
Containing 0.9% NaCl

0.2 – 1.3 mg/ml
Stable 24 hours

at 2-8 ºC

Herceptin® (trastuzumab)
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www.fda.gov/cber/appr2000/2000lic.htm

Herceptin® (trastuzumab): Package Insert

Medical proof of concept and the success 
of a protein drug depends on its formulation

Herceptin® sample preparation

Stock
21 mg/ml

Histidine buffer
benzyl alcohol
polysorbate 20

0.9% NaCl
1.28 mg/ml

5% dextrose
1.28 mg/ml

Herceptin® (trastuzumab)

22
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Demeule, B., Palais, C., Machaidze, G., Gurny, R, Arvinte, T, mAbs 1:2, 2009,  1-923

 Standard analytical method do not detect 
Herceptin aggregation in 5% dextrose:

 Solution is perfect clear by eye

 No detectable changes in viscosity

 No aggregates by size exclusion 
chromatography (SEC)

 No aggregates by standard field flow 
fractionation (FFF)

Case Study: Herceptin® (trastuzumab)
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 New methods developed by Therapeomic 
detected Herceptin aggregation in 5% dextrose:

 Intrinsic Trp fluorescence intensity
 Intrinsic Trp fluorescence anisotropy
 Intrinsic Trp fluorescence lifetime
 1,8-ANS fluorescence intensity
 1,8-ANS fluorescence anisotropy
 1,8-ANS fluorescence lifetime
 Special Filed Flow Fractionation experiments
 Nile red fluorescence microscopy
 Electron microscopy

Case Study: Herceptin® (trastuzumab)

0.9% NaCl 5% dextrose

Electron Microscopy of Herceptin

Demeule, B., Palais, C., Machaidze, G., Gurny, R, Arvinte, T, mAbs 1:2, 2009,  1-9

Herceptin would have failed clinical trials if 
formulated in 5% dextrose instead of 0.9% NaCl
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Case Study: Herceptin® (trastuzumab)

5% dextrose
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5% dextrose

Lantus with 

1,8 - ANS
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Herceptin + 5% dextrose   Avastin + 5% dextrose
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4 µm

2 µm

Aggregation        Size           Mean 

m m
Herceptin + 0.5 – 9 4
Avastin + 0.5 – 6 2
Remicade -

Herceptin -
Avastin -
Remicade -

Herceptin particle concentration  ~108

particle/mL

in contact         range       diameter
with plasma

Aggregation in contact with plasma
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9%

 N
aC

l  
  5

%
 d

ex
tr

os
e

Arvinte et al., mAbs 2013, 5:3, 1-10

Herceptin+5%dextrose   Avastin+5%dextrose
+ human plasma             + human plasma

Slide from: Dr. Ewa Marszal FDA / CBER PEGS Meeting Boston USA, May 2, 2013
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1 min 7 min

Aggregation model for antibody in human plasma
Arvinte et al. (2014) in preparation
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Lutz et al. 81986) J Neurosurg 64, 277 
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Combination therapies which result in mixing of drugs and 
incompatible diluents may also be a source of formation of 
particulate aggregates. For example the chemotherapy agents 
Paraplatin (carboplatin) or Taxol (paclitaxel) can be administered 
either with 5% dextrose or 0,9% NaCl: these chemotherapy 
agents are often co-administered with Avastin.  For another 
cytokine drug, Platinol® (cisplatin), it is recommended to pre-
administer large volumes, i.e. 1 to 2 liters, of 5% dextrose 
containing saline and mannitol to the patient (Ref; FDA 
document).

Administration of Avastin® to these patients, even if 
administered in 0.9% NaCl, may result in aggregates formation 
since the patient has already large amounts of dextrose in his or 
her bloodstream.  

Aggregates that form when human plasma is mixed with 5% 
dextrose-Avastin solutions could be one origin of the reported

“arterial thrombolytic events, including cerebral infarction, 
transient ischemic attacks, myocardial infarction and angina 
that occurred at a higher incidence in patients receiving 
Avastin in combination with chemotherapy as compared to 
those receiving chemotherapy alone” *

* FDA"*Important  Drug  Warning" letter to Genentech on 
Avastin side effects, January 5, 2005

Our finding that Avastin aggregates in human plasma in the 
presence of 5% dextrose, together with new studies of 
aggregation compatibility of Avastin with different 
chemotherapeutic agents, may be considered in the re-
evaluation of patient data and may contribute to a better 
understanding of the origin of reported side effects . 



2/28/2014

22

Risks related to drug co-administration

• Drugs that can be co-administered with Avastin
– Paraplatin

• Can be administered with 5% dextrose
• Pre-administered with 1-2 L of 5% dextrose containing saline and 

mannitol
– Taxol

• Can be administered with 5% dextrose

• Some data suggested increased rate of arterial 
thrombolytic events in patients receiving Avastin® in 
combination with chemotherapy treatment as compared 
to those receiving chemotherapy alone – should these 
data be reconsidered?

Arvinte et al. mAbs 2013, 5:3, 1-10

Slide from:  Dr. Ewa Marszal FDA / CBER PEGS Meeting Boston USA, May 2, 2013

Product manufacture   Storage   Transport   Infusion

characterization     stability testing    characterization ?
release testing

Development                          mixing with plasma 
and other therapeutics

Sources of protein aggregates

Slide from: Dr. Ewa Marszal FDA / CBER PEGS Meeting Boston USA, May 2, 2013
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 Protein products designed to aggregate after in vivo 
administration in humans: 
 Human calcitonin, Degarelix
 Lantus insulin analogues

 Aggregation of antibody products in human plasma
 Antibody candidate during Ilaris development
 Herceptin, Avastin, Remicade

 Therapeomic platform to optimize protein formulation 
based on studies of aggregation in human plasma
 Therapeomic particle scanner imaging (PSI)
 examples

Aggregation of biopharmaceuticals in human plasma 
depends on formulation: a new development and 

research field

Aggregation of therapeutic proteins after mixing with 
human plasma: implications for drug development 

THERAPEOMIC
Bio Park Rosental WRO-1055, Mattenstrasse 22

CH-4002 Basel, Switzerland
Our laboratories and offices are on the 4th floor of the WRO-1055 building.
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Therapeomics: the next Step in the Development of 
New Therapies based on Genomics and Proteomics

• Resolve human   
genome

• Find differences in 
genes due to disease

• Find differences in 
proteins due to disease
• Determine protein 
structure and function

• Find new drugs: s.m.w. 
and proteins

Develop therapies     
• Characterize protein (drug) 
biochemical & biophysical 

properties
• Characterization of structure‐
function: in vitro and in vivo
• Develop drug formulations 

and treatments

TherapeomicsProteomics
Functional genomics
Pharmacogenomics

Biomimetics

Genomics

Therapeomic expertise in characterization, formulation and 
product development of biopharmaceuticals

 Monoclonal antibodies (mAbs)
 Canakinumab (Ilaris®)
 Omalizumab (Xolair®)
 Trastuzumab (Herceptin®)
 Bevacizumab (Avastin®)
 Infliximab (Remicade®)
 More than 20 other mAbs

 Bispecific mAbs and fragments
 BlyMat Eurostars with 

Merus B.V. 
 More than 20 others

 Proteins
 Hirudin (Revasc®)
 BMP-2 (InductOs®) 
 Human growth hormone
 Amylin
 Transforming growth factor beta 3
 More than 25 other proteins

 Bio-similars
 3 proteins

 Peptides
 Salmon calcitonin (Miacalcin®)
 Human calcitonin (Cibacalcin®)

 Insulin glulisine (Apidra®)
 Insulin glargine (Lantus®)

 Somatuline autogel (Lanreotide®)
 Starch-peptide conjugates

 More than 20 other peptides

 Vaccines
 Seasonal influenza vaccines: 

Inflexal®, Agrippal®, Influvac®, 
Mutagrip®, Fluarix®

 Therapeutic cancer, prophylactic, 
multivalent, polysaccharide-

conjugate vaccines 
 Virosomes, Virus-like particles
 Natural extract allergy treatments

 Developed vaccines with 
improved in vivo potency
 More than 30 vaccines

48
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Therapeomic expertise in formulation 
and product development of biopharmaceuticals

 Formulation of  protein drugs on the market 3

 Contribution to solving issues of protein drugs on the market 4

 Contribution to launch of protein drugs on the market 5

 Stable formulations used in Phase III human studies 3

 Stable formulations used in Phase II human studies 3

 Contribution to formulations and solving issues of 
protein drugs in Phase III  and Phase II human studies 4

 Stable Formulations used in Phase I human studies 7

 Contribution to formulations and solving issues of 
protein drugs in Phase I human studies 1049

 Protein products designed to aggregate after in vivo 
administration in humans: 
 Human calcitonin, Degarelix
 Lantus insulin analogues

 Aggregation of antibody products in human plasma
 Antibody candidate during Ilaris development
 Herceptin, Avastin, Remicade

 Therapeomic platform to optimize protein formulation 
based on studies of aggregation in human plasma
 Therapeomic particle scanner imaging (PSI)
 examples

Aggregation of biopharmaceuticals in human plasma 
depends on formulation: a new development and 

research field

Aggregation of therapeutic proteins after mixing with 
human plasma: implications for drug development 
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Therapeomic Scanner

51

c)
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Therapeomic Scanner: Studies of drug-plasma interaction

No polarizer With polarizer

53

Occhio Therapeomic Scanner
To be launched in 2014
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batch  1

batch 2

batch 3

Interaction with human plasma of Peptide D from different 
batches and manufacturers

Company 1
Batch 1

Interaction with human plasma of Peptide D from different 
batches and manufacturers
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Compnay 2
Batch 2

Interaction with human plasma of Peptide D from different 
batches and manufacturers

Compnay 2
Batch 3

Interaction with human plasma of Peptide D from different 
batches and manufacturers
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Studies of the interaction of different formulation with 
human plasma, serum and blood 

Biosimilar Originator

Product manufacture   Storage   Transport   Infusion

characterization     stability testing    characterization ?
release testing

Development                          mixing with plasma 
and other therapeutics

Sources of protein aggregates

Slide from: Dr. Ewa Marszal FDA / CBER PEGS Meeting Boston USA, May 2, 2013
60


