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About Pipelines and 
Shifting paradigms: 

biopharmaceuticals versus low molecular weight drugs



‘‘Every protein has a life of its ownEvery protein has a life of its own’’

(anonymous Ph.D. student)(anonymous Ph.D. student)



With the highest growth rates within the entire pharma market, 
biopharmaceuticals will reach > US$ 92 billion revenues in 2011

Most biopharmaceutical 
proteins have small 

markets, but high value 
< 10 kg/yr, > US$10,000/g

Knaeplein, 2007Knaeplein, 2007



The number of Biotech approvals surpassed the small molecule approvals  in 2002 (US)

Source: BioGeneriX

The Rise of Biopharma…



…Biopharma in Perspective

• The first biotech therapy to earn FDA approval was 
recombinant human insulin (Genentech & Eli Lilly) in 
1982.

• Since then, as of Oct 2006, more than 250 drugs & 
vaccines for nearly 400 indications developed by 
biotech companies have been approved by FDA (inc.
small-molecules and tissue-engineered products). 
http://bio.org/speeches/pubs/er/approveddrugs.asp

• More than 400 biotech drugs & vaccines are currently in 
clinical trials targeting more than 200 diseases

Courtesy Courtesy ÖÖzceadazceada



Dorr, 2002Dorr, 2002



Interferons

Drugs desperately looking for a disease….

5 billion dollars!5 billion dollars!

Prophylactic use of interferon
in renal allograft recipients.
Transplant Proc. 1979 Mar;11(1):69-70. No abstract available. 
PMID: 377705 [PubMed - indexed for MEDLINE]

Weimar W, Lameijer LD, Edy VG, Schellekens H.   



Biopharmaceuticals = pharmaceutical biotech products = biologicals

• Medical aspects:
– indications for serious diseases; meeting unmet medical 

needs
• Economical aspects

– relatively small, but fast growing
• Pharmaceutical aspects:

– delicate complex molecules
– potent molecules (?)
– delivery issues



(Liver) storage diseases: orphan diseases

18 billion euros!

1801100037400Grand total

234000023401000Elaprase® (idurosulfatase)

40000100400Naglazyme® (Galsulfase) 

2340002341000Elaprase® (Idurosulfatase)

15795003514500Myozyme® (alglucosidase)

5203004731100Aldurazyme® (Laronidase) 

2268001891200Replagal® (Agalsidase alfa) 

2184001821200Fabrazyme® (Agalsidase beta) 

1285200047627000Cerezyme® (Imiglucerase) 

total/y/product (x 
1000)

treatment per 
year/keuros

number of 
patientsEnzymes

Adapted from Theo DingermannAdapted from Theo Dingermann



Present Arsenal

Examples of the types of product on the market: 

– Hormones, growth factors, enzymes
• Fertility hormones
• Human insulin
• Enzymes
• Human growth factors (G-CSF, haematopoietic growth factors)

– Cytokines
• Interleukins
• Interferons

– Vaccines & antigens
• Hepatitis B antigen
• Cholera vaccine

– Antisense
• Fomivirsen

– Cell therapy
• Carticel, Epicel
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Gene 
Therapy

Vaccinal Vaccinal 
recombinant recombinant 

proteinsproteins

Extraction-based 
biological compounds

Immature

• Non validated 
technologies

• First products 
entering 
development 
phases

• No products 
in market

Growing Mature Decreasing

• Validated 
technologies

• More 
products in 
development

• Few products 
in the market

• Mastering 
technologies 

• Ongoing 
optimization

• Many 
products in 
development 
and in the 
market

• Fully 
mastered and 
opmized 
technologies

• Many 
products in 
development 
and in the 
market

• Common 
technologies

• Manufacturing 
alternatives required

• Decreasing number 
of products in 
development and, 
eventually, in the 
market

Cell 
therapy

Vaccine 
cell 

therapy

Therapeutic Therapeutic 
recombinant recombinant 

proteinsproteins

Chemistry-
based 

compounds

Technology Evolution in Pharma IndustryTechnology Evolution in Pharma Industry

Source: Paulo 
Barbanti



Gene Therapy: viruses as delivery system….



Joly Mohr, July 2007

.In 2002 and 2003, it was reported that three of nine children in 
France who had been cured of severe combined 
immunodeficiency disease (SCID) with gene therapy had 
developed cancer two to three years later. Children born with this 
disorder will die in the first year of life unless they can find a 
matching blood marrow donor, which is hard to do.

Plusses and minuses………………





Where biopharmaceuticals differ from 
low molecular weight drugs

• Molecular weight
• Complexity of structure
• Characterization

– Structure and physico-chemical properties 
– Protein purity
– Biological activity 

• Stability (shelf life/life on the shelf)
• Immunogenicity
• Needle focused

Crommelin DJA, et al. Int J Pharm 2003;266:3-16.



Molecular weight

Paracetamol

Calcitonin

Epoetin-α

Factor VIII

0.151

4.5

30.4           

264.0

N/A

32

165           

2,332

Product
Molecular weight 

(kDa)
Number of 

amino acids



Protein Conformations

Lactate
Dehydrogenase
Mixed α/β

Immunoglobulin
Fold: β

Hemoglobin B
Chain: α



The conformational state of a proteinThe conformational state of a protein



Interactions in Proteins

Wang [ref. 5]



Edited byEdited by
Jiskoot and CrommelinJiskoot and Crommelin
AAPS press 2005AAPS press 2005



Isoform distribution

Isoform patterns: deviations displayed by 9 of the 11 samples 
(including additional basic and acidic isoforms, and increased 

bar intensity) compared with the EPREX® standard (E)

E   IA  IB IIA   IIB   IIIA   IIIB IV   V    VII VIII    E

BA

Cathode

AnodeE      VI

Sample

EpoEpo: : isoformisoform distribution (IEF) of distribution (IEF) of epoepo productsproducts



Stability issues

Chemical instability
• Disulfide Exchange
• Deamidation
• Oxidation
• Proteolysis

Physical instability
• Denaturation
• Aggregation
• Precipitation
• Adsorption



International Journal International Journal 
of Pharmaceuticsof Pharmaceutics

2003, November, 2003, November, 
266, 3266, 3--1616

Bottom line: complete characterization: mission impossibleBottom line: complete characterization: mission impossible

The quality is 

The quality is 

in the process

in the process



Characterization: purification

Biopharmaceutical purification means:
The product should only contain the desired protein

– Biopharmaceuticals are produced by living host cells 
that are also naturally producing many other 
proteins, as well as sugars, fatty acids, etc

All contaminants need to be excluded
– Any trace of viruses, prions, and endotoxins needs 

to be removed

Purification is a complex process critical to the 
performance of the biopharmaceutical

Crommelin DJA, et al. Int J Pharm 2003;266:3-16.



Characterization: biological activity

The biological activity (i.e. efficacy and safety) of a  
biopharmaceutical depends on:

– 3D structure
– degree of glycosylation and location of glycosylation

sites
– isoform profile

These characteristics are unlikely (for the larger 
proteins) to be the same for a biosimilar and the 
original biopharmaceutical

It is highly unlikely that a biosimilar is 
identical to the original biopharmaceutical

Crommelin DJA, et al. Int J Pharm 2003;266:3-16.



Potency tests…….

European Pharmacopoeia
Insulin no in vivo potency
Human growth hormone no in vivo potentcy

USP
Insulin in vivo potency
Human growth hormone in vivo potency



PRCA = pure red cell aplasia…… by immunogenic epo

Changing a formulation…….



Biopharmaceutical development

Species specificity…..

• Activity non-species specific….human insulin, 
human growth hormone, erythropoietins, G-
CSF, number of enzymes

• Activity species specific… interferons, 
monoclonal antibodies, GM-CSF















Immunogenicity of BiopharmaceuticalsImmunogenicity of Biopharmaceuticals

Huub Schellekens, Daan Crommelin* and Wim JiskootHuub Schellekens, Daan Crommelin* and Wim Jiskoot

Dept. Pharmaceutics, Utrecht Institute for Dept. Pharmaceutics, Utrecht Institute for 
Pharmaceutical Sciences, Pharmaceutical Sciences, UIPSUIPS

Scientific Director of the Dutch Top Institute Pharma*, Scientific Director of the Dutch Top Institute Pharma*, 
LeidenLeiden

CoCo--founder of OctoPlus, Leiden* founder of OctoPlus, Leiden* 



OctoberOctober 18 18 -- OctoberOctober 20 200520 2005
The Boston Park The Boston Park PlazaPlaza HotelHotel
Boston, MABoston, MA

6th 6th AnnualAnnual East East CoastCoast
Immunogenicity Immunogenicity TestingTesting forfor BiotherapeuticsBiotherapeutics

Comparability and Immunogenicity of Biologicals

Europe’s leading event on technological, clinical and regulatory issues

Papers are now available for this past event, which took place: 14 -

15 June 2005, Hilton Vienna Danube, Vienna, Austria



Selected papers (2004) on the immunogenicity of Selected papers (2004) on the immunogenicity of 
recombinant human interferon betarecombinant human interferon beta

In the EU ca. 100 million euro/year is spent on useless IFNIn the EU ca. 100 million euro/year is spent on useless IFN--ββ therapytherapy



HistoryHistory of the of the medicalmedical useuse of of 
proteinsproteins

ProteinsProteins of of animalanimal originorigin (e.g. (e.g. equineequine antisera, antisera, 
porcineporcine//bovinebovine insulininsulin): ): foreignforeign proteinsproteins

HumanHuman derivedderived proteinsproteins ((e.g.growthe.g.growth hormonehormone, , 
factor VIII): factor VIII): nono immune immune tolerancetolerance

Recombinant Recombinant humanhuman proteins (e.g., insulinproteins (e.g., insulin, , 
interferonsinterferons, GM, GM--CSF): ??CSF): ??



Most Most biopharmaceuticalsbiopharmaceuticals
induceinduce antibodiesantibodies

TwoTwo mechanismsmechanisms

ReactionReaction toto neoneo--antigensantigens

BreakdownBreakdown of immune of immune tolerancetolerance



Types of immune reaction Types of immune reaction 
against biopharmaceuticalsagainst biopharmaceuticals

Reaction to foreign proteinsReaction to foreign proteins

The The presencepresence of of 
foreignforeign antigensantigens

CauseCause

FastFast, , oftenoften afterafter a a 
single single injectioninjection, , 
neutralisingneutralising antibodiesantibodies, , 
long long durationduration

CharacteristicsCharacteristics of of 
antibody antibody productionproduction

ProductsProducts of of microbialmicrobial
oror animalanimal originorigin

Type of productType of product



Types of immune reaction Types of immune reaction 
against biopharmaceuticalsagainst biopharmaceuticals

Breaking of selfBreaking of self--tolerancetolerance

MainlyMainly impuritiesimpurities and and 
aggregatesaggregates

CauseCause

SlowSlow, , afterafter long long 
treatmenttreatment, binding , binding 
antibodiesantibodies, , disappeardisappear
afterafter treatmenttreatment

CharacteristicsCharacteristics of of 
antibody antibody productionproduction

HumanHuman homologueshomologuesType of productType of product



Survival/Proliferative Signals

Fate of AutoFate of Auto--Reactive B Cells Reactive B Cells 
After Encountering SelfAfter Encountering Self--Antigen (complexes)Antigen (complexes)

Toleragenic Signals

Oligomerization of BCR/self-Ag
Signaling Complexes

Monomeric BCR/self-Ag Complexes

Q’s: Qualitative or Quantitative differences in signaling?
Involve initial activation of B cells or reactivation of anergic B cells?



Consequences of antibodiesConsequences of antibodies
Loss of efficacy
Insulin

Streptokinase

Staphylokinase

ADA

Salmon  calcitonin

Factor VIII

Interferon alpha 2

Interferon beta

IL-2

GnRH

TNFR55/IgG1

Denileukin diftitox

HCG

GM-CSF/IL3

Enhancement of efficacy

Growth hormone

Neutralization of native protein
MDGF

EPO

General immune effects

Allergy

Anaphylaxis

Serum sickness, etc



RelationRelation betweenbetween sustainedsustained
response and antibody response and antibody levellevel in in 

IFN alphaIFN alpha--2a 2a treatedtreated HCV HCV patientspatients
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Prediction of immunogenicity
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(from: Schellekens, Nature Reviews Drug Discovery, June 2002)



PredictionPrediction of immunogenicityof immunogenicity

QualityQuality of the productof the product
SequenceSequence analysisanalysis
ReactivityReactivity withwith antibodiesantibodies
AnimalAnimal studiesstudies
–– ConventionalConventional animalsanimals
–– NonNon--humanhuman primatesprimates
–– TransgenicTransgenic immune tolerant immune tolerant micemice



TransgenicTransgenic immune tolerant immune tolerant 
micemice toto test immunogenicity of test immunogenicity of 

nonnon--structuralstructural factorsfactors
The Hu IFN The Hu IFN alphaalpha 2 2 transgenicstransgenics

Hermeling, Crommelin, Jiskoot, Schellekens



Hu IFN alpha 2 immune tolerant Hu IFN alpha 2 immune tolerant 
micemice

Current use: to study immunogenicity of Current use: to study immunogenicity of 
modified Hu IFN alpha 2b preparationsmodified Hu IFN alpha 2b preparations

Obtained from Roche Obtained from Roche 



 DLS GPC 

Sample Z-ave 
(µm) PDI Monomer1 Dimer1 Trimer1 Oligomer1 Non-recov. 

Fraction2 

Denatur
ation3 

Native 
epitopes4 

Native nd5 nd 99 % 1 % nd nd nd -6 100 ± 27 % 
pH 4.0 0.40 0.16 13 % nd nd 2 % 86 % ++ 41 ± 9 % 
pH 7.2 0.41 0.32 47 % 1 % nd 3 % 49 % + 90 ± 2 % 
pH 9.0 2.2 0.36 nd nd nd 2 % 98 % ++ 1.4 ± 0% 
Oxidized 0.38 0.75 41 % 11 % 3 % 10 % 34 % + 104 ± 11% 
 

Incubation for 1 week at 500 C

The immunogenicity of HuIFN alpha 2 stored at different pH

Native 4.0 7.2 9.0 Oxidized
10

100

1000

10000

* **
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Hermeling et al.

aggregates



Conclusions about transgenic Conclusions about transgenic 
immune tolerant miceimmune tolerant mice

It is the aggregates!It is the aggregates!
–– Native Native epitopesepitopes
–– Very sensitive ( <1 Very sensitive ( <1 µµg)g)
–– Aggregates should be not too bigAggregates should be not too big

Beware of the mouse strainBeware of the mouse strain
Always test antibodies to final productAlways test antibodies to final product
The immune reaction in wild type mice is The immune reaction in wild type mice is 
different from breaking B cell tolerancedifferent from breaking B cell tolerance



EU: Innovative Medicines Initiative

EU Commission and EFPIA have established a Strategic Research Agenda 
(SRA), the ‘roadmap’ for the Innovative Medicines Initiative (IMI) – FP7

Recommendations to address the key ‘bottlenecks’ in four areas of the 
biomedical R&D process: 
- (Predicting) drug safety
- (Predicting) drug efficacy
- Knowledge management
- Education and Training 

Call for project proposals came out April 2008

Inmmunogenicity of biopharmaceuticals on top…..

More info: www.imi-europe.org





Present Arsenal

Examples of the types of product on the market: 

– Homones, growth factors, enzymes
• Fertility hormones
• Human insulin
• Enzymes
• Human growth factors (G-CSF, haematopoietic growth factors)

– Cytokines
• Interleukins
• Interferons

– Vaccines & antigens
• Hepatitis B antigen
• Cholera vaccine

– Antisense
• Fomivirsen

– Cell therapy
• Carticel, Epicel

Endogenous products



Delivery of Proteins

• Are we stuck to the needle?

Welcome to the kingdom of the needle?



Get rid of the protein…..
Insulin-alternatives: 
small is beautiful…

• Vaccines
• Diamyd, Diapep277

• Thiazolinedione-derivatives
• PPAR agonists e.g. netoglitazone, balaglitazone, rosiglitazone

• DPP4- inhibitors, 
• e.g. sitagliptine, vildagliptin, saxaglitptin, alogliptine

• GLP-1 analogues
• e.g., liraglutide

• Metaglidasen
• Succinobucol
• Managlinat dialanetil
• Solabegron
• BGP15 



Further paradigm shifts at the horizon

• New production approaches
–Transgenic animals, transgenic plants

• siRNA, gene therapy
• Stem cell therapy

• Modified proteins
–IgG fragments
–Fusion proteins



Modified proteins

Challenging Mother 
nature



Five expression technologies for protein 
production

Sheep, goat, 
cow

Transgenic Animals

Yeast

Saccharomy
ces

Transgenic Plants

Tobacco, 
moss

Bacteria

Escherichia 
coli

Mammalian Cells

CHOCHO

knaeplein





Biolex Interferon alpha

• Biolex’ LEXTM system
– Aquatic higher plant, Lemna
– Secretes recombinant protein 

(e.g. IFNa2b)
– Fast, inexpensive process
– High expression levels 
– Highly scalable

www.biolex.com



Immunogenicity in humans of an edible vaccine for
hepatitis B, Y. Thanavala et al. (2005), PNAS, 102, 3379-82

A double-blind placebo-controlled clinical trial evaluated the immunogenicity
of hepatitis B surface antigen (HBsAg) expressed in
potatoes and delivered orally to previously vaccinated individuals.
The potatoes accumulated HBsAg at 8.5 gg of potato tuber,
and doses of 100 g of tuber were administered by ingestion. The
correlate of protection for hepatitis B virus, a nonenteric pathogen,
is blood serum antibody titers against HBsAg. After volunteers ate
uncooked potatoes, serum anti-HBsAg titers increased in 10 of 16
volunteers (62.5%) who ate three doses of potatoes; in 9 of 17
volunteers (52.9%) who ate two doses of transgenic potatoes; and
in none of the volunteers who ate nontransgenic potatoes. These
results were achieved without the coadministration of a mucosal
adjuvant or the need for buffering stomach pH. We conclude that
a plant-derived orally delivered vaccine for prevention of hepatitis
B virus should be considered as a viable component of a global
immunization program.





‘‘Every protein has a life of its ownEvery protein has a life of its own’’

(anonymous Ph.D. student)(anonymous Ph.D. student)


