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GLOSSARY

angina: A condition with severe and constricting pain, usually referring to the heart. 

antibody: Type of protein made by B-cells of the body’s immune system to fight specific antigen.

antigen: A foreign substance like a virus, fungus, bacterium that is recognised as 
being harmful to the body.

B-cell: Type of lymphocyte involved in the production of antibodies.

cell line: A population of cells propagated in culture that are totally derived from, 
and therefore genetically identical to, a single common ancestor cell. 

C1: First complement molecule in the complement cascade. 

C1-Inhibitor: Plasma protein involved in the regulation of C1 in the complement system.

chromosomes: The carrier of genes, the hereditary information which resides in DNA.

cleavage: The breaking of bonds between the component units of a macromolecule, 
for example amino acids in a polypeptide or nucleotide bases in a strand of DNA or RNA, 
usually by the action of enzymes.

cloning: A term that is applied to genes, cells or organisms that are totally derived from, 
and therefore identical to, a single common ancestor gene, cell, or organism, respectively. 

complement system: Part of the immune system that consists of a number of proteins that work to complement 
the work of antibodies.

contact system: Part of the immunesystem. 

cytoplasm: Cellular material, excluding the nucleus. 

DNA (deoxyribonucleic acid): Found primarily in the nucleus of a cell, it is the molecule that carries the genetic information 
for cells and is a major component of chromosomes. 

edema: Fluid retention. 

embryo: Early stage of an organism during development, prior to birth. 

EMEA: European Medicines Evaluation Agency, coordinates the procedures for application, 
approval and registration of new drugs in the European Union.

endothelial cell: A thin flattened cell that lines the surfaces of bloodvessels and lymphvessels.

enucleated cell: A cell from which the nucleus (containing all of the chromosomal DNA) has been removed. 

Eukaryotic cell: Cell or organism with a membrane-bound, structurally discrete nucleus and other well-developed
subcellular compartments. Eukaryotes include all organisms except viruses, bacteria, 
and cyanobacteria (blue-green algae). 

FDA: Food and Drug Administration, the government agency that regulates drug licenses in the US.

fibrinogen: A blood protein that forms a key role in the formation of blood clots. 

gene: A functional unit of DNA. Each gene carries instructions that allow the cell to make one 
specific product, such as an enzyme. 

genetic engineering: The process of altering the genetic material of cell or organism so as to change its ability to 
function or to produce new gene products. 

gene targeting:  The insertion of DNA into specific sites or genes within the genome of selected cells in order to 
alter gene expression for a particular therapeutic application. 

gene vector: Vehicles (gene carries) which deliver therapeutic genes to the patients cells. 
Currently, the most common vectors are viruses.

genome: The genetic material (complete set of chromosomes) of an organism. 



genomic technology: Techniques to sequence genes (determine the order of their nucleotides) and 
to define their protein or RNA products. 

glycosylation: The adding of a sugarchain to a protein in order to make a glycoprotein. Sugar structures 
are necessary for a therapeutic protein to work safely and effectively in the human body.

hematologic system: The circulating cells of blood. 

IND: Investigational New Drugapplication; an application filed with the USFDA that requests 
approval to conduct human clinical trials.

in vitro: Performed in a laboratory environment such as a test tube. 

in vivo: Performed in a living organism. 

in vitro fertilization (IVF): An assisted reproduction technique in which fertilization is accomplished in a 
laboratory environment. 

kallikrein: The kallikreins represent the largest group of genes of a specific group of enzymes called
serine proteases. The greater presence of kallikrein may promote diseases such as cancer.

keratinocytes: Cells that synthesize keratin and are found in the skin, hair, and nails. 

micro injection: A technique for introducing a solution of DNA into a cell using a fine glass needle .

monoclonal antibodies: Identical antibodies that are made in large amounts in the laboratory.

murine: Of or relating to the rodent family. 

myocardial infarction: Heart attack. 

nuclear transfer: A laboratory procedure in which a somatic donor cell is fused with an egg cell which has 
had its nucleus (containing its chromosomal DNA) removed. 
This procedure results in the transfer of the donor cell nucleus to the egg cell. 

nucleus: The part of the cell that contains the chromosomal DNA and the genes that contain 
the hereditary information of an organism. 

oocyte: Egg cell. 

orphan drug: A drug fo which the target population is limited or which the disease it treats occurs rarely. 
US definition is that of a target population of fewer than 200,000 people.

plasma: The 10% of the blood that contains nutrients, gases, albumin, clotting factors, 
wastes and hormones.

receptor: A protein in the body that is able to recognise a specifice molecule and then produce 
the appropriate biological response to its presence.

RNA (ribonucleic acid): Single-stranded nucleic acid, the primary function of RNA in a cell is the step between DNA and 
protein synthesis. RNA is a component of telomerase and is responsible for acting 
as a template on which the telomere repeats are made. 

somatic cell: Any cell in the body that is not a sperm or egg cell. 

T-cell: Lymphocytes involved in controlling immune responses and participates in cell killing.

totipotent: The ability of a cell to give rise to an embryo capable of full development and live birth. 

transgenic animal: An animal into which foreign DNA has been transferred. 

zygote: A cell formed by the union of male and female germ cells (sperm and egg, respectively).
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PHARMING: HARVESTING ON TRANSGENICS

1 .0  EXECUTIVE SUMMARY

• After completing a successful financial round of € 29.3 million beginning of this

year, Pharming seems to be back on track. With the money raised the company

should be able to independently finance the total development of its lead product

rhC1INH against Hereditary Angioedema (HAE) till market launch. 

• With its proprietary technology, Pharming is one of the global leaders in using

transgenic technology for the production of recombinant proteins for therapeutic

use. The use of transgenic animals for protein production offers significant competiti-

ve advantages, yielding better, safer and more cost-effective therapeutic products

compared to existing production methods.

• Pharming managed to announce its first partnership with the Spanish pharmaceu-

tical company Esteve to market and sell rhC1INH for HAE in Spain, Portugal en

Greece. For the next half year we expect more partnerships to be announced, possi-

bly in Eastern Europe. Other partnerships in the area of the transgenic technology

are formed with well known players like GTC and Infigen.

• Even after the share dilution following the financial round, the value of Pharming’s

lead product, rhC1INH against Hereditary Angioedema (HAE), is well above the

company’s current market value. Our valuation model suggest a price per share of

€ 5.30. The rest of the pipeline and Pharming proprietary transgenic technology

offers additional upside potential.

• For this year a total cash burn rate of € 15 million and a net cash burnrate of

€ 10 million is expected. With total cash on hand of € 28.3 million, the company

should have enough cash to finance the next 2-3 years. In 2005, we expect the com-

pany to be cash flow positive.

• The company’s renewed management has a vast track record in the sector and is

highly committed in bringing Pharming’s first commercial product, rhC1INH

against Hereditary Angioedema, in 2005 to the market

• Having a product in Phase III and a sound financial balance sheet, the risk of

investing in Pharming is reduced considerably compared to one year ago. With a

share price of € 1.92 we consider Pharming to be undervalued. 
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2 .0  COMPANY PROFILE

Under the name Genfarm, The Pharming Group (Pharming) was founded in

1988 with the mission to develop transgenic technology for the production of the-

rapeutic proteins. One year later Genfarm became a wholly-owned subsidiary of

GenPharm International Inc. In 1990, the company achieved its first significant

milestone: the birth of "Herman", one of the world’s first transgenic bulls.

Herman’s female offspring produced the human lactoferrin protein in its milk. In

1995, the company spun off from GenPharm International and was renamed

Pharming. A year later Pharming was awarded an Orphan Drug Designation for

recombinant human alpha-glucosidase that was developed for the treatment of

Pompe's disease, a hereditary muscle disease. To market this product, Pharming

entered into a partnership with US based Genzyme. On 2 July 1998, the compa-

ny began public trading and was introduced on the EASDAQ at NLG 30 (€ 13.61),

raising a total of NLG 169.3 million. On 16 June 1999 the company obtained a

dual listing on the Amsterdam Exchanges (AEX). However, in 2001 Pharming

filed for a temporary legal moratorium to prevent the company from going bank-

rupt. Genzyme bought all the activities concerning treatment of Pompe’s dis-

ease with recombinant human alpha-glucosidase after which the company refo-

cused on recombinant human C1 inhibitor and recombinant human fibrinogen. 

Led by a new and experienced management team, the company went through a

major restructuring in 2002 after which it managed to cut costs dramatically.

Today Pharming is a highly focused, product oriented biopharmaceutical com-

pany that is aimed on the development, production and commercialization of

therapeutic products for the treatment of specific human diseases. 

Its newly defined mission is twofold: to develop innovative therapeutic proteins

for unmet medical needs and to provide solutions for the limitations of existing

recombinant protein production systems. During the years, the company has

developed a technology platform for producing recombinant proteins in the milk

of transgenic animals and established a broad intellectual property portfolio in

this area. The company has operations in two countries (the Netherlands and the

US) and has around 45 employees.

The company’s lead product in clinical development is recombinant human C1

inhibitor, which is in phase III trials for the treatment of Hereditary Angioedemia

(HAE). Market approval is expected in 2005. Other products in the pipeline inclu-

de recombinant human lactoferrin for clinical nutrition and pharmaceutical

applications (infectious diseases), recombinant human collagen Type I for tissue

repair and recombinant human fibrinogen for wound healing sealants.
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02-jan-02 1.08 1.09 1.00 1,05 48,27 1.05
07-jan-02 1.08 1.08 0.83 0,96 109,33 0.96
14-jan-02 0.90 0.96 0.84 0,86 35,89 0.86
21-jan-02 0.87 0.96 0.75 0,87 65,908 0.87
28-jan-02 0.90 1.00 0.80 0,9 39,886 0.90
04-feb-02 0.90 0.98 0.90 0,94 40,881 0.94
11-feb-02 0.96 1.22 0.90 0,92 118,481 0.92
18-feb-02 0.96 0.99 0.89 0,89 31,934 0.89
25-feb-02 0.91 0.94 0.85 0,9 27,847 0.90
4-Mar-02 0.89 0.93 0.87 0,89 19,695 0.89
11-Mar-02 0.90 0.91 0.83 0,89 22,377 0.89
18-Mar-02 0.92 0.92 0.86 0,86 19,069 0.86
25-Mar-02 0.86 0.88 0.83 0,86 11,578 0.86
02-apr-02 0.86 0.91 0.83 0,87 12,926 0.87
08-apr-02 0.88 0.88 0.83 0,84 8,353 0.84
15-apr-02 0.85 0.85 0.65 0,7 32,16 0.70
22-apr-02 0.70 0.75 0.70 0,7 13,702 0.70
29-apr-02 0.73 0.85 0.67 0,7 24,387 0.70
6-May-02 0.69 0.72 0.60 0,66 12,238 0.66
13-May-02 0.67 0.85 0.67 0,8 37,577 0.80
20-May-02 0.84 0.98 0.70 0,79 48,911 0.79
27-May-02 0.79 0.80 0.70 0,75 8,994 0.75
03-jun-02 0.70 0.76 0.70 0,7 12,834 0.70
10-jun-02 0.70 0.73 0.65 0,66 13,473 0.66
17-jun-02 0.65 0.70 0.60 0,63 13,592 0.63
24-jun-02 0.60 0.97 0.57 0,95 61,56 0.95
01-jul-02 0.96 1.20 0.95 1,1 74,243 1.10
08-jul-02 1.13 1.15 0.85 0,92 75,988 0.92
15-jul-02 0.90 0.92 0.82 0,89 19,035 0.89
22-jul-02 0.93 0.96 0.80 0,88 11,58 0.88
29-jul-02 0.84 0.98 0.84 0,95 22,108 0.95
05-aug-02 0.92 0.95 0.86 0,9 7,787 0.90
12-aug-02 0.90 1.10 0.86 1,08 38,267 1.08
19-aug-02 1.07 1.10 0.97 1,01 29,473 1.01
26-aug-02 1.05 1.05 1.00 1,02 12,96 1.02
02-sep-02 1.02 1.06 0.98 1,03 12,564 1.03
09-sep-02 1.01 1.10 0.96 1,01 13,006 1.01
16-sep-02 1.02 1.10 1.01 1,06 8,414 1.06
23-sep-02 1.10 1.24 1.00 1,13 46,631 1.13
30-sep-02 1.13 1.13 0.99 1,03 12,566 1.03
7-Oct-02 1.04 1.10 0.95 1 18,01 1.00
14-Oct-02 1.00 1.00 0.85 0,85 10,956 0.85
21-Oct-02 0.91 1.00 0.90 0,96 19,706 0.96
28-Oct-02 0.92 0.96 0.85 0,9 23,132 0.90
18-nov-02 0.85 0.90 0.72 0,84 23,691 0.84
25-nov-02 0.85 0.94 0.80 0,8 44,155 0.80
02-dec-02 0.84 0.85 0.76 0,81 28 0.81
09-dec-02 0.81 0.84 0.76 0,76 15,836 0.76
16-dec-02 0.75 0.84 0.66 0,7 80,264 0.70
23-dec-02 0.70 0.70 0.65 0,66 18,982 0.66
30-dec-02 0.65 0.70 0.61 0,7 17,325 0.70
06-jan-03 0.70 0.75 0.65 0,69 38,268 0.69
13-jan-03 0.69 0.69 0.59 0,64 26,484 0.64
20-jan-03 0.61 0.68 0.56 0,6 17,117 0.60
27-jan-03 0.56 0.56 0.43 0,51 38,626 0.51
03-feb-03 0.53 0.59 0.50 0,5 27,848 0.50
10-feb-03 0.52 0.52 0.45 0,49 21,686 0.49
17-feb-03 0.47 0.51 0.45 0,46 22,113 0.46
24-feb-03 0.47 0.49 0.33 0,44 36,44 0.44
3-Mar-03 0.45 0.52 0.38 0,4 260,243 0.40
7-Mar-03 0.41 0.41 0.38 0,4 30,14 0.40
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page 53 .0  PHARMING’S  TECHNOLOGY PLATFORM

3.1 Production of Therapeutic Proteins 

Over the past few years, biotechnology has generated new opportunities for the

development of human pharmaceuticals. One particular success story is the use of

recombinant technologies to produce therapeutically useful proteins, such as hor-

mones, antibodies, growth factors and antigens for vaccines. Producing these pro-

teins in the quantities required to meet clinical needs presents a challenge, howe-

ver, and manufacturers are constantly looking for new solutions. Transgenic animals

provide one answer, and can offer benefits compared with traditional methods of

recombinant protein manufacture. 

The demand and market size for therapeutic proteins is growing. Therapeutic pro-

teins can be used in a variety of applications including surgery, trauma, cancer the-

rapy, urinary and fecal incontinence, cosmetic reconstruction, and chronic diseases.

However, current production methods are limited by the inability to produce high

value complex proteins, high cost of production, and long lead times before pro-

duction facilities are operational.

Through advances in biotechnological techniques, scientists are able to isolate

sequences of bases coding for specific proteins (genes), and insert them into the

DNA of other living cells. These 'hosts' are usually rapidly reproducing cells such as

bacteria, yeast or cultured cell lines, which can be grown in large volumes to express

the protein of interest on an industrial scale for use in therapeutics. Naturally occur-

ring erythropoietin (EPO), for example, is a very rare glycoprotein hormone respon-

sible for the regulation of red blood cell production. The erythropoietin gene was

cloned in 1985 and today it is routinely expressed in cultured cells. The recombinant

erythropoietin harvested from these cells is used to increase the production of red

blood cells in patients with anaemia caused by a variety of conditions, such as can-

cer chemotherapy or in association with HIV. Today, EPO generates total sales of

more than $ 6 billion worldwide. 

There are several methods of manufacturing recombinant proteins, including

microbial fermentation systems and the large-scale culture of mammalian cells.

Some of these processes can be expensive, costing several thousands dollars per

gram of protein. 

The simplest method of producing recombinant protein is to insert a human gene

encoding for a specific protein, into the DNA of a simple host like a bacterium of

yeast. Bacterial systems have the capacity to produce virtually unlimited amounts of

pharmaceutical protein in large-scale fermentation plants. Production cycles are

very short - in some cases just a matter of hours - and consequently production by

this method is relatively cost-effective. Bacterial systems are, however, limited to the

production of simple molecules because bacterial cells are unable to carry out the

post translational modifications necessary for the correct function and pharmacok-

inetic behaviour of many of the more complex proteins required for therapeutics.

10-Mar-03 0.40 0.42 0.37 0,38 14,869 0.38
17-Mar-03 0.38 0.42 0.38 0,4 14,639 0.40
24-Mar-03 0.40 0.45 0.39 0,45 18,519 0.45
31-Mar-03 0.47 0.47 0.41 0,45 12,478 0.45
07-apr-03 0.47 0.51 0.45 0,51 20,79 0.51
14-apr-03 0.51 0.60 0.49 0,6 43,52 0.60
22-apr-03 0.65 0.83 0.65 0,74 142,358 0.74
28-apr-03 0.72 0.77 0.69 0,76 47,491 0.76
5-May-03 0.77 1.25 0.77 1,07 176,87 1.07
12-May-03 1.12 2.20 1.06 1,9 392,78 1.90
19-May-03 1.88 1.88 1.18 1,34 319,807 1.34
26-May-03 1.38 1.58 1.25 1,54 106,246 1.54
02-jun-03 1.56 1.68 1.32 1,42 226,205 1.42
09-jun-03 1.42 1.62 1.36 1,42 233,511 1.42
16-jun-03 1.48 1.48 1.33 1,37 95,103 1.37
23-jun-03 1.39 1.39 1.21 1,32 67,1 1.32
30-jun-03 1.30 1.32 1.21 1,26 63,804 1.26
07-jul-03 1.29 1.29 1.23 1,29 30,406 1.29
14-jul-03 1.30 1.35 1.20 1,34 102,245 1.34
21-jul-03 1.34 1.38 1.31 1,36 35,587 1.36
28-jul-03 1.36 1.37 1.32 1,36 38,259 1.36
04-aug-03 1.35 1.42 1.28 1,4 60,923 1.40
11-aug-03 1.42 1.74 1.41 1,63 191,387 1.63
18-aug-03 1.65 1.65 1.46 1,55 161,032 1.55
25-aug-03 1.55 1.72 1.55 1,68 146,438 1.68
01-sep-03 1.43 1.66 1.42 1,54 173,992 1.54
08-sep-03 1.51 1.64 1.50 1,54 94,702 1.54
15-sep-03 1.56 1.63 1.51 1,54 88,173 1.54
22-sep-03 1.53 1.66 1.53 1,55 110,672 1.55
29-sep-03 1.55 1.58 1.36 1,5 111,379 1.50
6-Oct-03 1.50 1.58 1.43 1,5 82,041 1.50
13-Oct-03 1.49 1.49 1.36 1,44 62,039 1.44
20-Oct-03 1.43 1.50 1.42 1,48 72,666 1.48
27-Oct-03 1.50 1.50 1.36 1,43 86,009 1.43
03-nov-03 1.39 1.43 1.26 1,34 123,799 1.34
10-nov-03 1.33 1.40 1.22 1,3 111,482 1.30
17-nov-03 1.27 1.37 1.22 1,36 81,49 1.36
24-nov-03 1.36 1.40 1.16 1,27 142,311 1.27
01-dec-03 1.27 1.27 1.20 1,24 54,908 1.24
08-dec-03 1.23 1.23 1.01 1,15 145,323 1.15
15-dec-03 1.18 1.53 0.94 1,37 416,948 1.37
22-dec-03 1.39 1.39 1.16 1,3 194,312 1.30
29-dec-03 1.35 1.47 1.29 1,45 133,002 1.45
05-jan-04 1.47 1.60 1.41 1,6 334,178 1.60
12-jan-04 1.65 1.68 1.51 1,61 747,625 1.61
19-jan-04 1.68 1.69 1.51 1,59 1,188,763 1.59
26-jan-04 1.59 1.60 1.51 1,58 416,325 1.58
02-feb-04 1.60 2.01 1.57 1,96 960,732 1.96
09-feb-04 1.95 2.11 1.89 2,01 630,843 2.01
16-feb-04 2.00 2.69 1.99 2,54 1,136,238 2.54
23-feb-04 2.52 2.54 2.35 2,45 293,763 2.45
1-Mar-04 2.45 2.50 2.21 2,36 382,056 2.36
8-Mar-04 2.28 2.42 1.70 1,87 1,225,198 1.87
15-Mar-04 1.92 2.10 1.75 1,93 720,472 1.93
22-Mar-04 1.90 1.90 1.69 1,87 953,703 1.87
29-Mar-04 1.87 1.97 1.81 1,92 364,919 1.92
05-apr-04 1.90 1.92 1.82 1,89 172,231 1.89
13-apr-04 1.87 1.91 1.85 1,88 103,907 1.88
19-apr-04 1.97 2.15 1.96 2,11 656,512 2.11
26-apr-04 2.11 2.38 2.07 2,28 524,766 2.28
3-May-04 2.21 2.22 1.92 2,16 220,211 2.16
10-May-04 2.07 2.10 1.83 1,91 261,76 1.91
17-May-04 1.87 2.01 1.72 1,99 373,792 1.99
24-May-04 1.98 2.01 1.86 1,91 260,632 1.91
31-May-04 1.91 1.97 1.83 1,91 118,277 1.91
07-jun-04 1.91 1.96 1.88 1,93 58,531 1.93
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page 6These modifications include changes such as cleavage, folding, sub-unit assembly,

glycosylation, carboxylation, amidation, acetylation and phosphorylation.

These important alterations, which are necessary for the in vivo activity of the pro-

teins, are carried out by cellular enzymes. Different cell types have different enzy-

matic capabilities. Glycosylation is one of the most important events for therapeu-

tics as it is essential for the stability of many proteins in blood circulation. Fungi,

plants and yeasts, which can all be grown on an industrial scale to produce recom-

binant proteins, share the problem of not being able to carry out post-translational

modifications to varying extents. Yeasts, for example, while they are able to carry out

glycosylation, do so inefficiently, and provide molecules that are often incompletely

modified. Certain mammalian animal cell lines such as Chinese hamster ovary

(CHO) cells can be programmed to express foreign genes and have been widely

used to synthesise proteins that closely resemble native proteins. The costs of cell

culture media, however, make this technique expensive and it is also difficult to

grow animal cells in fermentors on the scale of those used for bacterial and yeast

systems. The production process also takes longer - days or weeks rather than

hours.

The manufacture of proteins using recombination techniques is not always straight-

forward and must overcome a number of hurdles. To be successful the gene must

be expressed at high levels and this depends on regulatory sequences. Vectors intro-

ducing the gene into the cell must be highly efficient, and the resulting proteins

must be easy to extract from the protein-producing cells. Furthermore, most pro-

teins are generally large molecular weight complex molecules, which require post-

translational modifications such as glycosylation to be efficient. Moreover, these

molecules are highly sensitive to both the environmental conditions, and the

expression systems used. The efficacy and safety of the final therapeutic depends on

the ability of the manufacturing process to consistently produce molecules that are

structurally and functionally accurate.

A driving force for the commercial development of transgenic technology is the size

of the world market for recombinant proteins, estimated to be worth over USD 24

billion. Transgenic technology is positioned to contribute significantly to that mar-

ket because it offers the ability to produce complex proteins at high volume and low

costs and for a variety of applications. Conventional methods used for producing

recombinant proteins, such as cell culture using animal, bacterial, or yeast cells, are

often disadvantaged in that they are either expensive for large- scale production or

are unable to produce proteins with required complex posttranscriptional modifica-

tions. Transgenic technology, using either microinjection or (more recently) nuclear

transfer, enables the expression of human proteins in a system that is relatively easy

to scale up and can be established and operated at a relatively low cost.

THERAPEUTIC PROTEIN MARKET

Protein Market size 2003
Structural Proteins USD    2,350 million
Human Serum Albumin 1,500
Collagen 500
Fibronogen 350

Blood Products USD    5,150 million 
Insulin 3,500
Factor VIII 1,200
Factor IX 450

Complex Proteins USD  10,100 million
Interferons 3,500
EPO 6,600

Enzymes USD     550  million
Cerazyme/Ceredase 550

Monoclonal Antibodies/Other USD    6,000 million
Enbrel 1,300
Rituxan 1,500
Herceptin 450
Others 2,750

Recombinant Protein Vaccines 167 products

Total Therapeutic Protein Market USD  24,000 million

Source: De Mello Life Science Group Ltd, Company reports
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page 73.2 Transgenic animals for Protein production

The creation of the first transgenic animal was a mouse in 1980. Since then, much

has been accomplished in the generation of various types of transgenic animals,

especially with the production of therapeutic proteins. 

The use of transgenic animals and plants for the production of human therapeutic

proteins is a relatively new manufacturing development. Ever since the birth of

'Herman', in 1990, the first transgenic bull Herman whose female offspring produ-

ces the recombinant human lactoferrin protein in its milk, the idea of transgenic ani-

mals as protein fermentors has taken off. Since then, more than 100 foreign pro-

teins have been produced experimentally from different organs in several animal

species. Transgenic animals have the potential to make a significant contribution to

the production of biopharmaceuticals because they can produce complex proteins

at high volume and with low cost.

The benefits of transgenic animals are particularly important in light of the today's

uncertain manufacturing environments. Biotechnology-derived products represent

about 30% of all new medicines and it is predicted that this will double within 30

years. Current trends indicate that there is going to be a shortfall in manufacturing

capacity for biopharmaceuticals. While many companies are investing in increasing

their manufacturing capacity, it can take four to five years to build a manufacturing

plant at a cost of € 100-500 million. The use of transgenics offers pharmaceutical

and biotechnology companies an attractive option as a highly flexible, scaleable

source of protein with a fast time to full production. 

One requirement of transgenic animals used for pharmaceutical production is that

the animal is able to produce the desired drug at high levels without endangering

its own health. The second requirement of transgenic animals is the ability to pro-

duce a drug that can be passed onto its offspring. The current strategy to achieve

these objectives is to couple the DNA gene for the protein drug with a DNA signal

directing production in the mammary gland. The new gene, while present in every

cell of the animal, functions only in the mammary gland so the protein drug is made

only in the milk. Since the mammary gland and milk are essentially "outside" the

main life support systems of the animal, there is not much danger of disease or

harm to the animal in making the "foreign" protein drug. However, leakage of pro-

teins can occur from mammary gland back into bloodstream. This is a potential

threat. In the case of transgenic cattle, the utmost safety measures should be taken

to prevent the incidence of bovine spongiform encephalopathy (BSE). 

When comparing the different methods of producing pharmaceuticals, transgenic

technology looks like to be one of the best choices. When analyzing the expenses of

the different methods, animal housing and production operations are much chea-

per than that of fermentation and cell culture facilities. In general, cell culture pro-

duction is 5-10 times less economical and 2-3 times more expensive than transge-

nic technology. Besides lower costs, transgenic technology provides an ideal route
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page 8for bulk production since very high expression levels of fully bioactive protein are

obtained. However, one has to bear in mind that the purification of proteins from

milk under GMP conditions is as costly as with other production methods.

The production potential of the livestock platform is formidable. The smaller farm

animals (pigs, goats, and sheep) can produce 300-900 litres of milk annually; the

yield of a single dairy cow is approximately 10,000 litres of milk per year. Studies

show it is possible to assume a production level of 1mg/ml of pharmaceutical in

milk. By assuming this level one can calculate the number of animals required to

produce some of the proposed pharmaceuticals. Approximately 100,000 rabbits are

required to produce 150kg of fibrinogen, whereas only 17 cows can produce all the

required fibrinogen to satisfy the world needs. This illustrates the point that it is

important to consider the production capacity of the species when choosing a bio-

reactor.

Currently, most therapeutic proteins must be produced in mammalian cell lines,

and this is not only time-consuming, but also requires a significant investment in

research (on cell lines and reagents, for example) and manufacturing capacity. One

solution is to use non-mammalian cell lines, but an obstacle here is that the protein

products do not have the same structure as those made in mammalian cells. Many

high-value therapeutic proteins must contain specific glycan or sugar structures to

be fully effective and work safely in the human body. Glycoproteins produced by

plants have structures which are similar but not identical to those produced by

mammalian systems. 

3.3 Transgenic versus conventional production methods

The use of transgenic livestock in protein production aims at overcoming several

major barriers presented by cell-based systems. Potentially, this approach could

provide large quantities of complex proteins in a cost-effective way. Compared to the

facilities and chemicals required for cell culture production, capital investment

required for animal production facilities is relatively low.

The choice of animal for commercial protein production depends on a variety of fac-

tors, including generation time, number of offspring, potential yield and suscepti-

bility to disease. A variety of animals have been used successfully, including mice,

rabbits, goats, sheep and cows.

The source of the protein is also an important consideration. Milk, blood, urine and

seminal plasma can be used, as well as the egg white from birds' eggs and the

cocoons of some insects. The most convenient source is milk, however. The secre-

tory properties of the mammary gland make it the ideal protein producer, and the

milk is easy to collect. Furthermore, milk does not contain endogenous proteases,

and the composition of milk is specific and simple, making the identification and

purification of the recombinant protein relatively easy. Complex and difficult to pro-

duce proteins, such as human 3NGF, hGH, lysozyme, erythropoietin, thrombopo-

letin, and parathyroid hormone, have been successfully harvested from the milk of

transgenic animals. In general, the larger the animal, the greater the milk yield, but

this must be balanced against longer gestation periods and the time it takes to pro-
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page 9duce a functional transgenic herd. A key factor in the use of transgenic species is

the efficiency of expression of the desired protein. For commercial use, expression

levels of at least 1g/l are required. The rabbit has emerged as a key model for pro-

tein production based on: 

• the speed at which transgenic animal colonies can be established;

• good milk yields; 

• high protein content; 

• an ability to produce complex functional proteins; 

• ease of handling. 

Rabbits produce significant quantities of milk, in the range of 100-250ml/day

(approx 10-15l of milk per rabbit per year). Their prolific nature reduces the time

required to establish a transgenic line and so accelerates time-to-market for the

recombinant protein. Large numbers of transgenic rabbits can be generated in a

relatively short time -- it takes just 11 months to produce a fully transgenic protein-

producing colony, compared with 57 months for cows and 29 months for goats. A

colony of 400 rabbits can produce up to 10kg of protein per year assuming a 40%

recovery in the purification process.

Yet, even looking at all the advantages of transgenics versus other protein produc-

tion methods of choice, it should be noted that even after 20 years of transgenic

technology, there still is no commercially viable product on the market that has been

produced via transgenic animals. Hopefully, this is going to be changed soon as

there are now two products in the last stages of development (rhC1INH of

Pharming and Atryn of GTC).

Primarily, there are two specific approaches that are most commonly used for gene-

rating a transgenic animal: pronuclear microinjection and nuclear transfer.

Methods of protein production

Method Advantages Disadvantages

Blood fractionation Well established source of proteins Complex and costly process
Risk of transfer infections
Supply constraints

Yeast/Bacterial fermentation Well established Relatively high capital investment
Relatively low operating costs Does not perform complex post translational

modifications which many proteins require

Mammalian cell culture, Suitable for production of complex proteins High capital investment
e.g. Chinese Hamster Ovary (CHO) Well established High operating costs

Expression levels limited
Protein modifications not identical to human

Transgenic animals Suitable for production of complex proteins Leakage of proteins can occur from mammary 
Costs low and favourable initial investment gland back into bloodstream
High expression levels Protein modifications not identical
Low risk of infection

Source: De Mello Life Science Group Ltd.
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In the microinjection technique, a few hundred molecules of DNA construct are

injected through a fine glass needle into one of the pronuclei of a single-cell fertili-

zed egg (see fig. 2). The male and female pronuclei fuse to form the nucleus, which

now contains foreign DNA. The cell then divides to form a two-cell embryo. These

embryo’s containing the foreign DNA are then implanted into surrogate mothers

(fig 3). This method generates 1-5% transgenic animal of which only a portion

expresses the added gene at a high level. Although pronuclear injection is widely

used, the low efficiency of transgenic production and unpredictable level of protein

expression have made the system quite costly and inefficient.

The presence of a transgene in resultant offspring can be determined, and expres-

sion of the protein of interest detected, using standard molecular biological techni-

ques. For commercial production, protein expression is usually directed to the

mammary gland, leading to production in milk from which it can be conveniently

purified. The choice of mammal species for a commercial transgenic project is influ-

enced by several factors including generation time, susceptibility to disease, avera-

ge number of offspring, and the volume of milk produced. Mice are often chosen

for pilot studies. The time from birth to milk production for mice is just over three

months. Of course, when higher levels of expression are required, larger species

(most often sheep, goats, or cattle) are necessary.

Transgenic rabbits are generally produced using the microinjection method. A fema-

le rabbit is implanted with 20 viable embryos containing DNA constructs (fig 3). The

founder generation (P0) are born after one month and are partially composed of

transgenic animals (fig 4). In addition, a number of transgenic founders do not exhi-

bit the transgene insertion in all the cells, a phenomenon called mosaic expression. 

After only four months, the founder generation reaches sexual maturity and these

animals are then bred with nontransgenic rabbits through artificial insemination to

produce heterozygous first generation (F1) transgenic animals (fig 5). Sperm from

one well-characterised Fl transgenic male provides a Master Transgenic Bank

(MTB), which will be used to give birth to the next generation of transgenic males.

The sperm from these F2 males will provide a Master Working Transgenic Bank

(MWTB) to scale up the colony for larger scale milk production (fig 6).

The production of proteins in rabbit milk meets regulatory requirements for the sta-

ble expression and inheritance of the transgene, reliability of the protein manufac-

turing process, and quality of the final product. It also meets virus clearance valida-

tion and there is no known instance of prion disease in rabbits that could cause

transmission of Creutzfeldt Jakob disease. Although many experiments were per-

formed to try to artificially transmit prion disease to rabbits, no evidence of trans-

mission has been shown. No prion clearance validation is therefore required. 

Protein production in rabbits is within the time scale required for CHO cell fermen-

tors, but operates at a fraction of the cost. Transgenic rabbits, it is estimated, can

reduce the costs of protein production by 20-40% compared with CHO systems,

and capital costs can be reduced by 40-70%, as there is no need for an expensive

and validated infrastructure containing fermentation tanks, air filtration and tempe-

rature control systems.

micro injections 
via rabbits
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Disadvantages of the microinjection approach include the time it takes to get pro-

duct for clinical trials and the fact that not all animals resulting from the process are

transgenic. Those disadvantages can be overcome by nuclear transfer, which was

first achieved with cultured cells by Ian Wilmut and Keith Campbell at the Roslin

Institute in 1996. The nucleus of a cultured transgenic cell is introduced into an enu-

cleated oocyte, which is then triggered to develop and is subsequently transplanted

into a recipient female that serves as a surrogate mother. Generating a transgenic

animal involves the transfection of a suitable cultured cell type (foetal fibroblasts,

for example) with a construct containing the gene that encodes the protein of inte-

rest. The cell culture step provides an opportunity for more sophisticated genetic

manipulation than is possible with microinjection. Use of selectable markers can

ensure that all nuclear donor cells contain the desired DNA construct, and thus all

transplanted embryos are transgenic. It may also be possible to preselect for high

expression at the cell culture stage. Using nuclear transfer, it is possible to produce

a production herd in a single generation rather than through conventional breedin

(as is the case for microinjection) and to specify that only females are produced.

One of the key advantages of nuclear transfer over microinjection is that it saves

time and thus reduces costs. Two features of nuclear transfer combine to produce

that savings: the certainty of obtaining female founders by using a cell line derived

from a female source, and the ability to store genetically modified cells for use in

creating identical females at any time.

Using nuclear transfer, a modified cell line can be stored for generating clones for

clinical trial production as soon as the usefulness of the line is known from analy-

zing the founding female's lactation. That eliminates the time needed to produce a

male and to wait for him to become sexually mature. While clinical trial production

is underway, the founder female then can be used to produce a male as the source

of a larger out-bred production flock. The time savings is best illustrated by consi-

dering the generation of a herd of cattle, as the figures on the next page show. Using

microinjection, it would take about 78 months to reach production herd status for

cattle. In comparison, by using nuclear transfer, a production herd could be gene-

rated within 33 months. 

A further advantage of nuclear transfer over microinjection is an increased efficien-

cy in generating transgenic animals. Even though nuclear transfer still has a relati-

vely low success rate, the number of animals used to obtain a transgenic founder is

lower than what has been achieved using the microinjection method. The reason is

that only a small percentage of eggs into which constructs are microinjected actu-

ally incorporate the introduced DNA. Typically, of 100 animals born from microin-

jected eggs, only five to seven would be transgenic.

nuclear transfer via cattle
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Within the global biotech arena, a number of companies are pursuing the approa-

ches described above as routes to producing human medicinal proteins in the milk

of transgenic mammals. Two companies, GTC and Pharming, have reached the cli-

nical stages of product development. GTC produces therapeutic proteins in the milk

of transgenic goats and applies its transgenic technology to the production of vac-

cines and monoclonal antibodies. In the antibody field, the company has more than

a dozen development agreements. For example, in December 1998, GTC announ-

ced a collaboration with Centocor, Inc. to develop and produce monoclonal antibo-

dies in the milk of transgenic goats. In January 1998, GTC also announced that it

had achieved expression of high levels of a malaria antigen in the milk of transge-

nic mice, showing the potential for developing a malaria vaccine. 

A subsidiary of Genzyme Corporation, GTC was established in 1992 to commercia-

lize transgenic technology developed at Integrated Genetics Laboratories. It has

produced more than 20 proteins in the milk of transgenic mice at expression levels

of 1 g/l or higher. The company's lead product is antithrombin III (ATIII) called ATryn

which has completed a Phase III trial in Europe. Plasma-derived ATIII is currently on

the market in Europe and Japan for several indications including liver diseases, dis-

seminated intravascular coagulation, septicemia, shock, burns, multiple trauma,

bone marrow and other organ transplantation, hip and knee replacement, and other

surgical procedures. 

Current worldwide sales of plasma-derived ATIII are more than USD 200 million.

Antithrombin is a plasma protein with anticoagulant and anti-inflammatory proper-

ties. This protein has been difficult to express using conventional recombinant pro-

tein production methods. GTC expresses this protein in the milk of goats that have

the human antithrombin gene linked to a milk-protein promoting gene. This appro-

ach provides the opportunity to produce highly purified antithrombin in a well-cha-

racterized recombinant form as ATryn. 

GTC has recently submitted a Market Authorization Application (MAA) to the

European Medicines Evaluation Agency (EMEA) for ATryn. This application seeks

review through the centralized European procedure for approval to market ATryn for

the treatment of patients with hereditary antithrombin deficiency (HD). The indica-

tion for ATryn in HD patients is for prophylaxis of deep vein thrombosis (DVT) and

thromboembolism in clinical risk situations such as surgical procedures or during

labor and delivery. HD patients are normally treated with an orally available antico-

agulant. However, this maintenance therapy often must be discontinued during

events such as childbirth or surgery to reduce the risks of excessive bleeding asso-

ciated with orally available anticoagulants. Currently, human plasma derived antith-

rombin is often given to cover the period of high risk for the development of DVT.

A recombinant antithrombin may also help reduce the supply constraints that can

occur with antithrombin that is derived from human blood. 

The submission of this MAA is not only GTC's first filing requesting approval of a

product, it is also the first application submitted by any company to any US or

European regulatory authority requesting review and approval of a recombinant the-
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this first product would also mean an incredible boost to the use of transgenic tech-

nology for the production of complex therapeutic proteins.   

Another company who is active in the field of transgenics is the Canadian company

Nexia Biotech. Nexia develops and manufactures complex recombinant proteins in

the milk of transgenic goats for medical and industrial applications. Nexia's

strength is producing proteins that cannot be made commercially using other

recombinant systems. The Company's two lead programs are Protexia and BioSteel.

Initially, Protexia is being investigated for use as a pre-treatment for military per-

sonnel to counter the toxic effects of nerve agents. BioSteel, a recombinant spider

silk, is under development for use in medical devices and industrial markets.

The BioSteel concept was conceived in 1999 with the patent disclosure for the pro-

duction of recombinant spider silk protein in the milk of transgenic goats. Two

transgenic goats, Peter and Webster, were born in 2000 with the spider silk gene

incorporated into their genetic composition. Both these transgenic goats were used

to propagate their herd and currently Nexia has transgenic goats expressing

BioSteel in their milk. This protein is isolated from the milk and is now being devel-

oped into spun fibres.

In 2001, Nexia started work on Protexia, a recombinant version of human butyryl-

cholinesterase (BChE), a naturally occurring protein found in minute quantities in

the blood. BChE functions as a natural bioscavenger, like a sponge, to absorb organ-

ophosphate poisons (e.g., nerve agents) before they cause irreversible damage.

BChE, as a bioscavenger, binds to nerve agents and neutralizes them before they

can reach the brain. BChE is found naturally in human blood to defend the body

from certain food toxins, but, these levels are insufficient to counteract the effects

of a chemical weapon attack.

In January 2004, Nexia reported positive results from the Protexia in vivo efficacy

studies conducted by the U.S. Army's Institute for Chemical Defense (ICD). The stu-

dies evaluated the ability of Protexia, a recombinant form of human butyrylcholi-

nesterase (BChE), to protect laboratory animals from the toxic effects of nerve

agents. In April 2004, Nexia announced the successful completion of the pharma-

cokinetic (PK) study for Protexia - the final pre-development milestone. These stu-

dies, conducted by the US Army's ICD and Defence R&D Canada-Suffield, confir-

med an appropriate PK profile for Protexia in experimental animal models.

Completion of this milestone triggers the Protexia drug development program

including; transgenic herd scale-up, Good Manufacturing Practises (GMP) purifica-

tion process development and completion of the pre-clinical studies to support the

filing of an Investigational New Drug Exemption (IND) with the US FDA.
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page 144.0  PIPELINE PHARMING 

Pharming’s pipeline currently consists of four products, of which rhC1INH is by far

the most important one. After the legal moratorium in 2001 the new business stra-

tegy of Pharming was to focus on one product (rhC1INH) for one market (Europe).

The other projects were temporarily put on hold. The cash flow generated from

rhC1INH is used to finance both the further development of other indications for

rhC1INH and the other products in the pipeline. This is why we only take the

rhC1INH product into account in the present valuation of the company.

Nonetheless, the rest of the pipeline clearly is offering an additional upside poten-

tial for the company that should not be overlooked. 

4.1  HEREDITARY ANGIOEDEMA AND RHC1INH

4.1.1 Hereditary Angioedema: what is it?

Hereditary angioedema is a genetic disease caused by the deficiency of C1-inhibitor

(C1INH). C1INH is a plasma protein that is involved in the regulation of the com-

plement system and the contact system. Both systems are part of our immune

system. The disease is characterized by acute attacks of localised swellings or brui-

sing of soft tissue. These attacks can be caused by minor trauma as well as emo-

tional stress. Hereditary angioedemia (HAE) seriously affects the quality of life and,

in those cases where the gastrointestinal tract or upper airways are affected, can

lead to life-threatening complications. Most commonly, the respiratory and

gastrointestinal systems are involved. Patients with gastrointestinal involvement

generally experience severe abdominal pain, nausea and vomiting. Those with res-

piratory complication develop partial to complete obstruction, which can lead to

suffocation. Onset is quick, often unprovoked, and generally persists for a duration

of 24-72 hours. It is estimated that between 10,000 and 50,000 people in the

western world suffer from HAE. Current therapeutic options consist of the admi-

nistration of plasma derived C1INH for acute attacks and prophylactic treatment

with attenuated andrenogens or anti-fibrinolytics. There are however insufficient

supplies of plasma-derived C1INH available to fulfil the demand. Production costs

are very high and plasma-derived products always carry the risk of transferring

blood-borne diseases from the donor to the recipient. The use of androgens is asso-

ciated with a variety of side-effects, especially in pregnant women and children.

Attenuated andrenogens or anti-fibrinolytics are not effective in case of an acute

attack.

There are two recognized and accepted types of HAE: I and II. Type I is more com-

mon, found in 85% of the HAE population. It is characterized by a significant decre-

ase or total absence of C1INH. Type II HAE, presenting in only 15% of those with the

disorder, displays normal to increased levels of dysfunctional C1INH.

Source: Pharming Group NV, De Mello Life Science Group Ltd.
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The immune system protects the body against infections by bacteria, viruses and

other parasites. It is really a collection of responses that the body makes to infecti-

on. So it is sometimes called the 'immune response'. The white blood cells invol-

ved in the acquired immune response are called 'lymphocytes'. There are two main

types of lymphocytes - B cells and T cells. B and T lymphocytes are made in the bone

marrow, like the other blood cells. They have to fully mature before they can help in

the immune response. B cells mature in the bone marrow. But the immature T cells

travel through the blood stream to the thymus gland where they become fully devel-

oped. B cells react against invading bacteria or viruses by making proteins called

antibodies. The antibody made is different for each different bug. The antibody locks

onto the surface of the invading bacteria or virus. The invader is then marked with

the antibody so that the body knows it is dangerous and it can be killed off. The bin-

ding of antibody to its antigen often triggers the complement system through the

so-called classical pathway. The complement system is part of the immune system,

like antibodies are part of the immune system. It is a defense mechanism that uses

at least 30 proteins in the blood. It is named complement, because it helps antibo-

dies to kill invaders or antigens. Another part of the immune system is the contact

system. Activation of both the contact and complement system has been demon-

strated in a variety of human diseases. A typical feature of both systems is that when

activated, they give rise to several proteins, such as bradykinin, which influences

endothelial cells. Layers of endothelial cells are lining the inside surface of blood

vessels and lymph vessels. C1INH is a major inhibitor of both the complement and

the contact system and is therefore endowed with anti-inflammatory properties.

Several studies proved that patients with HAE had significantly decreased levels of

C1INH. C1INH is the only known inhibitor of the activated proteins C1s and C1r of

the complement system and is a major inhibitor of activated factor XII (prekallikrein

= inactivated form of kallikrein) and XI (responsible for blood clotting) of the con-

tact system. Kallikrein has been shown to release the protein bradykinin. In intact

blood vessels, bradykinin has a function in keeping the blood flowing and keeping

the vessels healthy. It stimulates the repair of vessels and is thought to play a major

role in the symptomatology of acute attacks in patients with HAE. The large quanti-

ty of bradykinin releases during acute attacks of HAE is thought to be responsible

for most symptoms by directly causing increased vascular permeability (oedema

and swelling). So the major function of C1INH within the human body includes the

prevention of C1 complement auto activation. 
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Because of its anti-inflammatory and anti-clotting activity and the possibility of its

large scale preparation with a high degree of purity, biological activity and viral safe-

ty, rhC1INH may be useful for the treatment of other diseases as well. 

Sepsis

Sepsis is often induced by bacterial infections and is a leading cause of mortality in

noncardiologic intensive care units. Sepsis results from the excessive release and

activation of endogenous inflammatory mediators which include the complement

and contact systems. The role of rhC1INH in sepsis was investigated in several cli-

nical studies. In 48 patients with sepsis, compared to healthy volunteers, a discre-

pancy was demonstrated in plasma levels of rhC1INH. No side effects of rhC1INH

treatment were observed. Thus, high doses of rhC1INH are well tolerated by

patients with sepsis and may attenuate ongoing completement and contact activa-

tion. 

Vascular Leak Syndrome

A vascular or capillary leak syndrome (VLS) may complicate sepsis but may also

occur independently of this disease. For example, VLS is induced following a bone

marrow transplant or open heart surgery. Studies of the VLS have suggested that

this syndrome results from the release and activation of inflammatory mediators

such as cytokines. In this way the complement system is activated. Several studies

have indicated that rhC1INH therapy is a promising approach for the management

of patients with VLS. However, double blinded placebo controlled studies are ne-

ded to confirm this. 

Acute Myocardial Infarction

Acute Myocardial Infarction (AMI) is one of the major causes of mortality and mor-

bity in the western world. Mortality is due to arrhythmia, cardiac rupture and acute

heart failure, whereas morbidity often results from chronic heart failure. An impor-

tant determinant in the development of heart failure is the amount of scare tissue

in the jeopardized myocardium. In patients with unstable angina, evidence for the

activation of the contact system was provided by the stimulation of the kallikrein

system and the generation of bradykinin in the acute phase. Animal studies have

shown an important cardio protective effect of rhC1INH in various experimental

models for AMI. Whether a reduction in infarct size in humans with AMI may be

achieved by administration of rhC1INH is currently being studied. Like we mentio-

ned before rhC1INH has a very important impact on the inhibition of the release of

kallikrein and thus bradykinin. 
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Pharming produces rhC1INH using its transgenic rabbit platform. The Company

has established a production herd of transgenic animals at their production site in

Someren. These transgenic rabbits are capable of producing large quantities of

rhC1INH in their milk (> 10 gram/l). Pharming’s current capacity is sufficient to

supply the world-wide demand for C1INH, both for acute and prophylactic treat-

ment of HAE. Pharming received orphan drug designation for its transgenic human

C1 inhibitor for the acute and prophylactic treatment of HAE from the US FDA

(March 1999) and from the EMEA (June 2001). 

The market potential rhC1INH for the treatment of acute HAE is estimated at USD

700 million. The total number of patients involved for both Phase III trials are esti-

mated to be between 100-125. Around 50 of them are part of the European Phase III

trial. Due to Pharming’s excellent relationship with both patient organizations and

opinionleaders (e.g. prof. M. Cicardi) in HAE, we think that Pharming has an advan-

tage compared to competitors. The company estimates this trial to take 7-8 months

and should be finished end of 2004.

4.1.5 Clinical studies rhC1INH

Pharming completed a Phase I clinical trial with the help of several independent

research companies. In this trial, 12 asymptomatic patients with HAE were infused

with escalating dosages of rhC1INH to assess safety and stability of the product.

The product appeared to be safe and well tolerated, also with high dosages, and no

product related adverse events were noted. There were no signs of clinically relevant

immune responses and none of the patients showed evidence of neutralizing anti-

bodies. Based on this results, a Phase II study for the efficacy, safety and tolerabili-

ty of treatment of acute attacks of HAE with rhC1INH was started at the Academic

Medical Centre in Amsterdam. The results showed that all patients treated with

rhC1INH showed rapid time to beginning of relief and time to complete resolution

as well as favourable evaluation of treatment by both patients and physicians. HAE

attacks that are untreated typically last for 2 to 5 days. After treatment, patients are

monitored for a period of 90 days to evaluate the safety of rhC1INH. The product

appeared safe and well tolerated and displayed the expected biological activity in the

patients. Treatment with rhC1INH did not elicit any allergic or clinically relevant

immune responses. None of the patients treated with rhC1INH in the clinical trial

experienced a relapse of the initial HAE attack.

4.1.6 Competition

Currently, HAE can be treated with intravenous administration of C1INH that is

purified form pooled blood plasma. C1INH obtained from human blood have only

been approved in some European countries. Plasma derived C1INH is produced in

limited amounts by Sanguin, The Netherlands, and by Aventis Behring. Attempts by

Baxter to develop a plasma derived C1INH product were terminated in 2002.

Although the plasma derived material has shown to be effective for HAE, there are

serious disadvantages in terms of safety and product supply. Therefore, the majori-

ty of patients are currently treated with androgenic steroids, which has grave side

effects (damages of the liver). 
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page 18Dyax, in collaboration with Genzyme, is developing a small protein drug, DX-88 for

the treatment of acute and chronic inflammation and HAE. This protein is an inhi-

bitor of kallikrein, and blocks the clotting cascade. A Phase I safety trial was com-

pleted and a multi-centre Phase II trial is about to be completed. We already stated

that kallikrein plays an important role in the activation of the contact system. DX88

is different from rhC1INH in terms of chemical properties and functional characte-

ristics. Besides, it interferes much lower in the so-called plasma cascade. Recently,

the FDA placed the clinical trials of DX88 on hold until questions related to findings

in preclinical animal studies have been answered. DX-88 is in Phase II clinical deve-

lopment in a joint venture with Genzyme Corporation for the treatment of heredita-

ry angioedema (HAE). Results from EDEMA1, a recently completed 48-patient dou-

ble-blind placebo controlled Phase II trial in HAE patients, were published in June.

The trial met its primary endpoint and demonstrated a statistically significant effect

of the drug. The only active DX-88 clinical trial affected by the hold is a repeat-admi-

nistration extension study, referred to as EDEMA2. In this study, 12 HAE attacks

have been treated to date, and three patients have been treated multiple times, with

no reportable adverse events.

Independent of its joint venture with Genzyme, Dyax is also developing DX-88 for

the treatment of patients undergoing on-pump coronary artery bypass grafting sur-

gery (CABG). There are currently no active trials of DX-88 in the CABG indication.

Positive Phase I/II results from a 42-patient trial in CABG were announced by Dyax

in December 2003.

German based Jerini also is developing a protein drug for both HAE and liver cir-

rhosis, called Icatibant. It is a synthetic protein and is a Bradykinin BK 2 receptor

antagonist, which is believed to dampen the effects of bradykinin. As we explained

before, bradykinin is a substance that causes angioedema symptoms. In December

2003 the FDA granted an orphan drug designation to Jerini's BK2 receptor antago-

nist Icatibant (JE049) for the treatment of angioedema. This follows the announce-

ment by Jerini in January that the European Agency for the Evaluation of Medicinal

Products (EMEA) had granted orphan drug designation to Icatibant for the same

indication. Jerini will file an Investigational New Drug Application (IND) for

Icatibant in this indication with the FDA. Regulatory approvals for the IND are

expected later this year. Jerini is currently conducting an open phase II clinical study

of Icatibant in patients with hereditary angioedema (HAE) in Europe. Jerini expects

submission of marketing authorization application in 2006. 
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Lactoferrin is a natural multifunctional protein found naturally in human milk and

various other body fluids. The protein has antibiotic, probiotic, anti-inflammatory

and immune modulating properties and plays an essential role in stimulating the

body's immune system, fighting infections and promoting wound healing. As a

natural antioxidant, lactoferrin also helps control cell and tissue damage due to oxi-

dation. recombinant human Lactoferrin (rhLF) is being developed for both phar-

maceutical and nutraceutical applications. Due to the large quantities of rhLF that

are required Pharming is going to use transgenic cattle for the production.

Transgenic cattle can produce it in sufficient quantities: a herd of only 20 cows can

supply the entire amount needed for this indication in the US. Pharming’s state of

the art Wisconsin cattlefarm has a capacity of 100 cows. This is comparable to a

future production capacity of rhLF of 3000 kilograms. Pharming also purifies

recombinant rhLF from the milk for pharmaceutical applications. It is available in

two grades; one for oral applications and one of higher purity that can be admi-

nistered intravenously. he company now seeks partners for further development of

human lactoferrin, for both nutraceutical and pharmaceutical uses.

4.2.1 Pharmaceutical applications

Pharming has performed Phase I safety studies with intravenously administered

rhLF, which finished at the end of 1999. The company demonstrated that intrave-

nously administered rhLF is very well tolerated up to very high dosages. The origi-

nal focus for clinical development was on the use of rhLF for heparin neutralisation

after open heart surgery. Due to the important anti-infective properties of rhLF and

the high tolerance in humans, Pharming decided to change their focus and con-

centrate on the pharmaceutical development of rhLF for the treatment of systemic

bacterial infections. In collaboration with the Department of Infectious Diseases of

the University Hospital of Leiden, it was demonstrated that rhLF is highly effective

in vivo against a number of antibiotic resistant bacterial strains. 

4.2.2 Nutraceutical applications

rhLF is also under development as a component of various nutraceutical products.

Large groups of patients might benefit from orally administered recombinant lacto-

ferrin. Infants that cannot benefit from breast-feeding can receive rhLF to help them

develop a healthy gut-flora. Adults that suffer from recurrent infections, for example

HIV infected persons, patients treated with radiation therapy or other patients with

weakened resistance to infection may improve their conditions with rhLF. Pharming

is aiming at obtaining a so called GRAS status (Generally Regarded As Safe) for the

nutraceutical and food applications or rhLF. The company expects to reinitiate the

GRAS study this year.
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Agennix is a US private biopharmaceutical company focused on the development of

rhLF for pharmaceutical and nutraceutical applications. Agennix is currently con-

ducting Phase II human clinical trials in its lead therapeutic areas of Oncology,

Respiratory Disease and Wound Healing. The company anticipates adding clinical

candidates to the pipeline of indications and products. To date, Agennix is the only

company in the world that manufactures commercial quantities of pharmaceutical-

grade human lactoferrin. Their recombinant production technology is based on fer-

mentation in Aspergillus and conforms to current Good Manufacturing Practice

(cGMP) applicable to pharmaceutical products. In September 2002, Agennix

announced the opening of a new manufacturing facility in Capua, Italy in collabora-

tion with DSM Pharma Products, a subsidiary of DSM. The facility’s new 35,000 litre

fermentor is among the largest in the world for production of a recombinant pro-

tein, allowing Agennix to scale-up manufacturing to meet both Phase III clinical and

commercial requirements. Other competition in rhLF may come from bovine lacto-

ferrin products. 

4.3  EARLY STAGE PRODUCTS

4.3.1 Recombinant Human collagen type I

Collagen type I is the most common structural protein in humans, and is mainly

found in bone, tendon, cornea and the supporting structure of the skin. Collagen

type I is used in a wide variety of applications such as esthetic surgery, for the tre-

atment of urinary incontinence and as surgical haemostatic and sealant products.

Most of these products contain bovine-derived collagen type I. One of the major

issues affecting the use of bovine products is safety. Bovine collagen is generally

obtained from hides of animals. However, regardless of strict regulatory controls

covering the cattle's origins and feeding habits, there is an inherent risk of conta-

mination with transmittable viruses. Furthermore, a number of patients can deve-

lop allergic reactions to bovine collagen. Also collagen, derived from human sour-

ces is used. Also here, product safety is a major concern. We anticipate product

launch will not be earlier than 2009.

The principal competition for Pharming’s recombinant human collagen type I

(rhCOL I) are the bovine and human derived products that are currently on the mar-

ket. Due to the safety and production issues associated with these products,

Pharming’s rhCOL I has obvious advantages over the existing products.

4.3.2 Human fibrinogen

Fibrinogen plays a key role in the formation of blood clots and can be used in com-

bination with thrombin as a wound sealant. Fibrin sealants have a number of impor-

tant advantages: they achieve a biodegradable clot in seconds to minutes without

leaving a scar, they can close surgical areas that are difficult to close with sutures of

staples and they reduce the risk of wound inflammation and can be dosed accura-

tely and consistently. Several forms of fibrin sealant, including spray-on, bandage

and foam products, are already in development.
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Pharming is developing a fully recombinant tissue sealant to replace the current

plasma derived fibrin tissue sealant products because of the possible transmittan-

ce of blood born diseases. The current products are marketed as pharmaceutical or

medical products because of safety concerns connected to proteins derived from

human tissue. The company expects that the tissue sealant can be marketed as a

medical device. The clinical procedures and approval for medical devices are taking

less time and are less strict in comparison with pharmaceutical products. 

The current fibrin sealant market is limited to the use of liquid fibrin sealants during

various types of surgery. Current sales are around € 300 million world wide and are

expected to grow to € 600-700 million in the next 3–5 years, which requires 300-

500 kg of purified fibrinogen.

At present, human fibrinogen is derived from pooled donor blood. The major draw-

backs to using pooled human blood are:

• Risk of infectious disease transmission (removal of small viruses is difficult)

• Lack of consistent quality (fibrinogens easily degrade and show conformational

changes)

• Limited supply. The total world market for fibrinogen is estimated to be more than

500 Kg/year, which requires 1.5 million litres of donor blood

Expression of functional fibrinogen in bacterial or yeast expression systems has not

been feasible because of the complexity of this multi-chain protein. Expression is

mammalian cell culture cells has been demonstrated, but is unsuitable and too

expensive to produce the amounts of fibrinogen needed.

5 .0  COLLABORATIONS 

5.1 Esteve

In April 2004 Pharming announced that it is going to team up with the Spanish

pharmaceutical company Esteve for the development, marketing and sales of

rhC1INH for HAE in Spain, Portugal and Greece. These three countries comprise

around 4% of the total HAE market. Under the agreement, Pharming will receive

milestone payments, royalty payments and contributions to R&D costs for

rhC1INH. Although no financial details were published, we think that Pharming will

receive around € 8 million in milestones and that Esteve is going to finance the

R&D costs for the last phase of rhC1INH. In exchange we calculate Pharming is get-

ting a royalty payment of around 50% in the countries mentioned. Esteve is a well

established family owned pharmaceutical company with sales of around € 800 mil-

lion. The company has production facilities in Europe, Asia, and America, subsidia-

ries in Italy and Portugal and commercial activities in more than 90 countries. The

company’s segments are human medicine, veterinary products, and active phar-

maceutical ingredients for Esteve own products and the international market.
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In November 2000, Pharming announced the acquisition of ProBio, a US company

managing and providing biotechnology intellectual property (IP). The company was

founded to commercialise ground breaking research in mammalian cloning and

transgenesis developed by the University of Hawaii, USA. Through acquiring

ProBio, Pharming obtained control of a number of important technologies that,

because of the strong synergy between the two IP portfolios, both complement and

extend the company's existing IP and technology position. Furthermore, ProBio has

developed an active out-licensing program for its nuclear transfer, sperm-mediated

transgenesis and sperm dry freezing technologies. The company has developed a

system of converting IP into a readily transportable and transferable form and is

putting in place direct and web based marketing and support infrastructures. A uni-

que feature to its out-licensing strategy is that ProBio retains the rights to techno-

logical improvements made by its licensees which guarantees a substantial flow-

back of new and improved technologies to the company. The combined Pharming-

ProBio IP portfolio offers a substantial expansion of ProBio's activities in the world-

wide marketing of IP rights. In 2003, an exchange agreement was made in which

ProBio International Holdings Pte Ltd, a company organized under the laws of

Singapore, acquired ProBio Inc. Pharming retained a 19.45% shareholding in ProBio

International and is licensed under the relevant intellectual property of ProBio Inc.

Recently, Pharming increased its shareholding in ProBio to 45% and will pursue

strategic projects with ProBio, most notably the commercialization of recombinant

human lactoferrin in Asia. The combination of Pharming and ProBio IPR in

Australia and America also expands commercial opportunities for both companies.

A few years ago, ProBio entered into an important distribution agreement with

Eppendorf Scientific, Inc, a US based supplier of specialist equipment used in

nuclear transfer and microinjection procedures, manufactured by Eppendorf AG,

Germany.

5.3 GTC

GTC is a US based company and one of the leading companies in the field of trans-

genic technology. Like Pharming, GTC is active in the development of therapeutic

proteins in the milk of transgenic animals. Pharming signed an agreement to cross

license their proprietary recombinant technology for the production of therapeutic

proteins. Under the agreement, Pharming has received an upfront payment of € 1.5

million and will receive royalties on products developed by GTC utilizing Pharming’s

technology. GTC has also granted rights to its monoclonal antibody technology to

Pharming under certain conditions and for certain territories. GTC is currently deve-

loping transgenic versions of monoclonal antibodies and fusion proteins for bio-

technology and pharmaceutical innovators such as Abbott Labs, Bristol-Myers

Squibb, Centocor, Elan Pharmaceuticals, and Progenics. These firms currently are

conducting human clinical trials with cell-culture produced versions of their pro-

teins and have contracted with GTC to evaluate the advantages of producing their

products via transgenic technology. GTC is primarily focused in the use of goats for

monoclonal antibodies and immunoglobulin fusion molecules. The technology also
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ted expression of more than 65 proteins in the milk of transgenic animals, 45 of

these at levels greater than 1 g/l. Fourteen of these proteins have been expressed in

transgenic goats at 1 g/l or higher. GTC has recently submitted a Market

Authorization Application (MAA) to the European Medicines Evaluation Agency

(EMEA) for ATryn. This application seeks review through the centralized European

procedure for approval to market ATryn for the treatment of patients with heredita-

ry anti-thrombin deficiency (HD).

5.4 DSM

In June 2003, Pharming announced a partnership with DSM Biologics for contract

manufacturing of rhC1INH. Since then, the process of purification of rhC1INH has

been transferred from Genzyme Flanders to DSM in Groningen. Under the agre-

ment, Pharming has total commitments for the year 2004 of € 1.6 million.

DSM Biologics, a business unit of the DSM Pharmaceutical Products business

group, is one of the world’s leading contract manufacturers of biopharmaceutical

products, the latest generation of drugs, mainly on the basis of native molecules

and produced with the help of cell cultures. The company is renowned for its expe-

rience in the use of a broad range of cell culture systems (microbial and animal) and

its expertise in the field of purification techniques. Established in 1986, DSM

Biologics currently employs about 450 people, who are based at the company’s two

sites, one in Groningen, the Netherlands (ca. 1,000 litres fermentor capacity and

6,000 m2 ) and one in Montreal (Québec), Canada (ca. 6,500 litres fermentor capa-

city and presently 10,000 m2).

5.5 Infigen

Infigen is a company specialized in the development of nuclear transfer and geno-

mic technologies for application in human healthcare. In collaboration with Infigen,

Pharming has generated transgenic cattle for a number of products, including

rhC1INH, rhFIB and rhCOL. The transgenic animals are located in Pharming’s

transgenic cattle facility Vienna Pharms in DeForest, USA. Since 2002 Pharming has

an exclusive license agreement on Infigen’s nuclear transfer technology for

Pharming products currently or previously in development. 
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STRENGHTS

•  Sound f inanc ia l  pos i t ion

•  Leader  in  t ransgen ic  techno logy

•  Orphan Drug  Sta tus  fo r  rhC1 INH in  both  US and Europe

•  Access  to  la rge  HAE-pat ients  database

•  Exce l lent  re la t ions  wi th  pat ient  o rgan iza t ions  and  

op in ion  leaders

•  High ly  exper ienced  management  and  sc ient is ts  team

WEAKNESSES

• P ipe l ine  Pharming  depends  heav i l y  on  rhC1 INH product  

• S t rong  par tner  needed  for  US launch o f  HAE.  Pharming  a lso  

needs  add i t iona l  par tners  fo r  the  res t  o f  Europe

• St i l l  no  par tners  fo r  the  o ther  products  in  the  p ipe l ine

OPPORTUNITIES

•  Transgen ic  product ion  p la t fo rm of fe rs  c lear  advantages  

compared  to  o ther  product ion  sys tems

•  rhC1 INH usefu l  fo r  o ther  d iseases  l i ke  seps is  and  s t roke

•  Promis ing  p ipe l ine

THREATS 

• Transgen ic  techno logy  not  ye t  va l ida ted  wi th  marketed  drugs

• Pharming  i s  not  the  on ly  company  wi th  a  drug  aga ins t  HAE in  

deve lopment

• Re imbursement  i ssues  fo r  rhC1 INH
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Based on the expectations that Pharming lead product rhC1INH will be on the mar-

ket we think Pharming could become profitable next year. Already this year revenu-

es are estimated to rise considerably due to the partner agreement with Esteve. We

believe Pharming will receive around EUR 8 million in milestones till rhC1INH is

launched. As part of the deal we estimate that Esteve will get half of the income deri-

ved from rhC1INH for HAE in Spain, Portugal and Greece. Although these markets

only comprise 4% of the global HAE market, we use the terms of this deal in our

model as an example for future deals. This explains the share of license partners to

be 50%. We do not take the rest of the pipeline into account because it is too pre-

mature to expect any revenues from these products in the near future. Besides,

Pharming has to announce partners for rhFIB, rhCOL and rhLF. After the legal

moratorium of 2001, these projects were put on hold to focus on rhC1INH.

In our calculations regarding the size of the rhC1INH market for HAE in the Western

world, we estimate the number of people suffering from HAE to be 28,000. The ave-

rage number of attacks is estimated to be 7-8 per year. Based on the current price

of the C1 product from Aventis Behring that is derived from bloodplasma, we cal-

culate € 4000 on average per treatment. 

Looking at the outcome of the Phase II studies with rhC1INH and taking possible

competition of Jerini and Dyax into account, we think Pharming should be able to

capture 50-55% market share on HAE in 2010. For the first year rhC1INH will be on

the European market, we calculate a market share of several percentage points. 

The R&D expenditure for Pharming is calculated as a percentage of sales on

rhC1INH, which is between 7.5-10%. As part of future deals with partners we belief

part of the R&D expenditure will be financed by the partners. This is also the case

in the deal with Esteve. 

Based on the market launch of rhC1INH in 2005 we estimate Pharming to be cash

flow positive in that year, reaching a small net profit.

In estimating the value of the company we made use of the Discounted Cashflow

Method (DCF). We discounted the free cash flows in the next 10 years and the resi-

dual value, using a WACC of 15% to discount the cash flows and residual value.

Based on these rather conservative assumptions and an organic growth after 2013

of 2.5%, we arrive to a value of € 5.30 per share.



Profit & Loss Account (€ million) 2002 2003 2004T 2005T 2006T 2007T 2008T

Revenues 2.898 432 7.500 17.259 42.433 105.107 176.047

Costs & Expenses
R&D 3.159 5.708 7.500 3.377 4.912 10.336 13.919
Operational costs 1.683 2.584 4.000 2.702 2.865 6.201 12.179
SGA costs 2.157 1.162 5.000 4.053 12.280 18.604 22.618
Total Costs and Expenses 6.999 9.454 16.500 10.132 20.057 35.141 48.716

EBITDA -4.101 -9.022 -9.000 7.127 22.376 69.966 127.331
Depreciation 1.026 972 1.208 1.000 823 467 351
Other costs -3.926 811 1.250 300 300 300 300
Operating Income -1.201 -10.805 -11.458 5.827 21.253 69.198 126.680

Share licensepartners (50%) 0 0 0 5.404 16.373 41.343 69.594

Financial Expenses -162 -45 1.172 704 1.068 1.707 3.110

Net Profit -927 -10.978 -10.436 1.028 5.887 29.522 60.197

Profit per share -0,05 -0,34 -0,15 0,01 0,08 0,39 0,77

Number of shares 19.262.625 32.723.983 69.136.749 72.426.999 75.000.000 76.000.000 78.000.000

Balancesheet (€ million) 2002 2003 2004T 2005T 2006T

Tangible Assets 8.278 6.369 5.161 4.161 3.338

Inventories 2.889 3.057 3.363 1.351 3.275
Other current assets 4.814 586 733 270 819
Cash and cash equivalents 542 2.699 17.808 27.491 37.014

Total Current assets 8.245 6.342 21.903 29.113 41.108
Total assets 16.523 12.711 27.064 33.274 44.445

Equity 11.193 5.743 25.384 32.992 43.916
Non current liabilities 312 219 180 140 100

Current Liabilities 5.018 6.749 1.500 142 430

Total Equity and liabilities 16.523 12.711 27.064 33.274 44.446

Cash Flow Statement (€ million) 2002 2003 2004T 2005T 2006T

Net Profit/Loss -927 -10.978 -10.436 1.028 5.887

Depreciation and Amortisation 1.453 1.381 1.208 1.000 823
Change in Working Capital -7.793 3.611 -111 1.116 -2.184
Other non cash movements -198 203 0 0 0
Cash flow from Operations -7.465 -5.783 -9.339 3.144 4.526

Cash flow from Investments 3.119 -174 0 0 0

Cash flow from Financing 3.654 7.583 29.998 6.540 4.997

Change in Cash and Cash equivalents -692 2.157 15.109 9.684 9.523
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Pharming is well on its way to redeem its place of being the Dutch flagship in bio-

tech once more. A successful financial round and the announcement of an initial

marketing partner for rhC1INH reduced the company risk considerably. Its lead pro-

duct against HAE is expected to be on the European market in the second half of

2005. rhC1INH will be one of the first products on the market and is therefore a vital

validation of transgenic technology as a production method for complex therapeu-

tic proteins. Even more interesting would be to use rhC1INH for multiple indica-

tions like sepsis and heart failure. With the cash flow generated from the sales of

rhC1INH for HAE, Pharming is also able to revitalize the rest of its pipeline. This

offers an extra upside potential for investors.

In the next half year we expect further newsflow that could trigger the price of

Pharming. One of the most important newsitems would be the start of the Phase III

trails for HAE in the US. Futhermore, the announcement of GTC getting approval

for its product produced with transgenic technology should be an important boost

for all companies working with transgenic animals. Next to this, we expect the

announcement of several other marketing partners in Europe. And finally, the publi-

cation of the end results of the Phase III trial for rhC1INH is something to look for-

ward to. Pharming expects this trial to take 7-8 months and can be finalized in

November or December. 

We are confident that the present management team under the skilful leadership of

Francis Pinto will do its utmost to meet the end goals it has defined for the compa-

ny as a whole. But the proof of the pudding is in eating it. Only if the EMEA has

approved rhC1INH for HAE and will be on the market, the future truly looks bright

for Pharming.

DCF PHARMING
€ in millions 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Free Cashflow -9.547 2.144 3.703 23.501 53.275 57.744 62.582 67.817 73.483 79.614

Discountfactor (WACC) 15% 1,00 0,87 0,76 0,66 0,57 0,50 0,43 0,38 0,33 0,28

Discounted Cashflow -9.547 1.864 2.800 15.453 30.460 28.709 27.056 25.495 24.022 22.631

Total net present value 168.943
Terminal value 181.051
Cash 18.629
Total value 368.622

Number of shares 69.137

Value per share 5,33
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The USA orphan drug act

The first initiative to specifically target improvements in the number of treatments

for rare diseases started in the USA. Here, patient advocacy groups put pressure on

the government to promulgate the Orphan Drug Act in 1983. This was the first sig-

nificant step world-wide, since it provided a range of benefits that should encoura-

ge manufacturers to develop orphan drugs. It was, indeed, the Orphan Drug Act

that facilitated the rapid introduction of several drugs for human immunodeficien-

cy virus (HIV) infection to the USA market. The Act defined a rare disease as one

that is present in less than 7.5 per 10,000 of the population. 

Some of the benefits offered to the pharmaceutical industry included a 50 per cent

federal tax credit for clinical research costs, exemption from the Food and Drug

Administration registration fee, seven years market exclusivity, protocol assistance

and congressional grants of approximately USD 20 million. 

Data from the first 11 years of the Act shows that over 600 products have been given

orphan drug status. Of these, 110 were licensed and are currently used to treat 8m

patients. In contrast, only 10 orphan products were developed in the previous deca-

de. Currently, about 20-35% of NCEs approved by the USA licensing agency are

orphan drugs. Beneficial treatments over recent years have been developed for rare

diseases such as Gaucher's disease, cystic fibrosis, haemophilia, HIV/AIDS, multi-

ple sclerosis.

The EU regulation

The EU "Regulation on orphan medicinal products" (No 141/2000) was passed by

the European Parliament on March 9, 1999 and adopted at the parliament's plena-

ry session held between December 13 and 17 of the same year. Difficult discussions,

involving the possible backdating of the provision and use of manufacturer profits

obtained after the period of product exclusivity to finance an orphan drug fund, had

lengthened the debate. A Committee for Orphan Medicinal Products (COMP) will

be set up to assist the European Medicines Evaluation Agency (EMEA) in admi-

nistering the process. 

The EU defines an orphan drug as one that could treat a disease with a prevalence

of less than five per 10,000 of the population. This approximates to 185,000 cases

across the 15 member states of the European Community. A range of rare diseases

to which the regulation applies has apparently been identified, but will not general-

ly include tropical diseases. 

Orphan drugs in developing countries are considered to be a different management

issue. A tropical disease is, in many cases, not considered to be rare. It is the extre-

me poverty of the affected countries and their ineffective health care infrastructures

that make the development of treatments commercially unattractive. 

The following incentives will be provided for the pharmaceutical industry under the

EU regulations: 
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Products will be allowed 10 years' market exclusivity by the EMEA or member state.

The licensing authority will not accept a marketing authorisation application for a

"similar medicinal product" having the same therapeutic indication. Subsequent

applications may only be successful if the original applicant provides consent, is

unable to supply the orphan drug in sufficient quantities, or, if it could be demon-

strated that the new product is "safer, more effective or otherwise clinically superi-

or". An assessment of the application should take place after six years. 

In contrast to the USA Orphan Drug Act, the privileged monopoly position can be

withdrawn if the criteria which led to the product originally gaining orphan status

are no longer being met, or if unreasonable profit has been gained by the company

marketing the drug. 

Regulatory assistance 

Additional assistance in the form of free advice will be given by EMEA staff in over-

coming any difficulties encountered while preparing clinical trial plans. Such diffi-

culties are likely to be due to the natural limitation in numbers of patients entering

clinical trials for safety, quality and efficacy.

Fees 

The EMEA's executive director, usually after consultation with the Committee for

Proprietary Medicinal Products (CPMP), may grant a reduction in registration fees

or waivers "in exceptional circumstances and for imperative reasons of public

health". 

Individual EU member states can provide further incentives, including research and

development support and possible tax breaks. 

Managing future competition 

An orphan drug will be given a period of market exclusivity, provided no other drug

is proved to be "clinically superior". The definition of "clinically superior" is being

drafted and includes terms such as "greater safety" and "greater efficacy". But cer-

tain issues are yet to be resolved, such as how the definition will be applied, how

comparative evidence will be assessed, the meaning of the term "similar medicinal

product" and the effect of minor enhancements. For example, beta-interferon

(Rebif), a potential orphan drug manufactured by Serono for multiple sclerosis,

does not have an FDA licence in the USA. The manufacturers were not awarded a

licence because market exclusivity had previously been given to a competitor pro-

duct until 2003. Serono now has to prove that its product is superior in efficacy or

safety to the other product before an FDA licence can be obtained for Rebif.

However, clinical benefits are often difficult and expensive to determine, especially

with small patient numbers and in the early trial phases of product development.

The lengthy exclusivity terms in the Orphan Drug Act may cause considerable dela-

ys for pharmaceutical companies wishing to license useful competitor products.

The benefits of being first in a market are therefore greater with orphan drugs.

Fortunately, such companies can, as things stand, make a return on their invest-

ment by taking advantage of the large European market. Under the new EU legisla-

tion this may change in the future.
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