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� ABSTRACT

Biotechnology medicines have already helped
millions of people to combat diseases which were
seen as incurable in the previous era of conven-
tional chemical drugs. Erythropoiesis stimulating
agents have revolutionised the treatment of
anaemia which develops during chronic kidney dis-
ease. Biotech drugs are generally safe and well-
tolerated. There are, however, issues which are
unique to biologics, such as immunogenicity, and
nephrologists have learned much from a recent
outbreak of pure red cell aplasia (PRCA) which
most probably occurred after only a slight mod-
ification of drug formulation of one of the recom-
binant erythropoietins. The expiry of patent pro-
tection for many original biotech drugs has led
to the development of products known as
biosimilars or follow-on-biologics. The first drugs
that attempt to copy original biotech medicines
have recently been approved in the European
Union. Despite that, there are still uncertainties
over the approval pathway for biosimilars, includ-
ing the required safety data. This review provides
an introduction to this new issue, revealing the
differences between biosimilars and traditional
chemical generics as well as potential problems
including safety, pharmacovigilance, automatic
substitution, naming, labelling and prescription
rules.
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Biotechnology; biotech medicines; erythropoiesis stim-
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� BIOTECHNOLOGY MEDICINES

Biotechnological medicines are polypeptide or pro-
tein drugs produced by splicing genes into living
organisms such as bacteria, viruses, yeasts and ani-
mal or plant cells1. These technologies have led to
the production of such widely used medicines as
recombinant insulin, human growth hormone, clot-
ting factors and erythropoietin. Another type of
biotech medicines is a fully laboratory-designed and
synthesised version of an endogenous human or ani-
mal protein, e.g. monoclonal antibodies. The latest
generation of biotech products used in medicine
include antisense drugs that interfere with the com-
munication process which makes the cells produce
an unwanted protein, e.g. recently approved antisense
oligonucleotide for the treatment of CMV retinitis in
HIV-infected patients2. 

There are fundamental differences in the structure
and biological effects of biologics and conventional
chemical drugs1,3. Although chemical and biotechno-
logical drugs are all pharmaceutical products, they
are completely different in terms of their manufac-
ture, structure and action. Biotech medicines are
made from living cells and chemical medicines are
made from chemical processes. The molecular struc-
ture of biologics is much more complex and their
molecular weight could be 100 - 1000 times higher
than chemical agents. This difference is best reflected
by the molecular weight of a biologic - interferon beta,
which is 19 000 D, and aspirin which is 180 D4. The
complexity of the structure of a protein is also
dependent on the unique properties of the protein
which forms three dimensional conformations and
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numbers of specific interactions with other proteins
and receptors (‘quaternary’ protein structure). The
pharmacodynamic properties of chemical and biolog-
ic medicines are dependent on the target process or
processes they interact with. Whereas chemical drugs
usually interact with one or more processes in the
organism, biotech medicines interact with many dif-
ferent genes (e.g. interferon gamma interacts with
more than 40 genes). Thus the full action mechanism
of biological agents is very difficult to characterise
and understand5. It is relatively easy to map and
reproduce the pathways to manufacture a chemical
drug where there are no chemical formulae which
could be used to delineate the structure of a biotech
medicine and the way it is synthesised. In most cases
the final product is a mixture of related molecules,
e.g. recombinant human erythropoietin contains in
a vial or syringe a mixture of several isoforms whose
carbohydrate chain content and number of sialic acid
residues differ1,6,7. Most biologics are also given by
parenteral routes or inhaled and the final product is
very sensitive to changes in physical parameters (tem-
perature, freezing, sunlight, etc) and requires very sta-
ble and well-controlled storage conditions. 

The characteristics of the culture of the living organ-
ism (line of cells which are all cloned from a single
cell) which is used to produce a drug is a key issue
in the manufacturing process of a biotech medi-
cine1,3,5. Each manufacturer’s cell line is unique. The
cell line is constructed using a unique proprietary DNA
expression vector. The characteristics of incorporation
of the DNA are also unique for each cell5. The cell
line is precisely evaluated for product integrity, activ-
ity and overall quality. In addition to product quality,
the cell line is chosen based on expected perform-
ance in manufacturing such as growth and viability.
Therefore each line of cells, bacteria, and yeasts has
unique characteristics, and even minor variations could
produce different products. The process is also
extremely sensitive to changes in both manufactur-
ing and production5-7. Despite sophisticated purifi-
cation procedures, the final product also contains trace
impurities specific for different cells (bacteria, yeasts,
human, animal or plant cells) used in the production
of biotech products5. This is important with regard
to potential immunogenicity of the final product, which
could be facilitated by the foreign protein content.

It is now quite obvious to the practising physi-
cian that biotech medicines have extended our capa-

bilities to fight diseases which were considered incur-
able in the previous era of traditional chemical drugs.
The best examples are inherited enzyme deficiencies,
i.e. “orphan” diseases and renal anaemia which was
always blood transfusion-dependent in the pre-epo-
etin era1,8. Most biotech medicines replace or sup-
plement natural proteins. Most of the 125 biotech
medicines which have been approved so far in the
US are cytokines, hormones, clotting factors, mono-
clonal antibodies, vaccines and molecules used for
cell/tissue – based therapies8. It is estimated that
hundreds of millions of patients worldwide have
already been helped by biotech medicines. By 2010,
biopharmaceuticals will represent 50% of the drug
market in contrast to less than 20% in 2004. Accord-
ing to the 2006 Pharmaceutical Research and Man-
ufacturers of America (PhRMA) Survey8, 418 new bio-
pharmaceuticals are being developed in almost all
areas of modern medicine but most for cancer (210),
infectious (50) and autoimmune diseases (44), AIDS
(22), neurologic (17) and respiratory (13) disorders4.

� WHAT ARE BIOSIMILARS?

The patent protection for the first generation of
biotech medicines has already expired or is due to
expire in the next few years (Table I). As was the case
with conventional drugs, this may lead to the devel-
opment of drugs attempting to copy the original mol-
ecule. In the case of biotech medicines these new
drugs have been named “biosimilars”1,9. This name
is generally used in the European Union while in the
US they are called “follow-on-biologics”. Due to the
fundamental differences in terms of synthesis, man-
ufacturing, structure and function of chemical drugs
and biologics, biosimilars should never be called
“generics” or “biogenerics”9. When talking about
biosimilars, every physician has first to realise that
these drugs are not exact copies of the existing bio-
logical medicinal products or protein drugs but
attempted copies. This is because biosimilars are
made with a different cell-line and a different manu-
facturing and purification process, and therefore the
final product could not be identical. As mentioned
above, chemical drugs are relatively easy to repro-
duce since their structure is precisely defined. The
unique multi-dimensional structure of the polypep-
tides and proteins and thereby their biological effects
are never fully reproducible. In fact, biotech medicines
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even with the same molecular weight and synthesised
by the same sort of cells or microorganisms could
possess different pharmacokinetic and pharmacody-
namic properties. This is the case with numerous epo-
etins alfa which come from different manufacturers
outside the European Union and the United States
without respecting the innovator rights6,9. Such
biotech medicines cannot, however, be called biosim-
ilars because they do not meet the regulatory approval
standards.

� DO BIOSIMILARS ALREADY EXIST?

The first two biosimilars entered the market in 2006
after having been approved by the European Agency
for the Evaluation of Medicinal Products (EMEA). Those
biosimilar products are Omnitrope (biosimilar to
Genotropin) and Valtropin (biosimilar to Humat-
rope)10,11. 

It is of note that the third application for a biosim-
ilar has just been rejected by the European Medicinal
Agency (EMEA)12. The application was for an injectable
Alpheon, a product which was claimed to be biosimi-
lar to Roferon-A and was therefore intended for the treat-
ment of hepatitis C. The Agency concluded that although

the product appeared to be similar during the clinical
studies there were significant differences including more
side-effects and relapses of the disease compared to
a reference product. There was also not sufficient evi-
dence whether the drug might trigger an immunolog-
ical response – the formation of antibodies. Other
biosimilar products are currently under development
for the European market by a number of companies.
It is expected that more biosimilars will reach the mar-
ket in the next few years.

� WHAT IS THE CURRENT LEGAL AND
REGULATORY FRAMEWORK FOR
BIOSIMILARS?

The first recommendation for the approval of bio-
generics was issued in 2004 by the European Par-
liament (European Directive 2004/27/EC) and that ini-
tiative was followed by the 2005 EMEA Guidelines
(EMEA/CHMP/42832/2005). It is clear that these guide-
lines are still preliminary and subject to changes since
the issue of biosimilars is very new, and experience
with their use has so far been very limited3,14. 

The Guidelines are divided into two parts. The gen-
eral part applies to all biosimilars and the second
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Table I

Expiry of patent protection for original biotech medicines in Europe and the United States. Modified from: Schellekens H. Trends Biotechnol 2004; 22: 406-416

Company Product Clinical indication US patent expiration EU patent expiration

Genentech Nutropin Growth disorders Expired Expired

Abbott Abbokinase Ischaemic events Expired Expired

Eli Lilly Humulin Diabetes mellitus Expired Expired

Genzyme Ceredase Gaucher disease Expired Expired

AstraZeneca Streptase Ischaemic events Expired Expired

Biogen Roche Intron A Hepatitis B and C Expired Expired France, 2007 Italy

Serono Serostim AIDS wasting Expired N/A

Eli Lilly Humatrope Growth disorders Expired N/A

Amgen Epogen, Procrit, Eprex Anaemia 2013 Expired (2004)

Roche Neorecormon Anaemia N/A Expired (2005)

Genentech TNKase Acute MI Expired (2005) Expired (2005)

InterMune Actimmune Chronic granulomatous disease 2012 Expired (2004)

Genentech Activase Acute MI 2010 Expired (2005)

Chiron Proleukin HIV 2012 Expired (2005)

Amgen Neupogen Anaemia, leukaemia, neutropaenia 2015 Expired (2006)
d
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part contains the annexes for specific products includ-
ing recombinant human erythropoietin, recombinant
human G-CSF, recombinant human insulin and growth
hormone14,15. It is expected that more annexes refer-
ring to other specific products will be issued in the
near future. 

The guidelines emphasise the problem of the com-
plexity of biotech products, the likely consequences
of the changes in the manufacturing process, and also
the issues of product quality, safety and efficacy.
Although these regulations could be seen as an
important step in the right direction there are still a
number of uncertainties, including the issue of the
documentation necessary for an approval14. The Euro-
pean Union and EMEA are pioneers in the formation
of the regulatory pathways for biosimilars. It is inter-
esting that the similar agency for drug evaluation in
the US, i.e. the Food and Drug Administration (FDA)
is still working on the final version of the guidelines
on follow-on-biologics. In fact many patents for orig-
inal biotech medicines will expire later in the US than
in the EU (e.g. epoetin alfa) (Table I). 

The most important issue of the current European
guidelines is the notion that biotech medicines can-
not simply be copied as has been the case with con-
ventional chemical medicines. This recognition is cru-
cial with respect to the safety of the new biotech
products which are expected to enter the medical
market. The Guidelines indicate that biosimilar man-
ufacturers need to identify a single reference prod-
uct and conduct tests to demonstrate biophysical sim-
ilarity. The manufacturer must also provide sufficient
non-clinical and clinical data to demonstrate clinical
similarity to the reference product. An efficacy study
with an appropriate indication is required if the ref-
erence product has multiple indications. Biosimilar
manufacturers may extrapolate to other indications
if the mechanism of action is the same and if appro-
priately justified. In case of the biosimilar recombi-
nant human erythropoietin the new product will have
to be tested in at least two efficacy studies in chron-
ic kidney disease patients including one titration
study in epoetin-naïve patients and one maintenance
study in patients already treated with erythropoiesis
stimulating agents15,16. The guidance also requires
sufficient immunogenicity data to be provided before
approval. This is a very sensitive issue in nephrology
and the recent lesson from an unexpected rise in the
number of cases of pure red cell aplasia (PRCA) in

patients treated for renal anaemia with recombinant
erythropoietin must be remembered1.

It is quite clear that the EMEA Guidelines do not
answer all questions that could be raised on biosim-
ilar products, and the appropriate legislation should
be introduced at the national level of EU member
states. So far the leading country is France where
the three societies of renal medicine professionals,
i.e. French Society of Nephrology, French Society of
Paediatric Nephrology and French-speaking Society
of Dialysis issued a position statement on the use
of biosimilars17. Shortly after that statement was
issued in 2006, the French Parliament on 6 Febru-
ary 2007 adopted the first legislation covering biosim-
ilar medicines in the European Union transposing the
European Directive 2004/27/EC18. French law on
biosimilars states clearly that biosimilars cannot be
classified as “generics” in the same way as chemi-
cal medicines, and bans automatic substitution of one
biological medicine over another. The French pioneer
initiative is an important step forward and more
national laws are expected to follow.

�WHAT ARE THE MOST IMPORTANT
ISSUES WITH BIOSIMILARS?

� Safety

Since biosimilars are by definition only similar but
not identical to the reference product each of the
products has a unique safety profile1. The safety pro-
file is dependent on the specific mechanism of action,
unique cell-line used for the production, manufac-
turing process and its control, and composition of
the final product (including by-products and impu-
rities). The most important safety issue of biotech
medicines is immunogenicity. It is quite clear that all
therapeutic proteins have the potential to induce anti-
body responses. Such immunologic reaction may
develop as an initial response to therapeutic protein
and later a broad response (e.g. serum sickness). The
latter includes endogenous proteins. In most cases,
no clinical consequences are found but in rare cases
antibody-related reaction can be serious and even
life-threatening. The development of antibodies may
lead to a neutralisation of a therapeutic protein
including also an endogenous hormone. That was the
case with recombinant erythropoietin19,20. The anti-
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bodies may also cause either a loss or enhancement
of efficacy. Unfortunately, immunogenicity of biosim-
ilars cannot be predicted with preclinical or non-
human studies and in some cases could only be
detected after a long-time treatment with the biotech
medicine. Therefore, not only are clinical immuno-
genicity studies required pre-approval but also robust
pharmacovigilance is necessary for many years after
the introduction of the treatment19. Pharmacovigilance
is critical for the safety issue and requires the com-
bined efforts of doctors, regulatory bodies and phar-
maceutical industry. 

The recent problem with PRCA among patients
treated for renal anaemia with recombinant erythro-
poietin added much to our knowledge and aware-
ness of the potential problems with biotech medi-
cines. The outbreak of cases of PRCA was caused by
the development of neutralising antibodies directed
against recombinant erythropoietin20 which led to
severe epoetin-resistant anaemia that required
blood transfusions and immunosuppressive treat-
ment. Most disturbing is the fact that an outbreak
of PRCA occurred more than 10 years after the intro-
duction of recombinant human erythropoietin for the
treatment of renal anaemia and the problem was
most likely a consequence of only a small modifica-
tion of the drug formulation21. According to the man-
ufacturer, the factors that might have played a pri-
mary role in the cases of PRCA were a shift from
intravenous to subcutaneous administration with an
accompanying increase in patient self-administration
and the replacement of the stabilizer, human serum
albumin with polysorbate 80, which could have led
to an interaction of the latter with the uncoated rub-
ber stoppers used in prefilled syringes22. After the
likely sources of the problem had been identified,
changing the stoppers and switching the route of drug
administration from subcutaneous to intravenous
route caused PRCA to almost disappear in the fol-
lowing years (figure 1)22.  

It is very likely that we might not yet be aware
of many potential side-effects of many biotech med-
icines, especially those that may only develop after
a long-term treatment. This will require an appropri-
ate pharmacovigilance. The issue of pharmacovigi-
lance is not unique to biosimilars but has been with-
out any doubt highlighted and heightened by their
arrival23. The pharmacovigilance must ensure trace-
ability of the products. Companies and regulatory

agencies must distinguish one manufacturer’s prod-
uct from another. This is, however, very difficult when
biosimilars have the same international non-propri-
etary name (INN) as the innovator and can be auto-
matically substituted. Such practice is still allowed
in most countries. It is obvious that uncontrolled sub-
stitution will confound accurate pharmacovigilance.

� Automatic substitution, naming and labelling
of biosimilars

The substitution of a prescribed drug could occur
in two ways; the pharmacist overrides the prescrip-
tion of the physician or chooses a product from the
same INN class. In the first case, the physician pre-
scribes a brand or a specific generic and the pharma-
cist overrides with an alternative "generic" without con-
sulting the physician. In the second case the physician
prescribes by INN but does not specify manufacturer
and the pharmacist chooses one of the products with
the same INN. In practice such choice is usually based
on the price of the drug or personal experience. In
both cases, however, substitution can occur without
knowledge or consent of the physician24.

In most countries of the European Union, medi-
cines with the same structure of the molecule hav-
ing the same INN name can be substituted. Most of
us recognise such substitution as safe and this is
often concordant with our own professional experi-
ence. It is therefore universally recognised that in the
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Reporting rates of erythropoietin antibody-positive PRCA per 10,000

patient-years among patients treated for renal anaemia (all forms and

routes of administration) through 30 November 2005. Available from:
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case of generics (copies of chemical drugs) the risk
of substitution is low except in drugs with a narrow
therapeutic window (e.g. slow-release theophylline,
anti-convulsants, anti-arrhythmics or cyclosporine A).
In many countries the automatic substitution of those
drugs is not allowed, and appropriate warnings can
be found in their summary of product characteris-
tics (SmPC). 

In the case of biosimilars, it is quite clear that the
same substitution rules as for conventional chemi-
cal drugs cannot be applied since biotech medicines
are never identical24,25. Also, the safety profiles of
a biosimilar and the reference biotech product are
different. Therefore the existing (e.g. French) and
future regulations should prevent inappropriate sub-
stitution for biosimilars17,18,24,25. If substitution hap-
pens with biosimilars it would decrease the safety
of the therapy and prevent the traceability of drug
side-effects. The future regulations on biosimilars
should guarantee physicians that automatic/generic sub-
stitution rules should not apply and any decisions to
substitute one biotechnology medicine with another
should be made with the knowledge and explicit
prior consent of the treating physician24.

The WHO International Non-proprietary Name
(INN) system has been introduced to identify every
medicinal product. The system is important for the clear
identification, safe prescription and dispensing of med-
icines to patients and for communication and
exchange of information among doctors and scientists
worldwide. The generic versions of chemical medicines
are assigned the same name as they are identical
copies of the reference product. The WHO is currently
deciding whether biosimilars should be assigned a dif-
ferent INN to that of the original biotech medicine24.

Since biotech medicines cannot be identical, labels
of originator and biosimilar products must be differ-
ent. Physicians, pharmacists and patients should be
aware of the data available to support an introduc-
tion of a medicine to the therapy. Furthermore, unique
safety data should be included (including the poten-
tial formation of antibodies) and substitution warn-
ing should be provided. In the case of a biosimilar,
the SmPC should be transparent and clear, and ref-
erence product should be defined25. 

In summary, advances in biotechnology have rev-
olutionised the treatment of many diseases and most

areas of medicine, including nephrology. There are
many new original biotech medicines in development.
It is expected that biosimilars will also increasingly
become available and they will provide alternative
treatment options for many diseases. Physicians
should be aware that quality, safety and efficacy
issues in biotech medicines and biosimilars are much
more complex than in traditional chemical drugs and
their generics. Substitution rules between originator
and biosimilar products must also be different since
these products and their safety profiles are never
identical. Awareness of the differences between orig-
inal biotech medicines and biosimilars is essential
for patient safety.
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