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A biological medication is a substance produced or derived from a living cell or organism. Vaccines, growth factors and blood-derivative medications are examples of biological products.
A biosimilar medication is similar to a “reference” biological medication, since already approved in Europe. Any biological medication whose patent falls within the public domain can be copied and it is this copy that is designated as a biosimilar. Producing biological medications is a complex process, since it is contingent on living cells and organisms. Due to the biological variability in these production sources, differences in manufacture are inevitable and can impact the clinical properties of products. Biosimilars cannot be strictly identical to the reference product, since the substitution principle, valid for chemical medications and the generics which are their copies, cannot automatically apply to biosimilar medications.
Biosimilar products are certified according to strict conditions in order to guarantee patient safety. When the process used to produce the reference biological medication is not public, the production of biosimilars is a complex exercise. The marketing authorization (MA) is issued on the basis of an equivalence in pharmacological and clinical results, and not solely on the basis of pharmacokinetic bioequivalence, which is required for generics.
Accordingly, and unlike generic products, the MA application file is based firstly on a notion of comparison with a medication selected as reference and above all requires the submission of data in three areas, which are quality, safety and clinical efficacy. The demonstration of biosimilarity therefore requires new preclinical and clinical trials.
The marketing of biological medications is accompanied by a monitoring mechanism implemented by the manufacturer at the request of the health authorities and according to recommendations adapted to each medication. This mechanism must include the same specific measures as for the biological reference medication, in addition to monitoring the immunological profile of the biosimilar product.
To date, 14 pharmaceutical specialties representing three different active substances (growth hormone, G-CSF and erythropoietin alfa) have been approved in Europe under the status of biosimilar. Seven companies have submitted biosimilar files (two for growth hormone, two for erythropoietin and three for G-CSF) and each company has made several MA applications (different brand names) for the same active ingredient.
In Europe, the market for biosimilar products is not comparable to that of generic medications, since unlike the latter, biosimilar products are not substitutable. These specialties are on average 30% less expensive than the reference products, but currently represent less than 10% of prescriptions. Like generic medications, their marketing and the upcoming arrival of new biosimilar products should result in a downward movement in the price of reference biological medications.
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1. Why is the generic concept not applicable to medications of biological origin?
To explain the concept of a biosimilar medication, it is readily compared with that of a generic medication. These two notions are quite similar in helping understanding, though very different in many respects. In the field of chemical medications (active ingredient resulting from chemical synthesis), the concept of “generic” applies once the protection period (patent and MA) has elapsed. The term “generic medication” is taken to mean a medication that has the same qualitative and quantitative composition in active ingredient(s) and the same pharmaceutical form as the reference medication and for which bioequivalence with the reference medication has been shown through appropriate studies (for active medications by general route, bioequivalence is defined by an equivalence of blood concentrations).
Bioequivalence with the reference medication, shown by one or more appropriate in vitro and in vivo bioavailability studies, is therefore the only pharmacological and clinical condition that the generic medication must satisfy to obtain a marketing authorization (MA), in other words, no clinical demonstration of efficacy or safety is generally required for a generic medication.
In the field of biological medications, or more specifically biotechnological medications, patents and other certificates of data protection are beginning to come into the public domain. For these active ingredients of biological origin, and as a mirror to the generic approach for chemical medications, the question arises regarding access to the same possibility of developing “copies” of these biological/biotechnological medications and approving their MAs according to the same relaxed procedure as for generic medications.
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2. Biological medications
Biological substances (obtained from living biological systems) are complex molecules in terms of their size, spatial conformation and chemical formula. These complex structures cannot be obtained by chemical synthesis.
Figure 1: Chemical medications differ from biological medications. Based on a chemical synthesis pathway, a homogenous, reproducible molecular population of the same active ingredient is obtained. A mixed population of the active molecule in variant forms is obtained, given the complexity of the biological process.
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This molecular complexity requires recourse to numerous physical-chemical and biological analytical methods to evaluate and check that each batch of the medication produced meets the predefined quality and purity standards. Each analytical method has its power of analysis, but also its limitations. It is necessary to implement a combination of physical-chemical and biological tests to gain an overall understanding of the integrity of the three-dimensional structure of the molecule of interest. It is an issue of guaranteeing in fine, an identical therapeutic activity and tolerance profile with every use.
However, despite implementation of these highly complex analyses, it remains totally impossible to guarantee confirmation of the molecule’s profile (which is not the case for chemical medications which can be totally analyzed by a series of analyses). For this reason, special attention must be given to the production process.
This production process is itself complex, since it uses living biological systems, which present sources of variability to be taken into account in the final quality control of production batches.
Lastly, from a clinical standpoint (tolerance and efficacy), it must be borne in mind that active substances of biological origin must have retained, throughout the medication production process, their biological properties in order to be able to exercise their activity in the body and not induce reactions of intolerance through the presence of impurities or products of degradation.
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3. Biosimilarity concept
The generic approach cannot be applied to biological medications. It has been necessary to develop a specific approach to assess copies of biological medications, although without imposing on them the complete development expected for a new molecule. This approach is summarized under the term “biological medication similar to a reference medication” (biosimilarity concept). This concept was developed in Europe in the early 2000’s and a new regulation was adopted in 2004 to enable the development and registration of biological products, similar to reference biological medications whose patents had come into the public domain.
Figure 2: Evaluation of biosimilar products. The comparison focuses on an extensive analysis and comparison of pharmaceutical quality, toxicological, efficacy and clinical safety data.
Chemical product
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The biosimilarity concept rests on the basic principle of the comparison of two medications, one being a reference medication, marketed for over 10 years in the European Union, and the other being the medication that wishes to be declared “biosimilar” to the reference medication. The comparison focuses on an extensive analysis and comparison of physical-chemical and biological (quality), pharmacodynamic and toxicological (safety) and clinical (efficacy and tolerance) properties between the medication claiming to be similar and the reference biological medication.
Figure 3: Data required for evaluation of a generic product and a biosimilar product. CMC: Chemistry, Manufacturing, Control.
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4. Registration of biosimilar products
The developer of a biosimilar medication must submit a MA application file, which will comprise data documenting:
· The pharmaceutical quality of the product, as stems from the production process that will have been developed. These quality data will be compared extensively with the quality criteria of the reference medication, in order to study potential differences in terms of molecular structure or physical-chemical or biological properties that could exist, given a production process that differs from that of the reference medication.
· The comparative elements in the safety and toxicology profile of the similar medication. Again, this profile will be compared with that of the reference medication, using in vitro and in vivo studies, on the main markers and activity criteria (primarily pharmacodynamic and pharmacokinetic study). Accordingly, all studies are comparative, in the aim, not of establishing a safety profile for the medication (this is known with the reference medication), but identifying potential differences in the pharmacological profile that could have an impact on the clinical efficacy profile;
· Lastly, a clinical file comprising elements of proof of clinical efficacy, again according to protocols that will make it possible to establish therapeutic equivalence between the similar medication and the reference medication.

The MA application file will therefore be based primarily on a notion of comparison with a medication selected as reference and above all requires the submission of data in the three areas of quality, safety and clinical efficacy, whereas for the generic medication, the quality file and bioequivalence study suffice.
Regarding the procedure, biosimilar medications that have been developed to date are recombinant proteins. Accordingly, in compliance with Directive 2011/83, they must be registered according to a centralized procedure with examination of the file by the Committee for Medicinal Products for Human Use (CHMP) of the European Medicines Agency (EMA).
This centralized procedure consists in submitting a single application for a coordinated evaluation. This will lead to a single MA (SPC, notice and common labeling in the 27 member states and same brand name), and permit direct access to the entire European Community market.
From biotechnological medications to biosimilar medications: An update
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Figure 4: The European Medicines Agency centralizes the MA application. The data are then evaluated simultaneously by the 27 member States of the European Union.
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Evaluation
To evaluate the authorization application file, the CHMP selects a Rapporteur country and a Co-rapporteur country responsible for conducting, in parallel, an evaluation of the MA file. The Rapporteurs must present a report within a set deadline for submission to the other Committee members for comment.

Lastly, in a context of quality assurance, certain member States are designated to conduct a systematic review of the Rapporteurs’ scientific evaluation. The Committee, in plenary session, gives an opinion on the Rapporteur’s and Co-rapporteur’s reports, establishes a common list of questions to which the applicant will have to provide satisfactory replies within 6 months. Once the file has been fully reviewed and critiqued, and the applicant has answered the questions, the Committee could issue a positive response to the application and propose a Summary of Product Characteristics (SPC).

The EMA then sends the file to the European Commission which will convert the positive opinion into an official MA that will be valid for marketing in all 27 member States.

This procedure is common to every MA application by the centralized procedure.
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5. Biosimilar medications approved in Europe
Currently, 14 pharmaceutical specialties representing three different active substances (growth hormone, G‑CSF and erythropoietin alfa) are approved in Europe. Seven companies have submitted biosimilar applications (two for growth hormone, two for erythropoietin and three for G‑CSF) and each company has made several MA applications (different brand names) for the same active ingredient, hence 14 biosimilar MAs are currently available in Europe.

The CHMP considered that the quality, safety and efficacy profile for each of them was comparable to that of the reference specialties and concluded that, as for the reference medications, the risk-benefit ratio was favorable. It then recommended the issue of a MA for these biosimilar products. The MA was then granted by a decision of the European Commission.

5.1. Epoetins
Epoetin alfa is a copy of erythropoietin, a hormone stimulating the production of red blood cells in the bone marrow. This substance is specifically indicated in the treatment of anemia in patients with renal failure or certain types of cancer. The reference medication is Eprex.

In order to show the similarity between the reference epoetin and its biosimilar, manufacturers responsible for developing the biosimilar product are specifically asked to provide the results from two comparative, randomized, double-blind studies, including an anemia correction phase and maintenance phase in patients with chronic renal failure/anemia following chemotherapy who were receiving synthetic erythropoietin subcutaneously (study 1) and intravenously (study 2). Special importance must be given to the possible immunogenicity of the study product.

Provision of these data enables extrapolation to other indications already approved for the reference erythropoietin, but not studied during clinical development of the biosimilar product.

Abseamed, Binocrit, Epoetin alfa Hexal (identical specialties marketed under three different names)
This specialty was studied to show its similarity to the reference medication, Eprex. The biosimilar product injected intravenously was compared with Eprex in a main study on 479 patients with anemic renal failure. All patients were treated with an intravenous injection of Eprex for at least 8 weeks before receiving the biosimilar product or continuing to take Eprex. The main efficacy evaluation criterion was the change in hemoglobin levels between the start of the study and the evaluation period, between weeks 25 and 29. The manufacturer also presented the results of a second clinical study comparing the effects of the biosimilar product injected subcutaneously with those of Eprex in 114 patients with cancer on chemotherapy.

The biosimilar specialty proved to be just as effective as Eprex in increasing and maintaining the number of red blood cells. In a study conducted on renal failure patients, the patients having switched treatment to the biosimilar product maintained their hemoglobin levels in the same proportions as those 
From biotechnological medications to biosimilar medications: An update
9 [image: image4.jpg]




who continued to take Eprex. The study conducted on patients on chemotherapy showed that the biosimilar product proved to be as efficient as Eprex when injected subcutaneously.

The most commonly observed adverse effect with Abseamed/Binocrit/EPO Hexal (more than 1 patient in 10) was nausea. In cancer patients, headache and fever were also noted in more than 1 patient in 10, and in chronic renal failure patients, arthralgia and flu-like symptoms were also observed in more than 1 patient in 10.

The European Commission issued a marketing authorization valid throughout the European Union for Abseamed to Medice Arzneimittel Pütter GmbH & Co KG, for Binocrit to Sandoz GmbH and to Hexal AG for Epoetin alfa Hexal on 28 August 2007 for the following indications:
· Treatment of anemia in patients with chronic renal failure or other renal problems;
· Treatment of anemia in adults receiving chemotherapy for the treatment of certain types of cancer and to reduce the need for blood transfusions;
· To increase the volume of blood that can be taken from adult patients with moderate anemia scheduled for surgery to enable them to donate their own blood before the operation (autologous blood transfusion);
· To reduce the need for blood transfusions in adults with moderate anemia who are about to have major orthopedic (bone) surgery, such as a hip operation. The medication is used for patients presenting with normal serum levels of iron likely to experience complications in case of transfusion, who were unable to make an autologous blood donation before the surgery and for whom blood loss is expected to be 900‑1,800 mL.
Retacrit, Silapo (identical specialties marketed under two different names)
Silapo/Retacrit was the subject of studies aiming to show that it is comparable to the reference medication in experimental models and in humans.

The biosimilar specialty injected intravenously was compared with the reference medication in two main studies including 922 patients, who were presenting with anemia associated with chronic renal failure requiring hemodialysis. The first study compared the effects of Silapo/Retacrit with those of Eprex regarding the correction of the number of red cells in 609 patients over 24 weeks. The second study compared the effects of Silapo/Retacrit with those of Eprex in regard to maintaining the number of red cells in 313 patients. All patients in the second study were treated with Eprex for at least 3 months; they were then switched to Silapo/Retacrit or remained on Eprex for 12 weeks. The two groups then switched to treatment with the other medication for a further period of 12 weeks. In both studies, the main criteria for evaluating efficacy were determination of hemoglobin levels during treatment and the dose of epoetin received.

The manufacturer also presented the results from two clinical studies screening for the effects of Silapo/Retacrit injected subcutaneously; one of them included 261 patients receiving chemotherapy and the other aimed to compare Silapo with Eprex in 462 patients presenting with anemia related to renal failure.
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Silapo/Retacrit proved to be as effective as Eprex in the correction and maintenance of the number of red cells. In the correction study, hemoglobin levels were around 11.6 g/dL for the last four weeks of the study, after increasing from an initial value of approximately 8.0 g/dL before treatment. In the study conducted on patients already having treatment with epoetin, hemoglobin levels were maintained at around 11.4 g/dL when patients received the biosimilar product and when they received Eprex. In both studies, the dose of epoetin received was the same with both medications.

The study conducted on patients receiving chemotherapy showed the Silapo/Retacrit provided improvements in hemoglobin levels similar to those reported in the scientific literature for other epoetins. Silapo/Retacrit was also as effective as the reference medication in patients presenting with renal problems.

As with other medications containing an epoetin, the most frequent adverse effect with Silapo/Retacrit was an increase in blood pressure, which can sometimes lead to symptoms of encephalopathy, such as sudden, searing migraine-type headache and mental confusion. Silapo/Retacrit can also cause skin rash and flu-like symptoms.

5.2. Filgrastim
Filgrastim is close to a human protein called “granulocyte colony-stimulating factor” (G‑CSF), which stimulates bone marrow production of white cells. This substance is indicated for stimulating the production of white cells. The reference medication for these biosimilar medications is Neupogen.

The pharmacokinetic properties of the biosimilar product and the reference medication must be compared in studies that include subjects receiving a single dose of each specialty by subcutaneous and intravenous route. The product’s pharmacodynamics must be studied in healthy volunteers. Pharmaceutical companies responsible for developing biosimilar medications to G‑CSF are also advised to provide results from a comparative clinical study whose objective is to reduce the duration of neutropenia in patients receiving chemotherapy. The selected population must be homogenous (tumor type, stage of the disease, chemotherapy planned/already received).

Provision of these data enables extrapolation to other indications already approved for the reference G‑CSF, but not studied during clinical development of the biosimilar product.

Biograstim, Filgrastim Ratiopharm, Ratiograstim, Tevagrastim (identical specialties marketed under four different names)
The biosimilar specialty was compared with Neupogen and a placebo in a main study of 348 patients with breast cancer. The study examined the duration of severe neutropenia during the patients’ first cycle of cytotoxic chemotherapy. To study the safety of the biosimilar product, two other studies were conducted on patients presenting with lung cancer and non-Hodgkin's lymphoma (NHL).
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Treatment with the biosimilar product and Neupogen resulted in similar reductions in the duration of severe neutropenia. During the first cycle of chemotherapy (21 days), patients treated with the biosimilar product or with Neupogen presented with an average of 1.1 days of severe neutropenia versus 3.8 days for those receiving a placebo. The biosimilar product was therefore shown to be just as effective as the Neupogen.

The most commonly observed adverse effect with this biosimilar specialty (over 1 patient in 10) was musculoskeletal pain (pain in the muscles and bones). Other adverse effects were observed in more than 1 patient in 10, depending on the pathology for which the medication was used.

The European Commission issued a marketing authorization valid throughout the European Union for Filgrastim Ratiopharm/Ratiograstim to Ratiopharm GmbH, for Biograstim to CT Arzneimittel GmbH and to Teva Generics GmbH for Tevagrastim on 15 September 2008 for the following indications:

Biograstim/Filgrastim Ratiopharm/Ratiograstim/Tevagrastim is used to stimulate the production of white cells in the following situations:

· To reduce the duration of neutropenia and the appearance of febrile neutropenia in patients receiving cytotoxic chemotherapy;
· To reduce the duration of neutropenia in patients receiving treatment intended to destroy bone marrow cells before a bone marrow graft, if these patients present a risk of prolonged severe neutropenia;
· To increase neutrophil levels and reduce the risk of infection in patients with neutropenia, who present with a history of repeated severe infections;
· To treat persistent neutropenia in patients infected with human immunodeficiency virus (HIV) at an advanced stage in order to reduce the risk of bacterial infection when other treatments are inappropriate.
Biograstim, Filgrastim Ratiopharm, Ratiograstim, Tevagrastim can also be used for patients about to donate blood stem cells for the purpose of transplantation to help the bone marrow produce these cells.

These indications are identical to those for Neupogen.
Filgrastim Hexal, Zarzio (identical specialties marketed under two different names)
Four studies have been conducted to examine the serum neutrophil levels in a total of 146 healthy volunteers given Zarzio/Filgrastim Hexal or Neupogen. These studies analyzed the effects of a single or repeated administration of various doses of medication, by subcutaneous injection or intravenous infusion. These studies measured primarily the number of neutrophils over the first 10 days of treatment. During the studies, Zarzio/Filgrastim Hexal and Neupogen induced similar increases in serum neutrophil levels in the healthy volunteers. This result was deemed satisfactory to show that the benefits of Zarzio/Filgrastim Hexal were comparable to those of the reference medication.
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The most commonly observed adverse effect with this biosimilar specialty (over 1 patient in 10) was musculoskeletal pain. Other adverse effects were observed in more than 1 patient in 10, depending on the pathology for which Zarzio/Filgrastim Hexal was used.

The European Commission issued a marketing authorization valid throughout the European Union for Zarzio to Sandoz GmbH and for Filgrastim Hexal to Hexal AG on 6 February 2009 for the following indications:

Zarzio/Filgrastim Hexal is used to stimulate the production of white cells in the following situations:

· To reduce the duration of neutropenia and the appearance of febrile neutropenia in patients receiving chemotherapy;
· To reduce the duration of neutropenia in patients receiving treatment intended to destroy bone marrow cells before a bone marrow graft, if these patients present a risk of prolonged severe neutropenia;

· To increase neutrophil levels and reduce the risk of infection in patients with neutropenia, who present with a history of repeated severe infections;

· To treat persistent neutropenia in patients infected with human immunodeficiency virus (HIV) at an advanced stage in order to reduce the risk of bacterial infection when other treatments are inappropriate.

Zarzio/Filgrastim Hexal can also be used for patients about to give blood stem cells for the purpose of transplantation to assist the bone marrow produce these cells.

These indications are identical to those for Neupogen.

Nivestim
Nivestim was compared with Neupogen in a main study on 279 women with breast cancer treated with anticancer medications. The main efficiency criterion was based on reduction in the time that patients presented with severe neutropenia.

Studies conducted with Nivestim showed that it is comparable to Neupogen. In the main study, patients on Nivestim had severe neutropenia during a period similar to that of patients on Neupogen.

The most commonly observed adverse effect with Nivestim (over 1 patient in 10) was musculoskeletal pain. Other adverse effects were observed in more than 1 patient in 10, depending on the pathology for which Nivestim was used.

The European Commission issued a marketing authorization valid throughout the European Union for Nivestim to Hospira UK Limited on 08 June 2010 for the following indications:

· To reduce the duration of neutropenia and the appearance of febrile neutropenia in patients receiving cytotoxic chemotherapy;
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13 [image: image6.jpg]




· To reduce the duration of neutropenia in patients receiving treatment intended to destroy bone marrow cells before a bone marrow graft, if these patients present a risk of prolonged severe neutropenia;

· To increase neutrophil levels and reduce the risk of infection in patients with neutropenia, who present with a history of repeated severe infections;

· To treat persistent neutropenia in patients infected with human immunodeficiency virus (HIV) at an advanced stage in order to reduce the risk of bacterial infection when other treatments are inappropriate.

Nivestim can also be used for patients about to donate blood stem cells for the purpose of transplantation to assist the bone marrow produce these cells.

These indications are identical to those for Neupogen.

5.3. Somatropin
Somatropin is identical to a growth hormone that promotes growth during childhood and adolescence, and also influences the manner in which the body processes proteins, fats and carbohydrates. The reference medications for these biosimilar medications are Genotropin or Humatrope. The pharmacokinetic properties of the biosimilar product and the reference medication must be compared in a study that includes subjects receiving a single dose of each specialty by subcutaneous route. Pharmaceutical companies responsible for developing biosimilar medications to Somatropin are also asked to provide results from at least one randomized comparative clinical study.

Provision of these data enables extrapolation to other indications already approved for the reference growth hormone, but not studied during clinical development of the biosimilar product.

Omnitrope
Omnitrope was studied to show its similarity to the reference medication, Genotropin. Omnitrope was compared with Genotropin in 89 children presenting with a growth hormone deficit who had never received treatment. The study lasted nine months; height, at the start and end of the study, and growth rate during the study were measured. To study Omnitrope’s safety, this medication was administered to 51 other children for a maximum of one year. After nine months, treatment with Omnitrope and Genotropin had resulted in similar increases in height and growth rate (equivalent to an increase of 10.7 cm per year with both medications). It was therefore shown that Omnitrope was as effective as Genotropin.

The adverse effects observed with Omnitrope were of a similar type and severity to those observed with the reference medication, Genotropin. The most common adverse effects (seen in 1‑10 patients in 100) were, in children, temporary localized skin reactions at the injection site and, in adults, mild edema, paresthesia, joint and muscle pain and stiffness in the limbs. Furthermore, as with any protein-based medication, some patients are likely to develop antibodies. Nevertheless, these antibodies have no inhibiting effect on growth. 
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The European Commission issued a marketing authorization valid throughout the European Union for Omnitrope to Sandoz GmbH on 12 April 2006 for the following indications:
Omnitrope is used for children:
· Presenting with growth disorders due to a growth hormone deficit; 
· Of short stature due to chronic renal failure or Turner syndrome;

· Of short stature, having been born small for gestational age and not having made up the deficit by age four at the latest;

· With Prader-Willi syndrome; Omnitrope is administered to improve growth and body composition (fat/muscle mass ratio). The diagnosis must be confirmed by an appropriate genetic test.

Omnitrope is also used as a substitution treatment for adults presenting with a marked deficit in growth hormone.
Valtropin
Valtropin was studied to show its similarity to the reference medication, Humatrope. Valtropin was compared with Humatrope in 149 children presenting with a growth hormone deficit who had never received treatment. The study lasted 12 months; the children's height, at the start and end of the study, and growth rate during the study were measured. After 12 months, treatment with Valtropin and Humatrope resulted in similar increases in height and growth rate (growth rate of 11.4 and 10.5 cm per year, respectively). It was therefore shown that Valtropin was as effective as Humatrope.

The adverse effects observed with Valtropin were of a similar type and severity to those observed with the reference medication, Humatrope. The most commonly observed adverse effects (in 1‑10 patients in 100) are, in children, mild edema, temporary localized skin reactions, low thyroid hormone levels and, in adults, headache, edema, numbness, tingling, joint pain and disorders and muscle pain. Furthermore, as with any protein-based medication, some patients can develop antibodies. Nevertheless, these antibodies have no inhibiting effect on growth.

The European Commission issued a marketing authorization valid throughout the European Union for Valtropin to BioPartners GmbH on 24 April 2006 for the following indications:

Valtropin is indicated for children in the following cases:

· Children presenting with growth disorders due to a growth hormone deficit (substitution treatment);

· Children whose growth deficit is due to Turner syndrome, confirmed by chromosomal analysis;

· Pre-pubescent children, who have not grown due to chronic renal failure.

Valtropin is also indicated for adults in the following case:
· Adult patients presenting with a marked growth hormone deficit (substitute treatment).
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6. New generation of biosimilar medications
Biosimilar monoclonal antibodies
Antibodies are proteins produced by certain types of white cells and which recognize specific targets called antigens (microbes, toxins). Monoclonal antibodies are identical copies of antibodies naturally present in the body and are used in the treatment of various diseases. Many monoclonal antibodies can share certain properties without necessarily having the same mechanism of action. Their structure is complex and their physical‑chemical, biological and functional properties must be fully characterized. As with any medication produced by biotechnology, it is possible to develop a monoclonal antibody biosimilar to a reference monoclonal antibody.
Figure 5: Biological substances are complex molecules in terms of their size, spatial conformation and chemical formula.
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The comparison of pharmacokinetic and pharmacodynamic properties of the biosimilar product and the reference product is integral to developing a biosimilar monoclonal antibody. The main objective is still to show comparability in a homogenous population of subjects in order to minimize any variability in response to treatment and simplify interpretation of the latter. If such data cannot be provided, the developer will be asked to show clinical similarity based on the results of comparative, randomized and, preferably, double-blind studies.
Extrapolation to other indications already approved for the reference monoclonal antibody, but not studied during the clinical development of the biosimilar monoclonal antibody, depends on the results of comparability studies and must be fully justified. If the biosimilarity exercise is based solely on the product’s pharmacodynamic properties and if other mechanisms of action are involved, the pharmaceutical company responsible for developing the biosimilar product could be asked to provide new clinical data (functional tests, new clinical trials).
No biosimilar monoclonal antibody is currently approved in Europe. The patents for commercially available monoclonal antibodies, such as Mabthera (Rituximab, Roche), Herceptin (Trastuzumab, Roche) and Remicade (Infliximab) will come into the public domain in the next five years. The preliminary version of a guide describing the preclinical and clinical data required to obtain a MA for a monoclonal antibody claiming to be similar to another already approved is in consultation on the European Medicines Agency (EMA) website.
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7. Market for biosimilar medications
Currently, the penetration of biosimilar products In Europe is not comparable to that of generic medications, since unlike the latter, biosimilar products are not substitutable or interchangeable. These products are newer on the market and their efficacy and safety is little known by prescribers. Six biosimilar specialties were marketed in France in 2010 (Binocrit, Retactit (epoetin alfa), Zarzio, Ratiograstim, Tevagrastim (Filgrastim) and Omnitrope (growth hormone)). Although these products are on average 30% less expensive than the reference products, their value represented only 9.4% of the target market in 2010. Like generic medications, their marketing and the upcoming arrival of new biosimilar products should result in a downward movement in the price of reference biological products.
Figure 6: Market share of biosimilar products in France in 2010
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	Figure 7: Sales of biosimilar products in France in 2010 (€ millions)
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8. Proper use of biosimilar medications
Biosimilar medications are, in principle, approved to treat the same diseases as the reference medication. However, a biosimilar medication can have fewer indications that the reference medication, most often due to an absence of conclusive efficacy and safety studies on the indication in question, whereas the mechanism of action requires these studies to be provided.
The biosimilarity concept supposes that the recommended doses are the same as for those of the reference medication. In all cases, it is important to check the Summary of Product Characteristics (SPC) for each specialty in order to check for possible differences before prescribing.
For the same patient, numerous or frequent changes in treatment between medications deemed similar (including the reference medication), presents a higher risk of immunological response against the protein of therapeutic interest and makes follow-up of adverse effects difficult, in particular those of immune origin. In fact, it will be impossible to state, in the case of a frequent change in medication, which of the equivalent treatments is responsible for the adverse effect observed.
Accordingly, to ensure pharmacovigilance and patient safety, Afssaps recommends treating insofar as possible the same patient with a single product without making changes within a family of biosimilars and to ensure traceability and adequate monitoring of the patient if the attending physician decides on a change in treatment.
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9. Links
http://www.afssaps.fr
http://www.ema.europa.eu
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