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1  Introduction 

1.1 Study goals and objectives 

The study aims to discuss the evolution of the therapeutic landscape of monoclonal 
antibodies from 1890s till date with an appraisal of the technologies and issues that 
shape its future. 

 

1.2 Intended audience 

R&D, competitive intelligence, product strategy and commercialisation teams in 
companies that develop biologic drugs. 

 

1.3 Scope of report 

The scope of the report is to highlight and gauge existing technologies in the 
production of therapeutic mAbs. The report also discusses key insights on 
interchangeability and substitution of therapeutic antibodies and biosimilars. 
Further, there is also an assessment of the current drivers and restraints that affect 
the uptake of biosimilars. 

Tables and figures have been used to augment the report and assist the reader in 
understanding the subject matter in a better manner. 

 

1.4 Questions answered in the report 

The report answers key questions that are paramount for understanding the 
technologies involved in the production of therapeutic antibodies, such as: 

• What are the various types of monoclonal therapeutic antibodies? 
• Why is there a need for alternate forms of therapeutic antibodies? 
• What is the likely future direction for research in the development and 

manufacture of monoclonal antibodies? 
• What are the key features of a genetically modified mouse for antibody 

production? 
• How do ethical concerns drive the direction of research of future 

monoclonal antibodies? 
• What are the crucial features in establishing biosimilarity? 
• Is interchangeability between innovator monoclonal antibodies and 

biosimilars ever achievable? 
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• What are the limitations in the technologies used to evaluate the extents of 
biosimilarity? 

• Who are the potential players in biosimilar manufacture and what stage of 
product pipeline is their focus on? 

• What are the current biosimilars under development as an alternative for 
major mAbs? 

• What is the existing balance between drivers and restraints in the uptake of 
biosimilars? 

 

1.5 Main benefits / Why should you buy this report? 

The idea of using antibodies for therapy is about a century old. The successful 
production of antibodies has always been stalled by challenges like 
immunogenicity, scaling to industry level production, microheterogenity, 
regulatory approvals and pricing. This report will help stakeholders to understand 
prevailing technologies and their merits and limitations. It discusses: 

• Technological deterrents encountered so far and the successful 
strategies to neutralize these 

• The contemporary situation and forthcoming prospects of existing 
technologies 

• The stages of the product pipeline that enterprises are centring on for 
success 

• Ethical and regulatory considerations that set the path for the future 
 
1.6 Information sources 

A team of experienced consultants with advanced analytical skills and expertise in 
the pharmaceutical industry utilized in-depth and extensive secondary research to 
capture quantitative and qualitative information. The data was collected from 
credible and authentic sources within the public domain, including but not limited 
to: 

• Company websites, annual reports and press releases in the pharmaceutical 
domain 

• Peer reviewed scientific publications indexed on Pubmed. 
• News, press releases and bulletins of domestic as well as foreign newspapers 

and magazines. 
• Reports published by internationally recognised bodies such as EMA 

(European Medicines Agency). 
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1.7 Analyst credentials 

Dr. Rakshambikai Ramaswamy is a PhD from the Indian Institute of Science, 
Bangalore. She is a renowned expert on biosimilars and antibodies and has peer 
reviewed publications in this area. Her experience also extends into product 
strategy and commercialisation. 

 

Phani Kishore Thimmaraju has a Masters from the University of Essex. He has 
authored several peer reviewed publications and contributed to numerous 
conference proceedings in biosimilar market access.  He specializes in competitive 
intelligence and product commercialization strategies. 

 

1.8 phamax services 

phamax is a research and consulting firm, with domain expertise in scientific and 
analytical market access in the healthcare vertical. 
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2 Summary 

Biopharmaceuticals are drugs that are synthesized off living cells by rDNA 
technology. These can be of several types ranging from vaccines to stem cell 
therapy, with a major class being monoclonal antibodies (mAbs). About 900 
biologics have been identified for severe disease forms in the areas of 
rheumatology, cardiovascular disease and cancer and over 5000 clinical trials have 
been conducted for the same. Biopharmaceuticals occupy 50% of the total 
pharmaceuticals market with a steady escalation likely in the coming years.  

In the initial stages of introduction of monoclonal antibodies, the source was 
primarily murine, which came with snags like immunogenic reactions. Over a 
period of two decades, alternative areas were explored leading to chimeric, 
humanized and fully human antibodies. The road to therapeutic antibodies with 
very high specificity, sensitivity and minimized side effects was riddled with 
hindrances and challenges. With the advent and development of drug resistance, 
other technologies such as ADCs (Antibody-drug Conjugates) were explored. 
Several alternate forms of mAbs were also seen as a substitute. Presently, such 
alternate forms are developed by many start-ups, which are being acquired by large 
corporations for integration into their pipeline, sensing the scope that this field 
brings. Discrepancies were also encountered due to PTMs (posttranslational 
modifications) affecting efficacy, immunogenicity and variations within batches. 
Also, numerous technological advancements were also seen during the different 
stages of development in expression vectors, media, cell lines, manufacturing 
technologies, analytical techniques to compare batch heterogeneity, downstream 
processing etc.  

Many of the innovator mAbs have been in the market for over two decades, with 
patent expiry ranging between 2012 and 2020. Meanwhile, an alternative, new 
class of biologics called biosimilars has entered the market. Biosimilars are 
expected to be the equivalents of small molecule generics for the biologics market, 
but never identical to small molecules drugs. These drugs are expected to show 
similar efficacy and safety profiles as innovator mAbs. In addition, they are 
expected to cost about 20 - 40% lesser than innovator biologics (in opposition to 
small molecules which are ~75% lesser in cost), with the expected savings to be 
around ~$400 billion over twenty years.  

But, this sphere is facing more than a few regulatory hurdles and lacks an identity 
of its own. While some countries have embraced it and have a clear guideline and 
approval pathway in place, many other countries are far from this. Many branded 
biologics companies are entering the biosimilar space as well. The technological 
proficiency acquired in the last two decades has a major part to play in the 
development of biosimilars. 
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3 Type of antibodies currently developed 

Therapeutic antibodies have progressed significantly in the last two decades, in 
sophistication and efficacy. Initial efforts were in the direction of counteracting 
immunogenicity by humanizing antibodies while in parallel there was a focus shift 
towards the design of more sophisticated and efficient drugs such as ADCs 
(Antibody-drug Conjugates). The current chapter provides an overview of the 
different types of therapeutic antibodies that have been developed over the years 
and highlights the latest developments that will propel future research in this area. 
Figure 1 gives a summary of the various technological developments in this area. 

 

 

 

3.1 Antiserums 

The use of Antiserums is one of the oldest methods to administer antibodies for 
disease treatment. It involves the use of serum that is rich in antibodies against a 
specific antigen.  The original experiment that led to this discovery goes back to 
the 1890s by Von Behring and Kitasato (their experiments with the tetanus toxin 
on rabbits). Animals exposed to an antigen produce antibodies against it. So, 
antibody rich serum from individuals can be harvested and injected into others to 
function as a vaccine1.  

 

Figure 1: Timeline for technological developments in antibody based 
therapy starting with antiserum therapy to new age biologics 
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3.2 Targeted therapies 

Targeted therapies have evolved over the years, specifically to target cancer cells, 
functioning on the basic distinction that cancer cells proliferate swiftly while 
normal cells do not. Targeted therapies are usually prescribed for short term 
treatments in combination with traditional methods. Targeted therapies are broadly 
classified into three based on the strategic approach that they have, although they 
adhere to the same underlying principal that cancerous cells multiply quickly: 

• Small molecule drugs: Small molecule drugs target internal components 
that affect the function of the cell. An example is the specific kinase 
inhibitor Genefitinib that inhibits EGFRs (epidermal growth factor 
receptors). But, since most of these kinase inhibitors are ATP (adenosine 
triphosphate) analogues, they target many other tyrosine kinases leading to 
side effects. 

• Monoclonal antibodies: Monoclonal antibodies target receptors outside 
the cell. The receptors on cell surfaces are targeted with antigens and 
destroyed by the immune system. Several drugs of this class are approved 
in the market, like Rituximab, which targets the CD20 receptor of B cells, 
abundantly found in cases of lymphomas, leukemia and certain 
autoimmune disorders. The drawback is that this type of drug is effective 
only in cases where the antigen is identified. 

• Anti-angiogenesis drugs: A feature of cancerous cells is that they have an 
extensive network of blood capillaries that help them draw ample oxygen 
and other nutrients necessary for rapid proliferation. New age drugs target 
the process of generation of these blood capillaries, thus starving cancer 
cells of oxygen leading to shrivelling up of the tumour. Examples include 
interferon α and thalidomide. But, long term effects of these drugs, 
specifically in case of angiogenesis of blood capillaries during injury, are 
at present unknown. 

 

3.3 Chimeric, humanized and fully human antibodies 

The first generation antibody therapeutics was largely of murine origin, which 
came with shortcomings like low half-life and immunogenicity, despite achieving 
precise targeting. Although structurally similar to murine mAbs, human mAbs 
have dissimilarities that are relevant enough to invoke an immune response when 
injected into humans, ensuing in their rapid removal from the blood, inflammation 
and the production of human anti-mouse antibodies (HAMA).  

A major application of antibody engineering is the prospect to create chimeric 
antibodies. The antigen binding activity of IgG molecules is enabled through the 
variable domains of the heavy and light chains in the molecules. Since mammalian 
antibodies show high similarity, it is possible to create chimeras by fusing murine 
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variable domains (responsible for antigen binding) with human constant domains, 
leading to the development of a new generation of therapeutic candidates. These 
chimeric antibodies are 70% human since they possess a fully human Fc portion. 
This makes them considerably less immunogenic in humans and allows them to 
interact with human effector cells and the complement cascade.  

With the introduction of more developments in antibody engineering techniques, it 
became possible to further decrease the murine part of mAbs by replacing the 
hypervariable regions of human antibody with that of murine antibody. This 
approach is called complementarity-determining region grafting. These antibodies 
are called ‘humanized’ because they are 85 – 90% human and are even less 
immunogenic than chimeric antibodies. But, this approach is far more technically 
demanding than a mere fusion. So, directed mutagenesis approaches are often 
needed to restore the affinity of the murine parental antibody. Most of the 
approved mAbs in current use are either chimeric or humanized. 

With the ever increasing power of antibody engineering, it became possible to 
clone entire repertoires of antibody fragment genes, from both immunized and 
non-immunized animals. Around the same timeline, a complementary approach 
was developed to create fully human antibodies. Transgenic ‘humanized’ mice 
were created by replacing the entire mouse IgG repertoire with human 
replacements. Upon immunization, these humanized mice would produce human 
IgGs, after which conventional hybridoma techniques could be used to clone 
human antibodies with the necessary properties. The advantage of this approach is 
that it can yield in vivo matured antibodies, circumventing the need for additional 
affinity maturation. Moreover, they directly produce full-length IgG, which is 
usually the preferred format for therapy for various reasons. Though, one 
disadvantage is that the humanized mice cannot be used effectively when the 
immunogen is toxic or if the targeted antigen shares a high degree of similarity 
with its murine counterpart.2,3 

 

3.4 Antibody drug conjugates/Immunoconjugates 

Chemotherapeutic agents primarily work by cytotoxity and if administered 
systemically, have undesired side effects. Another issue that needed rectification 
was the development of multidrug resistance strains in cancer. Many tumour cells 
express a transporter protein P-glycoprotein which renders the drug ineffective. So, 
with biologic drugs gaining popularity, these problems could be circumvented by 
the use of antibody drug conjugates (ADC). The idea of ADC or ‘magic bullets’ 
was first proposed way back in 1975 by Rowland, where he displayed the 
synergistic effect of the antibody and cytotoxic agents for tumour suppression in 
mice. Antibody drug conjugates are recombinant antibodies that are covalently 
bound by a synthetic linker to a cytotoxic chemical. Linkers may include 
disulphides, cleavable peptides and thioethers. ADCs were primarily designed to 
combine the binding specificity of antibodies and pharmacological potency of 
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small molecule drugs. In addition, they were conceived to address the multi-drug 
resistance problem that is usually very common to small molecule drugs.  

ADCs provide high stability in the blood stream and function as an efficient 
payload within the target cells. But, due to their complexity, they are very difficult 
and expensive to synthesize. The first ADC to be launched was Gemtuzumab 
ozogamicin by Pfizer/Wyeth and UCB, S.A., which was however withdrawn from 
the market in 2010. Only two drugs are currently marketed in this category- 
Brentuximab vedotin (Seattle Genetics and Millennium/Takeda) and Trastuzumab 
emtansine (Genentech and Roche) 4. 

 

3.5 Camouflaged antibodies or Probody™ 

Antibody based therapies have high-affinity antigen binding and highly specific 
recognition in the antigen-combining site of antibody variable domains. Yet, due to 
the presence of the target antigen in other healthy tissues, the ability of the 
antibody to achieve therapeutic effects without inducing unacceptable ‘on-target’ 
toxicity becomes limited.  

This issue is circumvented in the Probody™ technology. One key feature of 
tumours is that they express certain proteases that are very specific to cancerous 
cells. So, the therapeutic antibody is expressed as a fusion protein with another 
masking peptide that occludes the antigen binding site of the therapeutic antibody. 
When the drug arrives at the tumour site, due to the presence of the proteases, the 
link between the antibody and occluding protein is cleaved and the antibody is 
released to neutralize the antigen present on the tumorous cell.  

One Probody that has displayed success is a derivative of Cetuximab. Although 
Cetuximab has shown its effectiveness in blocking EGFR mitogenic signaling, 
administration is usually associated with skin rashes as a side effect. The Probody 
version of this, CTX-023, is introduced with a masking protein where the linker 
shows sensitivity to tumor-associated proteases. The success of this method has 
been demonstrated in the mice model and other invitro studies5. 

 

3.6 Bispecific antibodies 

The initial idea of antibodies with multi-specificity was proposed in 1980s, where 
two antibody producing cells with distinct specificity were fused. Bispecific 
antibodies target two or more antigens using one antibody. Since then six different 
antibodies of this kind were developed by Medarex and Micromet. These 
antibodies are a viable alternative to combination therapy involving two or more 
antibodies, each targeting a single antigen. By and large, most of them elicit 
cytotoxic-cell responses. Initially, these antibodies were produced using quadroma 
technology which involved the somatic fusion of two hybridoma cells. In the later 
methods, the antibodies were genetically engineered by using the VH domain of 
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one antibody and the VL domain of the other.  Many technological platforms 
currently exist using this approach - BiTEs®, DVD-Ig™, mAb2™, DARD®, 
Triomab® etc. Although these platforms seem promising, issues such as poor 
yields, high cost, low purity and poor clinical studies still need to be addressed.3 

 

3.7 Antibody fragments 

The basic premise is that antibodies are modular in nature (comprising individually 
functional components). Therefore, a customized mix-and-match of different 
individual components is possible to obtain specific pharmacological properties 
(half-life and distribution, valency, affinity, avidity, tissue penetration and 
bioactivities) with a much smaller sized antibody, thereby maximising efficacy and 
safety. Antibody fragments are emerging as viable alternatives to full length mAb 
therapeutics. Three classes of fragment antibodies have specifically garnered 
importance in the recent years: FAB, scFv and 3G. Fab molecules comprise one 
light and a part of heavy chain of antibodies. They contain totally four regions - 
VH, VL, CH1 and CL1. scFv molecules contain variable regions of light and heavy 
chains (VH and VL) connected by a flexible peptide linker. The third generation 
molecules contain only the variable regions (VHH or VH).  

These molecules, due to their small size, easily penetrate into tissues, which is a 
major concern in the case of full-length antibodies. Additionally, since there are no 
glycosylation concerns, they pave way for easy and cost-effective manufacturing 
using microbial systems. But, since they lack the FC regions, they are not capable 
of stimulating ADCC (antibody-dependent cellular cytotoxicity) or CDC 
(complement-dependent cytotoxicity) on their own. Also, they have a very short 
circulating half-life and are easily degraded. Fusion constructs using PEG 
(Polyethylene Glycol) or human serum albumin have been attempted to solve this 
issue, although with escalating manufacturing costs.3 

 

3.8 Future of antibody research 

Although mAbs have been proposed as very lucrative therapeutic agents, they have 
many limitations. Further, several deterrents have led to new age therapeutic 
agents, which may make treatment using mAbs obsolete. The major concerns in 
the case of mAbs are: 

• Immunogenicity  
• Stability restricting route of administration  
• Half-life not adjustable  
• Expensive and labor-intensive manufacturing, especially in large 

quantities  
• Large size that limits tissue penetration 
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The focus is now more on developing methods for improved half-life, stability, 
homogeneity across batches etc. Several technological platforms and discoveries 
are shaping up to address this. Listed below are some of the vital developments 
that are likely to shape the direction of antibody research: 

 

3.8.1 Technological developments to understand O-glycosylations 

Glycosylation in eukaryotic proteins are of two types - N and O linked 
glycosylation. Recently, a lot of studies on N glycans in humans have led to the 
development of humanized yeast strains that emulate the human glycosylation 
pathways. The arena of O-linked glycosylations is not a well-explored territory, 
largely due to the lack of information on glycosylation sites. The O-glycosylations 
show high heterogeneity which makes their identification difficult. More 
sophisticated and trained expertise is required to study these glycosylations. But, 
initial reports suggest that higher O-glycosylations are more tolerated than N-
glycosylations immunologically. Therefore, such studies hold promise in the 
development of antibodies with more acceptable glycosylation profiles.6 

3.8.2 Developments in manufacturing technologies 

Conventionally, manufacturing involves use of stainless steel bio-processors. 
Issues such as leachables affecting PTMs (posttranslational modifications), media 
components binding to the reactors etc. have led to heterogeneity across batches. 
Newer technologies are being explored to alleviate these problems, like the use of 
novel plastic materials and reactor setups. Further, focus on corrosion resistant 
materials is also bound to support production scales. 

Single-use bioprocessing equipment is the current trend in upstream processing, 
bringing forth advantages such as rapid capacity adjustments, customized process 
flow, minimal human error and minor issues with sterilization. DSM Biologics is 
one company that is currently utilzing these technologies for a new manufacturing 
plant in Australia. Some of the existing equipment in the field are listed in Table 
1.7 

Table 1: Latest developments in upstream technologies 

Bioreactor type Company producing the technology 

Spin bioreactor tubes TPP 

Disposable high capacity flasks NUNC, Corning, Thompson Scientific 

Scale down minireactors DASGIP, Sartorius AG, Applikon 
Biotechnology  

Wave type bioreactors GE Healthcare, Sartorius AG 

 



 

17 

Evolution of Technologies for Therapeutic Antibodies: From mAbs to Biosimilars 
 

© phamax AG, 2015 - All Rights Reserved 

Source: phamax 

 

3.8.3 Development of robust cell lines 

There have been relevant developments in manufacturing technologies such as the 
use of disposable bioreactors. There needs to be an equivalent development in the 
development of robust high yielding cell lines also since most of these reactors are 
limited to 2000 L. The PERC.6 is one such example of a high yielding cell line. It 
is a human origin retinal cell line that is immortalised using transfection of the 
Adenoviral 5 E1A gene that is capable of growing to high densities (160× 106 
cells/mL) and producing a high titre of antibodies (25 g/L). Development of more 
such robust cell lines would improve the manufacturing practices of antibody 
production.8 

3.8.4 Novel antibody-like technology platforms 

As mentioned previously, the challenges and limitations of using conventional 
mAbs are being addressed with technological breakthroughs. In parallel, many 
companies are embracing strategies to circumvent these issues. Many of these 
strategies involve diverse structural scaffold proteins (not similar to mAbs) 
designed to provide high specificity to the target antigen. While technologies 
advancements will lead to refined mAbs production, novel technological platforms 
will also claim their due share in the therapeutic space. Some of the premier 
technology platforms are listed below:9 

Table 2: Novel antibody-like technology platforms 

Sl. 
No.  Technology Company Remarks 

1 Adnectins AdnexusTherapeutics,  
Waltham, MA 

Fibronectin like domain 
scaffold 

2 Versabodies Amunix, Inc., Mountain 
View, CA Disulphide scaffold 

3 Darpins Molecular Partners 
AG, Switzerland Ankyrin repeat scaffold 

4 Anticalins and 
Duocalins Pieris AG, Germany Lipocallin scaffold 

5 Phylomers Phylogica, Ltd., Australia Peptides 

 

 

3.8.5 Targeting cancer stem cells 

The prevalent therapies for cancer treatments are largely cytotoxic drugs, which 
pave way for biologics to sneak in. The current therapeutic approaches target 
highly proliferative cells of tumours which constitute ~90% of tumour cells. But, a 
small proportion of them are the progenitor stem cells that are quiescent and are 
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capable of DNA repair. It is these cells that are responsible for tumorigenesis and 
metastasis. Therefore, future therapeutics must target these cells since they provide 
a solution for a cancer free state rather than merely ‘managing the disease’.    

Several studies have indicated that cancer stem cells show a difference in the 
profile of cell surface receptors (CD44, CD133, CD24, CD166), telomerase 
activity, signalling pathways (p53/p21, Notch, Wnt/Cantenin) and supporting 
factors from the conventional tumour cells. Also, the progenitor stem cells of 
different cancers differ amongst themselves. In addition, these stem cells are quite 
similar in profiles to the other normal stem cells of the body that are critical for 
regeneration and wavering away from targets would mean far more severe side 
effects than conventional therapy. Therefore, the challenge is enormous in 
overcoming this problem. In the coming decades, focused research on the use of 
magnetic nanoparticles coupled with novel antibodies would possibly provide 
solutions for highly targeted therapeutic approaches.10 

3.8.6 Formulations and drug delivery systems 

Biologics, due to their large size (poor permeability) and high susceptibility to pH 
and proteolytic enzymes, are usually administered only in injectable forms (sub-
cutaneous/IV). Apart from these conventional routes, newer attempts are being 
made with promising results for new formulations that retain good ADME 
(absorption, distribution, metabolism and excretion) properties. Additionally, since 
numerous patients receiving biologics are in the paediatric category, there is a need 
for new delivery systems that are needle-free. Some of the currently explored 
routes include intranasal, pulmonary and transdermal with the use of nanoparticles, 
hydrogels, lipid microcapsules, water based particulate systems etc. Some of the 
products that are in later stages of development/clinical trials are enlisted below:11 
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 Table 3: Latest development in formulations and drug delivery systems 

Product Company Type Features 

Pheroid™ 

North-West 
University, 
Potchefstroom
, South Africa 

Lipid based 
colloidal 
system 

• Consists a sub-micron 
emulsion base with use of 
essential fatty acids.  

• No safety concerns.  
• Especially used for its 

property to overcome blood-
brain barrier, which can be 
used for drug delivery for 
CNS diseases. 

Pluronic® 

BASF 
Corporation 
New Jersey, 
NJ, USA 

Photopolymer
izable 
hydrogel 

• Water soluble triblock 
copolymers of PLGA and 
PEG. 

• These ensure sustained 
release of the protein over a 
period of 15 days. 

Medusa® 

Flamel 
Technologies, 
Vénissieux, 
France 

Colloidal 
nanoparticle 
dispersion 

• The particle dispersion forms 
a sub-cutaneous gel like 
implant providing a depot for 
slow protein release. 

Duros® 

Durect 
Corporation, 
Cupertino, 
CA, USA 

Solid implants 

• A sterile non bio-degradable 
implant. 

• Can be used for controlled 
protein release over a period 
of 3 - 12 months which may 
be removed safely and 
quickly at any time during 
the treatment course.  
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4 Technology and Technological platforms 

Small molecule drugs are making way for complex biologics to dominate the 
therapeutic area due to their highly selective and directed approach. The first 
ideation of therapeutic biologics came from Paul Ehrlich in the early twentieth 
century where he proposed the use of a ‘magic bullet’ as a targeted therapeutic 
agent which was highly selective in its target 12. A lot of work has been carried out 
in this space ever since. One major breakthrough was the development of the 
Hybridoma technology 13 by Georges Köhler, César Milstein and Niels Kaj Jerne 
in 1975, which enabled the production of monoclonal antibodies (mAbs) for use as 
therapeutics. Monoclonal antibodies, as the name suggests, are identical molecules 
derived from the clones of a single immune cell. They are also monovalent in the 
sense that they are highly inclined towards one particular epitope in the antigen 
and have long in-vivo half-lives. 

 

4.1 Hybridoma technology 

Antibodies are produced by B cells of the immune system. But, due to a limited 
life span, these cannot be used for continuous production of the same antibody. 
Hence, the hybridoma technology is proposed for continued production of the 
same antibody that is highly specific to a particular antigen (Figure 2). 
Conventionally, these are generated by immunizing the animal (exposure to the 
antigen). With time, the animal produces antibodies to counteract the foreign body. 
The animal is then dissected to harvest the lymphocytes that produce the antibody. 
Post this phase, these cells are fused to immortal tumour cells to yield cells that are 
capable of continuous production of the antibody. The cells are then transferred to 
the peritoneal cavity where the tumour grows and produces the antibodies into the 
ascetic fluid from which the antibodies are isolated by injecting out the fluid. As 
the name suggests, the method involves the production of a hybrid cell, that of a B 
cell and Myeloma (M) cell. The hybrid cell is immortalized and is capable of 
continuous production of the antibody.  
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Note: The B cells are first isolated from an immunized mouse. The B and Myeloma cells are then 
fused and selected using the HAT (hypoxanthine-aminopterin-thymidine) medium that enables 
only the growth and sustenance of fused cells. The hybrid cells are then tested for their ability to 
bind to an antigen. The cell showing maximum affinity is then chosen and cultured for the 
production of monoclonal antibodies  

 

 

 

 

 

 

The technology has been widely accepted over the last few decades. The basic 
ideology is to compensate for the mortal nature of the B cells by fusing them with 
tumour cell lines that are immortal. But, to select only the successfully fused cells, 
the cells are engineered for lack of certain genes and are grown in a specific 
medium that enables only the survival of the fused cells. Consequently, the parent 
type cells die. 

The B cells are harvested from an immunized mouse that is capable of producing 
the antibody. The M cells are deficient in an enzyme that is necessary for nucleic 
acid production using the salvage pathway (HGPRT-hypoxanthine guanine 
phosphor-ribosyl transferase). Besides, the use of the HAT (hypoxanthine-
aminopterin-thymidine) medium makes these cells incapable of production by 
even the denovo pathway and hence incapable of DNA synthesis or proliferation. 
The B cells are naturally incapable of surviving over many generations and 
therefore do not survive. These two cells are fused using polyethylene glycol to 
produce the hybridoma cells that are capable of proliferating in the selective 
medium.   

These hybrid cells are then tested for their ability to selectively bind to the antigen 
using an immunoblot assay. The best hybridoma cell is then chosen and cultured 
for the production of monoclonal antibodies. Culturing may be done externally in a 

Figure 2: Representation of the various steps involved in the Hybridoma 
technology 
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serum free media or reinjected into the peritoneal cavity of a mouse where it forms 
tumours that produce the antibodies into 22 ascitic fluids. Since the inception of 
this technology, many therapeutic antibodies have been developed for the 
treatment of an array of diseases such as cancer, rheumatoid arthritis, Crohn’s 
disease and psoriasis.13 

4.2 Genetically engineered antibodies 

The production of monoclonal antibodies is a complex, time-consuming process 
that requires optimization at every step of the process of target identification, 
purification and manufacture 14. Since the monoclonal antibodies are primarily of 
murine origin, much of the focus has been given to develop fully human 
monoclonal antibodies to minimize human anti-murine antibody (HAMA) 
response. The HAMA response is an allergic immune reaction against an injected 
therapeutic antibody where antibodies are produced by the body against the 
therapeutic antibody. This not only renders the therapy ineffective due to antibody 
clearance, but also causes further hypersensitive reactions. These reactions were 
observed in nearly one-third of the patients receiving the treatment15.   

With the advancements in molecular biology, different proprietary technologies 
have been developed over the years to counter the problem of immunogenicity of 
mouse antibodies, albeit retaining the specificity to the original antigen. Initially, it 
began with phage display methods which then paved way for yeast display 
methods. Over the last decade, diverse technologies have been developed to 
engineer humanized antibodies along with producing antibodies from human 
origin B cells. The technologies focus on two regions of the antibody and therefore 
can be broadly classified into two types: humanized antibodies targeting the CDRs 
(complementarity determining regions) and antibodies targeting the Fc region 
which includes glycol-engineered antibodies with appropriate PTMs 
(posttranslational modifications). While the former involves the earlier stages of 
production using mouse models, the latter focuses on using modified host cells in 
culture to produce the correctly modified antibody. These technologies promise to 
produce more mAbs that will enter the therapeutic market.  

There are five factors that evaluate novel protein technology platforms16:  

• Cost of manufacturing and purification. 

• Precise control of the final product, including its posttranslational 
processing. 

• Time required for production of the purified protein from the gene. 

• Regulatory path involved to approve the drug produced on a given 
expression platform.  

• Overall royalties associated with the production of a recombinant 
product in a given host. 
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4.2.1 Genetically engineered mouse 

The first generation of therapeutic mAbs had limited efficacy and safety due to 
hypersensitive immune reactions of mouse sequences in humans. Among the 
approaches developed to circumvent these problems were many types of transgenic 
mice genetically engineered with a ‘humanized’ humoral immune system. The 
rationale behind using these mice strains was that immunization with the target 
antigen elicits a humoral immune response, although the antibodies produced are 
of human origin. These strains have been used to generate high-affinity, fully 
human antibodies to treat multiple diseases. Many mAbs produced have 
progressed into various stages of clinical development. But, the technology was 
validated only recently with the regulatory approval of panitumumab (Vectibix), a 
fully human antibody directed against epidermal growth factor receptors (EGFRs), 
as treatment for people with advanced colorectal cancer17. The successful 
generation of this therapeutic mAb serves as a milestone for genetically-engineered 
mice with a human humoral immune system.  

The basic concept of humanizing the mouse antibodies is to replace different 
regions of the mouse antibody gene with human gene segments. The antibody’s 
structure can be roughly divided into 16 regions (8 constant, 4 variable and 4 
hypervariable regions). Each technology aims at retaining certain segments and 
replacing others to yield several versions of either chimeric or humanized 
antibodies. Chimeric antibodies are those where only the constant regions are 
replaced by the human constant regions (eight out of the 16 segments). The 
humanized versions vary in replacing several regions of constant and variable 
regions anywhere between 10 - 12 segments to avoid the immune responses while 
retaining selectivity through the hypervariable regions. A representation of this is 
provided in Figure 3. Yet, the mice models containing the humanized antibody 
genes do show immune deficiencies and lack of robustness in reacting to all 
antigens. These deficiencies can be of varying degrees depending on the regions 
that are replaced. 
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Note: From left to right omAb (fully mouse antibodies (0/16)), xi mAb (Chimeric antibodies only 
replacing the constant regions (8/16)), xi-zu mAb (humanized mouse antibodies (10/16)), zu mAb 
(humanized mouse antibodies retaining only hypervariable regions (12/16)), u mAbs (fully human 
antibodies (16/16)) 

 

 

 

 

 

There are several such mouse platforms developed: XenoMouse® by Abgenix, 
VeloCImmune® from Regeneron, HuMAb-Mouse® by Medarex and KM 
Mouse® by Kirin. Very recently, embryonic stem cell technology has been used to 
develop the Kymouse™ platform that is specifically designed to maintain 
maximum immunoglobulin diversity.  

4.2.1.1 HuMAb-Mouse®  

HuMAb and KM Mouse both belong to the UltimAb category of transgenic mice.  
To generate the HuMAb strain, the gene for the light chain of the antibody is 
derived partly from a yeast artificial chromosome clone that includes nearly half of 
the germline human Vκ region and the heavy chain transgene that encodes both 
human µ and human γ1 constant regions, the latter of which is expressed via intra-
transgene class switching. The human mAb-secreting hybridomas have shown to 
display properties similar to those of wild-type mice in areas such as stability, 
growth and secretion levels.18 

4.2.1.2 KM Mouse®   

In another method, scientists introduced human chromosome fragments (several 
megabases in size) into mice, to enable the transfer of entire IgH and Igκ loci. 
These mice were bred with mice having inactivated IgH/Igκ loci. The breeding 

Figure 3: Representation of chimeric and humanized mAbs 
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generated double-trans-chromosomic/double knockout mice (TC mice). These 
‘TC’ mice displayed IgG1, IgG2, IgG3 and IgG4 circulating levels comparable to 
those in human serum. These mice also generated human Cμ and Cα chains, but 
because the IgM and IgA antibodies contained a murine J chain, they could not be 
considered fully human.  

Subsequently, breeding experiments of the HuMab™ strains of mice (from 
Medarex) with the TC mice (from Kirin) produced the KM mouse20. These 
possessed the IgH trans-chromosome of the TC mouse and the Igκ transgene (with 
roughly about 50% of the Vκ repertoire) of the HuMab™ mouse.19 

4.2.1.3 VeloCImmune® mouse 

Many transgenic mice strains have eliminated endogenous immune response due to 
the introduction of human loci at different random mouse loci. Therefore, 
transgenic mice show partial immune-deficiencies in comparison to the wild type 
strains and therefore are not robust for producing antibodies against all antigens. 
Many reasons have been postulated for the same. Firstly, these mice lack the 3’ 
enhancers elements that control certain loci. Secondly, regulatory elements of IgH 
locus that enable class switching and expression of Ig are absent. Thirdly, human 
constant regions are used, which interferes with the B cell development in the bone 
marrow in the absence of the antigen. 

The VeloC mouse contains the human antigen binding variable regions and mouse 
constant regions. This construct is reported to preserve interaction with mouse 
BDR coreceptors and mouse Fc receptors to yield a fully functional immune 
system. Other features such as variable region rearrangement, somatic 
hypermutations and class switching are also reported to be well-preserved.  

These mice are generated by insitu-humanization introducing the human IgH and 
Igκ loci using BAC vectors in a stepwise manner, bearing both human and mouse 
loci into mouse ES cells. Variable repertoires of these regions are microinjected 
into the mice and these mice are later bred to produce the final VeloC mouse 
strain.21,22 

4.2.1.4 KyMabTM technology 

The KyMouse is one of the latest platforms which tried to overcome the 
deficiencies in the earlier approaches. The first is to use the mouse constant region 
and replace the variable regions to maintain normal B cell signalling and retain the 
somatic hypermutation. The second is to use both the κ and λ light chains to 
capture maximum diversity. The third, which is a consequence of the first two, is 
to have a normal B cell distribution to ensure maximum diversity in the B cell 
repertoire. This promising technology is still being developed and only time would 
decide how well it outperforms the existing technologies such as the KM mouse® 
and VeloCImmune® mouse models.23 
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Note: Two sets of mouse embryonic stem cells are chosen, one in which mouse Ig genes are 
inactivated and the other which has both human and mouse Ig loci. These are then transferred 
into two different mice which upon breeding produce a Xenomouse strain that is capable of 
producing only human antibodies. The mouse is then immunised and harvested B cells are then 
used in a hybridoma procedure. 

 

4.2.1.5 XenoMouse® technology  

The XenoMouse technology is a transgenic system which has succeeded in 
capturing the human antibody response in mice, by introducing most parts of the 
human immunoglobulin loci into the germ line of mice with inactivated mouse 
antibody machinery. Two sets of mouse embryonic stem cells are used. In one set, 
the IgH and Igκ chains are inactivated by gene-targeting technology. These 
targeted ES cells are used to generate a mouse with homozygous deletions such 
that it is incapable of producing mouse antibodies. In the other strain, human IgL 
(yK2 and yλ) and IgH (yH2) loci are introduced using YACs to generate a mouse 
that produces fully human antibodies in the presence of mouse antibodies. 
Breeding the two strains of mice, the XenoMouse® is generated with four genetic 
alterations to produce fully human antibodies in the absence of mouse antibodies 
(Figure 4). 

 

 

 

 

Human antibodies contain λ light chains in 40% and κ light chains in 60% of the 
antibodies. The earlier versions of XenoMouse did not contain both the light 
chains. So was the case of many other commercial transgenic mice. But, this 
technology enables the capture of the entire human repertoire of antibodies. Also, 
Abgenix’s XenoMax™ technology enables rapid screening of the immune 
repertoire of the immunized animal, thus enabling the selection of appropriate 
strains that produce antibodies with highest affinity and functional properties.17 

Figure 4: Methodology for production of Xenomouse 
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4.2.2 Targeting the Fc region 

The Fc region of the antibody binds to the Fc Receptor, which is expressed on a 
variety of immune cells. Post complexation of the Fc region of the antibody and its 
receptor, these cells are recruited to the antigen site of the bound antigen. This 
subsequently results in a series of signalling events followed by immune responses 
such as release of inflammation mediators, B cell activation, endocytosis, 
phagocytosis and cytotoxic attack. Therefore, targeting the Fc region for 
engineering antibodies is another method to yield enhanced ADCC (antibody 
dependant cellular cytotoxicity) with therapeutic antibodies. 

4.2.2.1 XmAb® 

The XmAb technology by Xencor is based on targeting the Fc region to enhance 
binding to the Fc Receptors. The improved affinity enables appropriate signalling 
for enhanced ADCC. The approach is designed based on input from structural data 
of the Fc-Fc receptor complex. Specific mutations of amino acid residues (residues 
of antibody that occur at the interface of the Fc-RcR complex) of Fc region were 
designed so as to enhance their affinity and binding. These mutations include three 
variants: single mutants (S239D and I332E), double mutants (S239D_I332E) and 
triple mutants (S239D_I332E_A330L). These mutations may vary depending on 
the specific antibody, however, retaining 99.5% identity between the original and 
mutated antibody.24 

4.2.3 Note on glycosylations in the human antibodies 

The mammalian antibody consists of two N-Glycosylation sites in the Fc region 
and the post translation modifications in mammalian cell lines involve the addition 
of complex, branched glycans in a multistep pathway that begins in the ER and 
ends in the Golgi. Figure 5 gives a glimpse of the different types of human 
glycosylations which include sugars such as N-GlcNAC, Fucose, Mannose, Sialic 
acid (NANA) and Galactose. 
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Each cell line has its own cognate pathway for glycosylations and therefore it is 
important to assess the differences between the pathways of two cell lines so as to 
obtain a correctly glycosylated antibody, particularly considering that most 
antibodies currently are humanized. Improperly glycosylated antibodies could be 
misfolded and rapidly cleared from the body. Again, profound differences in the 
glycosylations could lead to severe immunological responses.  

There have been attempts to elucidate the mammalian glycosylation pathways. 
Subsequently, several technologies that address the feature have been developed or 
are in various phases of development. These have shown varying degree of success 
in the production of ‘acceptable’ therapeutic antibodies. By and large, these 
technologies are centred on engineering cell lines to account for appropriate 
posttranslation modifications (POTELLIGENT, GlycoMAB and humanized yeast). 

4.2.3.1 POTELLIGENT®, COMPLEGENT® and  AccretaMab® 

The POTELLIGENT technology pioneered by Kyowa Hakko Kirin is a result of 
comparisons of a few glycosylation profiles in different cell lines. The technology 
has resulted in the identification of the genetically engineered mouse cell line 
YB2/0 that produces antibodies with reduced fucosylations. This cell line shows 
reduced expression of the FUT8 gene that is responsible for addition of fucose 
sugars to the antibody. The reduced fucose content is comparable to that of human 
antibodies and thus enhances ADCC. The cell line also has been compared to the 
CHO cell lines which usually show higher Fucose content. The cell line has also 
been tested with increasing branched GlcNAC content in the antibodies without 
any significant difference in the ADCC. 

Figure 5: Cartoon representation of different N-linked glycosylations 
in human antibodies comprising sugars such as fucose, galactose,  

GlcNAC, mannose and Sialic acid/NANA 
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Another technology by Kirin, COMPLEGENT, focuses on complement dependent 
cytotoxicity (CDC). They use isotype chimerism which involves a chimeric Fc 
region, that of IgG1 and IgG3. The resultant antibody exhibits enhanced CDC. 
Kirin also combined the features of POTELLIGENT and COMPLEGENT in 
another technology, AccretaMab, which enabled enhanced ADCC and CDC to 
destroy target tumour cells.25 

4.2.3.2 GlycoMAB® 

The GlycoMAB technology by Roche-Glycart-AB involves the use of a specific 
expression vector chCE7 that carries the gene for GnTIII ( β(1,4)-N-
acetylglucosaminyltransferase III), an enzyme that is responsible for addition of 
branched GlcNAC sugars. The vector also carries parts (Fc region) or whole 
antibody genes. The resultant antibody that is produced contains non-fucosylated, 
branched GlcNAC sugars. Although the vector was initially transfected in CHO 
cell lines, the vector is capable of being transfected across various cell lines and is 
not medium dependent. The vector could be used in the presence of chimeric, 
humanized or fully human antibodies. The antibodies produced using these 
systems have been shown to have higher affinity for FcRIIIa and hence enhanced 
ADCC.26 

4.2.3.3 Humanized yeast 

The human glycosylated antibody consists of complex branched sugars. This 
glycosylation is achieved by a series of steps involving multiple enzymes. The 
details of the pathway were initially unknown and thus could not be emulated in 
total in a non-human cell line such as filamentous yeast. Genecor and Berna 
biotech worked on deducing the pathway without complete success. The pathway 
was deduced by Glycofi and the differences between yeast and human 
glycosylation pathways were also highlighted. The pathway begins at the ER 
(endoplasmic reticulum) where mannose sugars are added to the Fc region. 
Subsequently, the protein is transported to the Golgi where much of the processing 
happens. In yeast Golgi, further mannose sugars are added to the antibody chain. 
This is primarily the reason for the immunological responses that occurred in 
earlier attempts to produce antibodies from yeast cell lines.  

The human glycosylation pathway consists of six steps catalyzed by eight enzymes 
including subtypes of Mannosidase (ManS IA, IB, IC, II), GlcNAC (GnTI, GnTII), 
Galactose (GalT) and Sialic acid (ST) transferases. Each of these enzymes 
recognize a specific structure of glycosylation. Therefore, to emulate the human 
pathway in yeast, it is imperative that the enzymes act sequentially and also that 
the enzymes are specifically localized to their respective site of action in the cell.  

Glycofi’s technology has successfully emulated nearly the entire pathway in yeast 
(except the incorporation of Sialic acid transferases). The resultant humanized 
yeast cells are capable of producing antibodies with correct patterns of 
glycosylation, which successfully avoid immunogenicity. Also, the ease to culture 
the cells provides a cost-efficient solution in comparison to culturing mammalian 
cell lines for production of antibodies.16 
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4.3 Human origin mAbs  

4.3.1 Adjuvants and ethical concerns 

Mice models have been used for generations in the production of mAbs, both for 
laboratory and clinical use. The existing methods require dissections of the mice at 
multiple stages of the technology. It is a well-established fact that it causes 
considerable pain and discomfort to the animal. Adjuvants are commonly used 
along with the antigen preparation to enhance the humoral and cell mediated 
immune response. Their mechanism of action is described in Figure 6. The use of 
irritant adjuvants like Freund’s, elicits a severe inflammatory response and the 
effects include tissue necrosis, ulceration, self-trauma, hunching, decreased 
appetite and weight loss. Pristane is commonly used as a priming agent in the scale 
up phase of antibody production. In addition to it causing autoimmune diseases in 
rodents, it has also been associated with weight loss, hunched appearance and 
inactivity27. The 30ascetic method causes abdominal discomfort, indigestion, 
difficulty in breathing, difficulty in walking etc. The removal of this fluid leads to 
shock in the animal due to rapid fluid loss. Because of the several ethical concerns, 
many variants of these adjuvants are available such as Specol, Montamide ISA 
Adjuvants®, TiterMax® and TitreMAX Gold®, RIBI Adjuvant System®, Syntex 
Adjuvant Formulation (SAF) ®, Gerbu® etc. A summary of the various adjuvants, 
their composition and properties are shown in Table 4. However, these adjuvants 
vary in their efficacy either in the titre of antibody produced or the extent of 
lesions and pain to the host depending on the organism type. To elaborate, the 
nature of the host animal used has a very crucial role in the output of the antibody. 
Such inconsistencies warrant a very educated selection of the adjuvant and the 
organism, taking into account several parameters such as affinity/avidity of the 
antibody, titre of antibodies and ethical issues. 
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Note: Firstly, there is a slow release of the antigen at the injection site. The antigen is then 
engulfed by APCs (antigen-presenting cells), which then migrate to the lymph node where it 
elicits humoral and cell mediated response. 

 

 

 

 

In spite of such selections, these alternatives only provide a marginal betterment in 
the overall process. Advances in tissue culture technology made possible the large-
scale amplification of mAbs in-vitro as an alternative to the mouse ascites method. 
In the in-vitro amplification methods, hybridomas derived from animals are 
cultured in petri dishes and antibodies are collected from the medium. This process 
avoids the ethical and scientific shortcomings of using mice to produce ascites but 
still requires the formation of hybridomas in-vivo, which continues to present 
ethical concerns and leads to the suffering and death of countless mice. It is natural 
that such technologies will be far more in use in the future. 

4.3.2 Human origin antibody technologies 

The first technology breakthrough in this field was by Kenta Biotech with the 
MabIgX® technology that produces mAbs of human origin. Kenta Biotech was 
later acquired by Aridis Pharmaceuticals (USA). In their method, the B cells are 
harvested from human subjects who have successfully overcome the disease. 
These B cells are then used in the conventional hybridoma method to produce fully 
human mAbs. Recuperating patients produce antibodies that are important for the 
body’s defence against the pathogen and therefore are an ideal source for 
generation of mAbs.  

The ISAAC® technology by Vivalis28 also adopts a similar method of isolating B 
cells from human subjects already producing the antibody. The cells are then 

Figure 6: Mechanism of action by adjuvants 
 

 



 

32 

Evolution of Technologies for Therapeutic Antibodies: From mAbs to Biosimilars 
 

© phamax AG, 2015 - All Rights Reserved 

screened using microarray (single cell in each well) and the antibody gene from the 
selected cell is then cloned and amplified to produce the antibody in-vitro.  

These technologies not only address ethical issues, but also are robust to capture 
the diverse repertoire of the human immune response. An inherent limiting factor 
in the above methods is the availability of recuperating human subjects and the 
time taken to develop the antibodies which may be difficult in case of epidemics. 
But, ethical issues will prompt the betterment of these technologies in the coming 
years to generate more robust mAbs. 
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5 Major Biosimilar antibodies in development 

5.1 Biosimilars: Originators vs. Biosimilars  

The pharmaceutical industry has endured noteworthy transformations with the 
advent of biotechnological drugs linked to hormones, growth factors, interferons 
and more specifically mAbs. The total sales of biologics reached $100 billion in 
201029,30 and about 50% of the drugs approved belonged to this class31. Most of the 
prevailing biologics have been in the market for about 20 - 30 years, dictating 
predominantly in immunology and oncology therapeutic areas32. The patents of 
these biologics are bound to expire sooner than later and their copycat versions are 
likely to cross the threshold into the market. The impersonator versions of 
biologics are likely to bring down costs. In a study in 2009, it was estimated that in 
the US, 75% of drugs in the small molecule category were generics which brought 
down costs by nearly 77%33. They are referred to by different terminologies in 
different countries, such as biosimilars in Europe, follow on biologics in the US 
and subsequent entry or ‘me too’ products in Canada. But, there are modifications 
in the copycat versions of biologics which cannot be treated in the same way as 
generics for small molecules. This has led to a major challenge in establishing a 
molecule to be a generic equivalent of a biologic. The core reasons that contribute 
to this are discussed in the subsequent sections.   

 

5.1.1 Challenges in establishing biosimilarity 

5.1.1.1 Basic concepts in understanding the differences between two drug 
versions 

Understanding the differences in definitions of basic terminologies is a major 
challenge. Various regulations and guidelines have led to differences in 
terminologies, sometimes even counterintuitive. This is a vital factor which 
influences the objective of comparability between drugs such as:  

• Comparable: An internal comparison which applies to changes within the 
innovator product due to changes in manufacturing processes. 

• Similar: An external comparison between an innovator and a biosimilar 
indicating their similarity. 

• Highly similar: The definition is same as the above, but indicates more 
similarity in crude quantification. 

• Interchangeable: Change from one medicine to another decided by the 
prescriber. 

• Substitution: Change the prescribed biologic to an equivalent one at the 
level of the pharmacy without the involvement of the prescriber. 

• Switching: The decision to change one medicine to another lies with the 
treating physician. 
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5.1.1.2 Achilles heel: Understanding the innovator’s product 

A big vulnerable spot for biosimilar manufacturers is their understanding of the 
innovator product. The vulnerability can be mainly due to the limited technological 
knowledge on the behavioural properties of the drug  and secondly the 
availability of the innovator drug for comparability studies. The source of the 
innovator biologic is usually from the open market. Most biologics have specific 
formulations with a combination of inert and active compounds. Therefore, use of 
improper extraction methods, or not placing the biosimilar drug in a similar 
formulation, would adversely affect the validity of the conclusions drawn from 
comparability studies34-37. In addition, certain countries may have jurisdiction 
regulations for obtaining the innovator drug and conducting studies on them38. 
Another constraint in understanding the innovator’s product is predicting the DNA 
sequence and production cell line which are primary factors in determining the 
factor of codon bias in protein production. Codon bias affecting translational 
efficiency is an established fact which directly affects the protein concentration in 
the cell and its folded state39. Lower concentrations would mean lesser cost 
effective production. Unfolded/misfolded proteins form aggregates or inclusion 
bodies, rendering it unfit for consumption. Therefore, several iterations of trial and 
error would be necessary to achieve the desired therapeutic protein.     

Once there is a basic understanding of the innovator product, various analytical 
tools need to be employed to establish similarity between the two drugs. This is 
highly important and non-trivial in case of biologics because of the sheer size of 
the biologic in comparison to small molecule drugs. Biologics, especially protein 
molecules, undergo post translational modifications which are crucial in 
differentiating between two molecules. The exact link between the modifications 
that lead to a specific clinical outcome is still not completely deduced, but the 
following section quantifies the magnitude of the problem that needs to be dealt 
with.  

5.1.1.3 Large number of modified forms: difficulty to get same molecule 

Considering an mAb which belongs to the immunoglobulin IgG class, there are 
totally six different known post translational modifications that occur at multiple 
sites in the protein40 (Figure 7 shows the different post translational modifications 
that are known in IgG). Changes in manufacturing procedures, cell lines and 
expression systems can cause differences in the PTMs. In a very conservative 
estimate, the number of forms that can exist is two for an indication at one site 
(example: truncated or not). Therefore, assuming each of these indications occur at 
only one site, the total number of variable forms is 26 which is 64. However, in 
most cases, the number of sites and the number of indications are far more and 
hence the possible number of variable forms is humungous (xn, where x is the 
number of forms per site and n is the number of sites undergoing some form of 
post translational modification), making it nearly impossible for random sampling 
(with a probability of occurrence as 1/xn). So, achieving an identical molecule 
every time unless all the processes and materials are constant is nearly impossible. 
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Source: Rakshambikai R and Thimmaraju PK, Technical hindrances in establishing 
biosimilarity- the final lap in the race, IJIAS, 2015 
Note: mAbs are potentially affected by one or more forms of heterogeneity, which is dependent 
mainly on the nature and extent of posttranslational modifications. The effect of such 
heterogeneity could lead to major clinical ramifications. Depicted above is a cartoon 
representation of an IgG, with the heavy chain in tan, the light chain in red and disulfide bridges 
in black. The antibody function that can be potentially affected by heterogeneity and the 
structural features involved in giving rise to heterogeneity are listed on the left. The different 
forms of heterogeneity are denoted in grey boxes. Although deamidation/oxidation is depicted 
exclusively in the Fab region, there are examples of other susceptible residues dispersed 
throughout the molecule. Glycosylation heterogeneity can have multiple carbohydrate species 
(e.g., G0, G1, G2). Fragmentation is aggravated by proteolytic susceptibility of the hinge region.  
These forms of heterogeneity can in principle affect additional classes of protein products as 
well. 

 

  

 

 

 

 

 

 

5.1.2 Overview of available analytical tools 

There are several types of PTMs (posttranslational modifications) that occur in 
proteins and the most commonly occurring types have been discussed in the earlier 
section. PTMs, in most cases occur through chemical changes in vivo, but some 
chemical changes can also occur in vitro, during various stages of manufacture 
such as purification and storage. PTMs lead to change in protein function and 
therefore the differences in PTMs are a crucial area of study. The differences in 
PTMs need to be analyzed both internally (batch variations of the same product) 
and externally (between the innovator product and the biosimilar). Various types of 
analytical tools need to be employed that give information on different parameters. 
Sometimes, a combination of tools needs to be applied for measuring a single 
parameter due to the inherent shortcomings of some of the techniques.  

The most basic requirement in the analysis of PTMs is the estimation of 
composition. Glycosylations are very common and usually the differences occur in 
the nature, number and linkages of sugar moieties. Therefore, a technique like 

Figure 7: Why is achieving biosimilarity difficult?  
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Mass Spectrometry (MS) would be very useful in determining variability across 
batches. But, the link between glycosylation composition and clinical ramification 
is not directly established except for few cases such as addition of sialic acid which 
is known to cause immunogenicity41,42. Another serious concern that leads to 
immunogenicity is amino acid isomerization, which can be estimated by latest 
versions of MS such as electron transfer dissociation (ETD)43 and electron capture 
dissociation (ECD)44. O-Glycosylations are usually very difficult to determine and 
MS based tools are not suitable. While NMR (nuclear magnetic resonance) is very 
useful in such cases, it cannot be used for big proteins and also requires large 
concentrations for analysis. More sophisticated versions such as flow and 
microcoil NMR address the concentration issues and are extremely sensitive even 
in picomolar range.  

The proteins usually assemble into specific 3D folds and also form higher order 
structures. Several techniques are useful in determining higher order structures 
(enlisted in Table 5). But, this step is usually complicated. Accurate and highly 
sensitive techniques are extremely time-consuming and require highly skilled 
analysts to decipher the information accurately. Techniques such as 
crystallography provide highly accurate 3D structures and sometimes higher order 
information as well. A major limitation of this method is that the protein needs to 
be crystallized. Many times, to obtain crystals, only parts of the protein would be 
used, or the PTMs would be removed therefore not painting a complete picture. 
High accuracy x-ray data can be measured only in synchrotrons, which are not 
accessible to emerging countries and is a very expensive tool. Other techniques 
such as AUC (area under the curve), CD (circular dichroism), DSC (differential 
scanning calorimetry) etc. do give information on higher order structure. The 
signals obtained in these instruments are usually a summation of signals from 
individual parts of the protein and therefore give only an overall picture on the 
folded state or oligomerization of the protein. Another issue with these techniques 
is that there is a lot of noise that needs to be filtered to obtain meaningful signals 
and the data obtained is usually only a subset of the total ensemble of the various 
proteins forms that exist in solution. Techniques such as HDX-MS (hydrogen 
deuterium exchange with mass spectrometry) monitor real time dynamics on the 
basis of deuterium exchange and are highly sensitive in capturing subtle protein 
dynamics45. Therefore, to attribute high confidence, multiple tests would be 
necessary for a given parameter as mentioned in Table 4. 
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 Table 4: Overview of various analytical tools available that can be  
used for examination of various parameters during comparability studies 

Parameter  Analytical tests 

Primary structure amino acid 
composition analysis 

MS, N/C-terminal sequencing, TPM and 
sequencing/MS 

Higher order structure  CD, NMR, X–ray crystallography, 
immunoreactivity with conformational-
dependent antibodies, TPM/MS, DSC, 
fluorescence, dye binding assays, Cryo-EM 

Size  AUC, FFF, MALDI-TOF MS, LC-ESI, 
SDS-PAGE, SEC-HPLC  

Charge  CE, IEC, IEF 

Hydrophobicity  HIC-HPLC, RP-HPLC 

Immunoreactivity  Immunoprecipitation, western blot analysis 

For glycosylated products Glycosylation pattern/sequence CE, 
HPAEC-PAD, LC-ESI, MALDI-TOF MS, 
RP-HPLC 

Identification of glycosylation 
sites  

TPM/MS 

Aggregates SEC, FFF, AFFFF 

 

 

 

MS (Mass Spectrometry), TPM (Trypsin Peptide Mapping), CD (Circular 
Dichroism), NMR (Nuclear Magnetic Resonance), AUC (Analytical Ultra 
Centrifuge); MALDI-TOF (matrix-assisted laser desorption/ionization-time of 
flight), LC-ESI (liquid chromatography-electrospray electrospray), SEC ( size 
exclusion chromatography), HPLC (high performance liquid chromatography), 
HIC (hydrophobic interaction column), RP (Reverse phase), HPAEC-PAD (high 
pH anion exchange chromatography with pulsed amperometric detection), DSC 
(Differential scanning calorimetry), EM (Electron microscopy), FFF (field flow 
fractionation), AFFFF (Asymmetric flow field flow fractionation). 

5.1.3 Current situation of information from analytical tools 

The existing situation is that no single technique provides a complete picture on 
the protein as summarized in Figure 8. In short, when probing is deeper to obtain 
highly accurate information, the larger picture is never really captured. The finer 
details of the gross picture thus captured are usually missed. The situation warrants 
development of more sophisticated techniques.  

A big necessity to bridge the existing gaps in comparability studies is to develop 
more sophisticated analytical tools that are capable of more precise measurements 
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Source: Rakshambikai R and Thimmaraju PK, Technical hindrances in establishing 
biosimilarity- the final lap in the race, IJIAS, 2015 
Note: The left section depicts an eagle’s eye view of elephants which represent the techniques 
that give a gross level picture. The right section is the famous blind man and elephant 
experiment. Each description is individually accurate but far from reality. In some cases, the 
technique falls short in capturing the complete fine level information as well. So, what are needed 
is taller ladders or techniques that exhaustively capture information at a finer level and 
magnifying lenses or techniques that can appropriately help fitting of gross and fine level data 
such that the gap is bridged. 

 

with high confidence. But, a big deterrent for such companies is the high cost, or in 
many cases, limited volumes and low profit margins. An example of the lack of 
progress in this field is of Beckman Coulter, which manufactures analytical 
ultracentrifuges with monopoly in this area. Although there have been 
advancements in electronics, detectors, computer hardware and software as well as 
in the detection of product quality issues, there has not been a significant 
improvement to the instrument46. Yet, with the industry shifting more towards 
biologics and its copycat versions, the requirement of analytical instruments will 
increase, promoting more development. The Open AUC (analytical 
ultracentrifugation) project46 is an initiative in this direction to consolidate findings 
across various research groups to improve the existing instrumentation. At the 
level of regulators, the development of more such tools needs to be incentivized by 
promoting such projects and their use made mandatory by biosimilar 
manufacturers. 

 

 

 

5.1.4 Biostatistics in establishing interchangeability 

Interchangeability is the next step after establishing biosimilarity, where the 
innovator and biosimilar can be assumed to be alternately used without much side 
effect. Not all biosimilars can be deemed interchangeable. Usually, prescriptions 
on naïve patients (those not exposed to any of the biologics) is safe as long the 
biosimilar is established in efficacy and safety studies. Current statistical 
considerations by FDA for establishing biosimilarity are based on ABE (average 
bioequivalance)47. This is based on a single sequence alternating between the 

Figure 8: Cartoon representation of existing analytical techniques 
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innovators (I) and biosimilars (B). So, the sample group is segregated into two sub-
groups, each of which are administered one course followed by the other after a 
sufficient washout period [I→B; B→I]. The plasma concentration is estimated and 
the area under the curve is estimated. The logarithmic differences of the mean are 
then tabulated to meet a regulatory standard, which if met is considered 
bioequivalent. There are some inherent issues with the current method: 

• It only considers the differences between the means and therefore the 
inherent variances in a particular drug are not captured.  

• Individualistic reactions to certain drug types are not addressed. 

• Certain drugs show high variability in in-vivo conditions. Therefore, 
the number of individuals required to establish equivalence is variable 
and strict cut-offs by regulatory bodies may not be relevant. 

Some of the most common cross-over tests for the study of biosimilarity include 
Balaam’s test and William’s test. The cross-over tests are designed48 (Table 5) 
such that the effects of alternating and associated side effects or efficacy 
differences may be identified. Several statistical equations have been proposed 
which do consider the variances within the innovator and the biosimilar, but none 
are currently accepted or in use by the regulatory bodies. Although monitoring the 
plasma concentration/infusion reactions directly is a qualitative measure of the 
cross-over effect, understanding differences between the means and variances 
gives a quantitative measure of biosimilarity. 

Table 5: Various proposed cross-over designs 

 Sequence   1 2 3 4 5 6 

Designs 

Switching 

Two stage 1st B I         

Balaam's  2nd IB IB         

Two 
Sequence 
Dual 

 BB II BI IB     

Alternating 
Williams  BIB IBI         

Modified  IB2
B1 B1IB2 B2B1I B1B2I B2IB1 IB1B2 

Switching/
Alternating 

Balaam's  BB II BIB IBI     

Complete  BBB III BIB IBI     

Alternative  BBB III BII BIB     
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Source: phamax  
Note: Depiction of investments of pharmaceuticals in different stages of R&D in biosimilar 
development. Various pharmaceuticals are in different alliances to use each other’s expertise in 
biosimilar development. 

 

5.2 Potential players in the space and their technologies 

Typically, the biosimilar manufacturing pipeline begins with cloning the mAb 
gene into a high expression vector which is then expressed and produced in a high 
yielding cell line. Post this, the protein is purified by several downstream 
processing methods after which the drug is placed within a specific formulation. 
There has been focus on technological developments along various stages of the 
pipeline (Figure 9). Much of it has been discussed in great detail earlier. This 
section provides an overview of the focus of technologies company-wise (Table 6). 
With the involvement of the big brands, several strategies have been adopted to 
develop biologics/biosimilars including acquiring start-ups, collaborating with 
other companies for a particular technology, licensing a technology in addition to 
in-house development of new technological platforms etc. Companies such as 
Amgen, Merck Co., Celltrion, Kyowa-Hyako-Kirin, Sanofi etc., which are more 
into developing their own technologies or acquiring companies, seem more 
promising in the long term. 

 

 

 

 

  

Figure 9: Depiction of investments of pharmaceuticals 
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 Table 6: Various companies into biosimilar development with  
details of their technology, nature of interaction and stage in the pipeline 

Company/ 
Partnership Technology Stage 

In-house/ 
Acquire/ 

Collaboration/ 
Licensing/ 
Expansion 

Amgen: Abgenix Xenomouse, other 
mAbs Early R&D A 

Sanofi: Regeneron VeloCImmune 
mouse Early R&D L 

Astrazeneca: 
Regeneron 

VeloCImmune 
mouse Early R&D L 

Astellas: Regeneron VeloCImmune 
mouse Early R&D L 

Medarex: Merck 
Serono UltiMab and HuMab Early R&D C 

Medarex: Bristol-
Myers Squibb UltiMab and HuMab Early R&D C 

Medarex: Centocor UltiMab and HuMab Early R&D C 

Kyowa hakko kirin Tc, KM mouse Early R&D I,C 

Vivalis ISAAC-Antigen 
selection Early R&D I 

BI-Crystal bioscience Chicken 
immunization Early R&D C 

AstraZeneca CAT-phage display Early R&D L 

Merck: Abmaxis mAb development Early R&D A 

Lonza ADC Alternate forms I 

Synthon ADC Alternate forms I 

Fujifilm: Piramal ADC Alternate forms C 

Novasep ADC Alternate forms I 

Immunogen: Eli Lily ADC Alternate forms L 

Immunogen: 
Novaritis ADC Alternate forms L 

Immunogen: 
CytomX:Pfizer 

Probody drug 
conjugates Alternate forms C 

BI: Molecular 
partners Darpins Alternate forms A 

Celltrion MarEx Expression 
system I 
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Merck:Glycofi glycoengineered 
yeast 

Microbial cell 
line A 

Lonza XS microbial 
expression 

Microbial cell 
line I 

Fuijifilm Diosynth pAVEway microbial 
expression 

Microbial cell 
line I 

Lonza:Roche GS system Mammalian 
cell line L 

Lonza:MEdImmune GS system Mammalian 
cell line L 

Lonza:Alexion GS system Mammalian 
cell line L 

Lonza GS Xceed Mammalian 
cell line I 

Lonza-BioWa Potelligent Mammalian 
cell line C 

Fuijifilm Diosynth Apollo mammalian 
expression 

Mammalian 
cell line I 

Celltrion F2N Human cell line I 

BI:Barofold PreEMT Manufacture L 

Sartorius 
Stedim:TAP 
Biosystems 

Fermenters Manufacture A 

Fujifilm:Merck 
Mammalian 
manufacturing UK 
plants 

Manufacture E 

Recipharm 
Lyophilisation and 
injectable 
formulations 

Formulation I 

Sanofi:Freeslate Formulation system Formulation A 

Fujifilm:Kyowa 
Hakko Kirin Work on Humira Overall 

development C 

Samsung:Biogen Not disclosed Overall 
development C 

Amgen:Watson Not disclosed Overall 
development C 
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5.3 Current pipeline and future development  

Under the Patient Protection and Affordable Care Act, an abbreviated approval 
pathway has been created for biologic drugs that show high similarity and minimal 
clinical differences to an existing approved biologic innovator drug. Several 
pharmaceuticals, including some big brand pharmaceuticals are a part of this race. 
The present section provides an overview of various biosimilars that are at 
different stages in the pipeline49.  

5.3.1 Infliximab 

Infliximab (Trade name Remicade®) is a chimeric monoclonal antibody against 
tumour necrosis factor alpha, which is used in the treatment of autoimmune 
disorders. This drug initially got approval in the treatment of Crohn’s disease by 
the FDA in 1988. Subsequently, it has been approved in the treatment of 
psoriasis, ankylosing spondylitis, psoriatic arthritis, rheumatoid arthritis 
and ulcerative colitis. Remicade is marketed by Janssen Biotech, Inc. (formerly 
Centocor Biotech, Inc.) in the USA, Mitsubishi Tanabe Pharma in Japan, Xian 
Janssen in China and Schering-Plough (now part of Merck & Co) elsewhere. The 
total sale of this drug was $9.935 billion in 201350. The patent is about to expire in 
2018 in the US and already expired in the EU in 2014. The following companies 
are in various stages of development of the biosimilar drug of Infliximab: 

• Amgen: Biosimilar in active development. 
• BioXpress: Biosimilar in active development. 
• Celltrion: Ramsima™ (formerly CT-P13) authorized for marketing in 

Korea on July 20, 2012 for rheumatoid arthritis, ulcerative colitis, 
Crohn’s disease, ankylosing spondylitis and psoriasis. Applied for 
marketing authorization in EU. 

• Hospira: Biosimilar in active development. 
 

5.3.2 Adalimumab 

Adalimumab (Trade name Humira®) is the first fully human antibody produced 
using the phage display technology used in the treatment of rheumatoid arthritis. It 
was first approved in 2002. Consequently, it received approval in the treatment of 
other disorders such as psoriatic arthritis, ankylosing spondylitis, Crohn's disease, 
ulcerative colitis, moderate to severe chronic psoriasis and juvenile idiopathic 
arthritis. The drug was discovered by a collaboration between BASF Bioresearch 
Corporation (Worcester, Massachusetts, a unit of BASF) and Cambridge Antibody 
Technology. The final development, manufacture and marketing was done by 
Abbott and after the split of Abbott, it is currently owned by AbbVie. The 2013 
sales were worth $11.511 billion50. The patents are about to expire in 2016 and 
2018 in the US and the EU respectively. The following biosimilars are in 
development: 
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• AET BioTech and BioXpress: Biosimilar is being jointly developed, 
where the companies will be equally responsible for development, 
registration and manufacture. The development is based on the 
BioXpress technology. AET BioTech will provide further investment in 
the biosimilar based on committed long-term financing and oversee any 
future commercialization of the product. 

• Amgen: Biosimilar in active development. 
• Boehringer Ingelheim: BI695501 completed Phase I trial in New Zealand 

and studies on the biosimilar’s safety and pharmacokinetics in 
comparison to Humira (Adalimumab) began in October 2012. 

• Fujifilm and Kyowa Hakko Kirin: The two companies announced a 50 – 
50 joint venture. Fujifilm Kyowa Kirin Biologics intends to develop a 
biosimilar version of Adalimumab for rheumatoid arthritis. The venture 
began clinical trials in Europe in the first half of 2013. 

5.3.3 Trastuzumab 

Trastuzumab (Trade name Herceptin®) is a humanized antibody used in the 
treatment of breast cancer. The drug was initially developed by Genentech in 
collaboration with UCLA and gained FDA approval in 1998. Currently, the drug is 
owned and marketed by Roche, after it acquired Genentech.  The drug is also used 
as a basis for study for the treatment of few other cancers that overexpress the 
HER2 receptor. Success has been reported in the treatment of uterine papillary 
serous carcinomas. The 2013 sales of this drug were worth $6.481 billion50. The 
following biosimilars are currently underway: 

• Amgen, Synthon and Watson/Actavis: An agreement for global licensing 
for the clinical development and testing of biosimilars was announced in 
2012. It was followed by the publication of Phase I trial results showing 
bioequivalence between Synthon’s biosimilar and Herceptin which is 
expected to be completed in 2016. 

• BioXpress: Biosimilar in active development. 
• Hanwha Chemical: Biosimilar in development with ongoing Phase I 

trials in the EU since 2013. 
• Hospira: Biosimilar licensed from Celltrion. Phase III trial in Europe is 

ongoing. EMA submission expected during 2014.  
• Pfizer: PF-05280014 completed Phase I in 2012 with planned phase III 

trials. 
• PlantForm: Clinical trials in humans expected to begin in 2014. 

Biosimilar expected to be launched in partnership with a pharmaceutical 
company in 2016. 

• Stada Arzneimitte/Gedeon Richterl: Collaboration on biosimilars for 
trastuzumab.  

• Oncobiologics/Viropro: Collaboration for the development of 
biosimilars. 
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• Biocon/Mylan: Launched in India although controversies exist on 
biosimilarity status. 

• Biocad: Phase III was expected to be completed in end of 2014.  

5.3.4 Rituximab 

Rituximab (Trade names Rituxan, MabThera and Zytux) is a chimeric monoclonal 
antibody used to treat diseases with excessive B cells, overactive B cells or 
dysfunctional B cells which includes many lymphomas, leukemias, transplant 
rejections and autoimmune disorders. It was developed by IDEC Pharmaceuticals. 
Its efficacy is proven in certain autoimmune disorders such as rheumatoid arthritis 
but safety is not established. It is co-marketed by Biogen and Genentech in the US, 
Hoffmann-La-Roche in Canada, Chugai pharmaceuticals in EU, Zenyaku Kogyo 
in Japan and AryoGen in Iran. The 2013 sales were worth $7.410 billion50. There 
are many biosimilars being developed currently including a few discontinued 
efforts as well: 

• Amgen: Biosimilar in active development. 
• BioXpress: Biosimilar in active development. 
• Boehringer Ingelheim: BI695500 in Phase III development in the U.S., 

the EU, Brazil, Guatemala, Russia, Norway, Ukraine, Argentina, Peru 
and New Zealand.  

• Celltrion and Hospira: Conducting Phase I trial in South Korea of CT-
P10 for RA and another Phase I trial for lymphoma. 

• Dr. Reddy’s Laboratory: Reditux® marketed in Bolivia, Chile, India and 
Peru. 

• iBio: Development of plant-based biosimilar. 
• Merck: MK8808 in Phase I development for the EU, with trial in 

Belarus. 
• Pfizer: Phase II trial was launched in 2012, comparing the biosimilar to 

Rituxan/MabThera.  
• Probiomed: Kikuzubam® marketed in Bolivia, Chile, Mexico and Peru. 
• Roche: Expected launch in 2016. 
• Sandoz: GP2013 in Phase I/II trial for rheumatoid arthritis and non-

Hodgkin’s lymphoma and a Phase III trial for advanced follicular 
lymphoma, Phase II trials in Argentina, Austria, Brazil, France, 
Germany, India, Italy, Spain and Turkey. 

• Stada Arzneimittel: Collaboration with Gedeon Richter to develop 
biosimilars. Stada also has nonexclusive rights to sell Richter-produced 
rituximab in Europe and the Commonwealth of Independent States, 
excluding Russia.  

5.3.4.1 Recently discontinued efforts: 
• Teva and Lonza: Initially announced the reason to be awaiting input 

from regulators, which was later denied by Lonza and the collaboration 
was terminated. 
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• Samsung Biologics: Development of biosimilars halted by Samsung and 
Quintiles (joint venture) due to uncertainty over biosimilar regulation in 
the U.S. 

5.3.5 Etanercept 

Etanercept (Trade name Enbrel®) is a fusion protein of a monoclonal antibody and 
TNF receptor. It was initially designed in the University of Texas Southwestern 
Medical Centre and the rights were later sold to Ammunix, which is now part of 
Amgen. It received the FDA approval for treatment of rheumatoid arthritis in 1998 
and later received approval for juvenile rheumatoid arthritis, psoriatic arthritis, 
plaque psoriasis and ankylosing spondylitis. Sales in 2013 were worth $8.897 
billion50. Patents expire in the EU in 2015 and in the U.S. an extension to the 
patent has been given since the drug belongs to two different categories and 
therefore expires in 2019, 2023, 2028 and 2029. The various biosimilars that are 
under development are as follows: 

• Avesthagen: Avent™ in preclinical studies as of 2012. 
• BioXpress Therapeutics: Biosimilar in active development. 
• Cipla: Launched biosimilar in India in 2013, at a price 30% less than the 

innovator product. 
• Hanwha Chemical: Submitted for marketing approval to South Korea’s 

Korea Ministry of Food and Drug Safety, following completion of Phase 
I and Phase III trials and expected to be launched. May partner with 
another pharmaceutical firm to commercialize the drug. 

• LG Life Sciences: LBEC0101 completed Phase I trial in South Korea. 
• Mycenax Biotech: TuNEX in Phase III clinical trials in Japan and South 

Korea. 
• Protalix Biotherapeutics: PRX-106 in preclinical studies. 
• Shanghai CP Goujian Pharmaceutical: Etanar®, marketed in Colombia 

and Yisaipu, marketed in China 

5.3.5.1 Recently discontinued effort: 

Merck & Co. and Hanwha Chemical: The agreement for developing and 
manufacturing was terminated. It is now called HD203, which will be marketed it 
in all countries except South Korea and Turkey. 

 

5.3.6 Bevacizumab 

Bevacizumab (Trade name: Avastin®) is a humanized antibody that targets the 
VEGF-A in the treatment of metastatic colorectal cancer, non-squamous non-small 
cell lung cancer, glioblastoma and metastatic renal carcinoma. VEGF-A is a 
growth factor that enables the growth of blood vessels in these tumours. It received 
FDA approval in 2004 in the treatment of metastatic colon cancer after which it 
has been used for other indications as well. The drug was initially developed by 
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Genentech which after takeover is now marketed by Roche. The 2013 sales of this 
drug were about $6.667 billion50 and the patent is about to expire in 2018 in the EU 
and 2019 in the US. 

 The various biosimilars under development are: 

• Amgen: Biosimilar in development, with a trial launched in 2013. 
This biosimilar is one of four for oncological indications that 
Amgen is developing in collaboration with Actavis. 

• Biocad: Biosimilar in late-stage clinical study. 
• BioXpress Therapeutics: Biosimilar in pipeline. 
• Fujifilm and Kyowa Hakko Kirin: Announced in 2012 to develop a 

biosimilar version of Avastin (Roche / Genentech) for cancer 
indications. 

• Oncobiologics and Viropro: Biosimilar in development from 2013. 
Development by Oncobiologics and manufacture is by Viropro.  

 

5.3.7 Ranibizumab 

Ranibizumab (Trade name: Lucentis) is a humanized monoclonal antibody created 
from the same parent mouse antibody as Bevacizumab. It is an anti-angiogenic 
drug used in the treatment of ‘wet’ type of age-related macular degeneration, 
which is a typical age-related vision loss disease. It was developed by Genentech 
and marketed by Roche and Novartis. It was approved in 2006, and the patent 
expires in 2020. The 2013 sales of this drug were about $4.184 billion. The various 
biosimilars under development are: 

• Pfenex: Biosimilar in clinical trial 1b. 
• Intas: Biosimilar under development. 
• Viropro International: Biosimilar under development. 
• Paras Biopharmaceuticals: Biosimilar under development. 
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Source: phamax 

 

5.4 Drivers and restraints in biosimilar development 

The introduction of mimicking technologies usually brings with it a large number 
of drivers and restraints, the combination of which have a crucial role to play in the 
success of the technology. In case of biologics, the lack of data and clear 
guidelines and complexity of the molecule make the situation far worse.  

5.4.1 Drivers: 

5.4.1.1 Increased use of biologics  

Over the last two decades, there has been a marked increase in the use of biologics 
for treating severe diseases such as cardiovascular diseases and cancer, with almost 
50% market share of total pharmaceuticals catered to by this segment. The major 
advantage of this class is that molecules are at their high specificity and sensitivity 
which therefore leads to reduced side effects.  

5.4.1.2 High cost of innovators  

The average annual cost of innovators is roughly about $16,000, while some cost 
as much as $120,000. These escalating costs are a major driver for their copycat 
counterparts, biosimilars. But, these are synthesized from living systems and 
therefore the reduction in cost would be between 5 - 30%, unlike small molecule 
generics.  

5.4.1.3 Government regulations 

There is increased acceptance of use of biosimilars in certain countries. The US 
shows acceptability in certain states, but there are no clear guidelines to date by the 
FDA for comparability studies of biosimilars and innovator biologics. Therefore, 
the substitution is still debatable. Certain countries in the EU are far more 
accepting in substitution and have clear guidelines to establish biosimilarity. 
France, for example, allows substitution of innovator biologics with biosimilars. 
Figure 10 depicts various countries and the status of their biosimilar guidelines.  

Figure 10: Country wise status of regulatory guidelines 
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5.4.1.4 Limited number of players 

Mimicking an innovator biologic requires high technical competence and 
knowhow of the innovator biologic. With the entry of big brands, this problem is 
likely to be addressed better. Although there are several players, the big companies 
which have the technical potential are a handful. With increasing partnerships 
between companies to complement their technical competence, these players are 
likely to succeed in this endeavour.  

5.4.1.5 Extrapolated across multiple indications  

Although each of the biologics is specifically used in the treatment of certain 
diseases, since their molecular targets are a common feature across other similar 
diseases, their use is broader. Therefore, their biosimilar equivalents are also 
expected to have similar range of efficacy across other diseases. 

  

5.4.1.6 Update in technologies  

The last 20 years have seen technological evolutions from mouse models to more 
human like antibodies, better cell lines that are more apt for production, more 
understanding of human glycosylation pathways that can be replicated in 
microorganisms and that are more production friendly etc. 

 

5.4.2 Restraints: 

5.4.2.1 No data for long term effects 

Clinical trials and efficacy studies are usually done to establish biosimilarity. 
Guidelines currently suggest requirement of pharmacovigilance post marketing. 
Nevertheless, such monitoring over extended periods of time only would be able to 
clearly define the safety of use of biosimilars in place of biologics. Although, they 
are likely to be similar in efficacy, only the presence of such data would drive the 
approval of more biosimilars. 

  

5.4.2.2 Lack of technological knowhow of innovator technologies 

Most of the innovator technologies are proprietary information. Although a 
company-wise technology platform information would be available for certain 
cases, there is very little information on which platform is particular suitable for a 
particular drug type.  The only data that is usually accessible to a biosimilar 
manufacturer is the innovator drug in the open market.  
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5.4.2.3 Safety and immunological issues  

PTMs, as discussed in detail, have a major role in eliciting immune responses. 
Sugars such as galactose and sialic acid particularly have shown to initiate severe 
immune responses and production of antibodies against the drug. This leads to 
increased clearance of the drug. Given the technological constraints, it is near 
impossible to produce an identical drug as the innovator. 

 

5.4.2.4 Legal burdens  

Many legal burdens surround this space including patent infringements and non-
adherence to guidelines. One example of this is in the interpretation of the BPCI 
(Biologics Price Competition and Innovation) act by Amgen and Sandoz over 
patent infringement.  

 

5.4.2.5 Strong foothold of innovators  

Biologics have been in the market for nearly two decades and innovator companies 
have acquired substantial awareness and knowhow in the area. Their strong 
presence with established efficacy and safety are a deterrent to switch to other 
biologics.  

 

5.4.2.6 Reimbursement issues  

The lack of clear guidelines and safety trials is a big concern in the approval of 
reimbursements by various payers. Although the costs of copycat drugs are never 
less than 30%, it is still a high cost in absolute terms for individuals to pay.  

 

5.4.2.7 Stakeholder control of substitutions/interchangeability 

Currently, no clear guidelines are available for interchangeability. Even when 
substitutions are shown to be safe, the actual procedure still requires the physician 
to intervene and it is never at the level of the pharmacies, except in France, which 
marginally accepts such substitutions. 

 

5.4.3 The current situation 

With the increase in the incidence of severe diseases in the current epoch, biologic 
therapies provide a promising solution in the treatment. But, these drugs have high 
innovation costs and therefore are very highly priced, which is an important issue 
that needs to be battled. The Hatch-Waxman Act, on one side encourages the 
competition in the generic market for small molecules, at the same time provides 
incentives for innovators to make new drugs. The BPCIA (Biologics Price 
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Competition and Innovation Act) of 2009 was framed with the same aim for the 
biologics category. With several patents coming to an end in the near future, 
several companies that manufacture innovator products are likely to lose billions in 
sales. For example Genentech is estimated to lose about $10.7billion with the 
expiration of patents for Avastin, Herceptin and Rituxan51. Biosimilars take about 
7 - 8 years of time to get established, with an investment of $100-$250 million52. 
Biosimilars in Europe account for 80% of the global biosimilars market and only 
1% of total biologic sales comprise biosimilars53,54. Therefore, many small 
companies will be discouraged to enter the market and large corporations such as 
Amgen, Sandoz and Hospira bring with them their expertise in R&D, marketing, 
sales and manufacture. Emerging markets would probably be a better target for 
smaller companies to market their biosimilar drugs or partner with larger 
corporations to market their drugs in established markets to handle perception 
issues.  

QALY is a measure of disease burden which accounts for both quality and quantity 
of life earned. Therefore, it also evaluates the value for the money paid to obtain 
the treatment as cost/QALY achieved, which is necessary to determine the cost 
effectiveness for a drug. A big apprehension on the financial side is that many 
biosimilars/biologics may fail this measure. The risks involved in the development 
of biopharmaceuticals are very high with about 95% of drugs in R&D that never 
see the light of markets. Even amongst the approved drugs, only about 1% proves 
to be a financial blockbuster. A major strategy that has evolved to combat this is 
the development of alliances of various kinds including licensing of a product, 
acquisition of start-ups or collaborating with another big corporation that has 
specific expertise. Most companies that make biosimilars have adopted at-least one 
of these strategies, allowing for a healthy competitive environment while 
contributing to technological progressions that are necessary for improved efficacy 
in drugs. 

The environment is highly competitive and various strategies are being adopted to 
increase patient adherence. One way is to cut treatment times. Roche is developing 
a new mode of delivery for MabThera that has reduced treatment time from 2.5 
hours to 5 minutes55. Amgen has also adopted a similar strategy for the second 
generation of its epoetin alpha drug, where the dosage administration has come 
down to weekly once from multiple doses a week. Such methods not only save 
time and efforts to improve comfort, but also reduce costs in overall treatment.  
However, not all such attempts have worked. In an effort to reformulate 
erythropoietin alpha (Eprex®) with bovine serum albumin for stability, increased 
incidence of pure red cell aplasia worldwide led to safety concerns with increased 
stringency from regulators56.  

Perception issues on efficacy and safety is an obstacle in the acceptance of 
biosimilars. Once the drug is approved, establishing interchangeability is an almost 
impossible task, without which physician recommendation to patients already on 
biologics is an issue. Even prior to obtaining approval, clinical studies are 
necessary to show comparability. A big constraint is that not many volunteers 
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would opt for a biosimilar drug whose efficacy or safety is questionable when well 
established innovator drugs are available57.   

Legal and regulatory issues have the most crucial role in shaping the progress of 
this industry. A drug for approval either goes through biologics license application 
(BLA) or abbreviated biologics license application (aBLA). The decision of 
shifting to a new technology is dependent on regulatory bodies deciding on the 
route in which the drug is applied. For example, Genzyme upgraded its 
manufacturing plant, but due to suspected differences in the final product from the 
original molecule, the drug had to go through BLA route in comparison to aBLA 
route58,59. The processes promise exclusivity and patent protection, but come with 
additional requirements for larger sample size of clinical trials and no permissions 
for interchangeability or extrapolation to other indications.  On the other hand, in 
the International Conference of Harmonization, EMA (European medicines 
agency) proposed direct acceptance of an EU approved biosimilar in the US with 
clinical trials I phase alone. This meant reduced barriers of entry for biosimilars 
with greater price discounts and reduced incentives over a period of time for 
innovation in biosimilars.  

An inherent risk in entering the biosimilar space is the possibility of patent 
extensions. For example, Amgen received a patent extension for Enbrel in the US 
till 2028. Therefore, biosimilar companies that have developed biosimilars of 
Enbrel have to wait till 2028 in the US and limit their marketing to the EU from 
2015 onwards. This constantly fluctuating environment deters a company from 
getting its due returns. Protecting trade secrets is another aspect that is currently 
controversial. To decide over patent infringement cases, the BPCIA requires both 
innovator and biosimilar companies to reveal their commercially confidential 
information, which is a boon for competitors. Abbott has filed a citizen petition 
with FDA suggesting that their right to maintain trade secrets is violated60. If this 
petition were to be supported, all biologics that received approval prior to this 
would be exempted, resulting in no biosimilars entering the market until 2022. In a 
similar attempt, AbbVie and InterMune have sued the EMA for releasing their 
clinical trial data which again violates their ‘legal rights’61. Divulging such 
information not only helps competitors in the long term, the incentive to invest in 
innovations also goes down.  

Some companies pull out of biosimilar competition because of legal situations. 
Roche, for example, focused on developing second generation versions of some of 
their biologics, which have shown significant improvements in efficacy and may 
arrive before the biosimilars enter the market57,62. One such example is the 
development of two drugs to replace Herceptin-pertuzumab and ado-
trastuzumabemtansine. A typical dose of pertuzumab (Perjeta) is about $188,000 
for a course as opposed to $70,000 for Herceptin62. Branded biologics utilize 
newer technologies that enable cost cutting in development. Hence, second 
generation is significantly cheaper. An example is Neulasta, which is a second 
generation of Neupogen, priced at $3400 as supposed to $6000 for Neupogen63.  
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In the race to conquer the biologics market, numerous strategies are adopted by 
both branded innovator companies and biosimilar manufacturers. The entire 
landscape has seen several strategies in the quest to survive and the indications 
only point towards the well-established pharmaceuticals continuing to do better in 
this space. 
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6 Conclusion 

The 90s saw a shift in therapeutic molecules from small molecule drugs to 
biologics with several biologics getting patent approvals. But, the issue with early 
biologics was that they were primarily of murine origin and came with 
complications like high immunogenicity and HAMA, which led to the clearing of 
the therapeutic antibody from the blood. Over a period of two decades, the 
technologically challenging issue of humanizing these antibodies was mastered 
with chimeric, humanized and fully human antibodies. This led to the development 
of mouse models and other systems capable of producing fully human antibodies 
such as the phage display libraries. Biologics began to be far more sensitive and 
specific with good ADME properties that led to its wide acceptance in comparison 
to the conventional small molecules.  

With these drugs approaching patent cliffs by about 2020, an attempt to 
manufacture copy versions of these drugs known as biosimilars/follow on 
biologics/subsequent entry biologics came into picture. Due to the large size of the 
protein molecules and their inherent complexity, it is usually impossible to 
replicate an identical copy of a drug, especially by another company, which 
doesn’t have the technological knowhow of the innovator company. Such issues 
have prompted severe regulatory hurdles in the approval of these drugs. Yet, some 
European nations have embraced it relatively better by putting in place clear 
guidelines in the use of these drugs.  Again, these drugs are still seen as promising 
due to cost reduction by nearly 30% which although seems less, is very high in 
absolute costs.  

Quite a few strategies have been adopted by companies in the biologics space to 
address the technical challenges that impede the development of high quality drugs 
capable of treating severe diseases. The innovator companies are coming up with 
second generation biologics also known as biobetters, which show superior 
properties in terms of efficacy. These are not necessarily replicas and therefore will 
not face competition with biosimilars in regulatory approvals. Several big brand 
pharmaceuticals such as Amgen, Merck, Kyowa Hakko Kirin and Samsung are 
entering into biosimilar development due to their technological expertise and 
financial power to sustain in the much capital intensive biologics space.  

A big challenge also is the need for technical advancements that address 
microhetergeneity, high production requirements and innovative formulations. To 
test these technologies at every step, sophisticated analytical tools are needed. 
While some of the areas see heavy activity, others do not. With the big 
pharmaceuticals entering alliances or acquiring academic based start-ups, the risks 
involved in the early stages of R&D is minimized. The race between innovator and 
biosimilar companies is on with both investing their efforts in obtaining better 
technologies that would guarantee them success in developing new biologic drugs. 
In the current state of competition, innovator companies entering the biosimilars 
market have maximum probability of succeeding. It is easy for them to address the 
problem of microheterogenity given that the entire process details is known. 
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Overall, weighing out the drivers and restraints in biologics space, it appears that 
the treatments aren’t cost effective. What is interesting to note is that the basic 
knowledge on disease forms and the concept of targeted therapy is fairly nascent. 
Until late 80s, treatments were restricted to mere cytotoxic drugs and surgery in the 
treatment of severe disease forms such as cancer. Large technological gaps need to 
still be bridged to ensure better quality and scalability in the manufacture of drugs. 
While it seems that there is a large disconnect between the costs and the output of 
drugs that are launched, the alarmingly increasing incidence of cancer would 
probably drive these drugs into mainstream therapies. An interesting analogy can 
be of cell phones, which when first launched in 1973, weighed ~4 pounds with 
very basic functions at exorbitant prices and seen as a luxury commodity. Today 
not only has there been enormous improvements in the technology, but the market 
has percolated to the bottom most in the economic pyramid, with connectivity 
being a basic necessity in the current context. 
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7 Appendix 

7.1 Adjuvants and their properties 

Table 7: List of commonly used adjuvants and their properties 

Sl. 
No Adjuvant Composition Pros Cons 

1 Freund’s 
complete adjuvant 
(FCA) 

Mineral oil, Mannide 
monooleate, heat killed 
and dried Mycobacterial 
cells 

Not readily 
metabolised and 
eliminated. So 
antibody stimulation 
persists longer. High 
titre, high affinity and 
avidity antibodies 
produced 

Delayed type 
hypersensitivity, 
granulomatous 
inflammatory 
response, pain and 
distress 

2 Freund’s 
incomplete 
adjuvant (FIA) 

Mineral oil, Mannide 
monooleate 

Same as FCA Cystic swellings and 
muscle indurations, 
pain and distress 

3 Specol Purified and defined light 
mineral oil 
(Markol 52) with the 
emulsifiers Span 85 and 
Tween 85 

Antibodies 
comparable to 
FCA/FIA 

Side effects 
comparable to FIA 

4 Montamide ISA 
Adjuvant®  

Variety of oils, different 
emulsifiers, and 
immunomodulators 

Antibodies 
comparable to 
FCA/FIA 

Beef origin antibodies 
had contaminations 
with prions and led to 
high immunogenicity 
while the olive origins 
didn’t have this issue 
but antibody titres and 
affinities were poor 

5 TiterMax® and 
TitreMAX Gold® 

Squalene (metabolizable 
oil),  sorbitan 
monooleate 80 
(emulsifier),  CRL8941 or 
CRL8300  
(patented block copolymer 
) and microparticulate 
silica. 

Antibodies 
comparable to 
FCA/FIA 

Not very responsive 
in rabbits, guinea 
pigs. In mice, 
intraperitoneal leads 
to severe lesions 
which is lesser in sub-
cutaneous route 
although antibody 
titres are 
compromised.  

6 RIBI Adjuvant 
System® 

Metabolizable squalene oil 
and 
Tween 80 surfactant in 
which the antigen is 
incorporated 

Augments both 
humoral and cell 
mediated responses 

Animal specific 
immunostimulant 
preparations  
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Source: phamax 

before emulsification in 
water. Added 
immunostimulants ( 
Trehalose 6,6_-
dimycolate,  
Monophosphoryl lipid A,  
Cell wall skeleton of 
mycobacterial species) 

7 Syntex Adjuvant 
Formulation 
(SAF)® 

Threonyl 
muramyl dipeptide (t-
MDP1) in an emulsion 
vehicle consisting 
of 5% squalane, 2.5% 
Pluronic® L121, 0.2% 
polysorbate 
80 (Tween 80), and 
phosphate-buffered saline 

Stimulates cell 
mediated and 
cytotoxic T cell 
immune response, 
more stable, certain 
formulations yield 
superior titres in 
comparison to FCA in 
mice 

Injection site 
erythema, 
tenderness, 
induration, myalgia, 
arthralgia, and 
pyrexia 

8 ISCOM Honeycombs composed of 
an 
antigen, cholesterol, 
phospholipids, and a 
saponin derived 
from the South American 
soap tree 

Work particularly 
well for viral 
infectious agents, 
similar humoral 
response and much 
higher cytotoxic 
response 

Lesions in 
intraperitonial 
response and not very 
suitable for 
experimental 
procedures, 
Complicated 
procedure for 
adjuvant preparation 

9 Gerbu® Immunomodulator N-
acetyl-glucosaminyl-N-
acetylmuramyl-L-alanyl-
Disoglutamine 
(GMDP1) cimetidine as an 
immune enhancer, saponin 
as immunomodulating 
compound poly (adenylic). 
Poly (uridylic) acid 
heteroduplex (poly A:U) 
and theophylline paraffin 
mixture that contains 
dimethyldi 
(stearoylhydroxyethyl)am
monium chloride 
(Esterquat 1). Other 
components include 
mannide monooleate, 
glycerol, L-proline, and 
ciprofloxacin. 

Well tolerated and 
minimal lesions 

Less antibody titres, 
restricted to IgG1class 
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7.3 Methodology 

7.3.1 Secondary research  

In-depth and extensive secondary research was conducted to capture quantitative and qualitative 
information by a team of experienced consultants with advanced analytical skills and expertise in the 
pharmaceutical industry. The data was collected from multiple credible and authentic sources within 
public domain, including but not limited to: 

• Websites of Ministry of Health and its affiliates as well as various regulatory and government 
bodies. 

• Company websites, annual reports, investor presentations and press releases of various 
pharmaceutical companies and hospitals. 

• Reports of various healthcare and pharmaceutical trade associations. 
• Reports published by various internationally recognized bodies such as World Health 

Organization (WHO), United Nations (UN), and others. 
• Reports and articles published by globally accredited institutions such as the World Bank, 

International Monetary Fund (IMF), Asian Development Bank (ADB), the Organization for 
Economic Cooperation and Development (OECD), Central Banks of respective countries and 
many more. 

• News, press releases and bulletins of domestic as well as foreign newspapers and magazines. 
• Publications in various scientific, healthcare and other related journals. 

7.3.2 Data validation  

Both the primary and secondary data was validated by a panel of experts including industry experts, 
KOLs, thought leaders and members of phamax Dendron Network. 

7.4 Disclaimer 

All information contained in this publication has been thoroughly researched and compiled from various 
sources that are believed to be accurate and credible at the time of publishing. However, in view of the 
natural scope for human and/or mechanical error, either at source or during production, phamax accepts 
no liability whatsoever for any loss or damage resulting from errors, inaccuracies or omissions from any 
part of the publication. All information is provided without warranty, and phamax makes no 
representation of warranty of any kind as to the accuracy or completeness of any information hereto 
contained. 

The information contained in this report is strictly confidential and has been provided to the client under a 
non-exclusive and non-transferable license for the client’s direct benefit and use only. The report should 
not be copied, electronically transmitted, sold or divulged to any other party without the prior written 
consent of phamax.  

© 2015 phamax AG. All rights reserved. 
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7.5 Contact us 

All communications pertaining to this report should be addressed to: 

SWITZERLAND OFFICE 

phamax AG 
Passage 6, 
4104 Oberwil (BL), SWITZERLAND 
Phone: +41 61821 5687 
Fax: +41 61821 5836 
E-mail: info@phamax.ch 

 

INDIA OFFICE 

phamax Analytic Resources Pvt. Ltd. 
#19, “KMJ Ascend”, 1st Cross, 17th C Main, 
5th Block, Koramangala,  
Bangalore 560 095, INDIA 
Phone no: +91 80 6745 1100 
Fax no: +91 80 6745 1122 
E-mail: info@phamax.ch 
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