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Abstract: Cancer is a debilitating disease affecting millions of people daily. Over the years, 

cancer treatment has advanced in leaps and bounds. Antibodies are important breakthrough 

therapeutic agents for cancer. These agents, proteins produced by B lymphocytes of the immune 

system in response to antigens, bind to receptors on cell surfaces so that the antigen–antibody 

complexes can be recognized and destroyed by phagocytes. While each B cell synthesizes only 

one kind of antibody, an entire population of different types of B cells and their respective anti-

bodies are produced in response to various antigens to which the organism had been exposed. 

However, to be useful clinically, substantial amounts of a single antibody must be generated 

from a single ancestral B cell. These antibodies produced by a specific population of B cells 

are the monoclonal antibodies that have become the cornerstone of treatment for cancer and 

many immunologic illnesses. The purpose of this report is to provide an overview of the clinical 

development of biosimilars in clinical oncology, focusing on rituximab and like biosimilars.
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Innovations in monoclonal antibody (MAb) 
production
MAbs are laboratory-produced molecules engineered to attach to specific defects in 

cancer cells. MAbs mimic antibodies the body naturally produces. The first MAbs 

were produced from mouse cells.1,2,3 These MAbs were viewed as foreign, and an 

immune response was generated as a result. In the short term, allergic-type reactions 

resulted.4 Moreover, the antibodies’ effectiveness was time-limited until the immune 

system was primed to destroy the MAbs. Over time, researchers developed mouse–

human hybrid MABs – ie, chimeric or humanized antibodies.5 Some MAbs are now 

fully human. Newer approaches involve using fragments of antibodies which may be 

better able to reach a tumor, making them more effective.4 Some MAbs approved by 

the US Food and Drug Administration (FDA) in the past decade for the treatment of 

cancer are shown in Table 1.

Rituximab
Rituximab, a chimeric IgG1 anti-CD20 MAb, is a breakthrough MAb for cancer, 

rheumatoid arthritis, and a wide range of immunologic illnesses.6,7 It has received 

formal FDA regulatory approvals for treatment of non-Hodgkin lymphoma and chronic 

lymphocytic leukemia and, in combination with methotrexate, as second-line therapy 

for adult patients with moderate to severe rheumatoid arthritis.8 Rituximab received 
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its initial FDA approval for marketing in the USA in 1997 

and in the European Union in 1998.9

Biosimilars
The Patient Protection and Affordable Care Act (2010) cre-

ated an abbreviated approval pathway for biological products 

that are considered to be highly similar (biosimilar) to or 

interchangeable with an FDA-licensed biological product.10 

A biosimilar is a biological product that is highly similar to 

an already regulatory approved biological product, notwith-

standing minor differences in clinically inactive components, 

and for which there are no clinically meaningful differences 

between the biosimilar and the approved biological product 

in terms of the safety, purity, and potency.11 Through this new 

approval pathway, biological products are approved based on 

demonstrating that they are biosimilar to, or interchangeable 

with, a previously FDA-approved biological product, also 

termed as a reference product.

The Federal Trade Commission predicts that the avail-

ability of biosimilars will significantly reduce biologics’ 

cost and increase their accessibility.12 The rationale for 

encouraging the development of follow-on biologics is to 

reduce costs by fostering price competition. The availability 

of biosimilars is expected to result in savings of between 

US$9 billion and US$12 billion to the Medicare program in 

the next decade.13,14

Since the mid-1990s, physicochemical and functional 

assays have been used to characterize changes in manufactur-

ing processes for some biologics. Subsequently, animal and 

clinical studies are employed to demonstrate comparability 

of the products as well as evaluate their safety and efficacy. 

Because of several factors, including the larger size and 

higher degree of molecular complexity of biologic products, 

the regulatory model of approving biologics may be compli-

cated. In particular, the potential exists for real differences in 

the active molecules and therefore in the safety and effective-

ness of different versions of the same biologic.

The European Medicines Agency (EMA) published 

general guidelines on biosimilars in 200515 and approved 

its first biosimilar in 2006.16,17 Initial EMA guidance sug-

gested product-specific requirements for structural, animal, 

and clinical studies. Under the draft versions of the 2010 

Biologics Price Competition and Innovation Act, biosimi-

lars will have the opportunity to meet a higher standard of 

similarity to a reference product, allowing pharmacists to 

make substitutions between biologics without physician 

intervention.18 A biologic will be considered interchangeable 

with a reference product if the developer demonstrates that 

it can be expected to produce the same clinical result in any 

given patient and that the risk associated with alternating or 

switching between the two products is not greater than that 

involved in continuing to use the reference product.

Reditux™ – biosimilar rituximab  
in India
Biosimilars are increasingly important products in India.19 In 

terms of sales figures, US$200 million was recorded for sales 

of biosimilars in India in 2008.20 India is a semi-regulated 

pharmaceutical market, and clinical trials required for regula-

tory approval of biosimilars in India only require evidence of 

safety and biologic equivalence.21 At US$6.6 billion world-

wide in 2010 sales, rituximab is the largest revenue-producing 

biologic to enter the world of biosimilar development.22 

Reditux, the world’s first biosimilar MAb for rituximab is 

a special initiative. It is registered as a copy version of the 

patented rituximab (termed MabThera® outside of the United 

States) in India. The anti-CD20 MAb was developed by the 

Indian generic manufacturer, Dr Reddy’s, and is launched 

with a price of approximately 50% less than the originator. 

Both proprietary rituximab (MabThera) and biosimilar 

Table 1 Monoclonal antibodies used to treat cancer

MAb name Trade  
name

Used to treat Approved 
in

Rituximab Rituxan® B-cell non-Hodgkin  
lymphoma

1997

Trastuzumab Herceptin® Breast cancer 1998
Alemtuzumab Campath® Chronic lymphocytic 

leukemia
2001

ibritumomab 
tiuxetan

Zevalin® B-cell non-Hodgkin  
lymphoma

2002

Tositumomab Bexxar® B-cell non-Hodgkin  
lymphoma

2003

Cetuximab Erbitux® Colorectal cancer 
Head and neck  
cancers

2004 
2006

Bevacizumab Avastin® Colorectal cancer 
Non-small cell lung  
cancer 
Breast cancer 
Glioblastoma 
Kidney cancer

2004 
2006 
 
2008 
2009 
2009

Panitumumab vectibix® Colorectal cancer 2006
Ofatumumab Arzerra® Chronic lymphocytic  

leukemia
2009

Table 2 Rituximab and its biosimilars

Country Biosimilar

USA Rituxan® and MabThera®

india Reditux
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rituximab (Reditux) have the same clinical indications in 

India– for lymphoma, chronic lymphocytic leukemia, and 

rheumatoid arthritis. After the launch of Reditux in India, 

the manufacturer sought regulatory approvals in other semi-

regulated countries like Peru.23

There are production differences between MabThera and 

Reditux. The cation exchange chromatography profiles differ. 

The Indian Regulatory agencies have accepted comparability 

studies from Dr Reddy’s laboratory based on circular dichro-

ism studies.24 However, the FDA does not consider circular 

dichroism studies acceptable for demonstrating compara-

bility. Large molecule biosimilars like rituximab are more 

complex than small-molecule drugs. It is for this reason they 

are called biosimilars and not generics. (see Table 2).

Safety of biosimilars – general 
principles
One method of studying the safety of biosimilars is to develop 

a prospective post-approval registry. Developing and maintain-

ing such registries is not easy, particularly if the registry must 

enroll and follow a large cohort. On the plus side, this model 

maintains very complete data on exposures, and possibly out-

comes, but is extremely expensive to establish and maintain, 

and very burdensome for health care providers to use.25,26

Electronic medical records or administrative claims 

data present a more common means to measure exposure 

and outcomes once a product has entered the market. The 

data are routinely collected, and identification of a group of 

individuals who received treatment is possible, allowing for 

comparisons between treated versus untreated patients.26

European Union as a model  
for evaluating biosimilar safety
In 1986, the European Union enacted legislation that created 

a legal basis for approval of generic biologicals that was 

similar to the traditional system used in the United States for 

small-molecule chemical drugs.27 Due to concerns surround-

ing the active ingredient as well as lack of rigorous scientific 

literature relating the innovator product to the biosimilars, 

the legislation was rethought. The European Union reworked 

its system for approval of biosimilars, with basic provisions 

for governing “biosimilars.”28 The new process allowed for 

long-term data follow-up as well as provisions for clinical 

data to make determinations on interchangeability.29 Further, 

this system involves a combination of primary and secondary 

legislation and requirements for a guidance process.30

Additionally, guidance documents needed to be issued 

as a collaborative effort between the scientific community, 

national authorities, expert committees and the industry 

and pre-clinical as well as clinical research became man-

datory. Biosimilars in Europe are not assumed to be fully 

interchangeable. The current approval system therefore 

places heavy emphasis on post-marketing testing as well as 

safety surveillance data. To date, human growth hormone 

and erythropoietin biosimilar products have been approved, 

and interferon-alpha has been rejected in Europe. Patents for 

drugs tend to expire earlier in Europe than in the United States 

making the regulatory processes for biosimilars a priority 

concern nationally. The experience of biopharmaceutical 

companies in Europe who have adopted the revised approval 

guidelines as well as the other countries with guidelines on 

biosimilars approval in place could provide a foundation 

for an effective and efficient approval process that could be 

used nationally.31–33

Approval pathway for Reditux  
in India
Dr Reddy’s was the first to gain approval for a rituximab bio-

similar in Asia, Latin America, and the Middle East. In the case 

of rituximab, within 3 years of launch of Reditux, the number of 

patients receiving this therapy increased more than six-fold in 

India. This widespread use led to patient benefit in this resource-

challenged country where there is a wide income disparity, and 

individuals bore practically the entire burden of the cost of 

therapy. Pharmaceutical monopolies do not ensure affordability 

of drugs even for lifesaving medications in India.

The approval pathway for the rituximab product in India fol-

lowed a single-arm clinical trial that populated a clinical trial data-

base. The objective response rate of the trial was demonstrated 

among 67 patients in India. Comparisons were shown with the 

originator product using literature searches to show similar objec-

tive response rates for the same indication. The relatively low 

sample size was attributed to the price of proprietary Rituxan® 

or MabThera in India. The number of patients in India receiving 

proprietary Rituxan was less than 1000 at the time.

In a country like India, for the regulatory agencies to 

mandate large head-to-head Phase III clinical trials against 

the proprietary brand was not possible, and rituximab was not 

considered the standard of care at the time. However, there 

was an expectation that there would be extensive post-mar-

keting surveillance in which 1000 patients receiving Reditux 

would be evaluated. Given similar ranges of the response 

rate in the single-arm trial, as well the confidence intervals 

between Reditux and rituximab, Dr Reddy’s advocated a 

benefit versus risk consideration for regulatory approval 

versus a head-to-head comparative trial.34
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Reciprocity of the products
The large pharmaceutical manufacturer Hoffman La Roche (the 

manufacturer of proprietary rituximab) supports the develop-

ment of a regulatory framework for biosimilars and suggests 

that the approval process be based on the concept of similarity; 

in comparison with the reference and innovative product with 

a rigorous head-to-head, high quality non-clinical and clinical 

evaluations. Extrapolation of safety and efficacy across indi-

cations should not be supported without adequately powered 

clinical trials, but a similar entrance must meet the firm criteria 

for immunogenicity testing and post-authorization risk manage-

ment including pharmacovigilance. Hoffman La Roche, the 

FDA, and Dr Reddy’s all highlight the concern that safety is the 

most difficult aspect in the evaluation of biosimilars.34–36

At the production level, each biosimilar should be 

uniquely identified. Immunoglobulins are highly complex 

molecules. Any subtle change in any of the clinical param-

eters might prompt a new biologic or a significant variation 

in the biosimilar, and it continues even with the mode of 

action for MAbs. Modes of actions are complex and not at 

all understood for all monoclonals, particularly for rituximab, 

which has activity in a wide range of related and unrelated 

illnesses. Variations in mechanistic pathways for rituximab 

might contribute differently to its efficacy in different disease 

states. Demonstration of clinical similarities is challenging, 

with biomarkers or well established in-vitro potency assays 

being potentially important adjuncts.

For biosimilars, similarity concerning efficacy and 

safety with the reference product must be demonstrated in 

adequately powered clinical trials. Demonstration of clinical 

similarity is not a straightforward task. Noninferiority alone 

is not acceptable as an outcome because safety risks might 

exist and not be recognized. For particular products, differ-

ent safety margins may need to be accepted for different 

indications (lower safety margin for multiple sclerosis and 

higher for lymphoma, for example). The primary objective 

of regulatory approval clinical trials for biosimilars will be 

to demonstrate efficacy and safety similarity to the reference 

product.34

Proof of effectiveness – how high  
will the bar at the FDA be?
In oncology, the FDA evaluates endpoints of survival, and 

in some cases (as in accelerated approval), outcomes that 

are expected to be correlated with survival.33 Progression-

free survival is sometimes an accepted outcome, and in 

other instances it is not accepted.37,38 There is no proposed 

pathway for an accelerated FDA approval of biosimilars 

based on nonvalidated surrogate endpoints such as 

response rate.

Activity endpoints such as biomarkers can often be 

measured faster, cheaper, and with more precision than 

clinical outcomes.39 However, these should not be taken as 

a sole basis for judging similarity of biosimilars. Similarity 

in effects on a biomarker will not always predict similar-

ity in effects on clinical outcome. To establish regulatory 

guidelines it may be more effective to compare the effect 

of biomarkers in identifying or excluding clinical differ-

ences. In immunology, circulating levels of cytokines or 

inflammatory markers are well established biomarkers that 

correlate in some instances with clinical outcomes, but 

not in others.40 For B-cell diseases, a potential biomarker 

is reduction in lymphocyte count; although, this does not 

directly correlate with the clinical benefit of the drug.41 

Therefore demonstration of similar effects on an easier 

measured biomarker should be considered as a minimum 

requirement in establishing similarity of the biomarker with 

the reference product, but further rigorous testing should 

be considered as well.

Extrapolation of safety across 
indications
Concomitant medications, patient immune competence, 

approved dosing and scheduling, and susceptibility of popu-

lations to specific toxicities will affect the in vivo efficacy 

and safety of biosimilars. Also, immunogenicity data in all 

target populations and target diseases will be needed. When 

an innovator drug has safety concerns and a second indication 

where different safety concerns exist, the biosimilar generally 

should be assessed for safety concerns in both settings. For 

rituximab in particular, its various modes of action contribute 

to its clinical benefit in a range of indications and with a 

wide array of concomitant treatments. Hence, extrapolation 

of rituximab biosimilar benefit from one disease to another, 

like rheumatoid arthritis to oncology, involves evaluation of 

different modes of actions, different effective mechanisms, 

and a range of host immune status profiles.

Extrapolation from line of treatment, first-line versus 

relapsed versus refractory, might put patients at risk again 

due to alterations in their host immune system, with immune 

compromise being more common with advanced disease. 

Affected mechanisms such as natural killer cells necessary for 

antibody-dependent complement-mediated cytotoxicity might 

be absent among persons with compromised immune systems.42 

Extrapolation from single agent to treatment to combination 

treatment is also uncertain due to involvement of a wide array 
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of mechanistic pathways as well as drug–drug interactions. It 

might be possible to extrapolate the benefit of concomitant 

treatments one at a time in conjunction with the biosimilar 

under investigation.

Hence, for complex biosimilars, there will always be dif-

ferences in effects in comparison with the reference product.43 

Preclinical toxicity studies are essential, but clinical head-

to-head trials of the biosimilar product versus the reference 

product will be required to address these differences. The 

goal will be to demonstrate similarity in safety and efficacy, 

a result that is difficult to do with small clinical trials. For 

lifesaving biosimilars where other therapeutic options are 

limited, a wide confidence interval may be allowed. Similarity 

needs to be also demonstrated for both safety and efficacy. 

Surrogate endpoints are acceptable only if a clear and clini-

cally validated correlation exists to the desired endpoint.

Regulatory perspective  
for the future
Since 2007, Dr Reddy’s Laboratories Ltd, in India has 

marketed Reditux, for treatment of B-cell non-Hodgkin’s 

lymphoma and, more recently, for treatment of rheumatoid 

arthritis. But Dr Reddy’s is far from the only contender 

in the generic market. Among the new entrants are Teva 

Pharmaceutical Industries limited (Petach Tikva, Israel) and 

Sandoz (Basel, Switzerland), both of whom are involved in 

comparing the pharmacokinetics and pharmacodynamics 

of their biosimilar rituximab products, TL011 and GP2013 

respectively.44,45 Biosimilar versions of other targeted bio-

logical therapies for rheumatic diseases have also begun 

pharmacokinetic and pharmacodynamic testing.46

Concluding thoughts
Under the Patient Protection and Affordable Care Act the  

FDA was given regulatory authority more than a year ago to 

develop a new pathway for biosimilars. In 2012, draft guid-

ances were issued for biosimilar product development.47

Despite trends forecasting a rise in biologic therapies 

losing patent protection (30 biologics with $51 billion annual 

sales) between 2011 and 2015, IMS health predicted an 

increased spending pattern on biosimilars in 2015 exceed-

ing $2 billion.

Given the expected rate of growth and market share, 

biosimilars may well exceed past spending patterns within 

the United States. Added to that the current state-of-the-art 

techniques which allow for mimicking living organisms used 

in biologics, provides new incentives for manufacturers to 

tap into the biosimilars market. Finally, given the cost of the 

innovator products, cost-savings potential associated with 

biosimilars makes them attractive not only to payers but 

patients alike. 

Today, some of the world’s largest conglomerates have 

been focusing on the biosimilar business. Since 2011, 

Samsung has entered the biosimilar market by signing a 

$266 million deal with Quintiles to produce biosimilars 

of drugs like rituximab (Rituxan), adalimumab (Humira), 

etanercept (Enbrel), and infliximab (Remicade). Samsung 

was followed by Merck entering a $721 million deal with 

Hanwha Chemical.48 By 2015, the US market may be 

awash with less expensive biosimilar versions of MAbs. 

However, given the issues with complex manufacturing 

methods and different approval guidelines in various 

countries, attention must be closely paid to the safety of 

these agents.
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