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What follows is a primer on biologics and biosimilars, with a focus on the basic science, regulatory pathways, clinical data and implications, as 

well as legal perspectives. This Biosimilars Primer has been created with the involvement of various CARE Faculties and reflects biosimilar news 

and data, as well as the evolving views/understanding of CARE key opinion leaders.  This Biosimilars Primer is written as of November 2017 and 

is subject to update and refinement based on data and the evolving perspectives of faculty.   

Why is this Primer important? Since many routinely used biologics are now, or are soon going off-patent there are many biosimilars already 

being developed for these older biologics. Biosimilars are relatively new to the Canadian landscape and there is value in understanding what 

they are and considering the impact they will have both clinically and systemically.   

This is a first iteration- The Primer is evolving to reflect news and understanding.
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GLOSSARY OF TERMS

Amino acid: the monomeric units that are used by the cell’s machinery to synthesize 
a protein. There are 20 different naturally occurring amino acids that are used to  
make proteins. 

Biologic/Biopharmaceutical: a protein that is used as a therapeutic agent or drug.

Biosimilar: a biologic that is highly similar to a reference biologic drug. 

Generic: in pertaining to small molecules, a generic is an exact copy of the reference 
molecule.  

Glycosylation: a class of post translational modification whereby sugar molecules are 
appended to a protein after it has been biosynthesized. 

Immunogenicity: the propensity of a biologic to be recognized as foreign by the body’s 
immune system leading to a cascade of events resulting in an immune response.    

Post-translational Modification (PTM): Enzymatic or non-enzymatic alterations to proteins 
after they have been biosynthesized in the cell. 

Protein: a polymeric chain of amino acids. By definition, all biologics are proteins. The FDA 
has defined a protein as being greater than 40 amino acids.

Subsequent Entry Biologic (SEB): in Canada, biosimilars were once referred to as SEBs. 
Recently, the use of the term SEB has been discontinued in favour of the more commonly 
used biosimilar. 

Small Molecule Drug: a pharmaceutically active chemical compound with defined 
composition and molecular structure.

By definition, proteins are biologics.
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The advent of protein based pharmaceuticals or biologics has 
revolutionized patient care and allowed Canadians access to novel 
therapeutics for a range of different medical conditions (Figure 
1). As the number of patients using biologics is ever increasing, 
these protein based therapies are poised to comprise a substantial 
portion of our health care spending. More and more biologics are 
making their way into clinical development pipelines and in less 
than a decade the spending on biologics has increased by over 
200%.1 Given that biologics are inherently complex with stringent 
manufacturing and quality control requirements, drug acquisition 
costs for both private and public payers is substantially higher for 
biologics than their small molecule counterparts. Furthermore, as 
many of the most widely used biologics are reaching their patent 
expiry, this loss of exclusivity coupled with a need for cost-saving 
alternatives has given rise to the development of biosimilars.

Figure 1. Biologics are used to treat an ever-expanding spectrum  
of conditions, with more coming2, 3, 4, 5   

A biosimilar is “a biologic drug that obtains market authorization 
subsequent to a version previously authorized in Canada, and with 
demonstrated similarity to a reference biologic drug. A biosimilar 
relies in part on prior information regarding safety, efficacy and 
effectiveness that is deemed relevant due to the demonstration of 
similarity to the reference biologic drug (RBD) and which influences 
the amount and type of original data required.”6 Biosimilars are 
relatively new to the Canadian landscape, and there is a lot to 
learn about their impact and how to effectively integrate them into  
clinical practice.

INTRODUCTION

BIOLOGICS

Lupus
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Psoriatic 
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Multiple 
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CKD

RA= rheumatoid arthritis; AS= ankylosing spondylitis; IBD= inflammatory bowel 
disease; UC= ulcerative colitis; CKD= chronic kidney disease
For information on approved biologics and their categories- as updated by Health 
Canada visit: https://health-products.canada.ca/dpd-bdpp/index-eng.jsp
For information on biologics under review- as updated by Health Canada visit: 
https://www.canada.ca/en/health-canada/services/drug-health-product-review-
approval/submissions-under-review.html?_ga=2.122006915.924701277.1510587412-
895276569.1508331067
   

APPRECIATING THE DIFFERENCES BETWEEN SMALL 
MOLECULES AND BIOLOGICS

Before the advent of protein therapeutics, drugs comprised almost 
exclusively of small molecule inhibitors that were synthesized by 
chemists. While some drugs could be isolated from natural sources, 
most drug molecules were made via chemical synthesis in vitro and the 
final product could potentially be obtained via different synthetic routes. 
Importantly, irrespective of the synthetic route or protocol used, at the 
end of the synthesis, an exact copy of the desired molecule was obtained 
(i.e. same chemical formula, molecular weight and stereochemistry). In 
this setting, the development goal was to faithfully reproduce identical 
copies of small organic molecules. Consequently, all generic small 
molecules, irrespective of their source, have identical chemical formulas, 
molecular structures and stereochemistry.

Conversely, the synthesis of biologics uses a different process entirely.  
In the production of biologics, a host cell line is modified to carry a 
piece of DNA (called a vector) that encodes the sequence for the 
protein therapeutic.  Some of these host (producer) cell lines used to 
manufacture biologics include bacterial cells (such as Escherichia coli), 
flora cells like algae, duckweed or yeast, insect cells and mammalian cells 
(e.g. murine cells). After host cells’ machinery transcribes the DNA into 
RNA, the ribosome is used as a protein production machine. The piece of 
RNA is used as a template to build a chain of amino acids in the desired 
sequence thus leading to the formation of a biologic. (Figure 2).

Figure 2: Protein synthesis via a ribosome to produce identical copies of 
a folded polypeptide, in this case a monoclonal antibody.

Irrespective of the host organism, the final protein product may be 
subject to numerous post-translational modifications that can alter 
the chemistry of the molecule. These modifications can have several 
important implications from a clinical perspective. 

SCIENTIFIC REVIEW OF BIOLOGICS
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BIOLOGICS AND THEIR INHERENT COMPLEXITY 

Biologics are far more complex than small molecules. In terms of size, what 
is considered a small to a medium size protein, such as erythropoietin 
(30 kDa), or a larger protein, such as a monoclonal antibody (up to 150 
kDa), are both significantly larger than an organic small molecule, such 
as atorvastatin (~0.5 kDa; Figure 3). The mass of biologics increases the 
number of potential sites for chemical modification following translation 
(e.g., glycosylation, oxidation, proteolysis, or acetylation/methylation).  
An increase in complexity and heterogeneity influences the final 
product and makes it more complex, but certainly possible to accurately 
characterize the active pharmaceutical mixture.  Modern assays, with 
greater technological sensitivity and capability, are up to the task  
at hand. 

Figure 3. With increasing molecular weight proteins are inherently more 
complex than small molecule drugs. Post translational modifications 
add a layer of complexity and heterogeneity that is not found in small 
molecules like atorvastatin.

Thus, unlike a small molecule drug which is a pure compound/single 
entity, biologics can be mixtures of molecules. Though based on the same 
protein sequence modifications that occur during cellular biosynthesis 
or during the purification process, storage can influence the chemical 
compositions of the purified bulk biologic drug that is administered to 
the patient. It should be noted that these modifications and complexities 
that are inherent to the production of protein can affect both originator 
and biosimilar molecules alike.

HOW MANUFACTURING PROCESSES  
INFLUENCE BIOLOGICS

There are a number of steps during the manufacturing process that 
can influence the complexity of the final drug product with the precise 
details of the manufacturing process usually being proprietary and 
often undergoing constant improvements to increase yields, reduce 
variability and improve quality. Factors including the choice of DNA 
vector, host organism, the type of bioreactor and media used to grow 
the cells in, the purification process and the handling of the drug 
post production can all affect the heterogeneity of the sample and 
contribute to batch-to-batch variation. The quality control processes 
in place are there to ensure that the variations that can occur during 
manufacturing do not alter the quality, efficacy or safety of the drugs 
within the regulator’s set standards. Still, it is important to understand 
that variations do occur during the production of biologics and that 
small molecule drugs are not subject to the same variations as biologics 
which is why they are inherently less complex. Even though all batches 
of biologics vary, this variability is normal and anticipated, especially for 
glycosylated proteins.

Figure 4. Batches of Rituxan (an anti-CD20 monoclonal antibody) 
sampled over a time span of three years show variations in potency 
with some batches being more potent and some being less potent than 
the internal reference standard.7 
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How might these modifications affect the efficacy of biologic 
pharmaceuticals? The Fc domain which is the tail region of an antibody 
that interacts with cell surface/Fc receptors can be affected by the 
glycosylation by modifying the affinity for the Fc receptors, which 
could directly affect an antibody’s efficacy if it relies on Fc-receptor 
interactions as a mechanism of action. Glycosylation has >50 variants 
for biological products – no exact match is possible for all variants. As 
demonstrated in Figure 4, the potency of different batches of Rituxan 
was seen to differ over the course of three years.8   

There can be anywhere from 5-35 changes in manufacturing processes 
after a biologic has been approved and is on the market, contributing 
to the variation in the biologics over time.9 Similar manufacturing 
changes would be anticipated with new innovator products as well as 
with biosimilars.   Post –approval manufacturing changes of biological 
products have always been governed by the global regulatory agencies 
(ICH Q5E) and manufacturers are required to conduct a comprehensive 
assessment of these changes and its impact on the final quality of 
the Drug Product. All changes are reviewed and pre-approved by the 
regulatory agencies. The post-approval change submission process is 
identical for manufacturers of biosimilars and originator biologics with 
the same commitment to Health Canada

IMMUNOGENICITY WITH BIOLOGICS

Biologics and biosimilars are biotechnology-derived proteins and have 
the potential to be highly immunogenic and hence immunogenicity 
assessment is one of the important considerations for all biological 
products

Irrespective of the rigor and level of sophistication used to characterize 
a biologic, it is still very difficult to predict how the physicochemical 
differences will behave from a biological standpoint. The demonstration 
of immunogenetic differences between a reference molecule and a 
biosimilar should be assessed in vivo. As such, Health Canada requires 
biosimilar manufacturers to demonstrate no clinically meaningful 
differences in immunogenicity between the biosimilar and the reference 
biologic as part of the biosimilar’s clinical development program.  

A patient’s immune response to a biologic can impact both the efficacy 
and the safety of treatment. Indeed, administered biologics are seen 
as foreign bodies and can trigger immune responses in patients. Once 
identified as foreign invaders, the patient’s immune system may evoke 
the development of anti-drug antibodies (ADAs) that can affect the 
efficacy, stability, and safety of a biologic. Immunological reactions are 
varied, and can include the formation of antibodies, allergic reactions 
and administration site conditions, which are inherent to the biological 
nature of these agents and the parenteral route of administration.  If 
antibodies are formed they often have no clinically meaningful effect, 
but in some cases they are directed against the administered biological, 
neutralizing the agent’s effect. In some cases, antibodies are not only 
directed against the administered biological but also against the 
endogenous available protein.

These ADA responses can be broken down into 4 categories: 

1. Patient related 

2. Treatment related (acute vs. chronic) 

3. Dependent on the chemistry and manufacturing of the biologic 

4. Potential epitope content

Neutralizing and non-neutralizing ADAs are both important, as the 
neutralizing ADA will prevent the biologic from binding to the target 
site and result in a diminished clinical response to the biological. The 
non-neutralizing ADA, although allowing the biologics to bind to the 
target site, can affect the biologics’ clearance, half-life, and exposure (ie. 
the PK and PD of the molecule). 

How are assays developed to measure immunogenicity? 

Immunogenicity tests are designed to detect anti drug antibodies 
that could mediate unwanted biological or physiological reactions. 
The immunogenicity assessment is based on a multi-tiered approach 
consisting of Screening, Confirmatory and Neutralizing Assay 
components, used to detect all antibodies that bind to the therapeutic 
protein product. For use in a non-clinical study, the immunogenicity 
assay development is targeted to detect antibodies in the serum of the 
selected animal model. Immunogenicity assays for analysis of human 
serum samples are developed prior to initiation of the clinical study and 
assays are optimized using the disease matrix which is the same as the 
patient population to be selected for the clinical study.

The propensity of therapeutic proteins to aggregate (unlike small 
molecules) during manufacturing, shipping, and storage can affect 
their immunogenicity. Protein aggregation can happen upon freezing, 
during agitation or as a result of impurities in the sample. Protein 
aggregates are prone to detection by the immune system which can 
lead to the complications mentioned above. Ensuring that the product 
is packaged properly to maintain a uniform/mono-dispersed product 
under a variety of environmental stresses should be ensured to prevent 
potential immunogenic complications arising from aggregation.  

CONCLUSION

The impact of immunogenicity could be different for long-term 
chronic diseases such as Crohn’s Disease (where immunogenicity 
occurs with therapy), versus within acute care settings such as cancer 
(where immunogenicity isn’t as prevalent of a topic due to short  
treatment course).

Biologics are highly complex molecules. Their physicochemical 
characterization is not straightforward and requires a variety of methods 
to assess variability, though the technologies to achieve this with 
greater and greater accuracy are advancing.  Much progress has been 
made over the past two decades with respect to the characterization 
of molecules, engineering and manufacturing. Furthermore, the 
techniques used to manufacture biologics and to predict immunogenic 
potential continue to improve. 
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REGULATORY APPROACH AND DIFFERENCE IN  
DATA REQUIREMENT

The evaluation for biosimilars is a step-wise approach, evaluating 
residual uncertainty at each step. It is a case-by-case based approach 
that is tailored to an individual product. 

Figure 5. Originator biologic versus biosimilar regulatory pathway.6,10, 11, 12      

HEALTH CANADA APPROVAL

Health Canada makes it clear that it reviews in great details the data 
behind innovator biologics and biosimilars.6

Health Canada’s position on biosimilars is (at the time of writing) 
accessible at: http://www.hc-sc.gc.ca/dhp-mps/brgtherap/applic-
demande/guides/seb-pbu/biosimilars-biosimilaires-eng.php

REGULATORY PATHWAY OF BIOSIMILARS

 Overall:

• Health Canada’s role is to approve drugs for sale in Canada and 
Health Canada approves all biologic drugs, including biosimilars, 
before they are sold.

• Biosimilars are regulated as new drugs under the Food and Drugs 
Act and the Food and Drug Regulations. Health Canada’s Biologics 
and Genetic Therapies Directorate (BGTD) regulates biosimilars in 
collaboration with the Regulatory Operations and Regions Branch 
(RORB) and the Marketed Health Products Directorate (MHPD). 
Health Canada has developed a robust, science-based regulatory 
framework for biosimilars that reflects many approaches adopted 
by other major drug regulatory agencies. Health Canada’s guidance 
document Information and Submission Requirements for Biosimilar 
Biologic Drugs communicates the regulatory framework for 
biosimilars and is intended to help manufacturers comply with the 
laws and regulations governing the authorization of biosimilars 
in Canada. Health Canada’s rigorous standards for authorization 
mean that patients and health care providers can have the same 
confidence in the quality, safety and efficacy of a biosimilar as any 
other biologic drug.13 

• Biosimilar manufacturers must provide information to Health 
Canada comparing the biosimilar with the reference biologic 
drug. Similarity is demonstrated using a step-wise approach 
beginning with structural and functional studies and continuing 
with human clinical studies. Because the purpose of these studies 
is to demonstrate similarity, the type of data required to support 
biosimilar authorization differs from that required for a stand-alone 
biologic drug. Health Canada evaluates all the information provided 
to confirm that the biosimilar and the reference biologic drug are 
similar and that there are no clinically meaningful differences in 
safety and efficacy between them. Once Health Canada authorizes a 
biosimilar for sale, a Notice of Compliance (NOC) and a unique Drug 
Identification Number (DIN) are issued.13 

Health Canada requires that for qualification as a biosimilar, the 
following criteria are met:

• A suitable RBD exists that: 

• a) was originally authorized for sale based on a complete data 
package; and 

• b) has significant safety and efficacy data accumulated such 
that the demonstration of similarity will bring into relevance a 
substantial body of reliable data;

• The product can be well characterized by a set of modern analytical 
methods; and

• The biosimilar, through extensive characterization and analysis, 
can be judged similar to the reference biologic drug by meeting an 
appropriate set of pre-determined criteria. 

H E A L T H  C A N A D A  R E C O M M E N D S  T H A T  A 

D E C I S I O N  T O  S W I T C H  A  P A T I E N T  B E I N G 

T R E A T E D  W I T H  A  R E F E R E N C E  B I O L O G I C  D R U G 

T O  A  B I O S I M I L A R  S H O U L D  B E  M A D E  B Y  T H E 

T R E A T I N G  P H Y S I C I A N  I N  C O N S U L T A T I O N  W I T H 

T H E  P A T I E N T  A N D  T A K I N G  I N T O  A C C O U N T 

A V A I L A B L E  C L I N I C A L  E V I D E N C E  A N D  A N Y 

P O L I C I E S  O F  T H E  R E L E V A N T  J U R I S D I C T I O N . 6

”

“

Note: Not to scale. Meant for illustrative purposes.
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BIOLOGICS BIOSIMILARS

Regulatory Pathway New Drug Submission (NDS)

Chemistry & 
Manufacturing 
(C&M) Studies

Full package Full package

Extensive comparative 
analytical studies between 
biosimilar and RBD

Non-Clinical Study Full data package 
as per ICH S6(R1)

Reduced and comparative 
to RBD

PK/PD Study Standard PK/PD 
studies

Comparative PK/PD profile 
to RBD

Clinical Efficacy Required for all 
indications

In most cases, comparative 
to RBD for at least one 
indication in a representative 
indication and sensitive 
population

  -Clinical Trial   
    Design

Superiority, 
non-inferiority or 
equivalence trial 
design

Equivalence trial preferred 
over non-inferiority design. 
Adequately sensitive to rule 
out clinically meaningful 
differences within predefined 
comparability margins

  -Study Endpoint Clinical outcomes 
or validated 
surrogates

Sensitive and clinically 
relevant

Efficacy/Safety Establishing 
evidence of 
efficacy and 
safety/Acceptable 
risk and benefit 
profile

No meaningful difference to 
RBD. 
Safety must be assessed in a 
sufficient number of patients 
treated for an acceptable 
period of time

Immunogenicity Acceptable 
immunogenicity 
profile

No meaningful difference 
to RBD

Post Market Risk management plan

The regulatory pathway for both biologics and biosimilars is a New 
Drug Submission (NDS); there is no different pathway for biosimilars. 
The difference in submission data requirement between biologics and 
biosimilars are summarized as follows (as of 11/14/2016):

Table 1. New Drug Submission Data Requirements: Biologics  
Versus Biosimilars

DEMONSTRATION OF SIMILARITY & CLINICAL PROGRAM 

Similarity between a reference biologic and a biosimilar is based on the 
following criteria:

• The quality attributes should be highly similar; any differences 
should have no adverse impact upon safety or efficacy of the 
biosimilar.

• Non-clinical and clinical data previously generated with the 
reference biologic drug are relevant to the biosimilar.

• The degree of similarity at the analytical level will determine the 
scope and the breadth of the required non-clinical and clinical data. 

The purpose of the clinical program is to demonstrate comparative 
safety and efficacy of the biosimilar to the reference biologic drug, and 
show that there are no clinically meaningful differences between the 
biosimilar and the reference biologic drug. 

The clinical program includes:

• Comparative Pharmacokinetic (PK) studies:  
comparative bioavailability 

• Comparative Pharmacodynamic (PD) studies:  
Parameters investigated in PD studies should be clinically relevant. 

• A clinical efficacy trial may not always be necessary, e.g. where there 
is a validated and clinically relevant PD endpoint. In such cases, a 
scientific justification is needed and safety as well as comparative 
immunogenicity data are still required. 

• Safety and Immunogenicity

• Safety data should be collected throughout the complete clinical 
development program for a sufficient length of time and should 
be compared between the biosimilar and the reference product. 
Assessment of immunogenicity is especially important in this 
context due to the potential impact of changes in the production 
process and consequently on clinical safety.

CONCLUSION

The development and regulatory pathway evidently differ, however 
biosimilars have been approved in the Canadian landscape based on the 
totality of evidence including analytical, non-clinical and clinical studies 
demonstrating biosimilarity and based on the demonstration that there 
is no clinically meaningful difference between the reference biologic and 
the approved biosimilar.6 
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Can a biosimilar be used interchangeably with its reference  
biologic drug?

Health Canada’s authorization of a biosimilar is not a declaration of 
equivalence to the reference biologic drug. There are varying definitions 
of interchangeability. In Canada, the term often refers to the ability for 
a patient to be changed from one drug to another equivalent drug 
by a pharmacist, without the intervention of the doctor who wrote 
the prescription. In Canada, the authority to declare two products 
interchangeable rests with each province and territory according to its 
own rules and regulations.

Can a patient already being treated with a reference biologic drug be 
switched to a biosimilar?

Switching generally refers to a one-time change from a reference biologic 
drug to a biosimilar. Health Canada recommends that a decision to 
switch a patient being treated with a reference biologic drug (innovator 
product) to a biosimilar should be made by the treating physician in 
consultation with the patient and taking into account available clinical 
evidence and any policies of the relevant jurisdiction. For questions 
related to changing from one biologic drug to another, patients should 
speak to their doctor.  

What is Non-Medical Switching Between Biologic Drugs? 

A non-medical switch between biologic drugs is illustrated by the 
following example.  A patient is being treated with an innovator 
biologic, is stable, and responding to treatment.  Then the patient is 
switched to a biosimilar, for one of the following reasons: Because the 
common name for the biologic is written on a script (e.g., Infliximab) 
and the pharmacist dispenses the biosimilar.  Because a public or private 
payer has instituted a policy requiring a switch.  Because the patient 
is paying for his/her own treatment, and has requested a switch to a 
cheaper alternative.  Because the pharmacist has the authority to make 
a “therapeutic switch”.  In each case, there is no medical rationale for 
switching between the biologic drugs.

Why can biosimilars be authorized for diseases or medical conditions 
for which no clinical studies have been done?

An indication is the use of a drug to treat a disease or medical condition. 
Many biologic drugs and biosimilars are authorized to treat more than 
one indication. The term extrapolation is often used to refer to the 
authorization of a biosimilar for indications where clinical studies were 
not done. Because a biosimilar is very similar in structure and function 
to a reference biologic drug with well-established safety and efficacy, 
clinical studies do not need to be repeated for each indication. Instead, 
Health Canada may authorize a biosimilar for use in more than one 
indication because of the rigorous demonstration of similarity between 
the biosimilar and the reference biologic drug. In order to authorize a 
biosimilar for use, Health Canada requires, in addition to the information 
noted above, detailed scientific evidence based on knowledge of 
the biosimilar, its reference biologic drug, and the specific diseases 
or medical conditions involved. Patients and physicians can have 
confidence in the use of a biosimilar in each indication authorized by 
Health Canada. 

HEALTH CANADA BIOSIMILARS INFORMATION 13

Why are some biosimilars authorized to treat fewer diseases or medical 
conditions than the reference biologic drug?

An indication is a use of a drug to treat a disease or medical condition. 
A biosimilar may be authorized for all or some of the indications of the 
reference biologic drug.  The indications authorized for a particular 
biosimilar depend on multiple factors, some of these factors include 
the following.  Indications may be patented at different times and 
indications under patent and data protection cannot be authorized.  The 
biosimilar manufacturer chooses which indications they wish to seek for 
the product. Health Canada does not force a manufacturer to apply for 
indications that the manufacturer does not wish to have.  Health Canada 
may decide not to authorize a biosimilar for a certain indication based 
on scientific and benefit/risk-based considerations.

What is immunogenicity and how is it addressed for biosimilars?

The immune system has evolved to recognize foreign proteins in 
the body. Biological drugs are usually injected into the body and the 
immune system often reacts to them. This reaction is referred to as the 
immunogenicity of the product. Sometimes immunogenicity can only 
be detected using sophisticated laboratory tests and has no impact on 
the patient. In other cases, immunogenicity can impact patient safety or 
how well the drug works. For these reasons, studies showing that there 
are no clinically meaningful differences in immunogenicity between the 
biosimilar and reference biologic drug are required for authorization of 
a biosimilar. In addition, a risk management plan is required by Health 
Canada for all biologic drugs, including biosimilars. This plan must 
explain how the manufacturer plans to monitor immunogenicity after 
the biosimilar is authorized.

How is the safety of biosimilars monitored after authorization?

Health Canada monitors the safety of all drugs on the market, including 
biosimilars.

Health Canada:

• Conducts market surveillance

• Monitors adverse reaction reports

• Investigates complaints and problem reports

• Takes action as appropriate

Each manufacturer must do its part for drug safety.  They must set up 
a system to monitor reported side effects, report any new information 
received about serious side effects to Health Canada and notify Health 
Canada about any studies with new safety information.  Additionally, 
manufactures must request authorization for any major changes to 
the manufacturing process, dose regimen or recommended uses of  
the drug.  
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NOR-SWITCH STUDY

The NOR-SWITCH study is an important landmark study.14 It is a 
Norwegian government-funded, randomized, double-blind, parallel 
group, multi-centre trial that compares the efficacy and safety of 
switching from the reference infliximab product (Remicade®) to a 
biosimilar (CT-P13, Inflectra®) vs. continued therapy with the innovator 
biologic. This multi-specialty trial includes approximately 500 patients 
with ulcerative colitis (UC), Crohn’s disease (CD), rheumatoid arthritis, 
spondyloarthritis, psoriatic arthritis, and chronic plaque psoriasis.

The study was a non-inferior study (1:1 randomisation); stratification 
by disease, concomitant medication. It was estimated that the primary 
endpoint would occur in 30% of patients during 52 weeks (e.g. 30% 
would have their disease worsening over the year). 

The margin of non-inferiority was 15%, therefore half of the difference 
(compared to expected worsening) was acceptable. The data were 
published in the Lancet (May 2017) and found that CT-P13 is non-inferior 
to infliximab.

OVERVIEW OF RECENT CLINICAL DATA

STRENGTHS WEAKNESSES

• First randomized trial looking 
at a biosimilar

• Pragmatic study reporting on 
real-life data

• Non-inferiority trial

• Funded by the Norwegian 
government

• Large non-inferiority margin 
(15%) – this could represent a 
clinically meaningful difference

• Relatively small sample size 
across 6 disease categories

• Only investigating a 1 way 
versus multiple switches

STRENGTHS WEAKNESSES

• Randomized controlled trial

• Homogeneous population

• Relatively large study (n=220)

• Clinically relevant endpoint 
(CDAI)

• Unusual primary endpoint in a 
phase 3 trial

• Endpoint of response should 
have been more stringent

• Trial may not be powered 
enough to address the 
switching question

Moving forward, larger-scale, randomized trials need to be developed to 
look at specific disease categories with a smaller non-inferiority margin, 
to determine whether switching from an innovator to a biosimilar is safe. 

CELLTRION CROHN’S DISEASE TRIAL

This is a phase 3 randomized, double-blind, parallel group trial that 
looks at the efficacy and overall safety of CT-P13 (branded as Inflectra® 
in Canada) versus the innovator version of Infliximab (Remicade®), in 
patients with active CD. The total study duration is 54 weeks, and non-
responders are withdrawn at week 14. There is a combination for dose 
escalation up to 10 mg/kg from week 22 if the disease is worsening. 

This is a head-to-head comparison of the biosimilar to the innovator 
followed to 30 weeks. At week 30, there is re-randomization of patients 
on the innovator - they either stay on the innovator or are randomized to 
switch to the biosimilar. Conversely, patients on the biosimilar either stay 
on the biosimilar or are re-randomized to the innovator. 

This section highlights recent biosimilar studies (NOR-SWITCH and Celltrion).  Important questions raised by practicing physicians when it comes to 
biosimilars are: If patients are stable and doing well using an innovator biologic, can they be switched to a biosimilar? What are the implications? Is it 
effective and safe?  Are these considerations different in the acute, chronic or supportive care settings? Should they be?  While there is observational 
data available that suggests the practice of switching being safe and effective, these data have limitations. Robust data is needed. 

This section is not meant to be exhaustive.  It is subject to update with new clinical trial results and data.

I F  P A T I E N T S  A R E  S T A B L E  A N D  D O I N G  W E L L  U S I N G  A N  I N N O V A T O R  B I O L O G I C ,  C A N  T H E Y  B E 

S W I T C H E D  T O  A  B I O S I M I L A R ?  W H A T  A R E  T H E  I M P L I C A T I O N S ?  I S  I T  E F F E C T I V E  A N D  S A F E ?  

”

“
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OTHER RELEVANT CLINICAL TRIALS 

Safety and efficacy of alternating treatment with EP2006, a filgrastim 
biosimilar, and reference filgrastim for prevention of severe neutropenia, 
in pts with breast cancer receiving myelosuppressive chemotherapy.

Krendyukov A. et al. 
Sandoz Inc; Duke University Medical Center

Background: In 2015, filgrastim EP2006 (Zarxio) became the first 
biosimilar approved by the FDA for commercial use in the US. This phase 
III randomized, double-blind registration study was in patients with 
breast cancer receiving (neo)adjuvant myelosuppressive chemotherapy 
(TAC) compares US-licensed filgrastim, Neupogen (reference), with two 
groups who received alternating treatment with reference and biosimilar 
every other treatment cycle.

Methods: A total of 218 patients receiving 5µg/kg/day filgrastim over 
6 chemotherapy cycles were randomized 1:1:1:1 into 4 arms. Two arms 
received only 1 product, biosimilar or reference (unswitched), and 2 arms 
(switched) received alternating treatments every other cycle (biosimilar 
then reference or vice versa over cycles 1-6). Since the switch occurred 
from Cycle 2 onwards, this analysis compared pooled switched groups 
to the unswitched reference group for efficacy during Cycles 2-6. Safety 
was also assessed. Non-inferiority in febrile neutropenia (FN) rates 
between groups for Cycles 2-6 was shown if 95% confidence intervals 
(CIs) were within a pre-defined margin of -15%.

Results: A total of107 patients switched treatment, and 51 patients 
received reference in all cycles. Baseline characteristics were similar 
between groups. Incidence of FN was 3.4% (switched) vs. 0% (reference) 
(95% CI: -9.65; 4.96), which is within the predefined non-inferiority 
margins. Infections occurred in 9.3% (switched) vs. 9.9% (reference). 
Hospitalization due to FN was low with 1 patient in Cycle 6 (switched). 
TEAEs related to filgrastim were reported in 42.1% (switched) vs. 39.2% 
(reference) (all cycles). Musculoskeletal/connective tissue disorders 
related to filgrastim occurred in 35.5% (switched) vs. 39.2% (reference) 
(all cycles), including bone pain (30.8% vs. 33.3%). No anti-drug 
antibodies were identified.

Conclusions: There was no evidence of clinically meaningful differences 
when patients with breast cancer were switched from reference to 
biosimilar filgrastim, or from biosimilar to reference filgrastim. Clinical 
trial information: NCT01519700

CONCLUSION

There are important clinical trials to give specialists more confidence 
in using biosimilars, predominantly in the treatment naïve setting. 
However, more data is needed to determine the clinical safety and 
efficacy of switching a stable patient to a biosimilar. In the field of 
gastroenterology, the concern is that the stress caused by switching 
could provoke an immunogenic reaction, potentially more anti-drug-
antibodies, or potentially impact clinical efficacy. Ultimately, the decision 
to prescribe a biosimilar should be made by a physician and their patient 
and not by payers or government bodies.

U L T I M A T E L Y ,  T H E  D E C I S I O N  T O  P R E S C R I B E  A  B I O S I M I L A R  S H O U L D  B E  M A D E  B Y  A  P H Y S I C I A N 

A N D  T H E I R  P A T I E N T  A N D  N O T  B Y  P A Y E R S  O R  G O V E R N M E N T  B O D I E S .

”

“
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PHARMACOVIGILANCE 

Biosimilars will need pharmacovigilance to ensure there is long-term 
safety and efficacy data.  At the time of this document’s creation, there 
is no standardized procedure or healthcare group (e.g. physicians, 
pharmacists, allied health etc.)  for monitoring, reporting and managing 
biosimilar related AEs in Canada.  Managing and reporting AEs as 
well as general pharmacovigilance are important considerations.  
Healthcare professionals like pharmacists will play an instrumental 
role in pharmacovigilance, as well as in the development of a standard 
biosimilar monitoring/management procedures.    

NAMING 

Health Canada has not made a decision on the most appropriate 
naming convention for biosimilars and biologic drugs but the naming 
convention may affect acceptance for health care professionals. A report 
showed that pharmacists preferred a biosimilar naming convention 
that included the non-proprietary name with a designated suffix.16 This 
report suggests the type of naming convention affected the confidence 
of pharmacists in substituting biosimilars for the reference biologic. The 
report also suggests pharmacists’ willingness to recommend switching 
to a biosimilar or dispensing an interchangeable biologic is influenced by 
the naming convention. The naming convention will also have an impact 
on safety surveillance and post-marketing traceability, which will be 
critical for reporting and analyzing adverse drug reactions. 

INTERCHANGEABILITY

Interchangeability has many definitions but in Canada it refers to the 
ability for a patient to be changed from one drug to another equivalent 
drug by a pharmacist, without the intervention of the doctor who wrote 
the prescription. In Canada, the determination of interchangeability 
between biosimilars and biologics will be made by the province and 
territory. If a province or territory determines the biosimilar to be 
interchangeable, pharmacists will then have to know which products 
can be directly substituted and those that would require prescriber 
consultation. Communication with the health care team will be 
important, as prescribers will want accurate documentation of which 
biosimilar their patient is receiving.

CLINICAL IMPLICATIONS

• Reluctance to use a biosimilar just like there could be a reluctance 
to use a new therapy.

• The considered use of biologics may differ among specialty and 
treatment goals – supportive care versus chronic versus  
acute settings.

• Should they be viewed differently?

• There are different specialties using drugs with different intents, 
and this may be influencing adoption of biosimilars.

• Complexity - payers both private and public need to consider/
approve which biologic to cover.

• Payers in Canada (public and private) are investigating mandating 
use of biosimilar over reference biologics, in response to  
budget pressures.

• Payers may be taking greater control over prescribing and 
dispensing decisions.

• Canadian physicians will want to be aware of the downstream 
consequences of payers taking greater involvement in  
prescribing decisions.

• Does the treating physician face legal liability for prescribing 
decisions, despite policies instituted by the payer?

SYSTEMIC IMPLICATIONS 

Biosimilars contribute to the sustainability of the health care system via 
reduced cost, increased competition, and improved drug accessibility.

ECONOMIC CONSIDERATIONS 

Biologics account for less than 1% of all prescriptions dispensed in the 
United States, biologics nonetheless make up 28% of prescription-drug 
spending, and their numbers are projected to increase more than 20% 
per year.15 A similar trend has been observed in Canada with spending 
on biologics increasing by 200% from 2007 to 2015.1  The introduction 
of biosimilars offer the potential for price competition that help to make 
these medications more affordable. Their introduction to the market 
though must be done responsibly.

Figure 7. Spending on biologics in Canada, 2007 to 2015 ($ billions).1

IMPLICATIONS/DISCUSSION WITHIN THE CANADIAN HEALTH CARE SYSTEM

B I O S I M I L A R S  A R E  S AV I N G  M O N E Y,  B U T 

T H E S E  D R U G S  A R E  S T I L L  E X P E N S I V E
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