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MEETING SUMMARY

Professor Pier Luigi Zinzani

Biologicals have revolutionised modern medicine 
by offering vital therapeutic options to treat or 
prevent complex, disabling, and life-threatening 
diseases. Between 2013 and 2018, seven of the top 
ten pharmaceuticals worldwide will be biologicals; 
however, growing demand, combined with 
historically-limited competition, will continue to 
strain healthcare budgets and limit patient access 
to these treatments. Since 2006, when the first 
biosimilar Omnitrope® was approved in Europe, 
18 other biosimilars, including the first biosimilar 

monoclonal antibody (mAb), infliximab (approved 
in 2013), have received marketing authorisation  
with many others currently in development.  
There is now extensive clinical experience with 
biosimilar epoetin (EPO) and filgrastim in patients 
with cancer, and many studies have reported 
comparable efficacy with the originator products,  
no unexpected safety concerns, and significant 
economic savings. Nevertheless, misconceptions 
concerning biosimilars remain. This educational 
session discussed these issues and gave an overview 
of biosimilar use in hematology.

Dr Joerg Windisch highlighted the particular 
challenges and considerations associated with 
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the development of biosimilars while Prof Steffen 
Thirstrup covered the approval of biosimilars from 
the regulatory perspective. Dr Wojciech Jurczak  
gave a presentation on the development of 
biosimilars in hematology, with a particular focus 
on rituximab from a clinical perspective. Dr Paul 
Cornes concluded with the opportunities that the 
introduction of biosimilars offer in terms of health 
economics and improved patient access to care.  

 

Target-Directed Development  
for Biosimilars

Doctor Joerg Windisch
 
Biologicals are useful in a wide variety of difficult-
to-treat diseases and provide the opportunity  
to target disease pathways in a highly specific 
and systematic manner. The average marketed  
biological is around 20-times more expensive than 
a small molecule drug, and for this reason almost  
one-quarter of 46 European countries do not  
provide access to biologicals for the treatment of 
rheumatoid arthritis.1 Cancer patients in the USA 
are twice as likely as the general population to  
go bankrupt a year after their diagnosis2 and costs 
are considered an important barrier for biological 
use in psoriasis by 19–24% of European and  
Canadian dermatologists.3

The costliness of biologicals stems partly from their 
complexity, since biologicals have a 20-800-times 
higher molecular weight than small molecules they 
cannot be readily synthesised and are therefore 
expressed in bacteria or in the case of complex 
glycoproteins, such as mAbs, in mammalian cell 
lines. Once the relevant gene is inserted into 
the cell line, cells are grown in large bioreactors.  
The biological is isolated, purified to a typical level  
of at least 99.99%, before being formulated with 
stabilisers and filled into the final dosage form. 
Currently there are >40 methods, based around 
chromatography and mass spectrometry that 
can provide a quality profile on a mAb with >100 
attributes, such as glycosylation, glycation, and  
higher order structure.4 Some therapeutic mAbs 
function by simply blocking their target, but  
most also act via ‘effector functions’ to activate  
the immune system or trigger programmed cell 
death. These functions can be tested, alone or  
in combination, using a number of sensitive  
biological assays.5-7

Variability in glycosylation is a normal feature of 
naturally occurring glycoproteins, and recombinant 
glycoproteins are no different. Individual batches 
of proteins contain a mixture of differentially 
glycosylated sites that have slightly different  
levels of biological activity,8 which can occur due 
to variability in the manufacturing process. These 
differences in attributes are often greater than  
batch-to-batch variability; they are stringently 
controlled by regulators and are approved only  
if they do not lead to clinically meaningful 
differences.9,10 Biosimilars are approved biologicals 
with comparable safety, quality, and efficacy to 
a reference product with no clinically meaningful 
differences.  A non-comparable or alternative 
biological is not a biosimilar and will not be  
approved for use in highly regulated markets.11,12

Once an effective biological enters the market the 
development of a biosimilar starts by assessing 
the quality of this ‘reference product’ and defining 
the target for technical development, which will 
stem from variability of the reference product. The 
structure, function, biological activity, and final 
dosage form must match that of the originator. The 
biosimilar must have comparable pharmacokinetics 
(PK) and pharmacodynamics (PD), and efficacy 
and safety must be confirmed via tailored Phase 
III studies. Examples of comparable glycosylation, 
higher order structure, and biological activity of 
biosimilar rituximab have been reported.13

Ultimately, a biosimilar must match its originator in 
terms of primary structure (amino acid sequence), 
post-translational modifications (particularly 
glycosylation pattern), higher order structure, 
biological activity, and purity level, although here 
a biosimilar can surpass the original biological 
(Figure 1).4 Following preclinical toxicology 
studies, biosimilarity is then confirmed in the clinic 
in studies designed to detect subtle differences 
between the biosimilar and the original product, 
which is the essence of biosimilar development. 
PK and PD studies are crucial and can require 
recruitment of up to 300 individuals or patients 
to provide the power and sensitivity to detect 
these subtle differences. Tailored Phase III studies 
demonstrate biosimilarity using an equivalence-
based design.14 It is not a requirement to use the  
same primary efficacy endpoints as the reference 
product, but rather to choose those endpoints  
which are most sensitive in detecting potential 
differences.15 Immunogenicity should be investigated 
in a comparable manner to the original product 
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and, as with product purity, this can potentially  
be improved upon without invalidating the claim  
of biosimilarity.

Extrapolation of indications can arise due to the 
biological having different uses and indications 
in different patient populations. However, if a  
biosimilar has been tested for one indication, 
regulatory authorities do not automatically grant 
approval for the use of others without separate 
justification. Justification for extrapolation includes 
mechanism of action, patient related factors, the 
relationship between the structure and the target, 
and PK and PD in different populations.14,16,17 Crucially, 
the justification is not based on comparisons 
between one indication and another; it is always 
between the reference product, for which safety 
and efficacy has been established in each 
indication, and the biosimilar. When extrapolating, 
one must select a sensitive indication in a patient 

population that is fully immunocompetent and  
also exhibits a sufficient effect size to ensure  
potential differences are detected.15,18,19 When 
developing a novel biological, the majority of 
key data come from clinical studies and the  
information from analytical studies is relatively 
unimportant. Conversely, biosimilar development 
relies heavily on analytical studies, which provide 
the necessary high sensitivity, with clinical studies 
providing confirmation. 

In conclusion, current analytical methods allow a 
deep understanding of biologicals that facilitate 
the development of safe and effective biosimilars 
of highly complex molecules. Biosimilars must  
meet the same quality standards as the original 
products and must be approved by the EMA/FDA 
with extrapolation of indication building upon the 
entire similarity paradigm.

Figure 1: Analytical and biological tools used to characterise biopharmaceuticals and assess biosimilarity.
ADCC: antibody-dependent cell-mediated cytotoxicity; AEX: anion exchange; AUC: analytical 
ultracentrifugation; CD: circular dichroism; CDC: complement dependent cytotoxicity; CEX: cation exchange; 
cIEF: capillary isoelectric focusing; FFF: field flow fractionation; FT-IR: fourier transform-infrared; HPAEC-
PAD: high performance anion exchange chromatography-pulsed amperometric detection; LC: liquid 
chromatography; LC-MS: liquid chromatography-mass spectrometry; MALDI-TOF: matrix-assisted laser 
desorption ionisation-time of flight; MVDA: multivariate data analysis; NMR: nuclear magnetic resonance;  
NP-HPLC-(MS): normal phase-high performance liquid chromatography-(mass spectrometry); RP-HPLC: 
reverse phase-high performance liquid chromatography; SEC: size-exclusion chromatography.
Modified from Berkowitz et al.4

Primary structure e.g.:
•	LC-MS Intact mass
•	LC-MS subunits
•	Peptide mapping

Impurities e.g.:
•	CEX, clEF acidic/basic variants
•	LC glycation
•	Peptide mapping deamidation
•	oxidation, mutation, glycation
•	SEC/FFF/AUC aggregation

Biological activity e.g.:
•	Binding assay
•	ADCC assay
•	CDC assay Combination of attributes e.g.:

•	MVDA, mathematical algorithms

Post translat. modif e.g.:
•	NP-HPLC-(MS) N-glycans
•	AEX N-glycans
•	MALDI-TOF N-glycans
•	HPAEC-PAD N-glycans
•	MALDI-TOF O-glycans
•	HPAEC-PAD slaiic acids
•	RP-HPLC slaiic acids

Higher order structure e.g.:
•	NMR
•	CD spectroscopy
•	FT-IR

Integration of data from multiple analytical and biological 
tests provides complete understanding

>100 attributes, understanding goes beyond sum of individual data
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Regulatory Perspectives on the 
Approval of Biosimilars

Professor Steffen Thirstrup

An application to market the first biosimilar, a 
‘generic’ version of a growth hormone in Europe, 
was made in 2001. The application was, however, 
rejected by the European Commission despite 
positive opinion from EMA’s Committee for  
Medicinal Products for Human Use (CHMP), since 
there was no biosimilar legislation at this time.  
In the aftermath, the European legislators modified 
the definition of generic drugs to account for 
biosimilars, leading to the adoption of new 
directives in 2005. In 2006 the first biosimilar was 
finally approved. As each new class of biosimilar has 

emerged the regulators have developed product 
or therapeutic-specific guidelines, most recently 
the mAb guidelines in 2012; many of these early 
guidelines are currently under revision.20 Similar 
biosimilar guidelines are now in place globally.20  
The FDA regulations recognise two distinct types: 

1) Biosimilars: considered to be a new active 
ingredient, are not interchangeable, and have no 
market exclusivity.

2) Interchangeable biosimilars: deemed to have  
the same active ingredient but are interchangeable 
and have 1-year market exclusivity.

As discussed above, biosimilar development is 
not about efficacy and safety per se of the active 
substance, but to demonstrate biosimilarity. 

Table 1: Proposal for a more precise terminology.

Modified  from Weise M et al.21

Terms Definition Implications

Biosimilar* Copy version of an already authorised 
biological medicinal product 
with demonstrated similarity in 
physicochemical characteristics, 
efficacy, and safety, based on a 
comprehensive comparability exercise.

Only very small differences between 
biosimilar and reference with 
reassurance that these are of no 
clinical relevance.
Extrapolation of clinical indications 
acceptable if scientifically justified.

Me-too biological/biologic

Noninnovator biological/biologic

Biological medicinal product 
developed on its own and not directly 
compared and analysed against a 
licensed reference biological. May 
or may not have been compared 
clinically.

Unknown whether and which 
physiochemical differences exist 
compared to other biologicals of the 
same product class.

Clinical comparison alone usually not 
sensitive enough to pick up difference 
of potential relevance. Therefore, 
extrapolation of clinical indications 
problematic.

Second-generation 
(next-generation) biological/
biologic

Biobetter

Biological that has been structurally 
and/or functionally altered to achieve 
an improved or different clinical 
preformance.

Usually stand-alone developments 
with a full development program.

Clear (and intended) differences in 
the structure of the active substance, 
and most probably different clinical 
behaviour due to, for example, 
different potency or immunogenicity.

From a regulatory perspective, a 
claim for “better” would have to be 
substantiated by data showing a 
clinically relevant advantage over a 
first- or previous-generation product.

*Comparable terms defined by the same/similar scientific principles include the WHO’s “similar biotherapeutic 
products” and Health Canada’s (Toronto) “subsequent entry biologicals.”
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All biologicals will regularly undergo manufacturing 
changes that are subject to certain guidelines,  
which do not differ substantially from those  
that govern biosimilar development. For instance, 
Remicade®’s manufacturing process has changed 
37 times since the product was first approved in  
the European Union (EU).8 A biosimilar product 
will have to meet all the requirements of the 
manufacturing process in addition to the regulations 
governing biosimilarity.

The first wave of biosimilars consisted of EPO-alfa, 
growth hormone, and filgrastim, small biologicals 
that can be regarded as having tested the maturity  
of the emerging regulations. More biosimilars 
are now on the market but some have since been 
withdrawn and others have failed to meet the 
regulatory requirements.

There are currently contentious issues surrounding 
the terminology of biosimilars and the nature of  
the regulatory review process in Europe. There are  
a number of definitions and a number of related  
terms such as ‘me-too biological’, ‘follow-on 
biological’, and ‘biobetter’ (Table 1), which all  
describe products that may not be regarded as 
biosimilars according to European standards.21 
Inappropriate use of the term ‘biosimilar’ has 
contributed to misconceptions about the regulatory 
requirements and the efficacy and safety of such 
products. Use of the term ‘biosimilar’ should only  
be done in relation to products approved in 
accordance with EU or equivalent regulatory 
standards. Studies have shown that the review 
time for a biosimilar is neither abridged or 
accelerated,8 nor is the process more lenient.22 
Another unresolved issue in Europe, unlike in the 
USA, is that of interchangeability. In Europe, there 
are currently no requests for ‘switching’ studies,  
and practices governing interchangeability are 
decided on a national basis and, where applicable, 
left to the discretion of the prescribing doctor. 
In addition, a biosimilar will not automatically be 
granted a licence for all indications of the reference 
product, whereas it may be possible for biosimilars 
to be developed for new indications beyond those 
approved for the originator.

For >10 years Europe has led the way in quality, 
science-driven regulation, and manufacturing of 
biosimilars. Similar regulatory principles govern 
manufacturing changes and biosimilars. Biosimilars 
can drive innovation by competing with the 
established biological industry.	

Developing Biosimilars in Hematology:  
a Clinical Perspective

Doctor Wojciech Jurczak

The development of biosimilars will reduce the 
mounting costs of developing new treatments 
and pass savings on to healthcare providers and 
ultimately to patients. As discussed above, the 
‘art’ of biosimilar development is to demonstrate,  
within current technical and scientific limitations 
and taking into account the inherent variability 
of biologicals, that all relevant functional and  
structural aspects are as close to the reference 
product as possible.8,18 Biosimilars, unlike ‘copy 
biologicals,’ have similar biological activities, 
enabling physicians to treat patients confidently,12 
and the focus below will be on growth factors,23,24 
rituximab, and EPO.11

Phase I studies demonstrated the biosimilarity of 
Zarzio® and Neupogen® in terms of PD and PK profiles, 
over doses ranging from 1-10 μg/kg, following both 
subcutaneous and intravenous administration. 
A Phase III clinical trial further confirms the 
efficacy and safety of filgrastim biosimilar  
Zarzio® in neutropaenic breast cancer patients.23-25 

Furthermore, safety data for Zarzio® were consistent 
with the well-known safety profile of the granulocyte 
colony stimulating factor (G-CSF) class and the 
21% incidence of musculoskeletal pain (8.8% bone 
pain) is comparable to incidences reported with 
Neupogen®.24 Local tolerability was good and none 
of the patients developed anti-G-CSF antibodies.24 

As a result, the latest European Organisation for 
Research and Treatment of Cancer (EORTC) G-CSF 
guidelines recognise the use of biosimilar G-CSFs  
in Europe.26

Following the introduction of filgrastim biosimilars 
in 2008, the use of growth factors as primary 
prophylaxis has increased by 25%, despite the 
introduction of newer, more sophisticated drugs.27 
As biosimilars are made available and their usage 
increases, costs fall, thereby increasing access to 
therapy for more patients.7 Manufacturers currently 
produce 13 EPO and G-CSF biosimilars, registered 
in Europe. They have achieved a market share of 
>50% in some countries such as the UK, but other 
countries, for example Italy and Spain, have been 
slower in adopting biosimilars.28

The patents for EPO and filgrastim have already 
expired in the USA, and those for pegfilgrastim  
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will expire soon in both the EU and USA.29  
Rituximab’s EU patent has expired and its US 
patent will expire soon,29 making it a prime target 
for biosimilar development, especially when one 
considers its efficacy.30-32

Rituximab was first approved for relapsed or 
refractory, low grade, CD20-positive B cell, non-
Hodgkin’s lymphoma (NHL) in 1997 before being 
approved as a frontline treatment for these patients 
in 2004 in the EU and in 2006 in the USA. In 2010 
in the EU and 2011 in the USA, rituximab was 
approved as a frontline maintenance therapy for 
follicular lymphoma (FL). Sandoz began clinical 
trials for its biosimilar rituximab, GP2013, in 2011. 
GP2013 is intended for treatment in all indications 
currently approved for rituximab and, as of 2014, 
three clinical trials are in progress. Other companies  
are developing rituximab biosimilars, as shown  
in Table 2. 

The aim of biosimilar development is not to establish 
patient benefit per se but to demonstrate high 
similarity to the reference product convincingly. 
This has been achieved in the case of GP2013, 
which is pharmacologically similar to the 
originator rituximab,33 and shows high similarity in 
physicochemical and functional characteristics.13 
GP2013 is currently in Phase II trials in rheumatoid 
arthritis (ASSIST-RA)34 and Phase III  trials in FL 
(ASSIST-FL).35  ASSIST-FL is running in >120 sites 
across 22 countries, comparing GP213-CVP against 
R-CVP in 618 previously untreated adult patients 
with advanced stage (Grade 1, 2, or 3a) CD20-
postitive FL.

In the 6 years since their introduction in the 
EU, biosimilar use is increasing and establishing 
confidence with respect to safety and efficacy. 
Rituximab has changed the treatment of NHL 
but access remains an issue for many patients.  
Biosimilar rituximab candidates are now 
being developed to meet stringent regulatory  
requirements for quality and safety. GP2013 is 
currently being tested against originator rituximab 
in a sensitive population of FL patients receiving 
CVP (cyclophosphamide, vincristine, prednisone) 
chemotherapy. Biosimilars can be considered 
the ‘generics’ of the 21st century, allowing the  
reallocation of resources for ‘biobetter’ drugs. 
Nevertheless, the introduction of biosimilars is 
highly dependent on their acceptance by physicians, 
patients, and especially key opinion leaders.

Introducing Biosimilars to Expand 
Patient Access to Care

Doctor Paul Cornes

Cancer is now the world’s biggest killer and has the 
most devastating economic impact of any cause 
of death in the world. It is responsible for 16.7% of 
all ‘healthy’ years lost in the EU, and ~83 million 
years lost worldwide.36 The total economic impact 
of premature death and disability from cancer 
worldwide was $895 billion in 2008.36 

The good news is that basic cancer science is 
delivering one medical paper a minute to the 
PubMed US National Library of Medicine,37 and from 
this come innovations and advances in cancer care. 

Table 2: Selected rituximab biosimilars in clinical development.

Modified from ‘Biosimilars: 11 Drugs to Watch.’72 

Company Drug Immunology Oncology Status

Amgen ABP- X Announced

Boehringer Ingelheim BI1695500 X X Ph III active

Celltrion & Hospira CT-P10 X X Ph I/III active

Merck MK-8808 X X ACTIVE; NOT RECRUITING

Pfizer PF-05280586 X X Ph I/II active

Samsung SAIT101 PROGRAM HALTED

Sandoz GP2013 X X Ph I/II/III active

Teva TL011 PROGRAM ABANDONED
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Moreover, deaths from cancer in the G7 countries 
are falling.38 Impressively, in the last three decades 
the median survival of cancer patients has increased 
from 1 to 10 years39 due to innovations in drug 
development that will see almost 70 new drugs 
on the market by 2020.40 Targeted therapies have 
already delivered on their promise, showing striking 
advances in otherwise hard-to-treat cancers. They 
have tripled survival rates in acute promyelocytic 
and chronic myeloid leukaemia, as well as medullary 
thyroid cancer.41 

However, the costs of cancer treatments are 
increasing42-44 and there are two main drivers behind 
this. Firstly, the rates of cancer are predicted to 
increase as the population ages,45-47 and secondly, 
the innovations in cancer treatment come at an 
increasing cost, with cancer drug prices rising  
five-times faster than other classes of medicine.42  
Of the 12 cancer drugs approved by the FDA in 
2012, 11 were priced above $100,000 per year.48 This 
inflation puts enormous strain on health services 
worldwide,49 which provides the incentive for the 
adoption of ‘Value-Based Medicine’ in oncology. 
While the budget to treat increasing numbers of 
patients rises annually, there is no evidence that  
more spending will consistently improve health;50 
instead, this investment needs to be directed to 
where it can be most beneficial.

One example of lost resource is from doctors 
prescribing branded drugs when a generic  
equivalent is just as good.51 Generic drug promotion 
in the USA is estimated to have saved $1 trillion 
between 2002 and 2011,52 but the uptake of  
generic drugs within Europe varies considerably, 
with some countries missing out on this benefit.53 

The use of generic drugs may bring treatments 
into reimbursement that would otherwise be 
unaffordable, increasing access.54 Biosimilars 
offer the same possibilities; for instance, many  
oncologists in the USA, Brazil, Mexico, and Russia 
would offer more trastuzumab to breast cancer 
patients if a lower cost biosimilar was available.55 
Skane University Hospital in Sweden made an  
annual saving of €650,000 by switching to 
biosimilar human growth hormone (rhGH) with 
no loss of efficacy or increase in adverse drug  
reactions, providing evidence that cost savings 
from biosimilars are real and increase access to 
treatment.56 University College London Hospital’s 
NHS Trust, UK, made annual savings in excess  
of €240,000 by switching patients from originator 
rhGH to biosimilar rhGH.57 G-CSF access has 

improved in the UK since the introduction of 
biosimilar G-CSF; use has now surpassed that of  
the originator58,59 and standards of care have 
improved.49  Net savings of €2 million (representing 
4–5% of the total drug budget) followed the switch 
to biosimilar G-CSF in southern Sweden, despite a 
5-fold increase in daily G-CSF usage.58

Throughout the EU, G-CSF biosimilar use compared 
with the originator averages 71%, but the use in 
many countries remains much lower.49 Value Based 
Medicine is not directed simply at cutting costs,  
but at improving care. Poorly targeted budget 
cuts may cost more than they save. There is 
evidence from Germany to suggest that originator  
filgrastim is frequently under-dosed in an effort to 
cut costs;60 however, the drug is extremely dose-
sensitive and ineffectual at suboptimal dosage.61 
Clearly a cheaper alternative would be of great 
benefit both therapeutically and financially. 
Adoption of biosimilars to a significant extent 
throughout Europe has the potential to make >€30 
billion available for healthcare reinvestment.62,63  
In the USA, replacement of the top 12 biologicals  
with biosimilars was predicted to yield savings of 
up to $380 billion over 20 years.62 These enormous 
savings make the widespread introduction of 
biosimilars a high priority in health economic terms.64

Safety is paramount when switching to biosimilars 
and concerns have been raised about the potential 
to miss rare events due to the small numbers of 
patients in trials performed to date; however, 
one meta-analysis encompassing 12,039 patients 
did not reveal any safety concerns.65 In patients  
taking the original EPO-alfa, rates of pure red cell 
aplasia (PRCA) rose from the natural incidence 
of 1/100,000 to 50/100,000 due to the failure of  
the molecule to remain in suspension.66 A study 
of biosimilar EPO-alfa is currently underway67 and  
initial results suggest a similar association of 
biosimilar EPO-alfa and PRCA is unlikely.

Despite the financial and therapeutic benefits 
that biosimilars provide, many physicians remain  
poorly informed. A survey of 470 European 
prescribers from France, Germany, Italy, Spain, and 
the UK revealed that 25% cannot define, or have 
not heard of biosimilars, and only 22% consider 
themselves as very familiar with them.68 Similar 
findings were reported from a survey in the USA.69 
The methods for promoting the use of generic 
drugs and biosimilars differ throughout Europe 
and remain inconsistent even between countries 
that have a high uptake, such as in Germany and 
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the UK (Figure 2). This suggests that much of the 
drive to promote better value comes from individual 
physicians and guideline groups.53 Currently in  
the USA the majority of medical societies explicitly 
take cost-effectiveness into consideration when 
making their recommendations, which was not  
the case in 2002.70,71

‘Biosimilar’ is a specific regulatory term used by  
the EMA. Biosimilar drugs offer another chance 
for cost-savings and increased access of Europe’s 
patients to innovative treatments, without 
compromising safety or efficacy.

Figure 2: Differing rules and incentives for use of generic medicines across EU markets.
Modified from Sheppard A.53

Rules and Incentives

Mandatory price reduction ✓ ✓ ✓ ✓ ✓ ✓
Patient co-pay ✓ ✓ ✓ ✓ ✓ ✓
Price referencing ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Pharmacy-level substitution ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

At the pharmacy ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

With the health insurers ✓ ✓ ✓ ✓

With wholesalers ✓
With payers ✓ ✓ ✓

Favouring brands ✓ ✓

Favouring generics ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
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