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Abstract Biological medicines (biologics) are produced in

living cells and purified in complex, multi-step processes.

Compared with chemically synthesized small-molecule

drugs, biologics are more sensitive to changes in manufac-

turing conditions. Process and product consistency should be

founded on rigorous design and control of manufacturing

processes, but consistency is ultimately ensured through

robust quality systems. Even a minor change in any compo-

nent of a quality system could lead to product drift, evolution,

and divergence, which may impact the quality, safety, effi-

cacy, and/or interchangeability of biologics. Unintended or

unexplained deviations in manufacturing processes can lead

to excursions in product attributes (i.e., drift). Well-managed

quality systems can help detect and mitigate drift. Occa-

sionally, quality attributes could shift outside of established

acceptable ranges as the result of a known manufacturing

change (defined here as evolution). Such changes should be

studied extensively for effects on product safety and efficacy.

With the advent of biosimilars, similar biologics will be

produced by multiple manufacturers with different quality

systems. Different patterns of product drift and evolution

could contribute, over time, to clinically meaningful differ-

ences among biologics, including among originator products

across regions and among originator products and biosimilar

products, a process defined here as divergence. Manufactur-

ers and policymakers can minimize the potential impact of

divergence by establishing robust pharmacovigilance sys-

tems; requiring distinguishable names for all biologics,

including both originator products and biosimilars; adhering

to high standards for designations of interchangeability; and

ensuring that patient medical records accurately reflect the

specific biologic dispensed, especially if the biologic could be

sourced from multiple manufacturers.

Key Points

Compared with small-molecule drugs, biological

drugs are extremely sensitive to changes in the

manufacturing process.

Changes in biological product parameters can result

from unknown deviations in the manufacturing

process (drift) and known changes in the

manufacturing process (evolution). Though some

variability is normal, any changes must be rigorously

investigated and controlled through robust quality

systems.

Biosimilars introduce new challenges because two

products that were initially deemed biosimilar or

interchangeable could each undergo unique patterns

of drift and evolution, ultimately resulting in two

products that are no longer biosimilar (divergence).

Pharmacovigilance systems, distinguishable product

names, robust standards of interchangeability, and

procedures for pharmacist–physician communication

in the event of substitution can reduce patient risk.

1 Introduction

Biological medicines (biologics) are made from living

organisms [1], and manufacturing of recombinant biologics
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involves cell line development, cell culture, harvest, puri-

fication, formulation, filling, finishing, and packaging.

Additionally, biologics are relatively heterogeneous com-

pared with small-molecule or chemical drugs and contain a

complex mixture of molecular entities including the com-

ponents of the active ingredient, their structural variants,

and impurities [2]. In contrast, small-molecule drugs are

synthesized via a series of well-defined chemical reactions

and have well-defined structures and compositions [2]. As

biologics are complex molecules manufactured by living

cells, these medicines are highly sensitive to changes in the

manufacturing process [2]. Thus, quality control measures

that suffice for traditional small-molecule drugs and

generics do not suffice for biologics.

For many chemically synthesized small-molecule drugs,

a few simple chemical tests for identity, purity, and potency

may suffice to confirm quality [3, 4]. Such tests can be

standardized and shared in the form of public pharmacopeia

(e.g., the US Pharmacopeia [USP]) to ensure the consistency

of medicines from multiple manufacturers. However, biol-

ogics generally require panels of sophisticated and proprie-

tary tests that collectively provide a profile of the approved

product’s measurable quality attributes [5, 6].

Extensive characterization data are used to establish

proven acceptable ranges (PARs) for quality attributes

(Fig. 1) [7]. Quality attributes and their associated specifi-

cations can be either quantitative (e.g., high-performance

liquid chromatography [HPLC] purity) or qualitative (e.g.,

gel analysis, color). Quantitative analytical techniques and

specification criteria are preferred since data from historical

batches can be compared and analyzed statistically to assign

PARs. Because quality attributes are measured in a variety

of units and scales, we introduce a normalization convention

to help visualize control of the multiple attributes (Fig. 1).

However, numerous quality attributes cannot be practically

and consistently measured using existing analytical tech-

nologies. For example, trace amounts of product variants

can be difficult to detect and quantify because of their low

concentration, and the precise three-dimensional structures

of molecules cannot be determined for a mixture of proteins

in solution. The control of quality attributes is accomplished

via specifications (typically set to ensure the identity, purity,

potency, and quality of the product) and PARs for attributes

that are not routinely measured with each batch. Thus,

testing of biologics is not amenable to the same sort of

standardization that is used for testing of small-molecule

drugs. Health care providers should understand that quality

control for biologics is a dynamic, interactive, and iterative

process, which involves quality systems that are internal to

each manufacturer and oversight of the product and the

manufacturing process by regulatory authorities.

Many factors can contribute to changes in product

quality attributes. Unknown, unintended, or unexplained

deviations in process parameters (i.e., drift) [8] and/or

known or intended changes in process parameters (i.e.,

evolution) can result in product quality attributes outside of

the historical PAR. However, these changes are unlikely to

impact the safety or efficacy of any given biologic.

Drift and evolution may present greater challenges when

assessing biosimilars. A biosimilar is any biological prod-

uct that is highly similar to a reference product, notwith-

standing minor differences in clinically inactive

components and for which there are no clinically mean-

ingful differences between the biosimilar product and the

reference product in terms of the safety, purity, and

potency [9]. Biosimilars are considered interchangeable if

they can be expected to produce the same clinical result as

the reference product in any given patient and, if the

product is to be administered more than once, no additional

risks are introduced by alternating or switching among

products [10]. Two products that were initially deemed

biosimilar or interchangeable could each undergo unique

patterns of drift and evolution, ultimately resulting in two

products that are no longer biosimilar. This process is

defined here as divergence. Divergence has important

implications for the way in which regulators and health

care providers handle safety surveillance, product naming,

interchangeability, and medical records. This review sum-

marizes the nature and causes of product drift, evolution,

and divergence and the implications of such changes for

policy and medical practice.

2 Quality Systems

The US Food and Drug Administration (FDA) and the

International Conference on Harmonisation of Technical

Requirements for Registration of Pharmaceuticals for

Human Use (ICH) have issued technical regulatory

requirements for quality systems [11, 12]. The manufac-

turer is responsible for establishing a robust quality system

to ensure strict control over the manufacturing process and

product quality attributes. Recommended elements of

quality systems are as follows:

• Quality system oversight of overall compliance with

current good manufacturing practice (cGMP) and

internal requirements; includes management responsi-

bilities to provide appropriate resources and ensure

proper documentation for changes in manufacturing

processes, batch releases, etc.

• Materials system oversight of control of raw materials

needed to manufacture the drug substance and the drug

product (glass vials, syringes, etc.).

• Facilities and equipment system oversight of facility

design and controls during routine manufacturing to
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ensure proper flow of personnel, product, and materials,

including waste.

• Production system oversight of procedures and controls

for the manufacture of the drug substance and drug

product and process validation.

• Laboratory control system oversight of quality assur-

ance assays, analytical methods validation, and stability

programs.

• Packaging and labeling system oversight of procedures

and controls ensuring that the label aligns with clinical

data for the product and that the packaging is clear and

legible with no confusion.

All manufacturers, including manufacturers of origina-

tor biologics and biosimilars, must have robust quality

systems. However, quality systems vary among manufac-

turers. For example, some manufacturers implement qual-

ity systems with minimally required process controls and

quality assurance under cGMPs, while others design

quality systems that are responsive to information from
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Fig. 1 a Quality attributes before and after normalization. Several

quality attributes are shown in their native measured units and

subsequently converted to normalized units for ease of visualization.

b Normalized quality attributes and acceptable ranges for these

attributes. General classes of attributes include general properties

(e.g., protein concentration, osmolality, pH, appearance, color, and

clarity); primary structure (e.g., molecular mass, peptide map under

reducing and non-reducing conditions, identity, and extinction

coefficient); higher order structure (e.g., spectral measurements by

near-ultraviolet circular dichroism, differential scanning calorimetry,

and fourier transform infrared spectroscopy); product-related sub-

stances (e.g., charged variants and glycan map); impurities (e.g., host

cell proteins and DNA and leached chromatography ligand); particles

and aggregates; functional attributes (e.g., antibody-dependent cell-

mediated toxicity, complement-dependent toxicity, and potency); and

stability (e.g., select quality attributes measured over time under

normal and stressed conditions). incl. including, LL lower limit,

PAR proven acceptable range, UL upper limit range
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outside of traditional quality assurance practices. These can

include findings from management review of production

data, risk management programs, pharmacovigilance signal

detection, and information shared by regulators and

industry peers.

3 Normal Variability

All manufacturing processes have inherent variability.

Given that biologics are sensitive to changes in the man-

ufacturing process, the relationships between the inputs

(e.g., raw materials, pressure, and temperature) and outputs

(product quality attributes) are studied during development

so that acceptable variation (i.e., normal variability [7]) can

be established. Subsequently, during routine manufactur-

ing, both the process input parameters and product quality

attributes are monitored for adherence within normal var-

iability through control charts. An example of batch-to-

batch variability is shown in Fig. 2. As long as variation of

quality attributes is within the PARs, physicians can be

assured that the variation does not pose a safety or efficacy

threat to patients.

4 Drift

A recent Product Quality Research Institute (PQRI)–FDA

workshop defined process drift as ‘‘an unintended, unex-

plained, or unexpected trend of measured process param-

eter(s) and/or resulting product attribute(s) away from its

intended target value in a time-ordered analysis over the

lifetime of a process or product’’ [13]. Drift can be a sys-

tematic trend in one direction or a sudden shift in quality

attributes over time (Fig. 3a).

An example of drift is illustrated in Fig. 3b. For the

biologic shown, the host cell protein levels (a measure of

impurity) were within acceptance limits during confor-

mance batches. However, during subsequent manufactur-

ing, the host cell protein levels slowly started increasing.

An investigation showed that the drift was due to interac-

tion between a raw material and process parameters that

had not been studied earlier. Following this investigation,

controls were tightened for the process parameters, thereby

lowering the impurity levels.

5 Product Evolution

Quality attribute(s) can also evolve as a result of deliberate

process changes implemented by the manufacturer. Man-

ufacturers have many motivations for considering process

changes (e.g., to meet regulator requests and requirements,

to implement state-of-the-art technology, to scale up to

meet increased demand, or to improve efficiency). Manu-

facturers also seek to improve the quality, convenience,
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Fig. 2 Protein concentration in the final product for a monoclonal

antibody varied within a normal range relative to the specification

limits indicated by the red horizontal lines. The specifications were

established on the basis of a combination of data from the historical

batches used in clinical studies and structure–function studies relating

concentration to the potency of the product. LCL lower control limit,

LSL lower specification limit, UCL upper control limit, USL upper
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Fig. 3 a Two types of drift in one quality attribute: slow, cumulative

deviations (trend) or a sudden deviation (shift). b Drift in host cell

impurity due to an interaction between raw materials and process

parameters
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and functionality of their drug products to meet patient

requirements, which may mean improving product purity

or developing new formulations, presentations, or devices.

5.1 Management of Product and Process Changes

by Manufacturers

Both the FDA and the European Medicines Agency (EMA)

have well-established mechanisms to manage post-licen-

sure manufacturing changes [14–16]. Prior to implement-

ing any change, a manufacturer must assess the risk that the

change will impact product quality. This assessment is

carried out by the internal quality system (i.e., change

management) group. The nature of the risk assessment and

subsequent characterization/categorization of risk differs

among manufacturers. As the risk of impacting quality,

safety, and efficacy increases, more data are required to

evaluate the impact on product quality.

In general, the preference of manufacturers is to

implement changes without shifts in product attributes,

and manufacturers are mostly successful in doing so.

Many changes are minor and incremental, isolated to a

single process step that can be directly evaluated for

evidence of any shift in performance. A change in a filter

supplier’s manufacturing location with all else remaining

identical (filter material, manufacturing process, specifi-

cations, etc.) could be deemed a minor change by some

manufacturers. In these cases, the manufacturer simply

implements the change and notifies the regulators after

implementation during the routine annual notification

cycle. If a change could potentially impact product quality

attribute(s) (e.g., installation of a new like-for-like stain-

less steel tank), the risk is assessed, and if the lack of

impact can be readily demonstrated, the agency is noti-

fied, and should the regulator have no objections, the

change is then implemented.

More comprehensive changes, such as a change in a key

processing step, scale-up of the manufacturing process, or

transfer of the entire process to a new manufacturing site,

are generally considered to have a higher risk to product

quality. Such changes require evaluation of the compara-

bility of the pre-change and post-change products, and the

comparability data must be reviewed and approved by a

regulatory agency prior to implementation [17]. An expe-

rienced organization can generally execute such changes

while maintaining product quality within historical trends,

such that the analytical comparability exercise is merely

confirmatory.

Occasionally, manufacturers implement changes with a

high risk of impacting quality, safety, or efficacy, such as a

change in a product formulation and/or a change in the

production cell line. Shifts in quality attributes might be

expected with these changes, whether or not they can be

detected analytically. Regulatory agencies may, therefore,

require a more comprehensive comparability evaluation.

Such an evaluation would include additional analyses of

product structure and function beyond routine lot-release

tests and may also require non-clinical studies and even

clinical studies to confirm lack of impact to safety and

efficacy [18]. If a shift in one or a few product quality

attributes is anticipated (i.e., product evolution), these

shifts are extensively studied, both individually and col-

lectively, for their impact on product safety and/or efficacy

[18]. As with the facility site change or scale-up changes,

these higher-risk changes require approval from the regu-

lators prior to implementing the changes [18].

Fig. 4 Evolution of product

quality attributes for various

types of manufacturing changes.

LL lower limit, PAR proven

acceptable range, UL upper

limit
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Minor incremental changes often do not result in any

change in quality attributes. As illustrated in Fig. 4a, b, all

of the post-change attributes fall within the previously

established ranges. However, although the intention of the

manufacturer is to improve the product quality or the

process without having an adverse impact on safety and

efficacy, manufacturing changes always have the potential

to introduce change in one or more quality attri-

bute(s) (Fig. 4c). The manufacturer must then prove to the

regulators that the change in the quality attribute(s) has not

had an effect on safety and efficacy [18]. Clinical bridging

studies, coupled with continued safety monitoring, are used

to demonstrate that changes in a few quality attributes

(while the rest remain within historical controls) have not

had an impact on the safety profile or the efficacy of the

product [18].

A recent article by Schneider et al. [19] showed a

cumulative list of process changes as examples of the high

incidence of post-approval changes (e.g., 20 process

changes for Enbrel�, 36 for Remicade�, and 18 for Hu-

mira�). While the authors cannot comment on the specific

process changes listed in the article by Schneider et al., we

have conducted a similar analysis for darbepoetin alfa

(Aranesp�). Details of changes implemented after mar-

keting authorization can be obtained from the EMA

European Public Assessment Reports, and 18 changes to

the drug substance, drug product manufacturing process, or

final product presentations have been listed for darbepoetin

alfa [20]. The majority of these changes were not expected

to introduce a shift in quality attributes, but one change

implemented in 2008 was associated with a shift in the

product isoform distribution (Fig. 5). This shift was also

noted in a 2010 publication [21]. This process change was

evaluated using clinical bridging studies, and the European

Public Assessment Report is available from EMA [22].

This rare event over a 10-year period is an example of the

nature and frequency of product evolution. Aside from the

one-time shift, variations in the isoform metric for darbe-

poetin alfa represent normal process variability.

6 Product Divergence

The preceding sections describe how unplanned deviations

in a manufacturing process can contribute to product drift

and planned changes can contribute to product evolution,

resulting in changes of quality attributes for a given bio-

logic. When robust quality systems and regulatory over-

sight are in place, a drift that is corrected or evolution

should have no adverse impact on the safety and efficacy of

the product.

But two biological products that are highly similar to

each other at one point in time (i.e., at the time of approval)

might not remain similar over time, especially if the pro-

ducts are produced by two different manufacturers.

Uncorrected drift by one of the manufacturers and/or

evolution of one or both products could result in a cumu-

lative loss of similarity, a process known as product

divergence (Fig. 6). Divergence can occur between multi-

ple originator products, an originator and a biosimilar, and

ostensibly between multiple biosimilar products, though

biosimilars are not expected to be evaluated for similarity

to other biosimilars. Divergence should not lead to a

change in the safety or efficacy of either product as a stand-

alone biologic but could potentially result in clinically

meaningful differences between the two products (e.g.,

potency, safety, or immunogenicity profile). For example:

• Divergence in potency could result in a difference in

optimal dosing for a particular patient. Although both

approved products are still effective, switching between

the two could cause a disruption in dosing.

• Divergence in immunogenicity could occur, such that

one product is less immunogenic or better tolerated
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Fig. 5 Variation in product

attributes of darbepoetin alfa
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quantity of an isoform of
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than the other for a given patient, and that patient’s care

might be impacted by a switch to the more immuno-

genic product.

It should be noted that the equivalence window (Fig. 6)

is the range of quality attributes established during bio-

similar licensure on the basis of a limited number of

originator lots. However, PARs are often derived from a

larger data set. The ranges for PARs and the equivalence

window are derived independently by different manufac-

turers and will likely vary among manufacturers.

6.1 Examples of Divergence

Divergence is not just a hypothetical phenomenon. In some

cases, divergence has even occurred for biologics licensed

from an originator company to a partner, where the partner

assumes independent regulatory and manufacturing

responsibility. Examples include cetuximab and epoetin

alfa. Cetuximab is manufactured by separate entities for the

US and European markets. Recently, a new indication was

approved in Europe on the basis of clinical data from the

European-sourced product [23]. The FDA approved the

label indication for the US product, while stating that the

two products no longer retain equivalent pharmacokinetics

[24, 25].

Epoetin alfa is manufactured by separate entities for the

US, Japanese, and European markets. The European

epoetin alfa underwent formulation and presentation

changes in the 1990s, and these changes were associated

with safety issues, which resulted in removal of the

subcutaneous route of administration from the approved

label in Europe [26, 27]. This route of administration was

subsequently restored after the sponsor addressed the

manufacturing issue. Meanwhile, the corresponding US

product did not implement the formulation change and

retained the original route of administration on its label.

As these examples show, product quality attributes can

diverge as a result of post-marketing manufacturing chan-

ges. If such divergence can occur for biologics transferred

between licensing partners, where the partners retain some

right of reference to the originator’s development data,

divergence can certainly occur and is arguably more likely

with completely independent entities that have no right of

reference to proprietary information collected during

development.

7 Impacts of Product Drift, Evolution, and Divergence

on Patients and Physicians

The quality systems that govern the detection and man-

agement of drift and evolution differ between manufac-

turers. Currently, there is no mechanism for either

regulators or manufacturers to align process changes,

quality systems, or life-cycle management systems. Fur-

thermore, regulators are not permitted to share or disclose

data received from one manufacturer with another, and

manufacturers could be accused of anti-competitive

behavior if they shared manufacturing data. Thus, there is

no internal or cross-organizational regulatory mechanism

to detect and evaluate the impact of divergence. This is not

Fig. 6 Post-licensure evolution

and/or drift can lead to product

divergence. PAR proven

acceptable range
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to suggest that new constraints on manufacturing should be

imposed by regulators—product drift and evolution are

inevitable in biologics manufacturing and, in many cases,

process changes represent necessary or desirable

improvements that should be encouraged. Rather, policies

should take into account the possibility of divergence for

multisource biologics.

7.1 Need for Robust Pharmacovigilance Systems

Pharmacovigilance is the system by which drug-related

adverse events are tracked over time for marketed products

[28]. Ongoing pharmacovigilance is especially important

for biologics because of their susceptibility to changes in

the manufacturing process and the possibility that drift,

evolution, or divergence may have adverse consequences

for patients. Therefore, product-specific pharmacovigilance

is critical when multiple manufacturers begin supplying

related biologics [29].

The FDA stated the following concerning the US bio-

similars program:

The FDA process for biosimilars must include product

specific safety monitoring. History suggests that phar-

maceutical companies will make manufacturing-rela-

ted changes to biologics periodically throughout their

lifecycles, and even small changes could affect safety or

efficacy. Tracking adverse events associated with the

use of reference and biosimilar products will be difficult

if the specific product or manufacturer cannot be readily

identified, and appropriate strategies must be developed

to ensure the implementation of robust, modern phar-

macovigilance programs for biologics [30].

A robust, product-specific pharmacovigilance system for

biologics may require special policy measures such as

mandatory use of distinguishable names for prescribing. A

variety of options exist to ensure that unique product

identifiers are captured in medical records, as have been

reviewed elsewhere [31]. Policy makers are evaluating the

relative merits of requiring prescribing by brand or trade

name versus requiring distinguishable non-proprietary

names for related biologics.

Furthermore, in a situation where a pharmacist could

dispense a different biologic than the one prescribed (i.e.,

when substitution is permitted), information about the

medication actually dispensed should be readily available to

the prescriber and reflected in the patient record. To ensure

that the prescriber is informed, interoperable electronic

health records or a requirement for an after-the-fact com-

munication from the pharmacist to the prescriber may be

needed. To address these policy concerns, Europe has taken

steps to require product-specific prescribing and record-

keeping measures for biologics with the 2010

Pharmacovigilance Directive [32]. In the US, the FDA and

individual states are currently considering appropriate poli-

cies to help ensure traceability of adverse events [30, 33].

Manufacturers also bear the responsibility to support

robust pharmacovigilance for biologics. If a manufacturing

problem is causing adverse events, the manufacturer needs

to know about it. Pharmacovigilance systems should not

merely track the types and severities of adverse events for

the purpose of detecting new class-based risks, but should

also be statistically robust enough to detect the frequencies

of adverse events and to register any increases that occur

over time. An accountable manufacturer will couple the

pharmacovigilance program to the manufacturing quality

system, such that changes in the safety profile of a given

product can be quickly detected and investigated.

7.2 Robust Interchangeability Standards

In the US today, only the FDA has the authority to deter-

mine on a scientific basis if a biosimilar should be deemed

interchangeable with an innovator biologic [34]. The FDA

defines an interchangeable biologic as one that ‘‘is bio-

similar to the reference product, can be expected to pro-

duce the same clinical result as the reference product in any

given patient, and for a product administered more than

once, the safety and reduced efficacy risks of alternating or

switching are not greater than with repeated use of the

reference product without alternating or switching’’ [10]. If

a product is deemed interchangeable, the product may be

substituted by a pharmacist without the intervention of the

prescribing physician; however, the authority of a phar-

macist to substitute is determined by the state [35].

While approval standards for interchangeability are

robust, no regulatory mechanisms are currently in place to

ensure continued interchangeability in the event of product

drift or product evolution. Thus, products that were inter-

changeable at the time of approval might continue to be

considered interchangeable by regulators even though the

quality attributes of the originator and biosimilar products

have diverged. Policymakers will need to consider whether

there are circumstances where such divergence might

impact the interchangeability status of the products and

whether mechanisms to prevent or mitigate divergence

should be developed. Current sponsor-specific quality

systems may not be sufficient to control divergence, as

quality systems will likely vary among different manu-

facturers (see Sect. 2).

7.3 Differences Between Manufacturing Process

Changes and Biosimilars

The fundamental difference between manufacturing chan-

ges and developing a biosimilar resides in the point of
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reference for each product. When a manufacturer makes

specific changes to its own process, all other aspects of the

manufacturing process remain constant. Thus, the impact

of a particular change and any product evolution can be

readily evaluated [18]. In biosimilar development, almost

every aspect of the manufacturing process may have

changed, and the only point of reference is the reference

drug product. As biological manufacturers do not have

access to the originator manufacturing process as a point of

reference, comparing the biosimilar product to the refer-

ence product is necessarily more complex [18, 30].

Some have argued that interchangeable biologics should

be exempt from special pharmacovigilance and questions

about long-term interchangeability [36]. A case is made that

such policy measures are not required following same-

manufacturer process changes, even though the pre-change

and post-change products may be concurrently distributed

for some period of time and are, therefore, ‘‘interchanged’’

[36]. However, major process changes are rare and episodic

and are characterized by a one-time transition from the pre-

change to the post-change product. Such time-bound tran-

sitions are thus amenable to risk management programs

designed to detect changes in the risk-benefit profile of a

given product. In contrast, divergence in the risk-benefit

profiles between two products may not be readily apparent to

either sponsor because competing sponsors do not typically

share their manufacturing changes or safety monitoring data.

Therefore, it may be appropriate for regulatory authorities to

adopt different policy measures in these different situations.

7.4 What a Prescriber Needs to Know

For the reasons described here, prescribers of biologics

should be aware of the need for enhanced traceability of

these products in patient health records. Because of the

high approval standards for biologics and biosimilars in the

USA and other well-regulated markets [30, 37], there is a

relatively low probability that an issue will be associated

with any given manufacturing change or with any given

product. Post-approval, regulators and manufacturers can

manage residual risks as long as safety data are traceable to

the correct manufacturer. In this context, prescribers do not

need to be aware of specific manufacturing changes, but

they can ensure the best care for their patients and also

support public health systems by using distinguishable,

product-specific names in patient health records and by

being alert to unexpected adverse events. Finally, while

interchangeable biologics may be substituted by a phar-

macist without the intervention of the prescriber, the pre-

scriber should have timely access to the medication

dispensing records. Implementation of electronic health

records and evolving state pharmacy practice acts can

facilitate such access.

8 Conclusion

Biologics consist of a complex mixture of molecular enti-

ties that are characterized by a set of quality attributes.

Variability in the quality attributes of biologics is normal,

and patients and physicians can be confident in the safety

of the product when variability falls within established

PARs. Regulatory authorities also examine product vari-

ability and assess the potential impact of variability on

patients. Regulatory approval is given in light of manu-

facturer disclosures regarding process variability and

because the risk to patients is perceived to be extremely

low. Biosimilar manufacturers may use completely differ-

ent production processes than the manufacturer of the

originator biologic and must, therefore, demonstrate to the

regulatory authorities that ‘‘there are no clinically mean-

ingful differences between the biological product and the

reference product in terms of the safety, purity, and

potency’’ [34].

While there may be ‘‘no clinically meaningful differ-

ences’’ at the time of approval, uncontrolled deviations in

quality attributes or processes (drift) and major manufac-

turing changes that result in known and measured changes

in quality attributes (evolution) may result in divergence of

quality attributes between an originator product and a

biosimilar. Such divergence may also affect biosimilars

that are deemed interchangeable, since quality systems

differ between manufacturers and there are no mechanisms

in place to ensure continued interchangeability. To prevent

risks to patients as a result of divergence, it is essential to

establish pharmacovigilance systems, distinguishable

product names, robust standards of interchangeability, and

procedures for physician and patient notification in the

event of substitution of interchangeable biologics.
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