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ABSTRACT

In the USA, an interchangeability designation
provides biosimilar sponsors with a pathway for
achieving what is standard for small-molecule
generics: pharmacy-level auto-substitution for
an innovator. No other major health authority
links interchangeability to automatic substitu-
tion, as all require the involvement of the pre-
scriber or patient in a medication change. This
editorial considers the clinical impact and
practicality of auto-substitution. First, inter-
changeability is linked to non-medical switch-
ing (NMS), the practice of switching treatment
in patients with stable disease for non-clinical
reasons. NMS may generate negative sentiment
in those unwilling or reluctant to switch, which
can adversely impact treatment outcomes (i.e.,
nocebo effect). Indeed, in real-world studies of
tumor necrosis factor inhibitors,

discontinuation rates have been shown to be
higher in patients switched to biosimilars for
non-medical reasons than in historical cohorts
maintained on innovators. Second, inter-
changeability may impede pharmacovigilance
and traceability, as not all jurisdictions require
innovators and biosimilars to have distinct
biologic names. Third, an interchangeability
designation from the US Food and Drug
Administration only permits a biosimilar to be
automatically substituted for its innovator, not
other biosimilars (if available). Pharmacist edu-
cation would be needed to avoid off-label,
automatic substitution among biosimilars of a
single innovator. Last, once granted, an inter-
changeability designation exists in perpetuity
under current US federal law. However, the
supply chains of innovators and biosimilars are
maintained independently, with no require-
ment for reconfirmation of biosimilarity or
interchangeability. We feel that additional
guidance is needed for the auto-substitution of
biosimilars and innovators to become a reality.
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Key Summary Points

Definitions regarding the
interchangeability of a biosimilar for its
innovator biologic vary across
jurisdictions, with some (e.g., the
European Union) requiring the input of
the prescriber and others (e.g., the USA)
permitting automatic substitution at the
pharmacy-level independent of physician
direction

Given potential issues with treatment
persistence, pharmacovigilance,
traceability, and manufacturing changes
over time, additional data and guidance
are needed to clarify the extent to which
biosimilars should be considered
interchangeable (if at all) and for how
long

Like many professional medical societies
and patient advocacy groups, we believe
that treatment decisions should remain
under the purview of physicians in
consultation with their patients

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14114252.

INTRODUCTION

The interchangeability of a biosimilar (Table 1)
for its innovator (or vice versa) is a complex
topic that has generated much discussion [1–7].
Interchangeability is closely linked to non-
medical switching (NMS), the practice of
switching treatment in patients with stable dis-
ease for non-clinical reasons, such as cost
(Table 1) [8–10]. NMS can involve switching

between molecules of the same class (e.g.,
tumor necrosis factor [TNF] inhibitors) or from
an innovator to its biosimilar (or vice versa).
Given the clinical and economic implications of
interchangeability, this editorial seeks to edu-
cate on the different definitions of inter-
changeability, to outline considerations
regarding the clinical impact and practicality of
interchangeability, and to question the view, as
advocated by others [1], that biosimilars should
be, by default, considered interchangeable with
their innovators. Because NMS often occurs
with biologic products used long term, we will
draw on experience with TNF inhibitors used in
the management of immune-mediated inflam-
matory diseases (e.g., rheumatoid arthritis,
Crohn’s disease, psoriasis). This article is based
on previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

DEFINITIONS
OF INTERCHANGEABILITY

The definition of interchangeability varies by
legal jurisdiction. In the USA, interchangeabil-
ity is a designation endorsing the auto-substi-
tution (Table 1) of an approved biosimilar with
its innovator [11]. This means that an inter-
changeable biosimilar may be switched for the
innovator by the pharmacist without the
knowledge or intervention of the prescriber.
Although there is no federal mandate, most
states have enacted laws requiring the prescriber
to at least be notified of a medication change,
but the federal government provides no guid-
ance on whether the pharmacist needs to
inform the patient of any such change (Table 2).
The US Food and Drug Administration (FDA) is
the only major regulator with this designation,
which places qualifying biosimilars—despite
their complexity—on par with small-molecule
generics. In contrast to biologic products, small-
molecule generics, which are synthesized via
chemical processes rather than generated in
living systems, are considered bioequivalent to
and, therefore, in most cases, automatically
substitutable for their innovator (or, in US

2078 Adv Ther (2021) 38:2077–2093

https://doi.org/10.6084/m9.figshare.14114252
https://doi.org/10.6084/m9.figshare.14114252


biologics parlance, interchangeable). (From a
regulatory perspective, a biosimilar cannot be
considered bioequivalent to its innovator
because this term is applicable only to small
molecules.) Biosimilars, on the other hand, are
regarded in the US as similar to but not inter-
changeable (i.e., automatically substitutable)
with innovators [12], unless a higher standard
of evidence is provided [11]. Although auto-
substitution is standard practice for small-
molecule generics, no biosimilar approved in
the US is currently approved as an
interchangeable.

The FDA’s data requirements for demon-
strating interchangeability are greater than
those for biosimilarity. To receive an inter-
changeability designation in the US, a sponsor
must show that (1) the biosimilar ‘‘can be
expected to produce the same clinical result as
the reference product in any given patient’’ and
(2) for treatment administered more than once
that ‘‘the risk in terms of safety or diminished
efficacy of alternating or switching between use
of the biological product and the reference
product is not greater than the risk of using the
reference product without such alteration or

switch’’ [11]. However, product-dependent fac-
tors may impact the amount and types of data
needed to support a demonstration of inter-
changeability. These include the complexity of
the product (as this would affect the extent of
comparative and functional characterizations)
and the risk of immunogenicity.

Currently, the FDA requires evidence of a
single switch (Table 1) for the approval of a non-
interchangeable biosimilar, but will generally
require multiple-switch (Table 1) data from a
biosimilar sponsor seeking an interchangeabil-
ity designation [11]. Possible trial designs of
single- and multi-switch studies are summarized
in Fig. 1. The FDA advises that pharmacokinet-
ics (and pharmacodynamics, if available) serve
as the primary endpoint of studies examining
multiple (C 3) switches of a proposed inter-
changeable biosimilar with its innovator, as
these parameters ‘‘are generally more likely to
be sensitive to detect changes in exposure and/
or activity that may arise as a result of alter-
nating or switching’’ than clinical endpoints
[11]. In its guidance to industry on inter-
changeability, the FDA advises caution on the
use of non-US-licensed products versus US-

Table 1 Definitions of key terms related to interchangeability

Term Definition

Auto-substitution Practice of replacing one product for another at the pharmacy-level without notifying or seeking the

approval of the prescriber

Biosimilar Biologic product that is highly similar to and has no clinically meaningful differences from an

approved innovator product

Innovator The first version of a biologic product that receives regulatory approval in a particular market. Also

referred to as an ‘‘originator’’ or ‘‘reference product’’

Microheterogeneity Minor differences in biologic products resulting from natural biological variability and from

manufacturing changes

Nocebo effects The phenomenon whereby negative patient attitudes or sentiment leads to adverse treatment

outcomes (e.g., adverse event occurrence, loss of response). Contrasts with ‘‘placebo effects’’

Non-medical

switch

Practice of switching treatment in patients who are clinically stable for non-clinical reasons, such as

cost

Single switch Practice of changing from one treatment (treatment A) to another (treatment B)

Multiple switch Practice of changing from one treatment (treatment A) to a second treatment (treatment B) and then

either to the original (treatment A) or third (treatment C) treatment
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Table 2 Definitions of interchangeability across geographies

Location Regulatory
authority

Health authority position on
interchangeability

Statutory/legal
definition of
interchangeability

Responsibility
for
implementation

Key takeaway

USA FDA FDA determines a biological product

to be interchangeable with a

reference product if (1) the

biological product ‘‘is biosimilar to

the reference product’’ and ‘‘can be

expected to produce the same

clinical result as the reference

product in any given patient’’ and

(2) ‘‘for a biological product that is

administered more than once to an

individual, the risk in terms of

safety or diminished efficacy of

alternating or switching between

use of the biological product and

the reference product is not greater

than the risk of using the reference

product without such alternation or

switch’’ [11]

Yes, through

BPCIA 2009

Individual states Auto-

substitution

European

Union

EMA ‘‘Interchangeability refers to the

possibility of exchanging one

medicine for another medicine that

is expected to have the same clinical

effect…. Replacement can be done

by:

Switching, which is when the

prescriber decides to exchange one

medicine for another medicine with

the same therapeutic intent

Substitution (automatic), which is

the practice of dispensing one

medicine instead of another

equivalent and interchangeable

medicine at pharmacy level without

consulting the prescriber’’ [16]

Noa Member states Physician-

directed

switching or

auto-

substitution
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licensed innovators as comparators in multiple-
switch studies of a proposed interchangeable
biosimilar. This is due to the possibility of subtle
differences in structural features, process-related
impurities, and/or formulation between a US-
licensed and non–US-licensed innovator [11].

There is potential for such differences to trigger
an immune response that may become aug-
mented following multiple exposures.

Although the FDA has the authority to grant
an interchangeability designation, the decision
of whether to actually implement pharmacy-

Table 2 continued

Location Regulatory
authority

Health authority position on
interchangeability

Statutory/legal
definition of
interchangeability

Responsibility
for
implementation

Key takeaway

Australia TGA No formal definition of

interchangeability. However,

‘‘brands that can be substituted by

the pharmacist are indicated in the

Schedule of Pharmaceutical Benefits

by an ‘a-flag’ (a small ‘a’). Only

a-flagged medicines can be

substituted by the pharmacist’’ [20]

Nob PBAC Auto-

substitution

Canada Health

Canada

‘‘…the term ‘interchangeability’ 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 prescriber who

wrote the prescription. Health

Canada’s authorization of a

biosimilar is not a declaration of

equivalence to the reference

biologic drug’’ [86]

Noc Individual

provinces and

territories

Auto-

substitution

Brazil Anvisa Not defined. Interchangeability

considered to be a matter of clinical

practice [87]

– Physicians Physician-

directed

switching

Japan PMDA Not defined. Interchangeability

considered to be a matter of clinical

practice [88]

– Physicians Physician-

directed

switching

BPCIA Biologics Price Competition and Innovation Act, FDA Food and Drug Administration, EMA European Medicines
Agency, PBAC Pharmaceutical Benefits Advisory Committee, PMDA Pharmaceuticals and Medical Devices Agency, TGA
Therapeutic Goods Administration
a Decisions regarding interchangeability fall to the governing bodies of EMA member states
b Decisions regarding interchangeability are made by the PBAC, a government body tasked with recommending drugs for
reimbursement
c Decisions regarding interchangeability are made in accordance with the rules and regulations of individual Canadian
provinces and territories
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level auto-substitution rests with individual
states (i.e., there is no federal mandate)
[5, 13, 14]. Of the 45 states currently with laws
regarding the substitutability of a biosimilar,
only one (Kansas) does not require a product to
first have been designated as interchangeable by
the FDA prior to allowing auto-substitution
[15].

In contrast to the FDA, other major regula-
tors do not have statutory/legal definitions of
interchangeability. Although some have
defined ‘‘interchangeability’’ in their guidance
documents [16, 17], these definitions are not
legally binding. Rather, in these jurisdictions,
regulators approve biosimilars as ‘‘biosimilar,’’ a
designation that is not linked to automatic
substitution. Per the European Medicines
Agency (EMA), interchangeability refers to the
possibility of exchanging one medicine for

another that is expected to have the same
clinical effect. This may involve replacing an
innovator with a biosimilar (or vice versa) or
one biosimilar with another. Replacement can
be mediated by either the physician (switching)
or pharmacist (auto-substitution) (Table 2).
With the latter, the EMA definition of inter-
changeability overlaps with that of the FDA,
leading to confusion. Irrespective of whether
switching or substitution occurs with or with-
out the involvement of the prescriber, the EMA
does not approve biosimilars as interchange-
able; moreover, it has no explicit position on
switching/auto-substitution/replacement, as
the EMA views this as a matter of prescribing
practice, the regulation of which is beyond its
mandate. Rather, such decisions fall to the
governing bodies of its member states [16]. Yet,
most member states with positions on

Fig. 1 Designs of different single- and multi-switch studies
[89]. Adapted from Moots R, et al. Curr Rheumatol Rep.
2017;19:37 https://s100.copyright.com/AppDispatch
Servlet?title=Switching%20Between%20Reference%20Biol
ogics%20and%20Biosimilars%20for%20the%20Treatment
%20of%20Rheumatology%2C%20Gastroenterology%2C%2
0and%20Dermatology%20Inflammatory%20Conditions%3
A%20Considerations%20for%20the%20Clinician&author=

Robert%20Moots%20et%20al&contentID=10.1007%2Fs1
1926-017-0658-4&publication=1523-3774&publicationDa
te=2017-06-16&publisherName=SpringerNature&order
BeanReset=true&oa=CC%20BY. ‘‘Blinded’’ indicates single-
or double-blinded study phase. ‘‘Open-label’’ indicates open-
label study phase. ‘‘No study treatment’’ indicates that at the
time of study start, patients had not been receiving the
biologic treatment that was the focus of the clinical trial
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switching/auto-substitution/replacement leave
treatment decisions with the prescribing physi-
cian [1, 18]; efforts are ongoing to change this
[19]. Many member states, however, support
the ‘‘interchangeability’’ of a biosimilar for its
innovator under medical supervision [3]. Thus,
in practice, interchangeability in the European
Union (EU) has a different meaning relative to
the US: it is not synonymous with auto-substi-
tution and instead involves the prescriber.

In Australia, agents are approved by the
Therapeutic Goods Administration (TGA). The
TGA does not define or assess interchangeabil-
ity. Instead, the TGA defers to the Pharmaceu-
tical Benefits Advisory Committee (PBAC), a
government-appointed body charged with rec-
ommending drugs for reimbursement and issu-
ing policies related to the uptake of biosimilars.
PBAC does not specifically use the term ‘‘inter-
changeability.’’ Rather, biosimilars that have
been ‘‘a-flagged’’ by the PBAC can be replaced
with an innovator (or vice versa) at the phar-
macy-level in consultation with the patient
rather than the physician (Table 2) [20]. How-
ever, even if a biosimilar has been a-flagged, the
prescriber can indicate that ‘‘substitution is not
permitted.’’ Under such circumstances, the
pharmacist must dispense the drug prescribed
or is otherwise legally bound to contact the
prescriber [20, 21]. Yet, real-world scenarios
could lead to situations in which biosimilars are
dispensed, for example, when the innovator is
out of stock. The sponsor of a proposed a-flag
biosimilar must provide switch data. In addition
to reviewing switch data, the PBAC assesses the
practicality of switching at the pharmacy level
[20].

The positions of health authorities in
Canada, Brazil, and Japan on interchangeability
are summarized in Table 2. Having a statutory/
legal definition of interchangeability and link-
ing it directly to auto-substitution are unique to
the FDA, as other major health regulators
require the involvement of the prescriber or
patient.

SUPPORT FOR AUTOMATIC
SUBSTITUTION

Surveys have indicated that the majority of
healthcare providers across jurisdic-
tions/geographies are opposed to auto-substi-
tution, irrespective of whether patients are
treatment-naı̈ve or on a stable treatment regi-
men [22–24]. Moreover, major US, Canadian,
and European rheumatology and gastroen-
terology societies have released position state-
ments advising against the practice of auto-
substitution, stressing that there are insufficient
data to support switching patients with
stable disease on maintenance therapy [25] or
that treatment decisions should remain under
the purview of prescribing physicians in con-
sultation with their patients [26–30]. The
American College of Rheumatology (ACR) is
opposed to mandated switching in the absence
of evidence of interchangeability [31] and
advocates that treatment decisions be made
only by physicians [26]. However, in jurisdic-
tions where auto-substitution is permitted, the
ACR recommends that both patients and pre-
scribers be informed immediately of any change
in medication [26].

It must be stressed, however, that these
societies are not opposed to the use of biosimi-
lars, just the loss of physician input in the
treatment dispensed. For example, according to
the ACR, substitutions should only be made by
the prescriber, and providers should retain the
ability to mandate that prescriptions, including
biologic products, be ‘‘dispensed as written’’
[26]. Of course, medical needs may change,
warranting a switch in medication. In such sit-
uations, the prescriber (in consultation with the
patient) may change treatments. However, if
treatment with an innovator or biosimilar were
to fail, the European League Against Rheuma-
tism recommends that a biosimilar (if another is
available) not be prescribed. Rather, treatment
with another biologic product within the same
class or a biologic product with a completely
different mechanism of action should be initi-
ated [32]. This is because, by definition, no dif-
ference in clinical effect is expected with a
biosimilar relative to an innovator; thus, failure
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with one product will likely result in failure
with the other. This is supported by immuno-
genicity data showing that anti-drug antibodies
developed in response to innovators cross-react
with biosimilars (and vice versa) [33–35].

Several patient societies have expressed
opposition to auto-substitution or have com-
mented on the data needed to increase confi-
dence in auto-substitution. The Alliance for
Patient Access, for example, contends that
patients who are clinically stable should be
allowed to continue the use of their medication
and that both patients and physicians should be
informed in writing prior to a switch in medi-
cation for non-medical reasons [36]. The
Crohn’s and Colitis Foundation ‘‘urges the FDA,
when considering interchangeability, to pro-
vide reasonable proof that switching from the
originator to the biosimilar would not incur
immunogenicity or loss of response to the
originator (and vice versa)’’ [37]. We will now
discuss the main reasons associated with the
lack of support for auto-substitution: NMS,
traceability, and manufacturing.

ISSUES WITH NON-MEDICAL
SWITCHING

Prior to the arrival of biosimilars, NMS among
TNF inhibitors involved switching between
innovators within the same class. Studies
demonstrated that this practice was associated
with loss of tolerance and efficacy [38–40] and
increased healthcare costs [41–43], prompting
recommendations that patients with stable dis-
ease continue current therapy and not switch
among innovators. Once biosimilars became
available, researchers began to investigate the
impact of NMS between two versions of a single
TNF inhibitor (i.e., biosimilar and innovator).
Although data from randomized controlled tri-
als were generally positive [44–49], real-world
data indicated that discontinuation rates were
higher in patients switched to a biosimilar for
non-medical reasons than in historical cohorts
maintained on innovator TNF inhibitors
[8, 50–54]. Limited real-world data exist on NMS
from a biosimilar to an innovator [55], but as a
biosimilar would have been approved only if it

was shown not to yield clinically meaningful
differences relative to its innovator, it is rea-
sonable to assume that the act of switching in
and of itself—rather than the direction of the
switch (innovator to biosimilar or vice versa)—
is responsible for the increased discontinuation
rates reported in the real-world setting.

Several reasons are possible for the dis-
crepant discontinuation rates observed in real-
world studies versus randomized controlled tri-
als, including the open-label nature, broad
patient populations examined, patient selection
process (or rather the lack thereof), and inade-
quate education and monitoring, all inherent to
the former. Patient perceptions have also been
shown to play a role in treatment persistence.
Switching between an innovator and a biosim-
ilar for non-medical reasons may generate neg-
ative sentiment in those unwilling or reluctant
to switch, which, in turn, can adversely impact
expectations of treatment safety and efficacy—a
phenomenon known as the nocebo effect
(Table 1) [56–59]. This has been described in
multiple cohorts, most notably in the BIO-
SWITCH study, a Dutch registry of patients with
long-term (median of 7 years), stable disease on
innovator infliximab switched to biosimilar CT-
P13 following a government mandate [52]. The
discontinuation rate at month 6 was 24%. Of
the adverse events reported, 78% were due to
events that could be considered subjective (e.g.,
mood disorders, fatigue). Moreover, among
those who discontinued CT-P13 due to a per-
ceived lack of efficacy, scores on subjective
measures of disease (tender joint count and
global disease activity) worsened relative to
baseline, whereas objective measures (swollen
joint count and C-reactive protein) were stable.
Interestingly, the majority (79%) of patients in
BIO-SWITCH who discontinued CT-P13
resumed treatment with innovator infliximab
(outcomes not provided).

The increased discontinuation rates and
effects of patient perceptions of treatment
safety/efficacy following NMS are supported by
a systematic literature review examining nocebo
effects in patients switched from an innovator
TNF inhibitor to a biosimilar for non-medical
reasons [8]. In the absence of a validated mea-
sure of nocebo effects, the authors used
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biosimilar discontinuation rate and switchback
(i.e., rate of reversion to the innovator following
biosimilar discontinuation) as proxies [8]. Dis-
continuation rates were generally similar
between the switched and control groups of
randomized controlled studies. However, rates
of discontinuation varied among real-world
studies that included a control arm. Across the
12 studies reporting switchback data, 50–100%
of patients who discontinued a biosimilar suc-
cessfully resumed treatment with the innovator.
Of note, the median rates of discontinuation
following NMS were numerically higher in
studies in which the switch to the biosimilar
was mandatory. Similarly, the median rates of
switchback to the innovator were higher when
the switch was mandated. These findings have
now been found across biosimilars of inflix-
imab, etanercept, adalimumab, and rituximab
[8, 60–63].

Although the higher rates of discontinuation
observed in real-world studies of NMS may
reflect only a minority of patients (2–18%
additional patients above an expected discon-
tinuation rate of 10% per year) [54], they sug-
gest the consideration of mitigation measures.
The available data indicate that some patients
may be more susceptible to nocebo effects (and
thus more likely to ‘‘fail’’ treatment following
NMS). If it were possible to identify such
patients a priori, then the risks/benefits of
switching treatment for non-medical reasons
could be reevaluated. If no other option exists,
then such patients may need to be closely
monitored and/or educated to maximize the
likelihood of treatment persistence with the
biosimilar. Indeed, mitigation measures, such as
patient education, selection (e.g., based on dis-
ease stability and willingness to switch), and
follow-up, have been associated with improved
outcomes following switching for non-medical
reasons [53, 64–66].

Although nocebo effects factor into the
decreased persistence rates seen in real-world
studies of NMS, they do not explain the phe-
nomenon fully. Differences in delivery device
and product formulation can also have an
impact. The latter is likely responsible for the
objective events, such as serum sickness, skin
reactions, and loss of response, leading to

biosimilar discontinuation following NMS
[60, 67, 68].

Of note, the development of anti-drug anti-
bodies, an objective adverse effect that is a key
concern with biologic products, has not been
shown to increase in randomized controlled
trials or real-world studies of a single switch
[2, 44, 46, 48, 52, 69, 70] or in randomized
controlled trials of multiple switches [49, 71]
(although evaluation of multiple switches in
the real-world setting remains understudied)
[72]. This result is perhaps unsurprising, as the
differences in immunogenicity between a
biosimilar and its innovator would have been
demonstrated to be minimal during the regu-
latory approval process [3, 73].

TRACEABILITY OF BIOLOGIC
PRODUCTS

Pharmacovigilance, the practice of identifying
adverse events during routine clinical use of a
drug, is essential to ensuring patient safety
[74, 75]. It is needed not only to identify events
too rare to be observed in the randomized
controlled setting, but also to identify issues
related to a particular batch or lot of a product
(i.e., manufacturing- or storage-related issues).
Unique identifiers, such as non-proprietary/
brand names and batch numbers, are key to
traceability. In major markets, approved inno-
vators and their biosimilars have distinct brand
names. However, the convention for non-pro-
prietary names differs between geographies. For
example, in the US, the non-proprietary name is
appended with a unique, randomly generated,
four-letter sequence, but in the EU, all products
(innovator and biosimilar[s]) with the same
active ingredient share the same non-propri-
etary name (i.e., no four-letter suffix) [76]. To
improve traceability in the EU, the brand name
is used preferentially, and when the non-pro-
prietary name is referenced, it is often (but not
always) accompanied by the name of the mar-
keting authorization holder.

Without a unique, non-proprietary name for
each approved biologic, including biosimilars, it
can be difficult to unambiguously attribute
adverse events to a specific agent (innovator or
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biosimilar). For example, in Australia, innovator
and biosimilar versions of infliximab and fil-
grastim share the same biological name,
whereas innovator and biosimilar epoetin have
distinct biological names owing to differences
in glycosylation [77]. In an analysis of an
adverse event database maintained by the Aus-
tralian TGA, the rates of ambiguous adverse
event reporting were higher for infliximab
(25%) and filgrastim (36%) than for epoetin
(3%), which the authors attributed to the
absence of distinct Australian Biological Names
for biosimilars of infliximab and filgrastim [77].
In the EU, the reporting of suspected adverse
drug reactions (ADRs) requires the inclusion of
the biologic product’s brand name, as well as its
batch number [74], but only 5% of ADRs have
been shown to include both the brand name
and batch number [78]. The lack and/or omis-
sion of traceable information can lead to delays
in the identification of safety issues with a par-
ticular product, batch, or lot [74, 79]. This may
be exacerbated by the auto-substitution of
biosimilars and their innovators.

MANUFACTURING

In addition to strengthening adverse event
reporting, another reason for tracking biologic
products relates to the complexity of the man-
ufacturing process itself. Although the amino
acid sequence of a biosimilar and its innovator
is identical, the cell line used for the innovator,
as well as manufacturing processes and quality
specifications, is proprietary. Consequently,
biosimilar sponsors use reverse engineering
techniques to generate their product, such that
the cell line used, manufacturing process, and
quality specifications are all developed and
maintained completely independently of the
innovator sponsor.

However, the sponsor of a biologic—whether
innovator or biosimilar—may elect to imple-
ment changes to the manufacturing process
post-approval. Because these changes can
introduce product variability, the sponsor of an
agent undergoing manufacturing changes
undertakes comparability assessments through-
out the manufacturing process, including

product intermediates, ensuring that any vari-
ability introduced by manufacturing changes
falls within pre-specified limits. Since the
molecule generated before and after the manu-
facturing change is produced by the same
sponsor in the same cell line [75], with impu-
rities, inactive ingredients, and microhetero-
geneity (Table 1) kept within regulatory-
approved specifications, and since any manu-
facturing change must be approved by health
authorities, the consistency of the biologic
product is maintained over time. In contrast,
biosimilarity exercises for a biosimilar can occur
only with the commercially available version of
the innovator (i.e., the final product) [12], not
with intermediates (as would occur in a single-
supply chain). Of note, biosimilarity and inter-
changeability assessments are undertaken only
once, as part of the submission for regulatory
approval; there is no re-evaluation of either
designation following the introduction of
manufacturing changes in one or both supply
chains.

NEED FOR A BETTER
UNDERSTANDING
OF INTERCHANGEABILITY

The FDA has committed to increasing the
availability of biosimilars and interchangeable
biosimilars, despite requiring more rigorous
data for the latter. Although we support the
FDA’s position that interchangeability requires
a higher evidence standard than biosimilarity,
we argue that additional data and guidance
beyond this are needed to make fully informed
decisions regarding auto-substitution. First, the
FDA recommends that sponsors seeking an
interchangeability designation provide data
on C 3 switches between the innovator and
biosimilar [11]. Although data on multiple
switches between a biosimilar and its innovator
have been collected in the randomized con-
trolled setting [49, 71] and—consistent with
single-switch data—do not indicate a loss of
efficacy or an increase in adverse events
[44, 46, 48], limited data exist on multiple
switches in the real-world setting [72]. As such,
the increased discontinuation rates seen with a
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single switch in real-world studies may be
exacerbated following multiple switches. Since
anti-drug antibodies to TNF inhibitors are more
likely to develop over time [80] and the two
multi-switch randomized controlled trials pub-
lished to date followed patients for only 1 year
[49, 71], the absence of evidence should not be
interpreted as proof that there are no
immunogenicity issues with multiple switches
over time. Moreover, the aforementioned cau-
ses (e.g., nocebo effects) of increased discon-
tinuation rates discussed in the context of real-
world, single-switch studies would apply to
multiple switches. Are post-marketing commit-
ments needed to evaluate these potential issues?

Second, switching between biosimilars has
not been evaluated in randomized controlled
trials. If a biosimilar were to receive an inter-
changeability designation from the FDA, it is
important to note that that biosimilar can only
be automatically substituted for its innovator,
not other biosimilars (if available) of the inno-
vator. Thus, do the sponsors of late-to-market
biosimilars need to demonstrate interchange-
ability not only with the innovator, but with all
regulatory-approved biosimilars with the same
active ingredient? This is neither practical nor
required by the FDA, but its absence means that
physician and pharmacist education, as well as
robust tracking procedures, will be needed to
avoid prescription errors.

Last, once a biosimilar has been deemed
interchangeable with an innovator, that desig-
nation exists in perpetuity under current US
federal law, since there is no requirement for it
to be repeated. Given the independent supply
chains of innovators and biosimilars and the
fact that one or both may be subject to manu-
facturing changes over time [81–83], should the
‘‘interchangeability’’ status of a biosimilar be
periodically reconfirmed?

CONCLUSIONS

Some have advocated that all biosimilars
approved by major regulators be considered
interchangeable [1], but the lack of a singular
definition of ‘‘interchangeability’’ has led to
confusion. If ‘‘interchangeability’’ means that

the decision to switch treatment is made by the
physician in consultation with the patient (akin
to the EMA definition), then this practice
should be adopted universally. However, if ‘‘in-
terchangeability’’ is equivalent to automatic
substitution (akin to the US definition), then
global acceptance of this practice is inadvisable
in light of the points raised above. This opinion
is aligned with the major regulatory authorities
covered in this editorial, as upon approval of a
biosimilar, either the physician must prescribe
or the patient must be informed of—if not
consent to—pharmacy-level substitution. Like
many physicians, professional medical societies,
and patient advocacy groups, we believe that
treatment decisions should remain under the
purview of physicians in consultation with their
patients.

The FDA is the only major health authority
to explicitly distinguish between biosimilarity
and interchangeability. With its interchange-
ability designation, the FDA provides biosimilar
sponsors with a pathway for achieving what is
otherwise standard for small-molecule generics:
pharmacy-level auto-substitution for a biologic.
Given the complexity of biologic products, the
FDA recognizes that additional data beyond
those required for demonstrating biosimilarity
are needed for an interchangeability designa-
tion. Although the acquisition of such data
inflates biosimilar development costs, they are
necessary to ensure patient safety. These costs
may not be a deterrent, as several pharmaceu-
tical companies have undertaken clinical trials
to support an interchangeability designation for
their candidate biosimilars [84, 85].

While the FDA’s evidence requirements for
interchangeability are commendable, we feel
that they could be strengthened, given real-
world data on the impact of NMS on treatment
persistence and the challenges of traceability
and possible manufacturing changes on the
integrity of any agent being considered auto-
matically substitutable indefinitely. If the auto-
substitution of biosimilars for their innovators
(or vice versa) were to become a reality, then
pharmacists would need to remain up to date
on which biosimilars can be substituted (one
biosimilar for one innovator or all biosimilars of
a single innovator) and tracking procedures
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would need to be strengthened for pharma-
covigilance. Moreover, even with the FDA’s
requirements, there might not be sufficient data
at the time of approval to understand the
impact of multiple switches among inter-
changeable agents in the clinical practice set-
ting; real-world studies showed that even a
single switch for non-medical reasons can
increase rates of treatment discontinuation,
which could destabilize disease control. Post-
marketing evaluation is needed to ascertain
whether multiple switches have similar effects.
Lastly, we believe that consideration should be
given to evaluating and reconfirming the
interchangeability status of a biosimilar peri-
odically. If the climate were to change and
support for auto-substitution were to become
universal, then only biosimilars with robust,
supportive evidence should receive an inter-
changeability designation.
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