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Abstract

Over time, clinicians have become increasingly comfortable embracing the prescription of biosimilars—highly similar versions of
innovator or reference biological agents—for their patients with inflammatory diseases. Although a switch from a reference product
to a licensed biosimilar version (or vice versa) is a medical decision robustly supported by the stepwise accumulation of clinical
trial evidence concerning comparable safety, immunogenicity, and efficacy between these products, a switch from one biosimilar to
another biosimilar of the same reference product, or a cross-switch, is not. Similarity among biosimilars of a reference product is not
aregulatory agency concern and therefore is unlikely to be investigated in randomized controlled trials in the foreseeable future. Yet
in clinical practice, across a diverse range of patients, the option to cross-switch from one biosimilar to another can and does arise
for valid reasons such as convenience or tolerability issues, or driven by third parties (e.g., payers). In the absence of clinical trial
data, clinicians must attempt to objectively evaluate the emerging real-world cross-switching evidence within the context of what is
known about the science underpinning a designation of biosimilar. That knowledge then needs to be integrated with what clinicians
know about their patients and their disease on a case-by-case basis. This review aims to consolidate relevant emerging real-world data
and other key information about biosimilar-to-biosimilar cross-switching for prescribing clinicians. In the absence of clear clinical
guidelines addressing this topic at present, this review may serve to facilitate discretionary and educated treatment decision making.

1 Introduction

Key Points
Biologic medicines have revolutionized the management
of chronic inflammatory diseases [1]. A major drawback of
biologics is their high cost, which can limit patient access

As an increasing number of more affordable biosimilars
enter the marketplace, the decision to switch a patient’s
treatment from one biosimilar to another is emerging as
a potential practical option.
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biosimilarity, with most evidence established via the early
analytical, non-clinical, and comparative clinical pharmacol-
ogy steps performed prior to the clinical study component.

In the absence of data from formal clinical trials comparing
several distinct biosimilars of the same reference product,
early preliminary real-world evidence warrants evaluation in
the context of each patient’s and payers’ circumstances, and
the scientific principles supporting the utility of biosimilars.

Currently, there is a lack of clinical guidelines to address
the concept of cross-switching, and this educational
paper is intended to contribute to bridging the knowledge
gap that otherwise fuels prescriber hesitancy when it
comes to cross-switching between biosimilars, to facili-
tate safe and effective ongoing treatment for patients.
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to much needed treatment [2-5]. To rein in healthcare
expenditure and promote greater population-based access
to biological medicines, biosimilars—highly similar,
reverse-engineered versions of existing innovator biological
medicines and their active ingredients (originator or refer-
ence products)—have emerged as less expensive treatment
options compared with reference products for which market-
exclusivity patents and regulatory exclusivities have reached
end of term [4, 6, 7].

Across Europe, the USA, and more universally, based on
the World Health Organization (WHO) standards, establish-
ing biosimilarity follows a stringent yet abbreviated regula-
tory pathway compared with that for an originator biologic;
one that judiciously exploits the years of knowledge accu-
mulated for the bio-originator [8§—11]. Globally, a biosimilar
must be as safe, pure, potent, and efficacious as the reference
product based on comprehensive comparability exercises,
such that there are no clinically meaningful differences [9,
10, 12, 13].

As the market for biosimilars continues to expand and the
number of biosimilar products for each approved biological
reference product increases, the likelihood of patients need-
ing to switch from one biosimilar to another (cross-switch),
for whatever reason, is also expected to increase [14-16].
To date, most of the research conducted on therapeutic
exchanges involving biosimilars has focused on the safety,
efficacy, and immunogenicity of a rather narrow range of
switching scenarios, predominantly in patients new to a ref-
erence product or a biosimilar, for which there are registered
clinical trial data and emerging extension and post-market-
ing studies, all capturing longer-term evidence [17, 18].
Indeed, in clinical practice, particularly when patients are
treated over a long duration, switching between biosimilars
has become a treatment option and in some cases a mandated
necessity, as has occurred with respect to originator-to-bio-
similar switches [19, 20].

Biosimilars are considered “clinically equivalent” to the
reference product, a term adopted by the WHO [21, 22].
Although the clinical equivalence of a biosimilar to its ref-
erence product is rigorously tested and well documented,
there is no regulatory obligation or industry-driven impetus
for approved biosimilars of the same reference product to
be evaluated for biosimilarity among themselves [23-25].
Attempts to make indirect comparisons between biosimilars
of the same reference product can be hampered by the het-
erogeneity of clinical trial designs between biosimilars and
their reference products [26]. Clinical trial components—
including, but not limited to, study population, inclusion
and exclusion criteria, timing of the primary and second-
ary endpoints assessed, immunogenicity assays used and
the timing of sample collections, equivalence margins, and
definitions for adverse events (AEs)—can vary across stud-
ies [27]. Consistency with respect to stratification factors
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(e.g., disease activity, body mass index [BMI]) may impact
responses to therapy and warrant careful consideration [28].
Most evidence of biosimilarity is established via the early
analytical, non-clinical, and comparative clinical pharmacol-
ogy steps performed prior to the clinical study component.
Randomized clinical trials are then performed to confirm
biosimilarity [29-31]. However, the ability of clinicians to
be able to infer the potential for similarity between biosimi-
lars of a reference product, and the confidence to decide to
switch a patient between them, would likely improve if clini-
cal trial designs were better standardized [26, 27].

This review will focus on biosimilar cross-switching
or switching from one biosimilar to another biosimilar of
the same reference product, with an emphasis on patients
with inflammatory diseases. While the regulatory process
for determining biosimilarity is scientifically robust, the
published evidence for cross-switching is currently sparse.
Here we review available real-world data, current recom-
mendations, and consensus statements that may offer clinical
practitioners some insights and perspective as they manage
their patients’ health and make medical decisions regarding
optimal treatment within the context of individual patients.

2 Literature Methods

A search of PubMed was conducted for articles published
up to January 2021 using the search terms: switching, cross-
switching, and biosimilar. There was no restriction or exclu-
sion related to article type. The reference lists from articles
identified in this search were also reviewed and additional
publications retrieved if considered within the scope of this
review. A separate “Google search” using the same search
terms was performed to identify important material relevant
to the topic and not captured within the peer-reviewed litera-
ture. Articles identified by the authors through their aware-
ness of the topic were also considered for inclusion. All the
retained articles were qualitatively assessed and described
in this review article.

3 Rationale for Switches Involving
Biosimilars

A number of real-world scenarios, of a medical and non-
medical nature, may lead to cross-switching between bio-
similars of the same reference product.

Medical switching occurs when one medication is
exchanged for another at the physician’s discretion [32].
The goal of a medical switch is to optimize the patient’s
treatment benefit. The rationale for a medical cross-switch
involving biosimilars could be brought about by a change
in disease activity (although unlikely, given that similar
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therapeutic benefits are typically expected from different
versions of the same reference product), or more likely be
instigated to address tolerability issues and/or AEs (e.g.,
injection-related reactions), and/or for patient conveni-
ence (e.g., device preference, frequency of dosing, storage
requirements) [32, 33].

In some instances, cross-switching may be medically pru-
dent or necessary to address intolerance issues, such as the
avoidance of an irritating excipient (citrate-free vs citrate-
containing biosimilars of adalimumab) or a prefilled deliv-
ery device for one biosimilar to which a patient exhibits a
hypersensitivity (a needle cover containing a derivative of
latex vs a latex-free needle shield) [34, 35]. Other medical
reasons for a biosimilar-to-biosimilar cross-switch could
relate to differences in the length or gauge of the needle,
or the volume in a prefilled syringe if it may improve the
patient’s satisfaction [33, 35]. Improving the convenience of
drug administration to benefit a patient or their caregiver in
the event of manual dexterity issues (e.g., medication deliv-
ery via a prefilled pen vs syringe) [35, 36], to facilitate the
administration of a lower dose more accurately (e.g., a pre-
filled syringe to a biosimilar with a single-dose vial option),
or to accommodate the preference of one delivery device
over another, could also prompt a medical cross-switch [37,
38].

Non-medical switching occurs when a clinically stable
patient, whose current therapy is effective and well tolerated,
is switched to another therapeutic alternative [39, 40]. This
type of switching or cross-switching is not related to improv-
ing efficacy, safety, and/or convenience, but rather it is insti-
gated for the purpose of mitigating costs or to ensure that
the patient has continued access to the same type of drug [5,
41]. Non-medical cross-switching is typically governed by
a third party (e.g., payer who insists that patients align with
the particular biosimilar covered by the health-plan drug
formulary, or based on an employer-plan offering), initiated
by a hospital pharmacist to avert supply-chain issues due
to an unreliable manufacturer, or it may be necessary for
a traveling or relocating patient whose current biosimilar
might not be geographically available [5, 23, 40, 42, 43].
Out-of-pocket expenses, payer incentives, rebates, copays,
or fixed reimbursement fees (for hospitals, per inpatient day
despite the medication used) may also influence a decision to
cross-switch to another biosimilar version, or alternatively,
reverse-switch to the reference product when the economic
incentives disappear [44]. A reverse-switch to the originator
was observed to occur in <10% of patients with inflamma-
tory bowel disease (IBD). The reported reasons for reverse
switching were mostly biosimilar-attributed, although logi-
cally there is no expectation that AEs, worsening symptoms,
or a loss of response should resolve when switching back to
an originator. Nevertheless, the vast majority of symptoms
(up to 90%) were considered resolved after a reverse switch

[45]. This suggests a nocebo effect; however, immunogenic-
ity could have played a role in individual patients with dif-
ferent genetics and varying responses to treatment.

A number of European countries practice tendering via
various processes operating at different levels and in several
settings (e.g., at the national level and in hospitals or outpa-
tient settings, etc.) [20]. In 2016, the need to comply with
single-winner tenders was identified in 12 of 26 (46%) Euro-
pean countries; although physicians are able to opt-out for
non-medical reasons for individual patients in all but one-
third of those countries where switches are forced (Bulgaria,
Poland, Serbia, and Turkey) [20]. Quotas favoring lower-cost
biologicals or biosimilars in some countries must be met
before opting-out is permitted (mandatory quotas exist in
Denmark, Latvia, and Lithuania; indicative quotas exist in
Cyprus, Greece, Italy, and some regions of Germany), and
physician opposition to pharmacy-level substitution of bio-
logicals can preclude switches in other European countries,
which do not include the Czech Republic, Estonia, Latvia,
Poland, Serbia, and Turkey [46]. The frequency of single-
winner tendering among the 12 countries identified has
occurred from every 3 to 36 months, or every 3 to 18 months
in the case of the 4 countries in which physicians cannot
exercise discretion. It stands to reason that a vast amount of
non-medical cross-switching likely occurs based on single-
winner tendering as long as competitors exist [46, 47]. If
one biosimilar displaces another biosimilar of the same ref-
erence product when it becomes the single-tender winner,
or one of multiple-tender winners, the switch is likely to
be imminent for numerous patients. Procurement via ten-
dering at the national, regional, or hospital level already
occurs in numerous European countries. There is a lack of
peer-reviewed published literature to indicate whether cross-
switches between biosimilars—due to alternating winners
of a competitive bidding processes—have caused efficacy
or safety issues of concern [48, 49]; however, the stringent
pharmacovigilance system used for all biologicals mitigates
these safety concerns, as shown in Europe and the USA [50].

4 Switching: Who Decides?

Switching occurs when a treating physician or prescriber
“decides to exchange one medicine for another with the same
therapeutic intent” [9]. Regardless of the reasons for switch-
ing to or between biosimilars, the tendency of many—but
not all—prescribers is to adopt a multidisciplinary approach
that is patient-centric [51-53]. Therefore, when a switch in
therapy is imminent for patients with inflammatory condi-
tions, it is often considered that this should involve a deci-
sion made by the treating physician and patients together, or
at least with the patient’s full awareness [54].
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Although the European Medicines Agency encourages
any decision made about switching to a biosimilar or among
biosimilar medicines to involve the prescriber in consulta-
tion with the patient [9, 55], prescribers in European Union
(EU) nations fall within the remit of Member States [55].
Therefore, the extent to which this occurs varies by coun-
try, region, and hospital. For example, in Norway switch-
ing is performed at the discretion of hospitals and/or physi-
cians [56], while in Denmark in 2017, switching from the
etanercept reference product to an etanercept biosimilar in
patients with inflammatory arthritis was mandated with few
exceptions [19]. In the UK, preliminary results of a National
Ankylosing Spondylitis Society patient survey revealed
that the majority of patients who were switched from adali-
mumab reference product to an adalimumab biosimilar were
never asked to consent to the change, although reasons for
this oversight are not described [57, 58].

In the USA, switches involving biosimilars are currently
physician-led in the absence of biosimilars that have met
the additional interchangeability designation set forth by the
US Food and Drug Administration (FDA), although pay-
ers, vendors, and pharmacy benefit managers continue to
influence formulary decisions related to switching a patient’s
treatment [59-62]. Although the FDA encourages patients to
ask their doctor, nurse, or pharmacist about what medication
they have been prescribed, it has no direct role in therapeutic
switching practices in the event that a biosimilar is granted
an interchangeable designation. Nevertheless, the FDA rec-
ognizes that physicians will know their patients’ condition
and specific health risks best [63].

Pharmacovigilance is key when monitoring the use of
biosimilars because it allows detection and characterization
of adverse drug reactions [64]. Regulatory guidance var-
ies according to the market, for example in Europe, this is
provided by the regulatory document entitled “Good Phar-
macovigilance Practices for biological medicinal products.”
The European Medicines Agency requires close ongoing
monitoring of the clinical safety of biosimilars following
approval, along with continued benefit-risk assessments.
Safety data are periodically assessed and compared with
data for the reference product [65].

5 Types of Biosimilar Switching

Various switching scenarios involving biosimilars can occur
(Fig. 1); however, as the biosimilar landscape has evolved,
the definitions for switching are not always uniform or intui-
tive, they can appear duplicative in some respects, and ter-
minology appears to be lacking when it comes to describing
additional potential scenarios.

Switching has been variously defined as “a one-time
change from an originator biologic to its biosimilar, or the
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reverse” [66], and elsewhere, it has been considered as a
unidirectional therapy transition, or as “switching from the
innovator biologic agent to a biosimilar” [67]. The latter
definition can be attributed to earlier times when it was most
common for patients to transition from a reference biologic
to a biosimilar, rather than be initiated on a biosimilar. In
real-world scenarios, prescribers are becoming increasingly
inclined to want to introduce biologics earlier during the
course of clinical treatment [68], and accordingly prescribe
biosimilars to treat inflammatory diseases in biologic-naive
patients when the circumstances are medically appropriate
[53, 69-71].

Reverse-switching has been defined as “switching from
a biosimilar to its reference medical product” [33, 72].
Reverse-switching has also been used to describe both
a switch that occurs after prior exposure to an originator
product (originator—biosimilar—originator) as well as one
that does not (biosimilar—originator) [73, 74]. Intuitively,
a reverse-switch might suggest a return to the therapy that
was initially prescribed, although it is also used to implic-
itly denote a single unidirectional switch [67, 75]. Reverse-
switching has also been used to describe repetitive switches
(repeat changes between a reference product and its bio-
similar) and because this description reads like a multiple-
switching scenario for an interchangeability designation, it
can become imprecise and confusing [76].

Multiple-switching is the term routinely used to describe
at least three therapy transitions, or alternating between the
reference product and its biosimilar product(s) or between
biosimilars [16, 26, 77]. Based on a definition of this nature,
multiple-switching may not be mutually exclusive from
reverse-switching or cross-switching [72].

Cross-switching has been used to distinguish “a switch from
one biosimilar to another [67], switching between two biosimi-
lars” [72], or a transition of therapy from one biosimilar to an
alternative biosimilar of the same reference product [76]. The
latter definition is more explicit as it excludes another potential
scenario that appears to be largely absent in the literature. A
biosimilar-to-biosimilar cross-switch in clinical practice could
potentially entail the de novo usage of a biosimilar of one refer-
ence product followed by a switch to a biosimilar of a different
reference product within the same drug class (e.g., a different
tumor necrosis factor [TNF] inhibitor) [78]. For the sake of
differentiating and improving clarity, that type of switch could
be uniquely referred to as an “intraclass cross-switch.” For
another switching scenario that is medical in nature and not
explicitly defined to date, a switch from a reference biologic to
a biosimilar of a different reference product in the same drug
class [78] is akin to an “intraclass switch” or vice versa as an
“intraclass reverse-switch” (Fig. 1).

Although this review focuses on cross-switching from
one biosimilar to an alternative biosimilar of the same refer-
ence product, it is noteworthy that current terminology does
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Fig. 1 Potential switching scenarios. The dot (e) end of the arrow
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not always describe switching scenarios in adequate context,
which can lead to confusion. Conceivably, a lack of consen-
sus, or a reticence to agree that there are sufficient data in
terms of scientific and clinical evidence to support certain
biosimilar-related switching scenarios, could be hampering
interest in establishing more definitive terminology at this
time [6, 54, 75, 79-83]. Howeyver, as the real-world utility of
biosimilars expands, and as courses of treatment evolve, an
agreed-upon convention within the scientific community to
describe switching scenarios involving biosimilars might be
warranted in the future. Country-specific regulatory agencies
will have a major role in defining the scenarios for switching
from one biosimilar to another. Moreover, scientific medi-
cal societies can share some of this responsibility since they
can have an influential role, as already evidenced from their
impact on the overall biosimilar debate. Results could vary
with contrasting approaches and different levels of pharma-
covigilance around the world.

6 Biosimilar Switching Requires
an Educated Decision

Switching therapies according to any of the definitions pre-
viously provided, including those involving biosimilars,
requires potential risks to be balanced against potential

Biosimilar
B1
Intraclass
switch
Switch Multiple switches
within
Reference
same Biologic
drug B
class
Intraclass -

reverse-switch

Biosimilar
B2

switch: eA1—A2, eA2—Al; switch within the same drug class:
eA—B; eB—A; intraclass cross-switch: eA1—B1, eBl1—Al; intra-
class switch: e A—B1; intraclass reverse-switch: eB2—A

benefits [84]. Currently, robust, long-term, and conclusive
clinical trial data are lacking with regard to cross-switching
between biosimilars, yet, in real-world settings, physicians
are required to meet the needs of a more diverse range of
patients with chronic inflammation over long periods who
are managing their disease under a variety of circumstances.

In December 2020, Medicines for Europe reported that
the total clinical experience with biosimilar medicines
exceeded two billion treatment days and the cumulative
treatment days for patients receiving approved biosimilars
in Europe has doubled approximately every 1.5 years over
the past decade [85]. Moreover, during more than a decade
of use in the EU, no approved biosimilar has needed to be
withdrawn or has required additional labeling because it
was not equally effective or as safe as the reference product
[86]. From a purely practical standpoint, biosimilar cross-
switching is already happening, and it is has been suggested
to be more likely among patients who receive therapy over
a long duration [87].

Biosimilar products in robustly regulated regions such
as the USA, Canada, EU, and Japan are considered as effi-
cacious as the reference product when used for approved
indications [88—90]. The general acceptability of this frame-
work/rationale lends some support to the notion that two bio-
similars considered to be highly comparable versions of the
same active substance in the reference product—to stringent
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standards—should be able to be exchanged without unduly
compromising efficacy or safety.

Although the scientific and regulatory principles for
determining biosimilarity are well established, prescribing
physicians generally prefer to make case-by-case, evidence-
based healthcare decisions for their patients with inflam-
matory diseases whenever any type of therapeutic switch
involving a biosimilar is warranted [25, 84, 91, 92]. The
ability of physicians to do this exemplifies one facet of the
art of clinical judgment [93].

Beyond unique patient-specific needs, clinicians must rou-
tinely consider—in the event of a biosimilar cross-switch—the
fact that head-to-head clinical trials of biosimilars of the same
reference product are extremely unlikely to be conducted. In
a scenario in which biosimilar B is highly similar to refer-
ence product A, and biosimilar C is highly similar to reference
product A, the extent of the similarity between biosimilars B
and C remains untested and requires logical reasoning when
evaluating any potential risks of a switch between biosimi-
lars of a single reference product. This is akin to the situa-
tion wherein the second innovator product of two reference
products—manufactured and approved in highly regulated yet
different jurisdictions (e.g., EU and USA)—is essentially an
nth-generation biosimilar of the product approved originally,
as they share a common origin (i.e., they are based on the
same drug and the same types of clinical trials). Some contend
that bridging studies required to formally prove biosimilarity
between local and international reference products are unnec-
essary and should be waived [94, 95]. Understanding the sci-
entific principles underpinning biosimilarity should provide
a dependable basis for the intersection of other considerations
that must be weighed by physicians exploring the feasibility
of a biosimilar cross-switch.

7 What Biosimilarity is Predicated On

Because the amino acid sequence of a biosimilar must show
complete fidelity to its reference product, each biosimilar
is manufactured so that it contains the same foundational
building blocks in addition to the three-dimensional struc-
ture. Although all biologics are derived from living cells
with inherent variabilities, only minor differences (micro-
heterogeneities) in clinically inactive components of a bio-
similar compared with its reference product are expected
and permitted [29, 96, 97]. Unlike chemically synthesized
drugs for which identical generic versions of the reference
product can be routinely produced, the inability to produce
large, molecularly complex, identical biological products to
the reference product is central to the perceived clinical chal-
lenges with biosimilars [86, 98].

Using state-of-the-art methods and technology, analytical
biosimilarity must first be demonstrated via extensive in vitro
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and/or in vivo functional activity characterizations and struc-
tural analyses to evaluate product-related variants, stability,
and impurities [29, 99-101]. In the event that uncertainty
exists following in vitro assessments with respect to potential
for in vivo toxicity, animal data may be required before clinical
pharmacology studies are conducted to test pharmacokinetic
and pharmacodynamic equivalence in an adequately sensitive
population [12, 60, 75]. However, European regulators de facto
do not require animal studies as part of the biosimilarity exer-
cise. As they are still mandated by some regulatory authorities
and development programs are global, animal studies still form
part of EU submissions even though they are not required.
Therefore, there is an increasing need to re-assess the relevance
of animal studies to support regulatory approval of biosimilars
[102]. The biosimilarity established via the analytical, non-
clinical, and comparative clinical pharmacology evaluations is
subsequently reaffirmed via adequately powered randomized
controlled trials (RCTs) designed to compare—not to estab-
lish—therapeutic efficacy, safety, and immunogenicity versus
the reference product [29, 30].

Licensure or approval of a biosimilar is based on total-
ity-of-the-evidence and is granted on a case-by-case basis,
exclusively with respect to the reference product [29, 98,
103]. Distinct from the approval process for a reference bio-
logical product, the regulatory pathway adopted for biosimi-
lars relies more heavily upon comparative analytical data,
with less emphasis placed upon multiple, lengthy, large-
scale, comparative clinical trials [30, 104].

Overall, for a number of inflammatory diseases, a single
switch from a reference product to its biosimilar has gen-
erally not been shown to be associated with safety issues
and/or anomalous responses [75, 105-107]. Nevertheless,
exercising diligence in terms of assessing any of the unique
needs or challenges for each patient when switching prod-
ucts remains important [32, 84, 108]. For instance, addi-
tional patient training may be required as a result of switch-
ing [32]. Also, a switch to a biosimilar from its reference
product, or a biosimilar cross-switch, becomes unethical if
a patient experiences a loss of response [75, 109]. In the EU,
clinically important adverse immunogenicity to a reference
product precludes the use of any of its approved biosimilar
products (and vice versa), given the high degree of similar-
ity among them and the potential for cross-reactivity on a
population basis [110, 111]. However, according to the US
FDA, expected biosimilarity in terms of immunogenicity
results has yet to be proven and approved at the level of “any
given patient” via an interchangeability designation [60].

Immunogenicity pertaining to biosimilars has emerged as
a highly controversial topic with the possibility of being mis-
leading if poorly understood [109]. There are opposing views
on the importance of immunogenicity in this field, and in gen-
eral the importance of this issue can be overestimated because
most biologicals have low immunogenic potential. Some
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experts support the view that immunogenicity is an impor-
tant issue and that patients should be tested prior to switching,
while others are of the opinion that immunogenicity is not a
concern and testing prior to switching is unnecessary given
that immunological overlap exists between a biosimilar and its
reference product [112, 113]. At the annual 2019 Biosimilars
and Biological Summit in Portugal, Jodo Gongalves shared
expert opinion and pointed out that there are nuances to be
considered with respect to immunogenicity when switching
to or among biosimilars [109]. Specifically, distinctions often
need to be made between the detection of transient versus per-
sistent antidrug antibodies (ADAs; those detected at a single
timepoint as opposed to those detected at multiple timepoints).
Not surprisingly, epitope-specific antibodies that can signal
therapeutic failure tend to be shared between highly similar
molecules [9, 12, 109—-111, 114-116]. Other factors that war-
rant consideration include paying attention to titer kinetics,
which have appeared to be better predictors of secondary fail-
ure than ADA positivity [109]. Appropriately timed immu-
nogenicity assessments (in advance of a switch and within 12
months of initiating a switch) have been recommended [109,
117]. Guidance is often needed by physicians with regard to
the most appropriate use of immunogenicity tests [109]. How-
ever, other factors are known to confound the clinical relevance
of ADAs. For example, the accuracy of commercial diagnostic
tests and reference standards can be variable and the presence
of ADAs may not be directly linked to drug tolerance and/
or clinical efficacy, such as when the magnitude of drug neu-
tralization is minimal [80]. Drug doses and concomitant use
of immunomodulators by patients with rheumatoid arthritis
(RA) can differ from patients with IBD, such that immune
responses could vary accordingly [110]. Although physicians
need to remain mindful of potential immunogenic issues, a
review by Strand et al. [118]—which included an assessment
of the effect of therapy switching on ADA incidence in 22
studies involving at least 10 biosimilars, multiple cross-over
steps in some cases, and patients with rheumatic diseases,
plaque psoriasis, or IBD—showed that immunogenicity did
not change quantitatively or qualitatively as a result. Across
52 trials (involving 18 biosimilars, including some proposed
biosimilars), 14 of which were conducted in healthy subjects,
immunogenicity was found to be highly similar between bio-
logic agents within the same class, which is consistent with
regulatory findings that govern approvals [118] and bodes well
for cross-switching.

8 Evidence of the Safety and Efficacy
of Biosimilar Cross-Switching

Currently, the published evidence available in the scientific
literature for biosimilar cross-switching is limited [107].
Clinical trial data for cross-switching are largely lacking,

primarily because there are no regulatory stipulations in
place that require biosimilars of a single reference product
to be compared among themselves [119, 120]. In addition,
transitioning between biosimilars is such a new concept that
published data in this area are scarce. Nevertheless, it can
be considered that clinicians experienced in switching from
a reference product to a biosimilar will recognize that bio-
similar cross-switching poses no additional risks, and they
may be more open to introducing such a strategy. To the best
of our knowledge, overall, there are seven real-world stud-
ies reported in which patients switched from one biosimilar
to another. These studies provide some initial and prelimi-
nary support for the safety and efficacy of cross-switching,
although, overall, the study durations are relatively short,
sample sizes are comparatively small, and the existing
data are limited to evaluations of infliximab biosimilars
[1, 121-126]. Nevertheless, it should be considered that
several adalimumab biosimilars have now been approved
and are on the market in the EU—and presumably switches
among them have occurred as matter of practical reality,
yet reports of harm associated with adalimumab biosimilar
cross-switching are conspicuously scarce [127].

8.1 ExVivo Immunogenicity Studies
with Implications for Cross-Switching

Two ex vivo studies lend support to biosimilarity among
biosimilars of a reference product in terms of immunogenic-
ity and cross-reactivity [114, 128].

In an ex vivo study reported by Magro et al. [128], serum
samples collected from patients with IBD receiving inf-
liximab reference product (R-IFX) or biosimilar infliximab
CT-P13 were tested for the number of ADAs to R-IFX,
CT-P13, or biosimilar infliximab SB2 (Fig. 2). Anti—-R-IFX
and anti—CT-P13 sera from those samples were subsequently
used to assess the immunogenic cross-reactivity via enzyme-
linked immunosorbent assay (ELISA) R-IFX-optimized
quantification assays [129]. Anti—-R-IFX and anti—-CT-P13
sera cross-reacted with R-IFX as well as the biosimilars
CT-P13 or SB2, thus demonstrating immunogenic similar-
ity among these anti-TNF alpha (TNFa) biologic drugs.
This aspect of the study highlighted the futility of biosimilar
cross-switching among infliximab biosimilars in the event of
an immune response to R-IFX or an infliximab biosimilar. If
full cross-reactivity is shown in vitro, this is supportive of
the safety of cross-switching. Limitations of this study were
that anti-SB2 serum was not tested and another anti-TNFa,
besides R-IFX, was not utilized as a control.

A retrospective ex vivo study, Fiorino et al. 2018 [114],
tested sera samples collected from three cohorts of adult
patients with Crohn’s disease (CD) or ulcerative colitis (UC)
who participated in the BIOSIMO1 study [114] (Fig. 3).
Patients in cohort 1 were treated with R-IFX followed by
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CT-P13 (n = 18), patients in cohort 2 were treated with
CT-P13 only (n = 52), and patients in cohort 3 were treated
with R-IFX only (n = 30). Among all the 100 treated
patients, 76 positive sera samples were collected from 23
(23%) individuals. Another 76 sera samples were collected
from 11/28 patients with IBD from an R-IFX-naive group
that served as a negative control. All 152 (76+76) sera
samples from 34 (23+11) patients were further exposed to
different batches of biologics (R-IFX, or R-IFX and either
SB2 or CT-P13) to determine whether there was sera anti-
body cross-reactivity between R-IFX and CT-P13 or SB2
treatments. Multiple ELISAs, one specific to each biologic,
revealed that patients’ antibodies recognized R-IFX and inf-
liximab biosimilars CT-P13 or SB2 equivalently. Although
a direct comparison between CT-P13 and SB2 remains
untested because anti-SB2 antisera were not available,
the uniformity of the cross-reactivity between R-IFX and
CT-P13 antibodies and between R-IFX and SB2 antibodies
was considered by the authors to suggest that cross-switch-
ing between CT-P13 and SB2 may not result in divergent
immunogenicity. The same epitopes responsible for mount-
ing an immune response to R-IFX are hypothesized to react
in the presence of CT-P13 or SB2, which may indirectly sup-
port biosimilarity. At the same time, the authors caution that
persistent antibodies to infliximab may be detected at least
1 year after therapy discontinuation, and drug batches could
be subtly different (more or less immunogenic). However,
considering manufacturers of biosimilars are compelled to
vigilantly abide by rigorous quality standards in accordance
with regulatory approval specifications, batch-to-batch
drifting of the quality attributes of biosimilars is routinely
precluded to any extent that is clinically meaningful [130].
For that reason, the proposed drug batch-to-batch—related

To a plate, precoated with TNFa,

the following biologics were added:

*R-IFX

« Pre-infusion sera collection

IBD pts who were
being treated with:
* R-IFX

or
« CT-P13

« Collection of N=74
samples that routinely
tested positive for ADAs:
anti-R-IFX and anti—CT-P13

¥

Fig.2 Infliximab reference product and its biosimilars (CT-P13 and
SB2) demonstrate high cross-reactivity ex vivo [128]. ADA antidrug
antibody, C7-P13 biosimilar infliximab, /BD inflammatory bowel
disease, ICC intraclass correlation coefficient, LLOQ lower limit of
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limitation suggested in relation to the Fiorina et al., study
seems improbable.

8.2 InVivo Cross-Switching Studies

Gisondi et al. [123] evaluated a group of 24 patients (mean
age 54 +13 years, 79% male, mean body mass index [BMI]
27 + 4) over 6 months, who had chronic plaque psoriasis
(mean duration ~ 2 years), to examine the effectiveness and
safety of a cross-switch from CT-P13 to SB2 (Fig. 4). Pso-
riasis Area and Severity Index (PASI) scores were reported
at the time of the cross-switch and at 2, 4, and 6 months
thereafter. Duration of exposure to CT-P13 and AEs were
also reported. The PASI score did not change significantly
when measured at 2-monthly intervals; PASI scores at the
time of the cross-switch and at 2, 4, and 6 months thereafter
were 0.67 + 1.38, 0.76 + 1.08, 0.71 + 0.93, 0.42 + 0.62,
respectively. The previous duration of exposure to CT-P13
was 23.2 + 7.51 months and the incidence of AEs (two infu-
sion reactions and two upper respiratory bacterial infections)
presented no new safety signals. Cross-switching in these
patients was considered safe and effective.

In the real-world study conducted by Harris et al. [122],
133 patients with IBD (CD, 78.9%; UC, 21.1%) switched
from CT-P13 to SB2 and were assessed for: disease activity
(baseline [Week 0] vs Week 16/18), drug persistence (at > 4
months vs an historic CT-P13 cohort), and specific domains
of the IBD-control questionnaire (i.e., patient-reported out-
come measures [PROMs] at 0 vs 16/18 weeks) (Fig. 5). The
treatment discontinuations after cross-switch were not con-
sidered unusual, and there were no significant differences
in any of the study endpoints over at least 4 months, or for
the specific IBD-control PROMs that were assessed (i.e.,

« Incubated, absorbance
read LLOQ, 1.2 pg/mL

Cross-immunogenicity result:

* R-IFX, CT-P13, and SB2 reacted
similarly to R-IFX and CT-P13
antibodies (p=0.293 for anti—R-IFX
and p=0.538 for anti—CT-P13) across
R-IFX-optimized assays

< ICC (range, 0.986—-0.993) for the
antidrug reactivity between R-IFX
and its biosimilars was close to 1.0

220 [ Anti—R-IFX

B [ Anti—CT-P13
« Diluted serum samples = 15
added to prepared plate ‘g

'qE> 10

o

2

S 5

£

E,

F oA gl ok oD o
?\‘\? G(,? < ?\,\?G(,? 5

quantification, R-IFX infliximab reference product, SB2 biosimi-
lar infliximab; TNFa tumor necrosis factor alpha. Bar chart adapted
from Magro et al. [128]. © The Author(s). Reprinted with permission
[https://creativecommons.org/licenses/by/4.0/]
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R-IFX—CT-P13,
(Switchers), n=18

BIOSIM-01 — Retrospective Serum sample collection

Cohort Study (N=100) « 76 sera samples (from

« Single-referral IBD clinic, 23 pts) tested across the
Italy 3 study cohorts were

« Adults (218 y) CT-P13 only, n=52 positive for Abs to IFX

* Males and females

« Diagnosis: CD or UC

« IFX administered at 0, 2,
and 6 wk, then every 8 wk

« 76 sera samples (of 11
pts) tested for IFX
Abs (Negative controls)

R-IFX only, n=30

Control pt characteristics:
* Median age: 40 y

» Male/Female, n=17/11

+ CD/UC, n=12/13

« Unclassified colitis, n=3

* Median IFX = 6.2 pg/mL

R-IFX-naive

Added (Controls), n=28

Fig.3 Antibody cross-reactivity appears equivalent between inflixi-
mab reference product and its biosimilars CT-P13 or SB2 [114]. Ab
antibody, CD Crohn’s disease, CI confidence interval, CID chronic
inflammatory disease, CT-P13 biosimilar infliximab, ELISA enzyme-

Question items: 1b, “...your current treatment is useful in
controlling your IBD”; 3f, “...think you need a change to
your treatment”; 4a, “...would you like to discuss alterna-
tive types of drug”; 4b, “...would you like to discuss ways
to adjust your own treatment”; and 4c, “...would you like
to discuss side effects or difficulties with your medicine”)
[131]. These results were published in abstract form and
described as preliminary; additional longer-term data in
larger cohorts could provide further assurance of the safety
and efficacy of cross-switching in the future.

In a retrospective, single-center study of 31 patients (22
[71%] males) with CD (11 males [35%]) or UC (20 males
[65%]), Lovero et al. [121] evaluated the effects of a cross-
switch from CT-P13 to SB2 after a median 6 months of fol-
low-up (Fig. 6). Patients had been diagnosed at median age
35.5 years and had a median duration of disease of 11 years.

Fig.4 Summary of cross-
switching study in patients with
chronic plaque psoriasis [123].
*6 months after cross-switch
(o), SB2 was considered as

CT-P13
N=24 patients

identically cross-reacted
batches |Positive with CT-P13 or SB2
as shown: samples| J
« 11 batches R-IFX Cross-reactive samples:
« 12 batches SB2 [n=32] * * * + Switchers, n=12
+ CT-P13, n=9
* R-IFX, n=13
« 8 batches R-IFX _ Pt characteristics (n=34):
+ 1 batch CT-P13 Jw=ik] * + * + Median age: 40 y
* Male/Female, n=23/11
« CD/UC, n=16/13
« 25 batches R-IFX | n=30 | + + + » Unclassified colitis, n=5
+ IFX <0.035 ug/mL

152 tested sera
samples (34 pts)
treated with

All 76 samples positive

Assay results #1-3:
per each ELISA test:

All Abs against R-IFX

Key results:

» 100% agreement for assay cross-reactivity between R-IFX and CT-P13 or SB2

* 8/9 (89%) and 8/13 (62%) pts were positive to anti—CT-P13 + anti—R-IFX in the
CT-P13-treated and the IFX-RP-treated groups, respectively

« 5/7 pts (71%) developed Abs to R-IFX before switching to CT-P13 and
remained positive

« 2/7 pts (29%) developed Abs after switching to CT-P13

linked immunosorbent assay, /BD inflammatory bowel disease, IFX
infliximab, pts patients, R-IFX infliximab reference product, UC
ulcerative colitis, wk week

At baseline, 13 patients were already receiving CT-P13,
and 18 patients switched to CT-P13 from R-IFX. Overall,
patients were treated with CT-P13 for almost 2 years before
the cross-switch. There was one treatment suspension and
four AEs during CT-P13 therapy, but none during SB2
therapy after the cross-switch. A loss of response (LoR)
occurred in 10 patients (32.2%) after switching to SB2 ver-
sus in 9 patients (29%) who were treated with CT-P13 (p =
0.10). Among patients whose cross-switch was their only
therapy transition, the risk of LoR was higher based on a
univariate analysis, but not per the multivariate analysis.
Other univariate factors assessed (i.e., age, age at the start
of infliximab treatment, combination therapy, previous bio-
logics, CD, CD location, extra-intestinal manifestations,
perianal disease, UC location, indication for infliximab,
C-reactive protein, severe clinical or endoscopic activity,

E
SB2 (cross-switch) y

N=24 patients *k
Efficacy and safety assessed for up to 6 mo

effective and safe as CT-P13.
AE adverse event, CT-P13 bio-
similar infliximab, mo months,
PASI Psoriasis Area and Sever-
ity Index, SB2 biosimilar inflixi-
mab, SD standard deviation

* Mean (SD) age: 54 +13 'y
* 19 males, 5 females

« Chronic inflammatory disease(s):
— Chronic plaque psoriasis (N=24)
— Psoriatic arthritis (50%, n=12)

Mean duration 23.2 ¥7.5 mo

Duration of treatment (mo)

? | | |

2 4 6

Observational cross-switch study

PASI scores at/after

cross-switch

*0mo =0.67 £+1.38

*2mo=0.76 £1.08

*4 mo=0.71 £0.93

*6 mo=0.42+0.62

* No significant
differences

AEs from 0—6 mo

« 2 infusion reactions

* 2 upper respiratory
bacterial infections

* No overall increase
in AEs
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surgery, or number of CT-P13 infusions) were not associated
with LoR. Overall, switching from CT-P13 to SB2 appeared
to be safe and effective; there was no additional risk of AEs
or LoR when cross-switching was prefaced by an earlier
switch from the reference product. Lovero et al. [121] have
published these results in an abstract thus far.

Luber et al. [126] evaluated the effects of a switch from
CT-P13 to SB2 on disease activity and trough levels in a
1-year, single-center, prospective observational study of 186
patients with IBD who were stabilized on CT-P13 therapy.
Patients undergoing a non-medical switch from CT-P13 to
SB2 for the first time (n = 87 [CD, n = 56; UC, n = 31];
mean+SD age, 30.7+12.3 years) or the second time (previ-
ously switched from infliximab originator; n = 99 [CD, n
= 95; UC, n = 4]; mean+SD age, 33.2+12.5 years) were
followed for changes in disease activity indices (Harvey
Bradshaw Index [HBI] for CD; Simple Clinical Colitis
Activity Index [SCCAI] for UC), infliximab trough levels,
and C-reactive protein (CRP) from baseline to the time of
the third or fourth infusion of SB2 and 1 year. Time to LoR
was also measured. Compared with baseline, there were no
statistically significant changes in infliximab trough levels,
CRP, HBI, and SCCALI at the early timepoint or at 1 year
after the switch for both groups (first-time and second-time
switchers). The median time to LoR was not significantly
different between patients switching for the first or second
time. In this study, in which patients were switched from
one infliximab biosimilar to another, no AEs were evident
on treatment.

Cross-switching reported for a 3-year prospective, obser-
vational, usual-care study conducted by Lauret et al. [1] to
assess immunogenicity in patients with various chronic
inflammatory diseases provides some longer-term data
(Fig. 7). Two cohorts were observed: Cohort-1 comprised
patients on R-IFX maintenance therapy who 2 years later
were switched to CT-P13 (n = 265) and then later switched
to SB2 (n = 140); Cohort-2 comprised patients naive to bio-
logics (n = 44), 29 of whom initiated treatment with CT-P13
before cross-switching to SB2.

Positive ADAs (> 10 ng/mL at two consecutive tests)
were detected in 30/265 patients in Cohort-1 (11.3%, all
female) at the first infusion of CT-P13. Among the 235
ADA-free patients at baseline in Cohort-1, 20 (8.5%) devel-
oped ADAs (the primary endpoint) over the 3-year observa-
tion period at the rate of 3 per 100 patient years (CT-P13, n
= 10; R-IFX, n = 4; and SB2, n = 6). Disease, age, gender,
methotrexate or concomitant disease-modifying antirheu-
matic drugs were not considered predictive of immunogenic-
ity in the 140 patients in Cohort-1 who later switched from
CT-P13 to SB2. Specifically, cross-switching biosimilars did
not increase the development of immunogenicity in these
patients who switched from CT-P13 to SB2, as shown in the
Kaplan-Meier curve (Fig. 8).

Of the 29 patients in Cohort-2 who cross-switched from
CT-IEX to SB2, (25%) developed ADAs within three years
(the rate was 14/100 patient years). ADA development was
observed to increase the rate of treatment discontinuation in
Cohort-2, hazard ratio (HR) = 2.79 (95% confidence interval

Discont’d Tx, n (%)

* Therapeutic failure, 7 (5.3) —

» Adverse drug reactions, 6 (4.5) Key results:
» Withdrew consent, 2 (1.5) Historical * Drug persistence
* Lostto FU, 2 (1.5) CT-P13 (=4 mo) for historical
* Other, 1 (0.8) cohort CT-P13 vs. SB2 was
not significantly different
R-IFX CT-P13
Tx duration 5 mg/kg Switched to SB2 » Cross-switching had
2.96+2.72y every no apparent detrimental
6/8 wk effect on patient outcomes
_| overz4 mo
I | [
Real-world study Wk 0 (baseline) Wk
+ 133/144 pts with IBD who 16/18*
were approached participated
* CD: n=105; UC: n=28 Endpoints Wk 0* vs. p-value
* Mean duration of disease: HBI: 3.13 £3.31 VS. 3.15 +£3.17 (p=0.32)
9.64 +8.96 y Partial Mayo score: 1.53 £1.75 VS. 0.91 +1.64 (p=0.15)
* 89/133 (66.9%) pts were IBD-control questionnaire
on immunomodulators CD: 74.99 +23.4 VS. 78.09 £19.27  (p=0.66)
ucC: 76.22 +23.80 vs. 81.57 £21.21  (p=0.49)

Fig.5 Study flow and key results of real-world biosimilar cross-
switching in patients with inflammatory bowel disease [122]. ¥*Mean
values. CD Crohn’s disease, CT-P13 biosimilar infliximab, discont’d
discontinued, FU follow-up, HBI Harvey Bradshaw Index, /IBD
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inflammatory bowel disease, mo months, pts patients, R-IFX inflixi-
mab reference product, SB2 biosimilar infliximab, Tx treatment, UC
ulcerative colitis, wk week(s), y year(s)
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Median follow-ups [no. of infusions]:

27 mo [191]
23.5 mo [403]
Suspended Tx, n (%)
6 mo [100] Clinical worsening, 1 (3)
Total [1234]

Notable post-SB2 cross-switch results:
Partial response with CT-P13, 4 (13%) = no improvement with SB2
Remission/mild activity with CT-P13, 26 (84%) = clinical response maintained

Retrospective study  gyiitched to CT-P13 AEs* during Tx:

N=31 enrolled bef b li - _

n=22 males erore baseline 4 pts (12.9%) OR=0.10

. CD. n=11 n=13 Switched (95% Cl: 0.004-1.9);

. UC. n=22 to SB2 Opts (0%) | p=0.11

Median (y): N Switched to CT-P13 n=31 o

* Age at gi,s)xgnosis, 35.5 5=Irgx at baseline LoR after switch: B

« Disease duration, 11 n=18 9 pts (29.0%) |OR=1.16

’ (95% Cl: 0.39-3.4);
] | 10 pts (32.3% =0.10
Among all pts [n (%)] at baseline: | Baseline End ( O)— P

]

Moderate-to-severe disease activity, 25 (80.6%)

Moderate-to-severe endoscopic activity, 29 (93.5%)
High CRP, 22 (71%)

Univariate analysis of factors associated with LoR:

Single-switch LoR during SB2: OR=9.9 (95% CI: 1.05-92.6); p=0.04
SB2 LoR associated with AE: OR=8.33 (95% CI: 0.76—-99); p=0.08
LoR on CT-P13: OR=4.26 (95% CI: 0.81-22.2); p=0.09

Fig.6 Efficacy and safety of cross-switching between infliximab bio-
similars for patients with IBD [121]. *Infusion reactions. AE adverse
event, CD Crohn’s disease, CI confidence interval, CRP C-reactive
protein, CT-P13 biosimilar infliximab, discont’d discontinued, LoR

[CI]: 1.04-7.52; p = 0.042). Furthermore, a baseline BMI
>30 mg/m? and trough concentrations of infliximab < 2 pg/
mL were predictive of ADA development: HR = 5.54 (95%
CI: 1.30-23.65) and HR = 5.53 (95% CI: 1.30-23.43),
respectively. Previously, obesity was shown to modify the
response to anti-TNFa biologics [132]. The number of suc-
cessive biosimilars received appeared to have no influence
on ADA development in either cohort.

There were limitations associated with the two-cohort
study by Lauret et al. (i.e., observational nature, unblinded
physicians, relatively small size of Cohort-2, patients in
Cohort-1 were stable on R-IFX before switching to a bio-
similar, which may not be generalizable). Nevertheless,
the study suggests that the development of ADAs—which
diminished infliximab trough concentrations—increased the
risk of treatment discontinuations, primarily due to primary
or secondary LoR, but overall and importantly, immuno-
genicity was not increased by cross-switching.

Twelve-month interim analysis results are now available
for the biosimilar cross-switching evaluated in the ongoing
non-interventional, 24-month French PERFUSE real-world
cohort study (N = 1374, comprising 874 patients with a
gastroenterological disease and 500 patients with a rheu-
matic disease) [125, 133]. Thus far, the part of the study
conducted across 12 gastroenterology centers evaluated 755
patients with IBD who were either IFX-naive SB2 initia-
tors (92 patients: CD, n = 59; UC, n = 33) or switchers to
SB2 from R-IFX or a Bio-IFX (663 patients: CD, n = 521,
UC, n = 142) [125]. No meaningful differences have been
reported to date among these switchers in terms of average

loss of response, mo months, OR odds ratio, pts patients, R-IFX inf-
liximab reference product, SB2 biosimilar infliximab, Tx treatment,
UC ulcerative colitis, y years

[95% CI] individual change in disease score (CD: prior
R-IFX in 157 patients, — 0.3 [— 0.8 to 0.1] and prior Bio-
IFX in 83 patients, — 0.2 [— 0.6 to 0.3]; UC: prior R-IFX
in 41 patients, — 0.3 [— 1.1 to 0.4] and prior Bio-IFX in 26
patients, 0.0 [— 0.9 to 0.9]). The average SB2 dose required
did not change from baseline over 12 months among patients
who were switched from R-IFX or from Bio-IFX (mean
range 7.0-7.7 mg/kg; 95% CI: 5.0-10.0 for all groups).
The vast majority of patients with IBD (> 90%) were safely
and successfully continuing with treatment 12 months after
switching to SB2 [125].

Among patients with a rheumatology diagnosis in the
PERFUSE multicenter study, evaluations occurred after
initiating treatment with SB2 (IFX-naive, n = 116) or after
switching to SB2 following R-IFX (n = 172) or a biosimi-
lar IFX other than SB2 (Bio-IFX, n = 212). There were 99
patients with RA of whom 22 (22.2%) were IFX-naive and
initiated SB2, while 37 (37.4%) and 40 (40.4%) switched
from R-IFX and another IFX biosimilar (Bio-IFX) to SB2,
respectively [133]. Of the 62 patients with psoriatic arthri-
tis who switched to SB2, 14 (22.6%) were IFX-naive, 24
(38.7%) switched from R-IFX, and 24 (38.7%) switched
from a Bio-IFX. Of the 339 patients with ankylosing spon-
dylitis who switched to SB2, 80 (23.6%) were IFX-naive,
while 111 (32.7%) and 148 (43.5%) switched from R-IFX
and a Bio-IFX, respectively. The interim 12-month change in
disease scores from baseline were not clinically meaningful
by disease type among patients naive to IFX, and the rate of
SB2 persistence (95% CI) was generally highest in groups
that switched to SB2 and lowest among the patients who
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a .
Discont’d Tx, n=60%: Biosimilar
» CT-P13, 39; CT-P13—-8B2, 8; R-IFX, 13 retention
Observational study — COHORT-1 . Reasoqs: LoR (primlary/second'ary), 26;lsi<?e effects, 20; rate, 58%
diagnosis of neoplasia, 6; sustained remission, 6; death, 2 155/265

« 3-y observation period

« Males, n=145 (55%)

* Mean age, 47 +16 y

« Mean disease duration: 15 +11 y

R-IFX
(maintenance,
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R-IFX, n=55 (reverse-switch)$
CT-P13 (switch,

Concomitant treatment, n (%): s same dose _ ) . _
« MTX, 96 (36) n=265 and frequency) CT-P13, n=26 (continuation) n=23
« Other, 45 (17) D T n=265
uration of Tx i
Type of disease, n/265 (%) 70 +59 mo SB2, n=140 (cross-switch) n=132
+ AxSpA, 135 (51) . s
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“RA, 31 (12) 3-y immunogenicity . :
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* Uveitis, 8 (3) 30/265 pts (11.3%)*t 20 (8.5%) pts with ADAs / rate of 3 per 100 pt-y  infusions:

- Other CID, 5 (2)

ADAs by treatment: CT-P13, n=10; IFX-RP, n=4; SB2, n=6 36 +28

b Reasons for discont’d Tx: LoR (primary/secondary), 10; Biosimilar
side effects, 4; lymphoma diagnosis, 1 retention
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Observational study — COHORT-2 Discont'd Tx. 10* Discont'd Tx. 5 29/44
« 3-y observation period ! !
» Males, n=25 (57%)
* Mean age, 59 19y
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- Other, 6 (14) 2-mo minimum exposure .
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« Other CID, 2 (4.5)

11 (25%) pts with ADAs/rate of 14 per 100 pt-y
ADA-positivity: Pre-switch, n=10; Post-switch, n=1
ADA-positivity by disease type:

AXSpA, 4/20 pts (20%); IBD, 2/9 (22%); RA, 4/9 (44%); PsA; 1/4 (25%)

Fig.7 Cross-switching immunogenicity study in patients with
chronic inflammatory diseases who were on infliximab maintenance
(Cohort-1) or who were biologic-naive (Cohort-2) [1]. a Study flow
and results for Cohort-1. *12/30 ADA-positive pts completed the
cross-switch; 7/12 gradually became seronegative and 5/12 remained
ADA-positive. 75/30 ADA-positive pts continued R-IFX therapy
despite undetectable trough and exhibited a good clinical response.
£20/60 pts (33%) who discontinued treatment were ADA-positive ver-
sus 30/205 (15%) pts who reverse-switched (p = 0.002). SPts (n) who
reverse-switched did so after [no. of CT-P13 infusions]: 19 pts [1],
14 [2], 17 [3], and 5 [> 3]. b Study flow and results for Cohort-2.
*Among the patients who discontinued treatment because of LoR

were [FX-naive and initiated SB2 (Fig. 9). All seven SAEs
that were reported in this interim analysis were considered
unrelated to SB2. This study showed early evidence that
cross-switching can be successfully accomplished from a
safety perspective, and it does not result in a loss of disease
control or lack of persistence relative to a single switch from
a reference product to a biosimilar or when initiating therapy
with a biosimilar.

In the Italian SCESICS multicenter study, the safety and
effectiveness of cross-switching was evaluated in 52 patients
with IBD (CD, n = 39; UC, n = 13; 63% males, average age
41 years) who cross-switched from CT-P13 to SB2 after
initial treatment with R-IFX (R-IFX—CT-P13—SB2),
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(primary or secondary), 4 were ADA-positive and 2 halted treatment
due to an infusion-related reaction (both ADA-positive). fCross-
switch groups consisted of AxSpA, n =11 pts; IBD, n = 8; RA, n =
7; PsA, n = 1; uveitis, 0; and other CID, n = 2. ADA antidrug anti-
body, AE adverse event, AxSpA axial spondyloarthritis, CD Crohn’s
disease, CI confidence interval, CID chronic inflammatory disease,
CRP C-reactive protein, CT-P13 biosimilar infliximab, discont’d dis-
continued, /BD inflammatory bowel disease, LoR loss of response,
mo months, MTX methotrexate, PsA psoriatic arthritis, RA rheuma-
toid arthritis, R-IFX infliximab reference product, SB2 biosimilar inf-
liximab, Tx treatment, UC ulcerative colitis, y year

and in 66 patients who switched from R-IFX to CT-P13
(R-IFX—CT-P13) [124]. IBD was moderate-to-severe in
50% of patients and steroid-dependent in 25% of patients
prescribed R-IFX therapy. Overall, discontinuation rates fol-
lowing cross-switching were 2% (95% CI: 0-6.0%) after 24
weeks and 14% (3-25%) after 48 weeks. Six AEs (two each
cutaneous and infectious; one each articular and immuno-
logical) were reported among four patients after a median
(range) follow-up of 40 (18-48) weeks, and three of these
patients (6%) discontinued IFX therapy. Twenty-four weeks
after cross-switching, 49/52 patients (94%) achieved clini-
cal remission, and by the end of the follow-up period this
decreased to 48/52 (92%) patients after a single patient lost
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Fig. 8 Immunogenicity-free
survival from 24 to 36 months
among Cohort-1 patients who
were ADA-free at baseline

and remained on a biosimilar,
reverse-switched, or cross-
switched [1]. *ADA-positivity
for CT-P13 was only 6/145

pts (4%) from baseline to 12
months and 2/140 pts (1.5%)
from 12 to 24 months. Modified
with permission from Lauret

et al. [1]. Effects of successive
switches to different biosimilars
infliximab on immunogenicity
in chronic inflammatory dis-
eases in daily clinical practice,
Issue 6, Pages 1449-1456, Cop-
yright (2020), with permission
from Elsevier [OR APPLICA-
BLE SOCIETY COPYRIGHT
OWNER]. ADA antidrug
antibody, CT-P13 biosimilar
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Time (months)

Treatments ADA-positive, n (%) Pts at end of study (n)
CT-P13—R-IFX 4 (13) 31
CT-P13 only* 2 (10) 21
CT-P13—SB2 6 (5) 111

response after 24 weeks. No difference was observed in the
rates of biosimilar discontinuation, clinical remissions, and
AEs between patients who cross-switched versus those who
switched from R-IFX—CT-P13. The safety and effectiveness
outcomes in this study were not able to be predicted by any
identifiable clinical parameters and cross-switching was con-
sidered “non-inferior” to a standard R-IFX—CT-P13 switch.

For context, it seems important to highlight the differ-
ence in discontinuations occurring in real-world studies ver-
sus clinical trials. A systematic literature review revealed
a 9.7-28.2% discontinuation rate over an approximate 12
(range, 11-15.8)-month period among patients in real-
world settings who received CT-P13 after a non-medical
switch from R-IFX [134]. This is in contrast to a 7.5% dis-
continuation rate in patients with immune-mediated inflam-
matory diseases who discontinued CT-P13 after switching
from R-IFX in the randomized controlled Phase IV NOR-
SWITCH study [105]. The most frequent reasons reported
for real-world discontinuations were a lack of response and
AEs, although a considerable proportion of the reasons
were subjective and possibly indicative of patients’ nega-
tive expectations of switching or the nocebo effect [134].
According to a systematic review of 31 studies, although
the development of ADAs and infusion-related reactions
have not been observed to differ between patients in open-
label and double-blinded studies of infliximab biosimilars,

discontinuation rates have been shown to be higher in open-
label versus double-blind studies (14.3% vs 6.95%) owing
to intolerability, lack of response, and for any reason, which
could suggest the possibility of nocebo effects [135].
Overall, the majority of evidence suggests that switching
from a reference drug to a biosimilar, or between biosimi-
lars, is not associated with increased immunogenicity, an
escalated or clinically meaningful safety risk, or any appreci-
able loss of effectiveness [136]. Although there exists a sin-
gle incidental published case of a patient who experienced
AEs as a result of cross-switching, this finding is largely dis-
cordant with the existing body of evidence [137]. Additional
studies of switching between biosimilars other than CT-P13
and SB2 may address remaining clinical concerns by adding
to the scientific evidence. However, their perceived impor-
tance should not overshadow the credibility of the entire
biosimilarity program, which has already demonstrated that
these products are essentially similar versions of the same
reference product leading to similar clinical results.

9 Obstacles to Biosimilar Switches
Perceived data gaps (e.g., lack of long-term data, general-

izability) after the approval of biosimilars can emerge as
obstacles to single switches, from the reference product to

A\ Adis



1872 E. Mysler et al.
Rheumatoid arthritis* Psoriatic arthritis* Ankylosing spondylitis®

100 98.5
~ 95.0 81.6 ol 93.6
S 90 88.2
£ 86.3 82.8 85.3 : 86.3 84.3
~ 80 77.8 78.2 77.3}
% 70 - . 69.1
g 63.6 68.9 63.6 68.0
= 60 55.6 52.4 58.8
T 50 :
S 40 40.7 42.9 43.8
& 30 29.5
§ 20 212
2 1 9.9

0
No.on SB2 IFX-naive R-IFX—SB2 Bio-IFX—SB2 IFX-naive R-IFX—SB2 Bio-IFX—SB2 IFX-naive R-IFX—SB2 Bio-IFX—SB2

(total no. at 12 mo): 5 (9) 14 (22) 29 (34) 3(7)

Fig.9 SB2 persistence at 12 months among patients in the PERFUSE
study by rheumatological disease and prior therapy [133]. "Persis-
tence over 12 months (95 % confidence interval). Bio-IFX—SB2

its biosimilar, and beyond to cross-switching scenarios that
involve biosimilars of the same reference product. To date,
a paucity of direct evidence for switching to or between
biosimilars, particularly for patients with indications that
have been extrapolated, has done little to reassure prescrib-
ing physicians who often require robust evidence-based data
before making treatment decisions [55, 116, 138]. However,
the addition of comparative clinical trials of biosimilars in
patients with IBD provides much-needed reassurance [119,
139].

For newly approved biosimilars, the available evidence
will be limited to data from RCTs conducted to obtain regu-
latory approval. Gauging the risk or benefits by extrapolat-
ing conclusions from RCTs that tend to have less hetero-
geneous populations than the general patient population in
clinical practice, is a challenge for newly approved medi-
cines. Elderly and pediatric populations, as well as those at
increased risk because of comorbidities, polypharmacy, and
adverse drug interactions, are likely to be under-represented
in most RCTs evaluating therapeutic equivalency of biosimi-
lars [54, 75]. Furthermore, monoclonal antibody biosimilar
discontinuation rates are generally higher than anticipated in
observational studies than in large RCTs [138, 140]. How-
ever, this perceived obstacle is largely mitigated given that
the profile is already established for the reference product,
and once biosimilarity is established for a biosimilar, it can
be anticipated that the risk-benefit profile in the general pop-
ulation will be the same; therefore, assessing the behavior of
the biosimilar in special populations is not required. In addi-
tion, strong pharmacovigilance practices allow for continued
monitoring of AEs when extrapolating to a population not
studied in RCTs [64].

Among the challenges associated with cross-switching
is the time it will take for real-world data to accumulate for
more recently approved biosimilars. Although considered
important by some, robust immunological data on cross-
switching are mostly missing. In rheumatology, ADAs are
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15 (17) 14 (18) 21 (48) 68 (87) 99 (128)

switched from a biosimilar IFX to SB2 (cross-switched), /FX inf-
liximab, IFX-naive initiated treatment on SB2, R-IFX—SB2 switched
from IFX reference product to SB2, SB2 biosimilar infliximab

neither routinely collected nor recommended to be routinely
collected [141, 142]. In addition, the evaluation of the poten-
tial impact of switching on immunogenicity development,
as measured by onset of detection of ADAs, is challenging.
Temporal association between ADA at first detection and
the switch could lead to misinterpretations, as the switch
could coincide with the time when development of ADA
detection is naturally expected. The onset of detection of
ADAs among patients with RA occurs mostly within 6
months after initiating treatment with infliximab [143,
144]. For other inflammatory diseases such as IBD, ADAs
may develop within 2-3 treatments (i.e., within 8 weeks),
and have reportedly persisted for up to a year following the
discontinuation of therapy [75, 114]. Temporal data of this
nature can complicate interpretations, which is why some
professional organizations recommend that any switching
for non-medical reasons should not occur within 6 months
of a therapeutic transition to another biologic [75].

Despite valid reasons for medical and non-medical cross-
switching between biosimilars, many of the publications
issued by professional organizations, such as medical socie-
ties or task forces that provide recommendations, position or
consensus statements, and guidance concerning biosimilars,
do not elaborate on cross-switching scenarios that can occur,
and these must be managed by physicians in clinical practice
[145] (Electronic Supplementary Material, Table S1).

However, the foundation for establishing biosimilarity
is the detailed comparison of the proposed biosimilar and
the originator product at the analytical and functional level;
clinical data are used only as confirmation of biosimilar-
ity [146], and the expectation is that the biosimilar will
have the same benefit-risk profile as the originator in all
disease indications for which the biosimilar is approved.
Hence, an over-reliance on the need for clinical data for the
biosimilar in disease indications other than for the clinical
setting used to support regulatory approval is outdated and
unhelpful.
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10 Equipping Prescribers of Biosimilars
with Necessary Evidence

Although many challenges exist, the ongoing emergence
of real-world evidence should serve to address many of
the important clinical practice-related uncertainties that
may exist after biosimilars are approved [141] (Fig. 10).
Large, real-world observational studies that monitor the
long-term safety and immunogenicity of biosimilars, ret-
rospective studies, robust post-marketing surveillance, as
well as the active maintenance of national databases and
registries, can offer additional direct evidence to clarify
some of the practical aspects associated with biosimilar use
[147-151]. Although variously described, patient registries
are essentially databases containing follow-up longitudinal
data collected during the course of usual clinical care. The
importance of registries is reflected in obligatory licensing
stipulations; for example, multiple registries must be main-
tained until 2026 for infliximab biosimilar CT-P13 in Europe
[152]. There are indications that approximately two-thirds of
surveillance studies are never initiated or completed [153].
The Danish Registry for Biological Treatment in Rheuma-
tology (DANBIO) is recognized as one of the more effec-
tive registries to enhance the knowledge base for biosimi-
lars [19, 154]. The more diverse the range of patients in a
registry, the more generalizable those registry data will be
in terms of facilitating real-world decision-making [155].
Published case studies describing unique clinical scenarios

and off-label outcomes may also provide insights for pre-
scribers to consider.

11 Conclusions

Robust evidence supports the efficacy and safety for single
switches to a biosimilar from its reference product. Compar-
ative studies of biosimilars of the same reference product are
not mandated, since the comprehensive biosimilarity exer-
cises that each proposed biosimilar must undergo before reg-
ulatory approval is granted suggests that establishing clinical
equivalence between the biosimilars ought to be achievable
using educated inductive reasoning complimented by robust
pharmacovigilance systems. This is supported by the emerg-
ing real-world evidence for switching between biosimilars,
with no unexpected findings or concerns being raised from
the initial data from cross-switching studies published thus
far. However, a better understanding is needed of the scien-
tific concept of biosimilarity and the rationale for different
regulatory requirements (i.e., comparatively more phys-
icochemical and non-clinical data, and less clinical data,
compared with an originator biologic), in order to build the
confidence of treating physicians to prescribe biosimilars
successively for their patients with immune-related inflam-
matory diseases. This will avoid the nocebo effect, that lack
of information or knowledge from the treating physician
could trickle down to the patient.

Key cross-switching challenges

 Regulatory authorities do not require
biosimilars of a single reference product
to be compared

« Lack of scientific data for
biosimilar-to-biosimilar cross-switching

« The abbreviated nature of the approval
process could make cross-switching
“appear” riskier

« Concerns that cross-switching between
biosimilars of the same reference product
could increase the risk immunogenicity

« In clinical practice, there are more
potential cross-switching scenarios than
terms to precisely describe them

* Recommendations by professional
organizations about cross-switching are
often vague or not addressed at all

Existing gaps

« Indirect comparisons between biosimilars
of the same reference product are
complicated by heterogeneous
single-switch study designs

« Evolving medical and non-medical scenarios
in clinical practice are exposing evidence
gaps that can hamper the confidence of
clinicians to prescribe biosimilars sequentially

« There are less long-term efficacy and
safety data available for biosimilars than
for reference products

« Antidrug-antibody development can take
time and, if it occurs, can potentially result
in higher drug clearance and reduced
drug efficacy

« Confusion is possible when terminology
related to cross-switching is not
standardized or intuitive

« Prescribing physicians are not as well
supported by guidelines as they could be in
terms of having to make treatment decisions
about cross-switching in general

Fig. 10 Key gaps and next steps related to the adoption of cross-switching

Next steps

« Standardization of comparative studies for biosimilars of a
particular reference product would improve the ability of
prescribers to at least review evidence that is similar in
context (e.g., the same timing for endpoints)

« Design real-world studies to bridge knowledge gaps

« The publication of real-world observational and retrospective
studies, as well as case studies that evaluate and report the
outcomes of cross-switching, should be encouraged

« Over time, follow-up extension studies, precise post-marketing
traceability efforts, national databases/registries, and ongoing
pharmacovigilance will serve to expand on much needed
evidence to support decision-making about cross-switching

« Cross-switches (or any switch) within less than a 6-month period
may hamper the tracing of immune responses and should only
be done at the discretion of the prescribing physician

« Diligence must prevail with respect to prescriber knowledge

« Definitions of the types of cross-switching that could occur
should be established by consensus to ensure all data and
publications referring to these scenarios are easily located
and understood

« Physicians will need to continue to make decisions based on
their evaluations of the existing and emerging evidence as it
relates to their patients, who may not always match the
characteristics of clinical study populations
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Nocebo effects are a possible reason for higher discon-
tinuation rates in usual care but lack scientific validity, real-
world observational studies, the use of registries, national
databases, and pharmacovigilance surveillance findings all
help to clarify the risk/benefit profile associated with bio-
similar cross-switching for patients with chronic inflamma-
tory diseases. Wider use of ex vivo methods for assessment
of cross reactivity of different biosimilars to ADAs of the
reference product may also contribute to allaying theoretical
concerns about the potential for increased immunogenicity
when switching to a biosimilar from the reference product
or from one biosimilar to another.

The option to cross-switch from one biosimilar to another
is important in clinical practice. In the absence of clinical
trial data, clinicians must attempt to objectively evaluate
the emerging real-world cross-switching evidence within
the context of the science of biosimilarity. This knowledge,
combined with a case-by-case awareness of the patient and
their disease, will allow the physician to work together with
the pharmaceutical industry, patient advocacy groups, and
other healthcare professionals to adopt an educated multidis-
ciplinary approach to treatment decision-making, with this
review serving that purpose.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40265-021-01610-1.
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