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Abstract Globally, patents on several well established bio-
logic agents used to treat rheumatic diseases have already or
will expire over the next few years, allowing for the availabi-
lity of subsequent entry biologics (SEBs or biosimilars). The
objective of this study was to identify gaps in knowledge and
attitudes towards SEBs among Canadian rheumatologists.
Eighty-one rheumatologists completed the survey and were
included in the analysis (22% of the 369whowere contacted).
We found that one third of physicians (31 %) were familiar
with SEBs and that physicians with greater than 20 years of

practice were significantly more likely to be familiar or very
familiar with SEBs compared to respondents with less than
10 years or 10–20 years of experience (OR 11.1, 95 % CI:
2.1–55.5, p=0.004 and OR 4.5, 95 % CI: 1.2–16.2, p=0.023,
respectively). A third (32 %) of physicians agreed or strongly
agreed that they would be comfortable with indication extrap-
olation. Most respondents (88 %) would feel concerned or
very concerned if a pharmacist had the ability to substitute a
biologic drug for an SEB without the physician’s approval.
This survey was the first study that evaluated the position of
rheumatologists on key areas surrounding SEBs from a na-
tionwide Canadian perspective. Current physician attitudes
and perceptions of SEBs can inform future educational initia-
tives and highlight important issues for payers, policy makers,
and other stakeholders.
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Introduction

Over the past decade, biologic therapies, such as thera-
peutic monoclonal antibodies and fusion proteins, have
grown to play an important role in the management of
rheumatic diseases [1]. Throughout the world, patents on
several of these biologic agents (originator or reference
products) have already or will expire over the next few
years, allowing for competition in the form of subsequent
entry biologics (SEBs or biosimilars). While SEBs can be
conceptually thought of as “generics” of biologics, unlike
generics, they are similar but not identical to the origina-
tor molecule [2]. The complexity of the originator mole-
cule makes it extremely difficult to create an identical
copy, hence the term biosimilar [3–5]. SEBs are expected
to be marketed at a lower price than their reference
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product, once the respective patents have expired [6]. The
first SEB of infliximab has been approved in many
jurisdictions.

Biologics, including SEBs, are derived from living
organisms and are subject to inherent variation in post-
translational modifications that are sensitive to changes in
cell-lines and/or manufacturing processes [3]. This varia-
tion can even result in subtle differences among commer-
cial batches of the originator biologic product [4]. This
notion is especially true for monoclonal antibodies and
fusion proteins because of their large size and structural
complexity [7]. Due to the manufacturing challenges and
complexity of originator biologics, there has been contro-
versy over the amount and type of data required before
approval of SEBs, and their placement in the therapeutic
arena [5].

Concerns arise from difficulties in establishing how the
potential variability between SEBs and their reference product
may contribute to differences in the safety and efficacy of
these drugs, especially due to the reduced submission require-
ments for SEBs stipulated by regulatory authorities. With
limited efficacy and safety data available prior to approval,
post-marketing pharmacovigilance of SEBs addressing the
issues of immunogenicity, long-term safety, and sustained
efficacy is essential [8].

Many countries have approved SEBs for all indications
where approval exists for the original molecule, despite the
absence of randomized clinical trials in other indications: a
process referred to as extrapolation. This raises several issues,
as some of the diseases are treated with doses and regimens
different to that used in the limited development program.

Another issue is substitution, where the prescribed origina-
tor is replaced by an SEB. It is unknown if pharmacists or
payers can implement or demand substitution without
the physician’s approval. This also raises concerns over inter-
changeability in a patient already receiving the reference
product, or at the time of initiation of the biologic [5]. This
situation will grow more complex when more than one SEB
exists for the same originator.

On the other hand, SEBs will reduce costs and improve
accessibility to patients, and reduce some of the burden on
healthcare budgets [9, 10]. Clinicians should have an
understanding of specific issues surrounding SEBs in
order to balance the cost with the clinical risk/benefit
profiles. With the recent approval of an infliximab SEB,
educational efforts to prepare clinicians for the arrival of
SEBs have become increasingly important. The positions
of various expert groups have been published [5, 11, 12].
However, there is no data on the collective opinion of the
rheumatology community at large. Current physician atti-
tudes and perceptions towards SEBs can inform future
educational initiatives and highlight important issues for
payers, policy makers, and other stakeholders.

The objective of this study, therefore, was to identify gaps
in knowledge and attitudes towards SEBs among Canadian
rheumatologists.

Materials and methods

Survey

The survey was pretested on a few rheumatologists and re-
vised to eliminate redundancy and any perceived bias. An
electronic survey written in both English and French
(FluidSurveys; Ottawa, Ontario) was distributed by e-mail to
369 rheumatologist members of the Canadian Rheumatology
Association (CRA) in February 2014. Two subsequent re-
minder e-mails followed the initial invitation to complete the
survey, which was available for 30 days. The survey consisted
of 29 questions: 3 evaluated basic respondent information, 4
evaluated biologic drug prescribing practices, 2 evaluated
familiarity with SEBs, and 10 statements evaluated levels of
agreement regarding attitudes towards prescribing new drugs.
The final section consisted of 10 clinical scenario questions
where respondents were also asked to provide comments. For
most questions, responses were captured using a 5-point
Likert scale. Respondents were given the opportunity to enter
free text comments after most questions, and at the end of the
survey (Appendix A shows the actual survey).

Respondents who completed the survey were provided
with an additional link, where they could enter their contact
information into a draw for a gift card valued at $500. Prior to
commencing the survey, respondents were required to read
and agree to the informed consent. This study was approved
by the University of Toronto Social Sciences, Humanities &
Education Research Ethics Board.

Analysis

Since a main focus of this study was to assess the degree of
knowledge and awareness of SEBs, we analyzed whether
responses to the following questions were correlated with
SEB familiarity: geographic region of practice, years of prac-
tice, confidence in an SEB’s long-term safety and sustainabil-
ity, concern over automatic substitution, and opinion on price
reduction. In circumstances where response rates were low,
responses were pooled. For example, respondents who indi-
cated “very familiar” and “familiar” when asked about their
degree of familiarity with SEBs were combined (as were those
who responded very unfamiliar and unfamiliar). Odds ratios
with 95 % confidence intervals were calculated using the
proportional odds logit model, or using the cumulative odds
logit model if the proportional odds assumption was violated.
All statistical analyses were performed using SAS analytics
software (SAS Institute Version 9.3; Cary, NC).
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Results

Ninety rheumatologists responded, of whom 81 completed the
survey and were included in the results and analysis (22 %
response rate). Most were from Ontario (44 %), followed by
Western Canada (36 %) and Eastern Canada (20 %). Thirty-
seven (46 %) had over 20 years of practice, 21 (26 %) had
between 10 and 20 years of practice, and 23 (28 %) had fewer
than 10 years of practice. We did not distinguish between
academic and community-based physicians.

Overall, 31 % indicated that they were familiar or very
familiar with SEBs (Fig. 1). Those with greater than 20 years
of practice were significantly more likely to be familiar or very
familiar with SEBs compared to respondents with less than
10 years or 10–20 years of experience (OR 11.1, 95 % CI:
2.1–55.5, p=0.004 and OR 4.5, 95 % CI: 1.2–16.2, p=0.023,
respectively, Table 1). Comparisons of responses to select
clinical scenarios, as well as to geographic region of practice,
did not reveal any statistically significant association with the
doctors’ familiarity with SEBs (Table 2).

When given the scenario where a biologic naïve patient is
an ideal candidate for an anti-TNFα biologic, where cost is
not an issue, 72 % of respondents were unlikely or very
unlikely to offer an SEB as initial therapy. Only 11 % of
respondents were likely or very likely to offer an SEB as
initial therapy, and 16% were neutral. Greater familiarity with
established brand name drugs and uncertainty over the long-
term safety of SEBs were often cited among those who were
unlikely or very unlikely to offer an SEB in this scenario.

In a scenario where the provincial payer or insurance
company mandated using an SEB of an anti-TNFα biologic
not typically prescribed by the respondent, half of respondents
(54 %) were likely or very likely to offer the SEB to the
patient.

Thirty-two percent of respondents agreed, or strongly
agreed, that they would be comfortable with using an SEB
to treat patients with diseases such as ankylosing spondylitis
(AS) and psoriatic arthritis (PsA) when the SEB had demon-
strated equivalent safety and efficacy in a well-designed head-
to-head trial with the reference biologic in only patients with
rheumatoid arthritis (RA) (Fig. 1). Conversely, over half
(54 %) disagreed or strongly disagreed with this extrapolated
use of the SEB, and 14 % were neutral. A scenario where
a Phase III head-to-head trial comparing an anti-TNFα
brand name biologic to an SEB, and where the SEB
demonstrated similar safety and efficacy at 30 weeks,
found half (49 %) were not confident in the long-term
sustainability profile of the SEB, whereas 19 % were
confident or very confident, and one third were neutral.
Most respondents (88 %) would feel concerned or very
concerned if a pharmacist had the ability to substitute a
biologic drug for an SEB without the physician’s approval
(Fig. 1).

Nearly half (42 %) indicated a 30 % price reduction, and a
third said a ≥50% price reduction, would be reasonable before
payers mandated the use of SEBs over brand name biologics.

Further opinions on issues of brand name biologics and
SEBs can be found in Table 3. The majority of respondents
either strongly agreed or agreed (94 %) that they were gener-
ally comfortable prescribing biologic drugs, yet only 31 %
agreed or strongly agreed that they would be comfortable
prescribing an SEB if they were currently available. When
asked whether SEBs are essentially the same as generic drugs,
two thirds agreed.

Discussion

With the recent approval of an SEB of infliximab in Canada
and elsewhere, rheumatologists are among the first physician
groups to be faced with decisions over adopting biosimilars of
exceedingly complex therapeutic agents (e.g., monoclonal
antibodies) in clinical practice. Overall familiarity with SEBs
was relatively low (1/3 were familiar or very familiar with
them). One possibility for this is the comparative lack of
communication by SEB manufacturers up to the time of the
survey. Over 45 % of respondents indicated that they have
been practicing for more than 20 years, illustrating a mature
rheumatology community. We found that these rheumatolo-
gists (with >20 years of experience) were significantly more
likely to be familiar with SEBs compared to those with 10–
20 years of experience, as well as those with fewer than
10 years of experience. Possible explanations include the
recognition that physicians practising for longer have more
experience with biologics and are more comfortable with their
use.

No significant association was found between SEB famil-
iarity and attitudes towards automatic substitution, pricing
considerations, or long-term safety and efficacy profiles. Nev-
ertheless, we observed reservations among rheumatologists on
these key issues surrounding SEBs. When presented with a
scenario about automatic substitution, the majority of rheu-
matologists expressed a high degree of concern, should this
practice be enforced. When faced with a scenario about initi-
ating a new biologic in a patient in the absence of financial
constraints, the majority of rheumatologists would rather use
an originator molecule, and would avoid using an SEB.More-
over, most rheumatologists would use an SEB only when
mandated by the payer. In addition, most rheumatologists do
not consider 30-week head-to-head trial data as adequate
evidence to support the equivalence of long-term safety and
efficacy to that of the originator molecule. These responses
suggest that there is still uncertainty about the efficacy and
safety of SEBs in rheumatic diseases. The accummulation of
more data on SEBs will be required before rheumatologists
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will be comfortable using these therapies for the management
of rheumatic diseases in Canada.

When presented with a hypothetical scenario where clinical
data in RAwas extrapolated to grant PsA and AS indications,
the majority of respondents disagreed or strongly disagreed
with this practice, suggesting that indication extrapolation is
not supported by rheumatologists. The controversy over ex-
trapolation has been discussed by Canadian experts in rheu-
matology [5, 12], and the stance against this practice has been
documented by the Canadian Dermatology Association [13]
and the Canadian Association of Gastroenterologists [14]. Our
data is the first report of the position taken by Canadian

rheumatologists over the extrapolation of indications for an
SEB, indicating that a majority of rheumatologists do not
agree with this practice. The rationale provided in their written
comments by more than 25 % of the respondents who
disagreed with indication extrapolation mentioned that these
diseases are clinically or pathophysiologically different. These
claims parallel arguments discussed in the literature that ex-
trapolating indications to diseases that implicate the same
molecular target, yet differing in the underlying pathophysi-
ology, would be very challenging [5]. These opinions about
extrapolation will play an important role in the adoption of the
first approved infliximab SEB. Remsima/Inflectra (Celltrion/
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Fig. 1 a Respondent familiarity
with SEBs (n=81); b Respondent
views on prescribing SEBs to
patients if approved today
(n=81); c Respondent views on
indication extrapolation (n=78);
dLevel of concern over automatic
substitution by pharmacists
(n=81)

Table 1 The association between experience and SEB familiarity

Familiarity with SEBs (pooled responses) Experience
(years of practice)

Odds ratio
(95 % CI)

p-value

Unfamiliar vs. (somewhat familiar and familiar) 0–10 vs. >20 0.95 (0.29, 3.2) 0.94

Unfamiliar vs. (somewhat familiar and familiar) 10–20 vs. >20 1.7 (0.52, 5.3) 0.39

(Unfamiliar and somewhat familiar) vs. familiar 0–10 vs. >20 11 (2.2, 56) 0.0039

(Unfamiliar and somewhat familiar) vs. familiar 10–20 vs. >20 4.5 (1.2, 16) 0.023

Cumulative logit model evaluating the association between physician experience (measured by years of practice) and SEB familiarity
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Hospira) was granted indications for RA, PsA, AS, and pso-
riasis (PsO), based on data from Phase I [15] and Phase III
[16] trials in AS and RA, respectively.

Among the considerations a clinician could face when
SEBs become increasingly available is the switching
of those patients who are stable on biologic therapy onto an
SEB, which could pose a risk of loss of disease control.
Indeed, the notion that the risk of alternating, or switching,
between the SEB and brand name biologic should not exceed
the risk of using the brand name biologic in the absence of
switching has been discussed [5, 7]. The question was posed
in our survey, and a majority of respondents either disagreed
or strongly disagreed with the idea of switching stable patients
to an SEB (38 % and 30 %, respectively; Table 3). It has been
suggested that a switch from a brand name biologic to an SEB
(or vice versa) should be considered similar to switching
between brand name biologics [5], which is supported by
Health Canada’s guidelines declaring that SEBs are
standalone products [17]. It is notable that a 48-week open-
label extension study of a head-to-head trial comparing
Remicade and Remsima, in which patients on infliximab were
switched onto the SEB, found no significant difference in the
safety and tolerability between the switch and maintenance
groups [18]. However, the safety of switching to an SEB was
not compared to a group who switched to another brand-name
anti-TNFα biologic.

Further, the topic which suggested the most consensus was
on interchangeability and substitution. When physicians were
asked to gauge their level of concern over automatic substitu-
tion by pharmacists, 96 % had some degree of concern, of
which 72 % indicated “very concerned” should this practice
be extended to SEBs. Regardless of possible future circum-
stances, the question of automatic substitution by pharmacists

Table 2 The association between responses to questions surrounding SEBs and SEB familiarity among Canadian rheumatologists

Variable Pooled responses Odds ratio (95 % CI)

Region of practice.a British Columbia vs. Western Canada 1.19 (0.31, 4.59)

Ontario vs. Western Canada 1.00 (0.34, 2.96)

Eastern Canada vs. Western Canada 0.72 (0.20, 2.59)

Years of practice. 0–10 years vs. >20 years of practice 2.84 (1.06, 7.64)b

10–20 years vs. >20 years of practice 3.12 (1.13, 8.68)b

Confidence in an SEB’s long-term
safety and sustainability profile
if demonstrated equivalent safety
and efficacy to reference drug in
a 30-week head-to-head trial.

Confident vs. unconfident 1.52 (0.51, 4.57)

Neutral vs. unconfident 1.51 (0.61, 3.77)

Concern over automatic substitution. Concerned vs. very concerned 1.52 (0.50, 4.64)

Mild concerned vs. very concerned 3.37 (0.92, 12.30)

Reasonable price reduction in SEBs
for payers to mandate using SEB
prior to biologic.

less or equal to 30 % vs. greater or equal to 50 % 0.98 (0.39, 2.48)

40 % vs. greater or equal to 50 % 0.48 (0.15, 1.52)

Proportional odds logit model evaluating the association between responses to select clinical scenarios on SEB familiarity
a Western Canada includes AB, SK, and MB; Eastern Canada includes QC, NS, and NL.
b Years of practice is significantly associated with SEB familiarity

Table 3 Attitudes and perceptions of rheumatologists who responded
to the survey about brand name biologics and SEBs

Statement Agree or
strongly agree

1 I am generally comfortable prescribing biologic
drugs to my patients.

94 %

2 I am disinclined to offer a new drug to my patients
until my colleagues recommend it.

29 %

3 If a drug has been approved by Health Canada, I
would offer it to my patients because I am
confident it is safe and efficacious.

29 %

4 Patient assistance programs have an impact on
which treatments I offer to my patients.

76 %

5 SEBs are essentially the same as generic drugs. 11 %

6 I am aware of Health Canada’s guidance on
clinical requirement for the approvals of SEBs.

38 %

7 SEBs will have a significant impact on
rheumatology and how patients are treated.

65 %

8 If an SEB demonstrates that it is comparable to the
brand name drug, it is appropriate to offer it to a
biologic-naive patient instead of the brand
name.

59 %

9 If an SEB demonstrates that it is comparable to the
brand name drug, it is appropriate to switch a
biologic treatment-stable patient to the SEB.

7.5 %

10 All things considered, I would feel comfortable
prescribing SEBs to my patients if approved
today.

31 %
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remains an issue that resonates with many of our survey’s
respondents. Health Canada has stated that the granting of
market authorization of an SEB does not deem the SEB
interchangeable [19], leaving this decision to the provincial
health authorities. Our findings are in agreement with the
positions discussed by Canadian experts in rheumatology,
gastroenterology, and dermatology that do not support auto-
matically switching a patient to an SEB [11, 13, 14].

Much like small-molecule drug generics, SEBs present an
opportunity for significant cost-savings, especially in chronic
disease pharmacotherapy [20]. We analyzed the importance of
the cost of biologic therapy to physicians. Over 75 % of
respondents indicated that patient assistance programs have
an impact when considering biologic therapy, indicating that
the high cost of biologic drugs is taken into account by
physicians. Several respondents indicated that the reduction
in price must be substantial in order to offset the risk of
switching to an SEB, with over one in three rheumatologists
demanding the SEB be discounted by ≥50 %. We asked
whether physicians would prescribe an SEB to patients who
are ideal for anti-TNFα therapy if cost was not an issue;
almost three quarters of respondents (73 %) were unlikely or
highly unlikely to prescribe an SEB to those patients. How-
ever, if payers mandated prescribing an SEB of an anti-TNFα
biologic that physicians would normally not prescribe (e.g.,
adalimumab is the preferred product, but an SEB of infliximab
is mandated), roughly half of respondents (54 %) would
indeed prescribe the SEB. Interestingly, 46 % of survey re-
spondents indicated that they would use a non-anti-TNFα
biologic to avoid using the SEB. These trends suggest that
physicians recognize the cost of biologic therapeutics to their
patients. However a preference for incumbent therapies exists,
and doctors may not entirely be prepared to concede to payers
if forced to use the SEB. This would have implications for
SEB and innovator manufacturers, as the payers’ decisions
will have the most significant impact on whether SEBs will be
widely used in Canada.

There are several limitations to the survey that must be
considered when interpreting these results. Firstly, our find-
ings are limited by the survey response rate (22 %). However,
previous surveys among Canadian physicians have obtained
comparable response rates using similar methodology
[21–23]. Per our protocol, a survey was considered complete
when the participant proceeded to the final question and
acknowledged their completion of the survey. As a result,
respondent data were excluded from the final analysis set if
the participant terminated the survey prematurely. Because
some categories had low responses, it was necessary to pool
responses in order to perform sensible statistical analysis (e.g.,
combining “Agree” and “Strongly agree” into one category).
Secondly, a selection bias could be present as rheumatologists
who are not familiar with SEBs may be less willing to partic-
ipate. It is also important to recognize that community

physicians may have obtained their concepts from expert
opinion publications [5, 11, 12] on this topic and therefore
can have a bias in favour of experts. Finally, as with other
surveys, there exists a risk of social desirability bias [24].

This survey was the first study that evaluated the
position of rheumatologists on key areas surrounding
SEBs from a nationwide Canadian perspective. We report
moderate familiarity with SEBs among these physicians,
with significantly greater familiarity among those who
have been longer in practice. The survey highlighted
several issues of debate that may be addressed by tailored
educational efforts as the presence and demand for SEBs
continues to grow.
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