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ABSTRACT

Introduction: To examine the prevalence rates
of biosimilar discontinuation and switchback to
the originator tumor necrosis factor alpha (TNF)
inhibitors following non-medical switch (NMS)
in patients.
Methods: Real-world studies reporting biosimi-
lar discontinuation and switchback rates fol-
lowing NMS published between January 2012
and August 2018 were identified through a
systematic literature review. A meta-analysis
estimated the annualized discontinuation and
switchback rates. A subsequent meta-analysis
assessed annualized incremental discontinua-
tion rate among studies reporting both discon-
tinuation rates in patients who underwent an
NMS (switchers) and patients who remained on
originators (non-switchers).

Results: A total of 66 publications were identi-
fied: 31 in gastroenterology, 32 in rheumatol-
ogy, and 3 in both. Half of the studies reported
switchback rates; only 9 studies reported dis-
continuation rates for both switchers and non-
switchers. Across studies, the mean/range sam-
ple size of the NMS patient population was
136/9–1641; mean/range follow-up was 10/3–-
24 months. Annualized biosimilar discontinua-
tion rate was 21% (95% confidence interval [CI]
18%, 25%). Switchback rate was 14% (95% CI
10%, 17%) among all NMS patients and 62%
(95% CI 44%, 80%) among discontinuers. The
mean/range sample size of switchers and non-
switchers was 344/89–1621 and 768/19–2870,
respectively; mean/range follow-up was 11/6–18
and 12/6–8 months, respectively. Annualized
incremental biosimilar discontinuation rate was
18% (95% CI 4%, 31%).
Conclusion: Biosimilar discontinuation was
found to be prevalent among patients who
underwent an NMS from an originator TNF
inhibitor to its biosimilar(s) in the real world. In
addition, switchback to the originator TNF
inhibitors was common following biosimilar
discontinuation. Careful consideration is nec-
essary when switching patients already on an
originator TNF inhibitor to its biosimilar(s).
Main limitations included the heterogeneity of
the studies and the limited comparability of the
data.
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Key Summary Points

A total of 66 publications based on real-
world studies were identified from 2012 to
2018.

Biosimilar discontinuation was prevalent
for non-medical switches.

Switchback to originator TNF inhibitors
was common following biosimilar
discontinuation.

INTRODUCTION

Since the advent of the first biologic (human
insulin) in 1982, biologic therapies, including
both small and large molecules, have trans-
formed the treatment of numerous chronic
conditions, improving clinical outcomes and
patients’ well-being [1, 2]. In particular, tumor
necrosis factor alpha (TNF) inhibitors, a class of
large complex molecules, have advanced the
management of a number of diseases including
rheumatologic conditions, inflammatory bowel
diseases, and dermatologic conditions [3]. As
the patents of a number of originator biologics
have expired or are about to expire, highly
similar copies to those originator biologics (i.e.,
biosimilars) have been developed and some of
them have been granted market authorization
[4]. Unlike generic versions of synthetic small-
molecule drugs, biosimilars are not exact copies
of the originators because of the intrinsic
manufacturing variability of biologics, which
inevitably results in minor but acceptable struc-
tural differences between originators and the
biosimilar products [5–7]. Notwithstanding the
slight variability that is inherent to all biologic
medications, regulatory agencies across the
world require biosimilars to have no clinically
meaningful differences in purity, potency,
safety, and efficacy from their originator bio-
logics through clinical trials [7, 8].

Researchers have been evaluating whether
biosimilars and originator biologics are compa-
rable in terms of safety and effectiveness
[5, 6, 9–13]. Uncertainty remains with regard to
the non-medical switch (NMS) from an origi-
nator biologic to its biosimilar(s) given that
such a switch is typically motivated by cost-re-
lated reasons, such as changes in formulary, and
not by medical reasons, such as side effects,
lack/loss of response, or poor persistence/ad-
herence [9, 14–16]. The drivers of such a switch
could also be mandatory on a nationwide scale
such as in the case of switching to infliximab
biosimilar in Denmark in 2015 [11]. Caution
may be particularly considered in the case of
TNF inhibitors, as they are used in patients with
chronic conditions for whom continuity of care
is highly recommended in order to maintain
optimal disease management after achieving
symptom control [17–19].

Existing research has shown mixed findings
on the clinical impact of NMS to biosimilars.
Indeed, while some studies suggested that
biosimilar NMS did not affect therapeutic effi-
cacy or safety [20–24], other studies found that
an NMS from any one drug to another is asso-
ciated with an increase in treatment discontin-
uation (and potentially switch back to the
original therapy), as well as worsening clinical
outcomes [17, 25, 26].

As the number of TNF inhibitor biosimilars
on the market continues to increase, it is
important to systematically evaluate the impact
of NMS on clinical management of conditions
in the real world. To further inform this evi-
dence gap, we conducted a meta-analysis to
assess post-NMS biosimilar treatment patterns
(focused on discontinuation and switchback
rates) in real-world studies.

METHODS

Literature Search Strategy

Real-world studies that reported discontinua-
tion and switchback rates after an NMS from
originator TNF inhibitors (i.e., infliximab and
etanercept) to their biosimilars were identified
through a systematic literature review. The
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initial search was conducted in February 2018
[27], with an updated search performed in
August 2018. Given the search dates, no real-
world adalimumab biosimilar NMS studies were
expected to be available because adalimumab
biosimilars were only recently made commer-
cially available. The literature was searched
using the following databases: BIOSIS Pre-
views�, Derwent Drug File, Embase�, Interna-
tional Pharmaceutical Abstracts, MEDLINE�,
SciSearch�, and selected conference abstracts
(e.g., European League Against Rheumatism
[EULAR] Annual Congress, European Crohn’s
and Colitis Organization [ECCO] Annual Con-
gress, and American College of Rheumatology
[ACR] Annual Meeting). The search was limited
to English language, humans, and publications
dates from January 1, 2012 to August 8, 2018
[27]. The search strategy included search terms
related to TNF inhibitors, biosimilars, and NMS.
The complete list of search terms can be found
elsewhere [27]. Of note, Benepali�, the first
biosimilar of etanercept, was approved in Eur-
ope in 2016 [28], and Amgevita�, the first
biosimilar of adalimumab, was approved in
Europe in 2017 [29].

Studies were considered eligible for inclusion
if they were real-world prospective or retro-
spective studies, included adult patients with
chronic conditions (i.e., rheumatoid arthritis,
psoriatic arthritis, ankylosing spondylitis, pla-
que psoriasis, ulcerative colitis, and Crohn’s
disease) who experienced an NMS from an
originator TNF inhibitor to its biosimilar(s), and
reported discontinuation rates after the NMS
and/or switchback rates. Both single-arm and
multiple-arm studies were included, as well as
those reporting patient-based or reg-
istry/database data. Clinical trial studies, publi-
cations that did not report discontinuation
outcomes, or publications that evaluated a
pediatric population were excluded.

Study Outcomes

For each selected publication, the study char-
acteristics (i.e., geographic region, therapeutic

area, originator and biosimilar agents, sample
size, and follow-up time) and treatment pattern
data (i.e., discontinuation rate, switchback rate,
time to discontinuation, treatment after dis-
continuation, and reason for discontinuation)
were summarized. The following four outcomes
were included in the meta-analysis:

1. Annualized discontinuation rate among NMS
patients, defined as the estimated propor-
tion of patients (among all patients who
underwent an NMS) who discontinued the
biosimilar after an NMS; discontinuation
for any reasons (e.g., patients who discon-
tinued and switched back to the originator
biologic, biosimilar discontinuation with-
out any further treatment) was included.
Follow-up time was used to calculate the
annualized discontinuation rate.

2. Annualized switchback rate among NMS
patients, defined as the estimated propor-
tion of patients (among all patients who
underwent an NMS) who discontinued the
biosimilar and then switched back to the
originator TNF inhibitor that they used
before the NMS. Follow-up time was used
to calculate the annualized switchback rate.

3. Switchback rate among biosimilar NMS discon-
tinuers, defined as the estimated proportion
of patients who discontinued the biosimilar
(discontinuers) and switched back to the
originator TNF inhibitor that they used
before the NMS, estimated among all
patients who discontinued the biosimilar
following the NMS.

4. Incremental discontinuation rate among NMS
patients, defined as the difference in annu-
alized discontinuation rate between
patients who underwent NMS (switchers)
and those who remained on the originator
TNF inhibitor (non-switchers), estimated
among the subset of studies that reported
discontinuation rates for both groups.
Incremental discontinuation rate was used
to conserve the within-study comparability
of switchers vs non-switchers.
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Meta-Analysis

Meta-analyses based on the DerSimonian and
Laird method using a random-effect model [30]
were performed to calculate the pooled esti-
mates for each outcome of interest. Accounting
for differences in the follow-up time and sample
size across studies, the meta-analysis included a
random intercept to account for the between-
study differences (i.e., design and population
difference). The summary discontinuation and
switchback rates, along with 95% confidence
interval [CI], were calculated for all the selected
studies and by therapeutic area. Cochran’s
Q was calculated as a check of homogeneity to
confirm that a random-effects model was
appropriate. The Higgins I2 index was calculated
for each meta-analysis to quantitatively mea-
sure the degree of variation between the results
reported in the selected studies.

Sensitivity Analyses

Multiple sensitivity analyses were conducted to
evaluate the robustness of the study findings. In
particular, sensitivity analyses were conducted
by running meta-analyses on subsets of studies
with similar characteristics (i.e., sample size,
follow-up time, intervention) to determine how
study-specific characteristics affected the pooled
estimates of discontinuation and switchback
rates. Sensitivity analyses were not performed
for the incremental discontinuation rate out-
come given the small number of studies iden-
tified that reported data for both switchers and
non-switchers.

All the statistical analyses in this study were
conducted using the R software version 3.2.1
[31].

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Selected Studies

A total of 66 publications based on real-world
studies were identified, including 29 full-text
publications, 35 abstracts, and 2 letters to the
editor. Of them, 51 assessed NMSs from origi-
nator infliximab to its biosimilar (e.g., CT-P13
or SB2), 10 studies from originator etanercept to
its biosimilar (e.g., SB4 or GP2015), and 1 from
both originator infliximab and etanercept to
their biosimilars (Table 1).

Studies included patients from the following
countries: Ireland, France, UK, Germany, Spain,
Italy, the Netherlands, Norway, Scotland, Den-
mark, Czech Republic, Finland, Poland, Swe-
den, Portugal, and South Korea. None of the
selected studies were conducted in the USA or
Canada, likely because of the earlier adoption of
biosimilars in Europe and Asia. In terms of
therapeutic areas, 31 of the 66 studies focused
on gastroenterology, 32 on rheumatology, and
3 on both gastroenterology and rheumatology.
No studies reported data specifically for derma-
tology patients.

The mean number of patients who under-
went an NMS in these studies was 136 (range
across studies 9–1641 patients). The mean fol-
low-up time after an NMS was 10 months (range
3–24 months).

Annualized Discontinuation Rate Among
NMS Patients

A total of 62 studies reported discontinuation
rate and follow-up time. Discontinuation rate
varied substantially, from 1.5% to 87.0% across
studies with different length of follow-up (range
3–24 months) (Table 1). The average time to
discontinuation was 6 months, ranging from 2
to 11 months across 10 studies that reported
this information.

Reasons for biosimilar discontinuation were
reported in 56 of the 62 studies. The most
common reasons for biosimilar discontinuation
were loss of efficacy and side effects/adverse
events, reported in 37% and 28% of discontin-
uers, respectively. Other reasons included
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patient choice (7%), disease improvement (4%),
loss to follow-up (3%), pregnancy (1%), death
(less than 1%), and unspecified reasons (19%).
After discontinuing a biosimilar, the majority of
patients switched back to the originator TNF
inhibitor. A smaller percentage of patients
switched to a biologic different from the origi-
nator or another biosimilar, underwent surgery,
received other unspecified treatment options, or
discontinued with no further treatment.

When all the studies were pooled together
and adjusted for follow-up time, the annualized
discontinuation rate was 21% (95% CI 18%,
25%) among NMS patients across all therapeu-
tic areas (Fig. 1). The discontinuation rates by
therapeutic area were consistent with the over-
all discontinuation rate: 26% (20%, 32%) for
rheumatology and 17% (14%, 20%) for gas-
troenterology. For all the meta-analyses of dis-
continuation rates, the I2 was greater than 80%
and the p value associated with Cochran’s Q was
less than 0.001, suggesting significant hetero-
geneity among the included studies.

The results of the sensitivity analyses were
consistent with the aforementioned results
(Supplementary Material Table 1), with discon-
tinuation rates for all therapeutic areas ranging
between 19% and 23%. Slightly higher discon-
tinuation rates were observed when only studies
with larger sample sizes were included. Similar
discontinuation rates were observed in studies
with a follow-up time of at least 6 months.
Consistent results were also observed when
considering individual therapeutic areas.

Annualized Switchback Rate Among NMS
Patients

A total of 29 studies reported switchback rate
and follow-up time among all patients who
underwent NMS. The reported switchback rate
ranged from 0% to 63% across studies with
various length of follow-up (range 4–-
24 months). When all the studies were pooled
together and adjusted for follow-up time, the
annualized switchback rate was 14% (95% CI
10%, 17%) among all patients who underwent
an NMS across all the therapeutic areas (Fig. 2).
When stratified by therapeutic area, the

switchback rate was 17% (12%, 21%) for
rheumatology and 8% (5%, 12%) for gastroen-
terology. For all the meta-analyses of the
annualized switchback rates, the I2 was greater
than 90% and the p value associated with
Cochran’s Q was less than 0.001, suggesting
significant heterogeneity among studies.
Therefore, switching back to the originator
biologic used before the NMS was the most
common option after biosimilar
discontinuation.

The results of the sensitivity analyses were
consistent with the aforementioned results
(Supplementary Material Table 1), with the
annualized switchback rates for all therapeutic
areas ranging from 11% to 20%. Slightly higher
switchback rates were observed when only
studies with larger sample sizes were included.
Slightly lower switchback rates were observed in
studies including only patients treated with
etanercept as the originator biologic. Consistent
results were also observed when considering
individual therapeutic areas.

Switchback Rate Among Biosimilar NMS
Discontinuers

A total of 31 studies reported switchback rate
among biosimilar NMS discontinuers. The
reported rate ranged greatly across studies, from
0% to 100%. Notably, seven studies reported
switchback rates of 100%, indicating that all
patients who discontinued switched back to
their originator TNF inhibitor [32–38]. When all
the studies were pooled together, the switch-
back rate among discontinuers was 62%
(95% CI 44%, 80%) (Fig. 3). Consistent results
were reported by therapeutic area, with a
switchback rate of 71% (60%, 81%) for
rheumatology and 47% (23%, 71%) for gas-
troenterology. For all the meta-analyses of
switchback rates, the I2 was greater than 90%
and the p value associated with Cochran’s Q was
less than 0.001, suggesting significant hetero-
geneity among studies.

The results of the sensitivity analyses were
consistent with those of the meta-analyses
(Supplementary Material Table 1), with switch-
back rates among discontinuers for all
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Fig. 1 Meta-analysis of annualized discontinuation rate: all therapeutic areas
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Fig. 2 Meta-analysis of annualized switchback rate: all therapeutic areas
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Fig. 3 Meta-analysis of switchback rate among discontinued patients: all therapeutic areas
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therapeutic areas ranging from 61% to 69%.
Slightly higher switchback rates were observed
when only studies with larger sample sizes were
included. Slightly lower switchback rates were
observed in studies including only patients
treated with etanercept as the originator bio-
logic. Consistent results were also observed
when considering individual therapeutic areas.

Incremental Annualized Discontinuation
Rate Among NMS Patients

Nine studies that had discontinuation data
available for both switchers and non-switchers
were included in the meta-analysis of incre-
mental annualized discontinuation rate. These
studies had heterogeneous designs and sub-
stantially varied sample sizes. In particular, on
average, the sample size of non-switchers was
larger (768 patients, ranging from 19 to 2870)
than switchers (344 patients, ranging from 89 to
1621). Four of these studies used historical
controls before biosimilars became available for
the non-switchers. The other four studies pro-
vided the discontinuation rates among patients
elected to remain on originators when approa-
ched for the possibility of switching. The
remaining study did not have a true discontin-
uation rate among non-switchers but used a
proxy estimate with NMS patients as their own
controls and evaluated discontinuation rate
during the 6 months prior to NMS for non-
switchers. Follow-up times were similar between
switchers (mean 11 months, ranging from 6 to
18) and non-switchers (mean 12 months, rang-
ing from 6 to 18).

When all the studies were pooled together,
the incremental annualized discontinuation
rate was 18% (95% CI 4%, 31%) across all
therapeutic areas (Fig. 4), indicating a signifi-
cantly higher discontinuation rate among
switchers than non-switchers. Specifically, the
incremental annualized discontinuation rate
ranged from - 12% to 54%. The study [39] that
had a higher discontinuation rate among non-
switchers used a proxy estimate. In that study,
all patients who had been stable and persistent
on treatment for at least 6 months were offered
an NMS; those who did not accept the NMS

discontinued, while those patients who accep-
ted switched to a biosimilar. The discontinua-
tion rate for non-switcher was estimated in all
patients who were offered an NMS.

In terms of therapeutic areas, because of the
small number of studies that reported discon-
tinuation rate for both switchers and non-
switchers, the discontinuation rate was not
estimated separately for rheumatology studies
(N = 7) and gastroenterology studies (N = 2).

DISCUSSION

The biosimilarity of biosimilars to their origi-
nator biologics has been confirmed in random-
ized controlled trials (RCTs) for biosimilars of
adalimumab [40, 41], infliximab [42–44], and
etanercept [45], in which no significant
decrease in efficacy or increase in adverse events
has been reported. However, approval of
biosimilars on the basis of biosimilarity does
not guarantee interchangeability with the orig-
inator biologic [5, 6]. Indeed, the US Food and
Drug Administration (FDA) requires additional
evaluation for the ‘‘interchangeable’’ designa-
tion, including evidence of identical clinical
results in all treated patients and maintenance
of safety and efficacy with multiple switching
between originator biologic and biosimilar [7].
Of note, no biologic has currently achieved the
interchangeable designation. As such, concerns
have been raised with regard to NMS from a
biologic to its biosimilar(s), particularly among
stable patients with chronic conditions. Some
physicians believe that small changes in these
patients’ overall treatment regimens, which are
often established after multiple rounds of trial
and error, may have unwanted negative effects,
even more so when considering the simultane-
ous management of comorbidities [46, 47].
Additionally, large-molecule biologics such as
TNF inhibitors are particularly difficult to
replicate [7], and the potential risk of an
immunogenic reaction after an NMS could be
troublesome for some physicians [6]. While
studies have thus far not shown increased
immunogenicity after switching to biosimilars
[10], there is concern that current clinical trials
may not be designed and/or sensitive enough to
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detect these changes in anti-drug antibodies
[48]. Further, an NMS may result in treatment
instability and introduce unnecessary patient
stress and anxiety, negatively affecting a
patient’s well-being [49, 50]. To better under-
stand the treatment patterns associated with a
biosimilar NMS, we conducted a meta-analysis
summarizing real-world evidence related to
biosimilar discontinuation and switchback fol-
lowing NMS from an originator TNF inhibitor to
its biosimilar(s). Data from 66 studies including
over 8700 patients were pooled together to
estimate the prevalence rates of post-NMS
biosimilar discontinuation and switchback to
the originator TNF inhibitors.

Consistent with the results of two prior sys-
tematic literature reviews [27, 51], we found a
large variation in the discontinuation rates
reported in real-world studies. Specifically, the
unadjusted discontinuation rate ranged from
1.5% to 87.0%, and the annualized rate ranged
from 3.3% to 81.8%. This large variation is
likely due to the heterogeneity in study design,
region, patient population, and sample size of
the studies included in the meta-analysis. The

included real-world studies used divergent data
sources and methodologies to evaluate the dis-
continuation outcomes. Forty-seven out of the
62 publications prospectively collected patient
data through selected centers, while the
remaining publications retrospectively evalu-
ated patient outcomes either through reg-
istry/databases, or medical records. Of note, the
highest discontinuation rates (annualized rates
of 81.8% and 80.5%) were found in two Turkish
national database studies [52, 53]. Notably, in
both studies, discontinuation rates among
switchers were much higher than those among
non-switchers (87% vs 34% [52] and 82% vs
38% [53]). However, given that both studies
defined discontinuation on the basis of evi-
dence of switching to another biologic or
absence of prescription claims for more than
120 days, the observed discontinuation rates
could be subject to intrinsic limitations of
claims data and may not fully reflect the
prevalence of post-NMS discontinuation in the
real world. By contrast, lower annualized dis-
continuation rates (3.3–7.2%) were observed in
studies with a follow-up period less than

Fig. 4 Meta-analysis of incremental annualized discontinuation rate: all therapeutic areas
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6 months and a sample size less than 100
patients [33, 37, 38, 54, 55]. In addition,
patients’ self-reported discontinuation of the
biosimilar, or switchback to the original TNF
inhibitor, and lack of follow-up with patients
on a medication’s efficacy could be two limita-
tions in some studies.

To address the heterogeneity across the
identified studies, we conducted meta-analysis
to synthesize the evidence while accounting for
across study differences. Meta-analysis is cur-
rently the most common approach for quanti-
tatively combining the results reported in
different studies pertaining to the same out-
come. This method allows the generated pooled
estimate to put more weight on studies with
larger sample sizes, thus reducing the variation
in divergent observations caused by small sam-
ple sizes [30]. When the data from all the studies
were pooled together, the annualized discon-
tinuation rate was found to be 21%. A prior
systematic literature review of post-NMS clinical
outcomes reported discontinuation rates rang-
ing from 5% to 33% across 12 different RCTs,
including the landmark NOR-SWITCH study
[10, 27]. It is worth noting that the discontin-
uation rates estimated in the present meta-
analysis were within the range of the rates seen
in RCTs even though our estimates were based
on studies in real-world settings only. The
pooled estimates from the current meta-analysis
are likely to be more reflective of the discon-
tinuation rates observed in clinical practice
than those observed in clinical trials, which
include only a select group of patients and
adopt a more controlled design. For instance,
the landmark NOR-SWITCH study excluded
patients with certain comorbidities or those
who adjusted co-medication prior to random-
ization. Further, all patients were required to
maintain the same dose and infusion interval
during the entire study follow-up and had fre-
quent visits every 4 to 12 weeks. In real-world
practice, greater heterogeneity in patient pop-
ulation and practice patterns is expected [20].
Indeed, a major strength of the present study is
the inclusion of real-world data from 66 studies
comprising over 8700 patients, providing a
comprehensive overview of discontinuation
and switchback rates among patients who

undergo an NMS from a TNF inhibitor to a
biosimilar in everyday clinical practice.

In line with the heterogeneity observed in
the current study, it is important to recognize
that considerable variability also exists in dis-
continuation research of originator biologics
[56]. In a systematic literature review and meta-
analysis of 98 studies for the use of originator
TNF inhibitors in rheumatoid arthritis in early
years, the reported discontinuation rates were
21%, 27%, 37%, 44%, and 52% for 6-month,
1-year, 2-year, 3-year, and 4-year periods,
respectively [57]. In the present study, 66 pub-
lications contributed to meta-analysis and the
follow-up period ranged between 3 months to
2 years, with the majority being less than 1 year.
The annualized discontinuation rate of 21%
among the biosimilar NMS patients was com-
parable to the findings from the meta-analysis
of the originator discontinuers. Such a finding
may suggest that although patients switched
from a reference drug to its biosimilar, one
should expect a similar discontinuation rate
and many of these patients may switch back to
the reference drug, as it was found in the pre-
sent study. The reasons for discontinuation for
patients on originators were similar to those of
the present meta-analysis, including loss of
efficacy and adverse effects [57–61]. However,
external factors are also likely implicated, both
in originator biologic and biosimilar switching
patterns. Indeed, in a survey-based study of
patients treated with biologics for various con-
ditions, 20% reported receiving notice from
their insurance company to switch to another
originator biologic as a result of changes in
insurance coverage [50]. Taken together, these
findings highlight the issue of biologic discon-
tinuation and its multifactorial causes in the
context of both biosimilars and originator
biologics.

In addition to discontinuation rates, large
variations were also observed for reported
switchback rates, which, among discontinuers,
ranged from 0% to 100% across studies. In
particular, in seven studies [32–38], all the
patients who discontinued the biosimilar after
an NMS switched back to the originator TNF
inhibitor, whereas in two studies [62, 63] none
of these patients switched back to the originator
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TNF inhibitor. Notably, all the extreme values
(0% switchback and 100% switchback) were
reported in studies with a relatively small sam-
ple size (20–134 patients).

Importantly, through this literature review
and meta-analysis, we found that the most
common therapeutic choice (62%) after
biosimilar discontinuation following NMS was
to switch back to the originator TNF inhibitor.
The pooled annualized switchback rate among
all NMS patients was found to be 14% and was
62% among those NMS patients who discon-
tinued biosimilar. Switching back to the origi-
nator TNF inhibitor appears to be a reasonable
choice given that the most common reason for
biosimilar discontinuation was loss of response
or treatment failure (37%), followed by adverse
events (28%). In line with these results, it has
been suggested that switching from one origi-
nator to another or to its biosimilar(s) may
increase the risk of developing anti-drug anti-
bodies and subsequently failing to respond to
treatment [64]. While studies have shown that
anti-drug antibody reactivity to an originator
biologic would yield similar cross-reactivity to
its biosimilar [65, 66], other evidence may sug-
gest differences in clinical response with
switchback after development of anti-drug
antibodies. Indeed, in an observational study
including 23 patients who underwent an NMS
but discontinued the biosimilar because of
worsening disease symptoms, clinical improve-
ment was observed in 71% of the patients after
switching back to the originator biologic [32].
In addition, of the nine studies that had dis-
continuation data for both switchers and non-
switchers, other than one that used a proxy
estimate with NMS patients serving as their own
control, the other eight studies reported a
higher discontinuation rate for the switcher
group, with an incremental discontinuation
rate ranging from 2% to 54%. However, with
the current lack of robust immunogenicity data
in the literature [48], the association between
switching, anti-drug antibodies, and treatment
failure remains unclear.

The findings of this meta-analysis have
important implications in managing patients
with chronic conditions. Switching from a TNF
inhibitor to its biosimilar for non-medical

reasons was found to be associated with a high
prevalence rate of biosimilar discontinuation
due to treatment failure or adverse events, and a
high switchback rate, but comparable with
yearly discontinuation rate of the original TNF
inhibitor.

To address the phenomenon of NMS, a
patient-centered approach such as discussing
the nocebo effect and providing patient educa-
tion could be important. In the context of NMS,
the nocebo effect would be a patient expecting a
biosimilar to be less effective than the original
TNF inhibitor, or to cause side effects, and then
actually experiencing reduced efficacy or side
effects. A known factor affecting patients’ per-
ceptions of a medication’s efficacy is the cost of
medication [67], and a biosimilar usually costs
less than the original TNF inhibitor. Healthcare
providers should educate patients about the
efficacy of biosimilars in layman’s terms and
avoid technical jargon and ambiguous state-
ments [68].

Limitations

Some limitations should be considered when
interpreting the study results. First, the publi-
cations identified were highly heterogeneous in
terms of designs, geographic areas, patient
populations, and sample size (many of which
were small). Many of the included publications
were abstracts, which often do not include
detailed information regarding the methodolo-
gies used or funding sources. However, the
meta-analysis approach (random-effect model)
was used to minimize biases associated with the
heterogeneity observed across studies by dis-
tributing weight according to study character-
istics like sample size and follow-up time.
Sensitivity analyses were also conducted using
subsets of studies with similar characteristics
and showed consistent results as the main
analysis. In addition, discontinuation data were
reported with substantially different follow-up
intervals, limiting the comparability of data
across studies. To address this limitation, the
current analysis annualized all reported dis-
continuation rates by assuming a constant
transition over time. Furthermore, since all
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included publications were conducted in Eur-
ope or Asia, the generalizability of the results to
other countries like the USA may be limited.
Moreover, limited information available in the
identified studies constrained the type of anal-
yses and the generalizability of the study find-
ings in the current study. For example, few
studies assessed multiple switches (e.g., switch-
ing back and forth between biosimilars) or
described potential population differences
between those who underwent NMS and those
who remained on originators. Insufficient data
are available to evaluate whether there is any
potential linkage between the discontinuation
rate and therapeutic area. Lastly, as noted in the
‘‘Methods,’’ because the search was performed
in 2018, the only biosimilars to TNF inhibitors
available were infliximab and etanercept. With
more biosimilars on the market, an update to
this research and additional analyses are war-
ranted to further investigate these topics.

CONCLUSIONS

This study found biosimilar discontinuation to
be prevalent in the real world among patients
who underwent an NMS from an originator TNF
inhibitor to its biosimilar(s). Furthermore,
switching back to the originator TNF inhibitor
was a common therapeutic choice following
biosimilar discontinuation. More real-world
studies are needed to better understand the
outcomes associated with biosimilar NMS and
inform key stakeholders such as patients,
healthcare providers, payers, and policymakers.
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