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Abstract

Background Transitioning patients from an originator to a corresponding biosimilar has been extensively studied in both
randomized controlled trials and observational studies. Although transitioning is considered well-tolerated, with no negative
impacts on efficacy and/or safety, 2.6-25.8% of patients restart treatment with the originator (retransitioning). Retransitioning
to the originator can be considered an indication of biosimilar treatment failure or dissatisfaction with biosimilar treatment.
Increasing our knowledge of patients who retransition might help to reduce the number of patients retransitioning.
Objective Our objective was to estimate the cumulative incidence of patients who retransitioned from a tumor necrosis fac-
tor (TNF)-a inhibitor biosimilar to originator and to explore potential patient, disease, and treatment and implementation
strategy factors associated with retransitioning.

Method We conducted a systematic literature search in the PubMed, EMBASE, and Cochrane Central Register of controlled
trials databases until March 2021. Studies on TNFa inhibitors, biosimilar transitioning, and retransitioning were included.
Transitioning was defined as switching from an originator to a biosimilar, and retransitioning was defined as switching from
an originator to a biosimilar and back to the originator. Characteristics of the studies were descriptively analyzed. Studies
were weighted by the number of patients transitioning, and the primary outcome was the median cumulative incidence of
retransitioning. For each of the factors related to patient, disease, and treatment and implementation strategy, studies were
stratified according to the categories of that factor. The weighted medians and interquartile ranges (IQRs) of the cumulative
incidence of retransitioning in these studies were calculated and compared to explore whether a potential association existed
between these factors and the cumulative incidence of retransitioning.

Results Of 994 screened publications, 37 were included. The weighted median cumulative incidence of retransitioning was
7.6% (IQR 6.8-17.2). Studies that included only patients with inflammatory bowel disease (6.6 vs. 15.1-17.7% for other
indications), included only patients with stable disease (7.0 vs. 13.7% for including all patients), and did not offer retransition-
ing at the introduction of the biosimilar (7.0 vs. 11.1% for studies that offered retransitioning) reported less retransitioning.
In addition, the incidence of retransitioning was lower when extra laboratory monitoring was part of the implementation
strategy (1.6 vs. 6.1%) and when gainsharing (patients’ healthcare directly benefits from financial savings from transitioning)
(1.4 vs. 7.2% for studies without gainsharing) was applied.

Conclusions In studies on transitioning patients from TNFa originator to biosimilar, 8% of patients retransitioned. Retransi-
tioning appeared to be lower in studies that included only patients with stable disease and in studies that did not offer patients
the option of retransitioning at the introduction of the biosimilar. In addition, retransitioning appeared to be lower in studies
that implemented extra laboratory monitoring as part of the biosimilar implementation strategy. Clinicians should consider
implementing these suggestions as they might reduce retransitioning rates and improve the introduction of biosimilars in
clinical practice.

PROSPERO registration ID: CRD42021226381

1 Introduction
Tumor necrosis factor (TNF)-a inhibitors are currently the

cornerstone treatment for several immune-mediated diseases
Extended author information available on the last page of the article such as rheumatoid arthritis and inflammatory bowel disease
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Studies of patients transitioning from tumor necrosis
factor-o inhibitor originator to a biosimilar reported that
about 8% of such patients retransitioned. Retransition-
ing was defined as switching from the originator to a
biosimilar and back to the originator.

The following factors might result in fewer patients
retransitioning: only transitioning patients with stable
disease; not actively offering patients the option to
retransition if they are dissatisfied with the biosimilar;
and including extra laboratory monitoring as part of the
biosimilar implementation strategy.

(IBD) [1-3]. At the time they were introduced, these treat-
ments were a very effective but costly treatment modality.
The introduction of biosimilars (“a biological medicinal
product that contains a version of the active substance of
an already authorized biological medicinal product [origi-
nator]” [4]) several years ago lowered the price of TNFa
inhibitor treatment and improved patient access to these
treatments [5]. Biosimilars for three TNFa inhibitors are
currently approved. The first infliximab biosimilar was
approved in 2015 in Europe [6] and in 2016 in the USA
[7], the first etanercept biosimilar was approved in 2016 in
both Europe and the USA [7, 8], and the first adalimumab
biosimilar was approved in 2018 in Europe [9] and in 2016
in the USA [7].

The similarity of biosimilars in terms of quality, efficacy,
and safety, including immunogenicity, must be thoroughly
demonstrated in an extensive comparability exercise in
which physiochemical properties, biological activity, immu-
nochemical properties, and in vivo pharmacological prop-
erties are compared between originator and biosimilar [4].
Similarity is confirmed in at least one randomized controlled
trial (RCT) where TNFa inhibitor-naive patients are rand-
omized between the originator and the corresponding bio-
similar [10-12]. Since biosimilars have properties similar to
those of their originators, it is expected that patients already
treated with the originator can transition to the biosimilar
without any impact on the efficacy, safety, and immuno-
genicity of their treatment. This has been confirmed in sev-
eral RCTs, including the NOR-SWITCH study, in which 241
patients receiving originator infliximab were randomized
to continuing originator or transitioning to the biosimilar.
Disease worsening was reported in 26% of the patients who
remained on the originator and in 30% of patients who tran-
sitioned to the biosimilar, which was within the prespecified
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15% inferiority margin [13]. Other double-blinded RCTs
involving TNFa inhibitors also demonstrated noninferior-
ity between remaining on an originator and transitioning to
a biosimilar [14].

Transitioning from originator to biosimilar has also been
extensively studied for different biologicals in several ther-
apeutic indications in observational studies. Within these
studies, infliximab was the most frequently studied biosimi-
lar. Overall, these studies concluded that there were no major
safety issues, including immunogenicity, after transitioning
[14]. However, some studies have shown that patients who
transitioned to a biosimilar experienced loss of effect and/
or adverse events (AEs), resulting in higher discontinu-
ation rates than in patients who remained on the origina-
tor [15-18]. It has also been shown that, of all patients
who transitioned from originator to biosimilar, 2.6-25.8%
restarted treatment with the originator (retransitioning) [16,
19]. Retransitioning to the originator can be considered an
indication of biosimilar treatment failure or dissatisfaction
with biosimilar treatment [20]. Retransitioning in these stud-
ies was mainly driven by patient-reported outcomes, such
as subjective AEs, with no differences in objective clinical
parameters. Thus, the authors attributed this to the nocebo
effect (i.e., patients’ negative expectations leading to AEs
being experienced or a perceived decrease in response) [14,
21].

However, the different percentages of retransitioning in
these studies might also be related to factors other than the
nocebo effect. For example, since RCTs apply extensive
inclusion and exclusion criteria compared with observational
studies performed as part of routine clinical care, outcomes
in RCTs are often not achieved in clinical practice [22].
However, in observational studies, certain criteria can also
be applied to select patients eligible for transitioning, such
as transitioning only patients with clinically stable disease.
These selection criteria might affect the incidence of patients
retransitioning.

Moreover, the process or strategy used to implement a
biosimilar can differ between studies. Some studies exten-
sively inform patients about transitioning and monitor their
transitioned patients frequently, whereas in other studies
patients are transitioned as part of routine clinical care with
limited information and no extra routine visits. These dif-
ferences in biosimilar implementation strategies influence a
patient’s experience of the transition and affect the numbers
of patients who retransition [23].

Retransitioning is often a sign of treatment failure or dis-
content and could negatively influence the patient’s treat-
ment. In addition, retransitioning could potentially undo the
financial benefits of biosimilars. Knowledge about how to
introduce a biosimilar in clinical practice while minimizing
the risk to patients retransitioning is therefore of value.
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The aim of this systematic review was to estimate the
cumulative incidence of patients who retransitioned from
TNFa inhibitor biosimilar to originator and to explore poten-
tial patient, disease, and treatment and implementation strat-
egy factors associated with retransitioning.

2 Methods
2.1 Systematic Literature Search

We conducted a systematic literature search in the PubMed,
EMBASE, and Cochrane Central Register of controlled tri-
als (CENTRAL) databases to identify all published articles
investigating or citing TNFa inhibitors, biosimilar transition-
ing, and retransitioning. The exact search terms and medi-
cal subject heading terms used are presented in Table S1
in the electronic supplementary material (ESM). As shown
in Table S1, a broad search string was applied to prevent
relevant articles being missed, after which the studies found
were manually checked. The systematic review was con-
ducted according to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement [24].
The review protocol is available at PROSPERO (registration
ID CRD42021226381). The search string was first executed
on 19 November 2020 and was repeated on 25 March 2021
to include relevant recently published articles.

2.2 Selection of Studies

Studies found in the search strategy were merged in Rayyan
QCRI and duplicates were removed. Only original research
articles were included. Congress abstracts, reviews, editori-
als, and other opinion articles were excluded. The reference
lists of review articles were manually checked by RM for
additional potentially relevant articles not captured in the
electronic search.

Titles, abstracts, and full-text publications of the identi-
fied records were screened by RM to select relevant articles,
and a 5% random sample was cross checked by HG. In case
of uncertainty or disagreement, articles were discussed until
consensus was reached and, if necessary, a third reviewer
(TG) was consulted. Articles were included if they met the
following criteria: (1) study involved transitioning from a
TNFa inhibitor (including etanercept, infliximab, and adali-
mumab) originator to a biosimilar, (2) the number of patients
who retransitioned was reported or could be calculated, (3)
the article was an original research article published in a
peer-reviewed journal, (4) the article included baseline
characteristics of the patients who transitioned, (5) the arti-
cle was written in English, and (6) the full-text version of
the article could be obtained. Transitioning was defined as
patients in whom the biosimilar was introduced after the

originator, without treatment with other drugs in between.
Retransitioning was defined as restarting the originator
directly after discontinuing a biosimilar, without treatment
with other drugs in between. In summary, transitioning was
defined as switching from the originator to a biosimilar;
retransitioning was defined as switching from the originator
to a biosimilar and back to the originator. Both transitioning
and retransitioning involved changes with the same active
biological substance.

2.3 Outcome

The main outcome of this study was to assess the cumulative
incidence of patients treated with biosimilar adalimumab,
etanercept, or infliximab for any indication who retransi-
tioned. In addition, the reasons why patients retransitioned
(i.e., loss of effect, AEs, other) was collected when possible.
Information about these outcomes were extracted from the
publications included.

2.4 Factors Associated with Retransitioning

In this study, factors related to patient, disease, and treatment
and implementation strategy were explored.

Factors related to patient, disease, and treatment included
the following: age restrictions (only adult patients or all age
categories); the therapeutic indication for which TNFa
inhibitor was used (rheumatic disease [RD], IBD, multiple
indications, or other indications); only patients with stable
disease or all patients; the type of TNFa inhibitor (etaner-
cept, infliximab, adalimumab, or multiple); only patients
with a minimum duration of originator use or all patients.

RD included ankylosing spondylitis, chronic reactive
arthritis, juvenile idiopathic arthritis, psoriatic arthritis,
and rheumatoid arthritis; IBD included ulcerative colitis
and Crohn’s disease; and multiple indications included a
combination of RD, IBD, and/or other indications for which
TNFa inhibitors are indicated. Studies were considered to
only include patients with stable disease if they mentioned
stable disease, low disease activity, or remission as an inclu-
sion criterion. Minimum duration originator use was defined
as having any inclusion criterion on the duration of use of
originator prior to transitioning—for example, at least 6
months’ use of originator—and was categorized as either
only patients with a minimum duration use of originator or
all patients.

Factors related to implementation strategy included the
following: the manner in which information on transition-
ing was provided to patients (both written and verbal infor-
mation from healthcare professional [HCP], only written
information, only verbal information from HCP); train-
ing of HCPs (both educational and communication; only
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educational; only communicational—that is, motivational
communication on transitioning); the type of consent given
by patients (informed consent, opt in [patients need to grant
permission to transition to a biosimilar but this is not as
formal as informed consent, for example verbal permission],
opt out [patients are transitioned to a biosimilar unless stated
otherwise [including mandatory transitioning]); gainshar-
ing (patients’ healthcare directly benefits from financial sav-
ings from transitioning—yes or no); whether the HCP gave
patients, at the time of transitioning, the option to retransi-
tion (yes or no); extra control visits to the outpatient ward
(yes or no); and extra laboratory monitoring (yes or no).
Extra control visits and extra laboratory monitoring were
classified as such if they were explicitly mentioned as not
part of routine clinical care.

Other variables assessed included baseline characteristics
of the study publications, including the following: type of
funding (funded by industry or publicly funded); type of
study (RCT, cohort study, case—control, case series, other);
geographical location of the study (continent: Europe,
Asia, USA, other); the year in which patients in the study
were transitioned (start of the study); duration of follow-
up (months); randomization of patients (yes or no); blinded
treatment (yes or no); and number of transitioned patients in
the study. Baseline characteristics of the patients included
in the studies included the following: age at transitioning
(< 45, 45-55, > 55 years); percentage of included females;
indication; type of TNFa inhibitor (active substance adali-
mumab, etanercept, infliximab, or multiple); years since first
diagnosis of disease; duration of originator treatment prior
to transitioning to the biosimilar.

All data extracted from the articles were entered in a
standardized data collection format created in Microsoft
Excel. Data were entered by RM and cross checked by HG.
In case of uncertainty or disagreement, data were discussed
until consensus was reached; if necessary, a third reviewer
(TG) was consulted.

2.5 Data Analysis

Characteristics of the studies were descriptively analyzed. In
the other analyses, studies were weighted by the number of
patients transitioning in the study. The primary outcome—
the cumulative incidence of patients retransitioning—was
plotted against the study follow-up time in a weighted dot
plot to explore whether the duration of the study and cumu-
lative incidence of patients retransitioning were correlated.
The weighted dot plot presents the percentage of patients
retransitioning over time, and the size of the dot represents
the number of patients who initially transitioned from origi-
nator to biosimilar.

For each of the factors related to patient, disease, and
treatment and implementation strategy, studies were
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stratified according to the categories of that factor (e.g., extra
laboratory monitoring—yes or no). The weighted median
(based on the number of patients who initially transitioned
from originator to biosimilar) and interquartile range (IQR)
of the cumulative incidence of patients who retransitioned
in these studies were calculated and compared to explore
whether a potential association existed between these factors
and the cumulative incidence of patients who retransitioned.

3 Results

The systematic literature search resulted in 994 unique stud-
ies. After screening, 149 studies were identified in which
patients were transitioned (originator to biosimilar) from a
TNFa inhibitor originator to a biosimilar. Of those studies,
112 were excluded: 109 did not report on retransitioning
(originator to biosimilar and back to originator), two did
not report any baseline characteristics of the transitioned
patients, and one was not published in a peer-reviewed
journal. The remaining 37 studies were included in this
systematic review (Fig. 1). The included studies and the
excluded review articles (n = 98) were manually checked
for relevant studies that were not captured in the systematic
literature search, but no additional studies were included.
Data extracted from the individual studies are presented in
Tables S2 and S3 in the ESM.

Table 1 presents the characteristics of the included stud-
ies, in which patients were transitioned from a TNFa inhibi-
tor originator to a biosimilar. The majority of included stud-
ies were publicly funded (78.4%), included a cohort study
design (97.3%), and were performed in Europe (91.9%).
In the majority of studies, patients were transitioned in
2015 (18.9%) or 2016 (35.1%). The median follow-up was
12 months. The 37 studies included a median of 94 (IQR
45-192) patients; more than half of the studies included

Studies identified
from PubMed

Studies identified
from EMBASE

Studies identified
from Cochrane

(n=657) (n=520) Central (n=209)
\ i I
Duplicates
removed
(n=994) Studies excluded (n=845)

Studies with TNFa
biosimilarstudies
(n=149)

* 437 no biosimilartransition

* 200 no original research article
* 196 no TNFa inhibitor

* 12 non-English language

Studies included
(n=37)

Studies s excluded (n=112)

* 109 no retransitioning

* 2 nobaseline characteristics
* 1 nopeer-reviewed journal

Fig. 1 Flow chart of study selection. TNF tumor necrosis factor
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Table.1 Characteristics of the included studies, in which patients
were transitioned from tumor necrosis factor-o inhibitor originator to

the corresponding biosimilar

Characteristic

Publications (n = 37)

Publication characteristics
Funding
Industry
Public
Study design characteristics
Type of study
Cohort
Case series
Case—control
Other
Geographical location of study
Europe
North America (USA)
Asia
Year of start transitioning
2012
2013
2014
2015
2016
2017
2018
NR
Duration of follow-up, months
Randomization of patients (yes)
Treatment blinded for patients (yes)
Number of patients included
Study population characteristics
Age, years
<45
45-55
> 55
Not reported
% Females
Indication
Rheumatic disease
Inflammatory bowel disease
Multiple indications
Other
Type of TNFa inhibitor
Etanercept
Infliximab
Adalimumab
Multiple
Years since first diagnosis
<10
10-15
> 15

8 (21.6)
29 (78.4)

36 (97.3)
12.7)
NA

NA

34 (91.9)
2(5.4)
12.7)

12.7)
3.1

7(18.9)

13 (35.1)
5(13.5)
4(10.8)
4(10.8)

12.0 (6.00-15.1)
12.7)

94 (45-192)

12 (32.4)
15 (40.5)

9 (24.3)
12.7)
53.6 £ 13.0

22 (59.5)
7 (18.9)
4(10.8)
4(10.8)

11(29.7)
23 (62.2)
2(5.4)
12.7)

7(18.9)
10 (27.0)
6(16.2)

Table.1 (continued)

Characteristic Publications (n = 37)
Not reported 14 (37.8)
Duration of originator treatment prior to

transitioning to a biosimilar, years

<5 14 (37.8)

5-10 14 (37.8)

> 10 12.7)

Not reported 8 (21.6)

Data are presented as n (%), mean + standard deviation, or median
(interquartile range) unless otherwise indicated

NA not applicable, NR not reported, TNF tumor necrosis factor

patients with an RD (59.9%), and more than half of the stud-
ies involved patients receiving infliximab (62.2%).

The overall weighted median cumulative incidence of
patients who retransitioned (originator to biosimilar and
back to originator) was 7.6% (IQR 6.8-17.2), and the
incidence did not increase with increasing follow-up time
(Fig. 2). Two studies reported a much higher cumulative
incidence (50.0% [25] and 71.7% [26]) than all other studies.

As depicted in Table 2, studies that were performed
in 2014, 2015, and 2016 reported the highest cumulative
incidence of patients who retransitioned (21.4%, 7.8%, and
17.8%, respectively). In studies performed later in time, the
incidence decreased to 6.2% in 2017 and 4.1% in 2018.

The reason for retransitioning was reported in 26 studies
(70.3%), which included a total of 4813 patients. Reasons
for retransitioning were mainly loss of efficacy (50.2% of
patients), AEs (45.8% of patients), or both (3.5% of patients).
The types of AEs reported varied; infections were men-
tioned, as were AEs such as fatigue, headache, and malaise.

3.1 Factors Associated with Retransitioning
3.1.1 Patient, Disease, and Treatment Factors

Factors related to patient, disease, and treatment are depicted
in Table 3. Studies that limited inclusion to only adult
patients reported a weighted median of 6.6% of patients
retransitioning compared with 8.9% in studies that included
all age groups.

Two disease-related factors were evaluated in this
review: the indication for which patients were treated and
whether studies included only patients with stable disease
or all patients. The incidence of patients who retransi-
tioned was lowest in studies in patients with IBD com-
pared to studies in the other indications (6.6% for IBD
vs. 15.1-17.7%). Studies that only included patients with
stable disease reported a weighted median incidence for
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Table.2 Year of transitioning and the weighted median cumulative
incidence of patients retransitioning

Year of Studies, n  Patients,n  Median cumulative incidence
transition-  (n = 37) (n =8555) of patients retransitioning®
ing

2012 1 36 5.6 (NA)

2014 3 149 21.4 (3.4-46.6)

2015 7 1752 7.8 (3.5-18.8)

2016 13 4869 17.8 (11.7-19.1)

2017 5 790 6.2 (4.8-7.6)

2018 370 4.1 (2.5-6.8)

NR 4 589 12.8 (8.7-15.7)

NA not applicable, NR not reported

Data are presented as weighted % (interquartile range)

retransitioning of 7.0% compared with 13.7% in studies
that included all patients.

Studies in patients receiving adalimumab reported less
retransitioning than studies with other TNFa inhibitors
(3.1 vs. 4.1-6.7%). However, adalimumab was only evalu-
ated in two studies, which included a limited number of
patients. Studies that only included patients who had a
minimum duration of use of the originator before transi-
tioning reported a weighted median incidence of 18.3% of
patients retransitioning compared with 15.1% in studies
with no restrictions on duration of originator use.

3.1.2 Implementation Strategy-Related Factors

Several factors regarding how patients were informed about
transitioning to the biosimilar were studied, as depicted
in Table 4. Studies in which patients were informed about
transitioning using both written information and (the option
of) verbal information from their HCP reported a median
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incidence of retransitioning of 19.4%, which is higher than
that found with either one of the options (9.9% for only writ-
ten information; 4.7% for only verbal information from the
HCP); however, studies that asked for informed consent to
transition reported lower incidences of patients retransition-
ing than did studies that asked for consent in a less formal
way.

The type of training for HCPs was reported in only seven
studies (18.9%), with a total of 1074 patients included. There
was no clear association between the type of training and
the incidence of patients who retransitioned; the weighted
median was 2.7% in studies that reported both educational
and communication training, 6.8% in studies with only edu-
cational training, 25.8% in the study with only communica-
tion training, and 7.1% in studies that did not report on train-
ing to HCPs.

Studies in which patients’ healthcare directly benefited
from the financial gains of transitioning to a biosimilar
(gainsharing) reported less retransitioning (1.4%) than did
studies that did not report gainsharing (7.2%), although gain-
sharing was reported in only two studies. A higher incidence
of patients who retransitioned was reported in studies that,
during transitioning, offered patients the option of retransi-
tioning if the biosimilar was not satisfactory (11.1 vs. 7.0%).

Extra laboratory monitoring of patients after transitioning
seemed to result in fewer patients retransitioning than when
no extra laboratory monitoring was part of the biosimilar
implementation strategy (1.6 vs. 6.1%, respectively). Addi-
tional control visits did not appear to be associated with an
effect on the number of patients who retransitioned.

4 Discussion

This systematic review studied the cumulative incidence
of patients who retransitioned and the association between
patient-, disease-, and treatment- and implementation
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Table.3 Patient, disease, and treatment factors, and the weighted median cumulative incidence of patients retransitioning

Characteristic Studies, n Patients, n Median cumulative incidence
(n=37) (n = 8555) of patients retransitioning®
Patient factors
Age
Only adult patients 22 7324 6.6 (5.7-9.1)
All age categories 15 1231 8.9 (6.9-22.8)
Disease factors
Indication
Rheumatic disease 22 4573 15.1 (5.4-16.0)
Inflammatory bowel disease 7 1556 6.6 (0.9-8.3)
Multiple indications 4 2330 16.2 (13.7-18.8)
Other 4 96 17.7 (7.2-33.1)
Disease stability
Only stable patients 15 2085 7.0 (1.5-7.1)
All patients 22 6470 13.7 (8.0-21.4)
Treatment factors
Type of TNFa inhibitor
Etanercept 11 3705 6.5 (3.7-8.0)
Infliximab 23 4525 6.7 (6.7-14.2)
Adalimumab 2 180 3.1(1.2-5.1)
Multiple 1 145 4.1 (NA)
Minimum duration use originator
Only patients with minimum duration of use 13 3525 18.3 (7.4-19.2)
All patients 24 5030 15.1 (13.2-16.9)

NA not applicable, TNF tumor necrosis factor

“Data are presented as weighted % (interquartile range)

strategy-related factors and retransitioning. The overall
median cumulative incidence of retransitioning was 7.6%.
Retransitioning occurred to a lesser degree in patients with
IBD than in those with other indications and in patients with
stable disease at the start of the biosimilar. Actively offering
the option to retransition resulted in more patients retransi-
tioning than when this was not offered or reported. Extra
laboratory monitoring as part of the implementation strategy
resulted in fewer patients retransitioning, and gainsharing
might also result in fewer patients retransitioning, although
the number of studies reporting on gainsharing was very
limited.

Of the studies included in this review, the vast majority
(91.9%) were performed in Europe, and only 5.4% of the
studies were performed in the USA. Fewer biosimilars are
registered in the USA than in Europe, and the use of bio-
similars is also lower [27], which translates in clinical prac-
tice to limited experience and knowledge with biosimilars
among prescribers and reluctance to prescribe a biosimilar
[28]. This finding might also be explained by the different
regulations: In the USA, marketing authorization holders
of a biosimilar can apply for approval of their biosimilar
as interchangeable with the originator by demonstrating

interchangeability, and such a biosimilar can be substi-
tuted at the pharmacy level [29]. However, only one bio-
similar insulin is currently approved as an interchangeable
biosimilar [30], which could make practitioners reluctant
to transition patients in clinical practice, thereby hamper-
ing the uptake of biosimilars. The European Medicines
Agency (EMA) defines interchangeability as the possibility
of exchanging one medicine for another that has the same
therapeutic effect, e.g., originator to biosimilar or vice versa.
The EMA does not require additional studies to show inter-
changeability, and decisions on interchangeability are left to
the individual member states. A previous paper by EU regu-
lators concluded that biosimilars licensed under the stringent
regulatory requirements in the EU are interchangeable with
their originator [31, 32].

We found a median cumulative incidence of retransition-
ing of 7.6% (IQR 6.8-17.2). The cumulative incidence of
retransitioning did not increase with increasing follow-up
time, implying that retransitioning occurred mainly in the
first months after transitioning to the biosimilar. As the time
of follow-up does not seem to be related to the cumulative
incidence calculated, we consider it appropriate to present
an overall cumulative incidence for all studies together. Two
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Table.4 Implementation strategy factors and the weighted median cumulative incidence of patients retransitioning

Characteristic Studies, n Patients, n Median cumulative
(n=237) (n = 8555) incidence of patients
retransitioning®

Manner of providing information

Both written and verbal information from HCP 13 1918 19.4 (6.7-19.7)

Written information 758 9.9

Verbal information from HCP 6 590 4.7 (0.5-25.7)

Not reported 17 5289 7.4 (3.6-15.2)
Training of HCPs

Both educational and communication 2 670 2.7(2.7-2.9)

Educational 4 315 6.8 (1.4-33.4)

Communication 89 25.8 (NA)

Not reported 30 7481 7.1 (5.2-10.1)
Type of consent

Informed consent 13 2189 1.6 (1.4-7.6)

Opt in 9 2030 9.0 (3.4-24.3)

Opt out 1838 9.7 (5.0-13.1)

Not reported 12 2498 7.4 (5.3-16.0)
Gainsharing

Yes 2 256 1.4 (1.4-1.5)

No 0 0 -

Not reported 35 8299 7.2(5.4-17.2)
Option offered to retransition

Yes 5 463 11.1 (4.1-20.0)

No 0 -

Not reported 32 8092 7.0 (5.3-7.8)
Extra control visits

Yes 14 1473 54 (1.6-17.5)

No 16 4690 7.1 (6.8-27.8)

Not reported 7 2392 18.3 (9.4-26.0)
Extra laboratory monitoring

Yes 15 2460 1.6 (2.0-2.7)

No 12 3320 6.1 (4.8-7.0)

Not reported 10 2775 5.8 (3.8-13.7)

HCP healthcare professional
#Data are presented as weighted % (interquartile range)

studies reported a much higher cumulative incidence of
patients retransitioning than the other studies included in this
review. In the study by Riller et al. [25], half of the patients
retransitioned. However, this study included only eight
patients, all diagnosed with neurosarcoidosis. Xue et al. [33]
also reported failure of infliximab biosimilar in patients with
neurosarcoidosis, with effect regained after retransitioning.
The authors attributed this finding to variations in afucosyla-
tion between the originator and biosimilars, which might be
associated with differences in biological activity specifically
in sarcoidosis [33]. However, the effect of afucosylation var-
iations in sarcoidosis has not been extensively studied. In
the study by Yazici et al. [34] performed in Turkey, 72% of
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patients retransitioned. According to the authors, the incen-
tives for the use of biosimilars are minimal in Turkey, since
both originators and biosimilars are fully reimbursed [34].
However, as other countries also reimburse both originators
and biosimilars, this cannot fully explain their large cumula-
tive incidence of retransitioning. However, political factors
such as the availability of the originator, regional/national
policies, and pricing and reimbursement of originators and
biosimilars are likely to affect the number of patients who
retransition. Within the present study, we were not able
to study the impact of political factors on the number of
patients retransitioning. However, as the included studies
covered a variety of settings with different policies on the
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implementation of biosimilars, we expect the cumulative
incidence found to be representative.

We found that several factors related to patients, their
disease, and their treatment could play a role in the inci-
dence of patients who retransitioned. First, fewer patients
with IBD retransitioned than those with other indications.
This was a striking result: In the first years that biosimilars
were available, gastroenterologists were hesitant to transition
patients from originators to biosimilars [38]. However, in a
qualitative study performed in Europe a few years later, gas-
troenterologists seemed more confident than rheumatologists
about transitioning patients to biosimilars [39]; therefore, the
lower numbers of retransitioning patients with IBD might be
explained by the more positive opinions of gastroenterolo-
gists. This is reflected in the larger uptake of biosimilars in
patients with IBD than in those with RD [40]. There were no
differences between studies in patients with IBD and other
indications in terms of the year the study was performed, the
type of TNFa inhibitor, or the inclusion of only patients with
stable disease; consequently, these factors did not explain
the lower incidence of retransitioning in patients with IBD.
Unfortunately, none of the included studies specifically
studied patients with psoriasis, which is also an important
indication of TNFa inhibitors.

Second, including only patients with stable disease
appeared to be associated with less retransitioning, which
might be due to attribution effects (allocating preexisting
or unrelated symptoms to the change in treatment) [41].
Patients in this review who had not (yet) achieved disease
stability might misattribute flares in their disease to the tran-
sition to biosimilar instead of to the natural course of their
disease. In addition, only transitioning patients with stable
disease from originator to biosimilar is not in line with the
principle of the biosimilar being similar to the originator
[42, 43].

Finally, less retransitioning was reported in studies in
which patients received adalimumab than in studies of
other TNFa inhibitors. Adalimumab was the last biosimi-
lar to be introduced in clinical care, which could mean that
the introduction of adalimumab biosimilars benefited from
knowledge gained from and experience with the introduc-
tion of previous biosimilars for clinicians, pharmacists, and
patients. This is supported by our finding that studies per-
formed after 2016 reported less retransitioning.

In this review, we also studied biosimilar implementation
factors. Several factors concerned issues on how patients
were informed about transitioning to a biosimilar. We
found that the incidence of retransitioning appeared to be
increased in studies in which patients were most informed
about biosimilar transitioning but decreased in studies in
which patients were asked for informed consent. This seems
contradictory, since informing patients well is part of obtain-
ing informed consent. Studies in patients with IBD or RD

reported that patients wished to be informed with positive
and structured information on transitioning from origina-
tors to biosimilars and wanted to be actively involved in this
decision [44, 45]. However, our results demonstrate that pro-
viding more information to patients did not result in fewer
patients retransitioning, which contradicts the recommenda-
tions in previous reviews [21, 46].

The two studies applying gainsharing reported a smaller
incidence of retransitioning than did studies that did not
report on gainsharing. In the studies that reported on gain-
sharing, the financial savings from transitioning to the bio-
similar were used for a “long-term appointment of a switch
pharmacist” [47] (not further specified) and for the appoint-
ment of IBD nurses and pharmacists for a “nurse-led IBD
biologicals service for improving IBD patient safety and
quality of care” [48]. Patients might be more positive about
biosimilars when they directly benefit from the financial
savings, but the number of studies was too limited for final
conclusions. Providing patients with the option of retransi-
tioning at the introduction of the biosimilar—if the patient
is not satisfied with the biosimilar—increased the incidence
of retransitioning. This finding seems logical and was also
previously described [20]. In addition, the possibility of
implementing gainsharing as part of transitioning patients
from originators to biosimilars depends on the political situ-
ation regarding the reimbursement of biologicals.

Increased laboratory monitoring of patients after transi-
tioning appeared to be related to fewer patients retransition-
ing. However, extra laboratory monitoring after transitioning
did not seem to reflect the scientific principles of the biosim-
ilar being similar to the originator [49]. The European Alli-
ance of Associations for Rheumatology specifically states
that measuring antidrug antibodies is not needed, since they
do not expect an increase in antibodies after transitioning to
a biosimilar [42]. However, although extra laboratory moni-
toring may not be justified, it could make patients feel safer
and more confident in transitioning to the biosimilar and
therefore prevent them from retransitioning.

This systematic review aimed to provide a complete
overview of studies in which patients retransitioned to an
originator after being transitioned from a TNFa inhibitor
originator to a corresponding biosimilar. To our knowledge,
this is the first review to study the incidence of retransition-
ing and to explore whether the numbers of patients retran-
sitioning could be related to patient, disease, and treatment
and implementation strategy factors. However, the present
study contains some limitations. We extracted patient, dis-
ease, and treatment and implementation strategy factors
from the included studies and categorized them as “yes” or
“no”. This categorization was subjective so could have been
subject to interpretation errors. However, cross checking of
data extraction by an independent second reviewer revealed
no discrepancies, suggesting robust data collection.
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The extensiveness of reporting factors investigated in this
review varied substantially in the included studies. If a factor
was implemented but not reported in the study article, it was
not included in this review. Some factors were only seldomly
reported. In particular, implementation strategy factors were
often missing. Therefore, we were unable to statistically test
associations or draw any causal conclusions. To overcome
this, we explanatorily analyzed associations between patient,
disease, treatment, and implementation strategy factors and
the cumulative incidence of retransitioning.

The results of this study present several leads in optimiz-
ing the introduction of a biosimilar TNFa inhibitor in clini-
cal practice and reducing the incidence of patients retransi-
tioning. First, as less retransitioning was seen in studies that
included only patients with stable disease, clinicians might
consider transitioning only such patients. Retransitioning in
patients with unstable disease is probably more related to the
psychological distress of transitioning than to the properties
of the biosimilar. Waiting until disease is stable might solve
this. Even though these patients are treated with the origina-
tor for a longer time, which is costly, it might still be ben-
eficial in the long term, with fewer patients retransitioning.

Second, to optimize biosimilar implementation strategies,
informing patients about transitioning to a biosimilar and
asking for their consent to do so might improve a patient’s
willingness to transition. However, as this did not reduce
retransitioning in the included studies, it should not be
expected in clinical practice. Actively providing the option
of retransitioning when commencing treatment with the bio-
similar seemed to result in more patients retransitioning, so
this is also not recommended. Although the reporting of
gainsharing was limited, the incidence of retransitioning was
substantially lower in studies that applied gainsharing, so
further study of this factor could be valuable. Extra labora-
tory monitoring of patients seemed to result in fewer patients
retransitioning. However, this seems counterintuitive from
the similarity perspective and is not recommended in treat-
ment guidelines.

Despite these recommendations of factors that may
reduce the incidence of patients retransitioning, any thought
of completely preventing retransitioning might be overly
optimistic. The nocebo effect is often mentioned as the
underlying reason for retransitioning [14, 21], and this is
related to patients’ lack of awareness of and misperceptions
and attitudes about treatment [51, 52]. Patients’ behavior
and their attitudes towards treatment are influenced by their
capabilities, opportunities, and motivations, as described in
the COM-B (capabilities, opportunities, motivation, behav-
ior) model [53, 54]. To further reduce patient retransition-
ing, the components that define patients’ behavior should be
directed into a more positive attitude towards biosimilars.

A\ Adis

5 Conclusion

In studies on transitioning patients from TNFa originator
to biosimilars with a median 12 months of follow-up, 8% of
patients retransitioned. Retransitioning appeared to be lower
in studies that included only patients with stable disease, in
studies that did not offer patients the option of retransition-
ing at the introduction of the biosimilar, and in studies that
applied extra laboratory monitoring as part of the imple-
mentation strategy. Clinicians could consider implementing
these factors to reduce the numbers of patients retransition-
ing to the originator and improve the introduction of bio-
similars in clinical practice.
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