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ABSTRACT
Introduction: Switching from reference biologics to biosimilars usually occurs for non-medical reasons, 
such as cost-driven formulary changes. However, despite biosimilars having the same efficacy and 
similar safety profiles as their reference products, some patients discontinue treatment and ‘switchback’ 
to the reference product.
Areas covered: In this narrative review, the authors examine the frequency and causes of switchback 
reported in journal articles and congress abstracts published between 2016 and 2023, evaluating 
patients who switched from biosimilars back to the reference biologic. As almost all publications 
focused on tumor necrosis factor inhibitors, and so the authors restricted their analysis to this drug 
class.
Expert opinion: Evidence suggests that switchback rates are low, with most studies of at least 
100 patients reporting rates of less than 20%. The main reasons for switchback are typically patient- 
reported loss of effectiveness (usually judged subjectively) and side effects. These findings support the 
view that the nocebo (‘negative placebo’) effect is a plausible and likely contributor to switchback. 
Healthcare professional and patient education on the effectiveness and safety of biosimilars is needed 
and will be vital to counter misinformation and minimize the nocebo effect, allowing biosimilars to 
continue contributing to sustainability in healthcare.

PLAIN LANGUAGE SUMMARY
Biologic medicines are used to treat conditions such as autoimmune disorders, diabetes, and cancer. 
However, their high costs limit access for many patients. Once the patent for a biologic expires, 
biosimilar versions of the biologic can be used to treat the same diseases as the original, or ‘reference’, 
product. Biosimilar manufacturers must show that a biosimilar is as safe and efficacious as its reference 
product. Because biosimilars tend to be more affordable than their reference products, many healthcare 
providers switch patients onto biosimilars when they become available. We wanted to find out how 
many of these patients subsequently switchback to the reference product, and why. We searched for 
articles and congress abstracts, published between 2016 and 2023, that evaluated patients who 
switched back from a biosimilar to the reference biologic. Of the identified publications, most presented 
data for biosimilars of etanercept, adalimumab, and infliximab. Switchback rates varied greatly, but 
most studies including at least 100 patients reported switchback rates of less than 20%. In other words, 
most patients who switched to biosimilars remained on them. The main reasons for switchback were 
patient-reported loss of effectiveness, and side effects. However, loss of effectiveness was usually 
judged subjectively. This suggests that the nocebo – or ‘negative placebo’ effect, in which patients 
have negative expectations about biosimilars – may contribute to switchback. Better patient and 
physician understanding of the effectiveness and safety of biosimilars can help counter the nocebo 
effect and support shared decision-making in healthcare.
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1. Introduction

Biologic therapies have been used successfully to treat many 
conditions, but are often associated with high costs due in 
part to the complexity of drug development [1,2]. After patent 
expiry and loss of exclusivity of these original biologic 

treatments, biosimilar medicines can be used to treat the 
same diseases as the reference medicine, offering competitive 
pricing owing to streamlined clinical development and regu
latory requirements [3,4]. By passing on these cost savings, 
biosimilar manufacturers enable larger numbers of patients to 
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access effective and safe therapies [3,5], leading to improved 
clinical outcomes, fewer long-term complications, and lower 
healthcare costs over a patient’s lifetime [5–10].

The European Medicines Agency considers approved biosi
milars to be interchangeable with their reference biologic and 
its other biosimilars [11], and has approved over 15 biosimilars 
of tumor necrosis factor (TNF) inhibitors for the treatment of 
inflammatory diseases, including for infliximab [12–15], etaner
cept [16–18], and adalimumab [19–28] (Table 1). Switching 
from reference biologics to biosimilars usually occurs for non- 
medical reasons, such as cost-driven formulary changes by 
healthcare systems or insurance companies [29]. In Europe, 
this is often at the discretion of the prescribing physician [30]. 
However, despite evidence to the contrary [31–36], many 

physicians and patients are still hesitant to switch owing to 
concerns they may have over the safety or effectiveness of 
biosimilars [36,37]. Cases have also been reported of patients 
occasionally discontinuing treatment with a biosimilar, and 
choosing to ‘switchback’ to the reference medicine.

A comprehensive review of data for the rate of switchbacks, 
and reasons for switchback, is currently lacking. To address 
this knowledge gap, we sought to identify and review studies 
reporting switchback rates.

2. Literature search strategy

For this narrative literature review, we conducted electronic 
searches of EmbaseⓇ and MedlineⓇ databases to identify jour
nal articles and congress abstracts published in English between 
January 1, 2016 and March 8, 2023. Searches were conducted 
using the search terms: ‘biosimilars’, ‘switchback’ (including 
‘switching’, ‘switch’, ‘back switch’, ‘reswitch’, ‘backswitching’, 
‘back-switchers’, ‘restarted’, or ‘switched back’). Only full articles 
and abstracts comprising data on switchback rates for biosimilars 
of adalimumab, etanercept, and infliximab were included in this 
review. Other biosimilars were excluded by the authors due to 
the low number of articles. Studies that included data for the 
proportion of patients who discontinued a biosimilar, and not 
specifically the proportion that switched back to the reference 
product, were also excluded. In addition, further hand-searching 
was performed to identify additional articles and abstracts, with 
author-suggested publications also considered for inclusion.

While no restriction was placed on the mechanism of 
action of the biosimilars and their reference biologics, the 
scope was ultimately refined to focus on biosimilars of TNF 
inhibitors based on the literature search. Outcomes related to 
effectiveness and safety following switchback were not 
reported by all studies, but were extracted and summarized 
where available. As terminology varied across publications, the 
phrases ‘loss of effect’, ‘loss of response’, and ‘loss of effective
ness’ have been grouped conceptually for synthesis purposes.

Article highlights

● Despite biosimilars having the same efficacy and similar safety pro
files as their reference products, some patients discontinue treatment 
and ‘switchback’ to the reference product.

● This narrative literature review was carried out to examine the 
frequency and causes of switchback in patients treated with tumor 
necrosis factor (TNF) inhibitor biosimilars.

● Of the relevant publications identified, most presented findings from 
retrospective observational cohort studies or registry-based analyses 
in Europe.

● In studies with ≥100 patients, switchback rates differed greatly, but 
were relatively low (≤20%) in the majority of studies.

● No major differences were observed in switchback rates between 
different TNF inhibitors, or between therapeutic areas including 
inflammatory arthritis, inflammatory bowel disease, and others.

● The most common reasons for switchback were patient-reported loss 
of effectiveness – usually judged based on subjective self-reported 
responses, rather than objective measures of disease severity – and 
adverse events.

● Overall, switchback rates were low, supporting the view that the 
nocebo (‘negative placebo’) effect is a plausible and likely contributor 
to switchback.

● Continued education of healthcare professionals and patients on the 
effectiveness and safety of biosimilars is essential to minimize the 
nocebo effect and secure their contribution to sustainability in 
healthcare.

Table 1. Tumor necrosis factor inhibitor biosimilars approved by the European Medicines Agency (as per December 2025).

Reference product Indications for which biosimilars are approveda Biosimilar Date of biosimilar approval

Infliximab Rheumatoid arthritis 
Psoriatic arthritis 
Ankylosing spondylitis 
Psoriasis 
Crohn’s disease 
Ulcerative colitis

Inflectra [12] Sept 2013
Remsima [13] Sept 2013
Flixabi [14] May 2016
Zessly [15] May 2018

Etanercept Rheumatoid arthritis 
Juvenile idiopathic arthritis 
Psoriatic arthritis 
Axial spondyloarthritis, including ankylosing spondylitis 
Psoriasis

Benepali [16] Jan 2016
Erelzi [17] June 2017
Nepexto [18] May 2020

Adalimumab Rheumatoid arthritis 
Juvenile idiopathic arthritis 
Psoriatic arthritis 
Axial spondyloarthritis, including ankylosing spondylitis 
Psoriasis 
Hidradenitis suppurativa 
Crohn’s disease 
Ulcerative colitis 
Non-infectious uveitis

Amgevita [19] Mar 2017
Imraldi [20] Aug 2017
Hefiya [21] July 2018
Hulio [22] Sept 2018
Hyrimoz [23] July 2018
Idacio [24] April 2019
Amsparity [25] Feb 2020
Yuflyma [26] Feb 2021
Libmyris [27] Nov 2021
Hukyndra [28] Nov 2021

aAll biosimilars are approved for all indications of their respective reference products. 
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3. Switchback with approved TNF inhibitor 
biosimilars

3.1. Experience of switchback with approved TNF 
inhibitor biosimilars

For this review, we focused on switchback rates for TNF inhi
bitor biosimilars reported in studies that included at least 
100 patients (Tables 2 and 3; Tables S1 and S2). Most were 
retrospective observational cohort studies or registry analyses 
performed in European countries. Follow-up durations, where 
specified, ranged from 3 months to approximately 5 years. The 
majority of publications included in this review reported 
switchback data for patients treated with etanercept (n = 35), 
adalimumab (n = 17), and infliximab (n = 13), with some pre
senting data for more than one biosimilar, either separately or 
combined. In addition, published articles reported switchback 
data for specific and cross indications (e.g. infliximab and 
adalimumab) whereas others were cross indications only 
(e.g. etanercept). Data from abstracts were across multiple/ 
cross indications.

3.2. Switchback rates

Switchback rates varied greatly in the literature, but reported 
switchback rates tended to be less than 20%. In other words, 
most patients who switched to biosimilars remained on them. 
Switchback rates among these studies increased with length of 
follow-up, from 7.7% for studies with follow-up of 0–6 months, to 
12.2% with ≥6–12 months, 9.8% with 12–24 months, and 27.3% 
with ≥24 months follow-up. Switchback rates for patients tended 
to range between 12–17%: 15.2% for inflammatory arthritis 
(rheumatoid arthritis [RA], axial spondyloarthritis [AS], including 
ankylosing spondylitis, and psoriatic arthritis [PsA]); 16.9% for 
studies focusing on inflammatory bowel disease (IBD), and 
12.4% for studies that combined data across multiple indications 
(Figure 1).

3.3. Demographics and disease characteristics

Comparisons of the demographic and/or disease characteris
tics of patients who switched back to the reference product 
with those who continued on a biosimilar are sparse, though 
there are conflicting reports regarding the influence of gender 
on switchback rate. Although some studies report no differ
ence in gender and age distributions between individuals who 
switched back and those who did not [38,42– 
44,49,50,55,57,59], other studies found that female patients 
were more likely to switchback than male patients 
[39,40,47,48,58,85]. Additional characteristics reported to be 
more common among patients who switched back included 
longer previous biologic treatment [49,59], a higher baseline 
disease activity [58,85], and a diagnosis of RA [48,49,79].

3.4. Reasons for switchback

Although patients may report subjective reasons for switchback 
(Tables 2 and 3), there is a lack of associated data on whether 
subjective reasons were accompanied by changes in objective 

measures of disease activity. However, where these data were 
collected, it was commonly reported that concurrent changes in 
objective measures of disease activity were not generally seen 
in patients switching back due to subjective reasons 
[46,49,52,56,58–60,71,73]. Consistently, one non-interventional, 
multicenter cohort study from the Netherlands reported that 
patients who switched back to reference infliximab due to 
increases in objective measures of disease activity had higher 
treatment discontinuation rates than those who switched back 
due to subjective symptoms [40].

3.5. Etanercept

Reported switchback rates from an etanercept biosimilar to 
the reference product in the literature (Tables 2 and 3; Tables 
S1 and S2) tended to be lower than 20% (Figure 1, Tables 2 
and 3), ranging from 2.1% to 37%. In a large and relatively 
long-duration study that examined switchback rates across 
indications for 5907 patients over a median follow-up of 
approximately 5 years [43], it was noted that a significant 
number of patients alternated between the reference product 
and biosimilar during follow-up, suggesting that some of the 
back switches may reflect varying product availability, with the 
biosimilar and reference products in practice viewed as fully 
interchangeable [43].

Across indications, including RA, many studies did not report 
the reasons for switching back to the reference product, those 
that did typically cited patient-reported loss of effect and/or 
adverse events (AEs). In an analysis of 1621 patients with RA, AS, 
or PsA in the DANBIO registry, for example, which has prospec
tive coverage of >95% of adults treated with biological disease- 
modifying antirheumatic drugs in Denmark, switchback rates 
below 10% were observed over a median follow-up of approxi
mately 1 year [49]. Upon return to the reference product, dis
ease activity levels were compared with those at biosimilar 
initiation: this revealed that while patient-reported global 
assessment scores had changed, C-reactive protein (CRP) and 
swollen joint counts were virtually unaltered [49].

3.6. Adalimumab

In studies that reported switchback rates from an adalimumab 
biosimilar to the reference product, follow-up ranged from 3 
to 18 months and about half of the studies examined switch
back across multiple indications. Switchback rates ranged from 
1.6% to 33%, but tended to be below 20% (Figure 1, Table 2, 
Table 3). The most common reasons given for switchback 
were lack of effectiveness of the biosimilar and AEs, most 
notably pain on injection.

In a prospective pseudo-randomized analysis of 1318 patients 
in the DANBIO registry, for example, 3.6% of patients with rheu
matological conditions who switched from reference adalimu
mab to a biosimilar switched back over a 12-month period, with 
half reporting that they did so due to ineffectiveness of the 
biosimilar. Notably, however, changes in CRP levels and Health 
Assessment Questionnaire scores were close to zero at the time 
of switching back [58]. Findings from smaller, prospective obser
vational studies were generally similar to those of the larger 
registry study, albeit with slightly higher switchback rates. The 
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French longitudinal cohort study described above, in the etaner
cept section, also included 9285 patients who switched from 
reference adalimumab to a biosimilar. During a median follow- 
up of 3 years, 33% switched back to the reference product, but 
some of these switches may have reflected varying product 
availability [43].

3.7. Infliximab

Reports of switchback from an infliximab biosimilar to the 
reference product varied from those that included all inflixi
mab indications without distinguishing between them to 
others focusing on patients with IBD, AS, or RA. There was 
a mixture of retrospective and prospective studies, and follow- 
up periods ranged from 3 months to just over 3.5 years. 
Switchback rates tended to be below 20%, ranging from 
0.8% to 75% (Figure 1, Table 2, Table 3). In a French long
itudinal study that included 9417 patients, 22% of patients 
were found to have switched back from biosimilar infliximab 
to the reference product; however, reasons for the switchback 
and subsequent clinical outcomes were not reported [43]. In 
an outlier study assessing US Veterans Healthcare 
Administration data, a 75% switchback rate was observed; 
however, the authors caution that multiple formulary changes 
during their 2-year retrospective observation period may 
explain the unusually high switching rates they observed [38].

4. Perceptions of switchback, future perspectives, 
and strategies

4.1. Patient-reported reasons for switchback

The most common reasons for switchback were patient- 
reported loss of effectiveness and AEs, which is consistent 
with a previous review that investigated why patients change 
from one biologic therapy to another (including biosimilar 
switchback) [86]. Notably, in the studies identified, patients 
who discontinued a biosimilar were more likely to switchback 
to the reference product than to swap to a medication with 
a different mechanism of action. Given that biosimilars work in 
the same way as their reference products – and have been 
shown to have equivalent efficacy, safety, and impact on 
quality of life – it has been reported that the nocebo effect 
is a likely and plausible contributor to decisions to discontinue 
biosimilars [44,49,50,58,59].

4.2. Disease severity/activity

There is a scarcity of data regarding the change in disease 
severity or activity that prompted biosimilar discontinuation, 
or the outcomes following switchback. Limited reports indi
cate a common theme of perceived loss of biosimilar effec
tiveness prior to switchback based on patient-reported 
impairment of subjective disease measures, such as tender/ 
swollen joints or disease flares [45,46,48,49,58,73], as opposed 
to changes in objective markers of inflammation, such as CRP 
levels. For example, in a Danish analysis, patients who 
switched back reported loss of efficacy using the Patient 
Acceptable Symptom State Questionnaire, and were less likely Ta
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to be in remission based on the Disease Activity Score-28 
joints/Ankylosing Spondylitis Disease Activity Score scales. 
However, changes in CRP levels in the same patients at the 
time of switching back were close to zero [58]. Similarly, in 
other studies, decisions to switchback were based on reported 
ineffectiveness [66], including subjective lack of effect [48] and 
subjective deterioration [71], in the absence of any significant 
changes in clinical rating scales.

4.3. Adverse events

When AEs were reported as the main reason for switching 
back, these were often subjective, such as pain at the injection 
site, or nonspecific [40,46,49,53,54,65,80,81]. Importantly, self- 
reported side effects – including pain at the injection site – 
were reduced in patients who received training in the use of 
injection devices upon being switched to a biosimilar TNF 
inhibitor [87–89].

4.4. The ‘nocebo’ effect

Several reports suggest that the nocebo effect is a plausible, 
likely contributing factor to discontinuation of biosimilars and 
subsequent switchback [39,40,44,46,48–50,53,57–59]. These 
reports are consistent with regulatory agencies concluding 
that biosimilars have equivalent efficacy and safety compared 
with reference biologics [11,90]. In addition, several compre
hensive reviews of switching from reference products to bio
similars have concluded that there are no significant 
differences in safety, efficacy, or discontinuation rates between 
biosimilars and their reference products [36,91,92].

Although all individuals can be susceptible to the nocebo 
effect, some groups appear to be at higher risk [93]. In general, 
it is observed that women are more susceptible than men, 
with the underlying mechanisms likely to be multifactorial 
[94,95]. People with higher levels of baseline anxiety also 
appear more vulnerable [95,96], and there is some evidence 
that older age and lower socioeconomic status may further 
increase susceptibility [95]. Within the literature, there is a lack 
of consensus regarding the effect of gender on the rate of 
switchback: while some studies find higher rates of switchback 
in women [39,40,47,48,58,85], others found no effect of gen
der or age [38,42–44,49,50,55,57,59]. Importantly, most studies 
did not systematically examine the characteristics of indivi
duals who did and did not switchback. Addressing this knowl
edge gap would be valuable for developing targeted 
interventions to mitigate the nocebo effect.

4.5. Communication strategies and interventions

Evidence-based strategies shown to minimize the nocebo 
effect include providing extensive and comprehensive infor
mation on the treatment; increasing patients’ and healthcare 
providers’ understanding about the nocebo effect itself; and 
optimizing communication between the patient and clinician 
to ensure that consultations are based on empathy and trust 
[93]. When sharing information with patients regarding 
a biosimilar, physicians could explain that the majority of 
patients will experience no differences versus the reference Ta

bl
e 

3.
 (

Co
nt

in
ue

d)
. 

M
ai

n 
re

as
on

s 
fo

r 
sw

itc
hb

ac
k

In
di

ca
tio

n
St

ud
y 

de
si

gn

N
o.

 o
f 

pa
tie

nt
s 

tr
ea

te
d 

w
ith

 
bi

os
im

ila
r

Fo
llo

w
- 

up
, 

m
on

th
s

D
ur

at
io

n 
of

 
bi

os
im

ila
r 

us
e

Sw
itc

hb
ac

k 
ra

te
, n

 (
%

)
O

ut
co

m
es

 a
ft

er
 s

w
itc

hb
ac

k
N

R

Lo
ss

 
of

 
ef

fe
ct

AE
s

IS
R/

 
pa

in

Re
de

ke
r 

et
 a

l. 
[8

5]
P/

O
 (

G
er

m
an

y)
11

1
24

N
R

18
 (

16
.2

)
N

R
N

R
Rh

eu
m

at
oi

d 
ar

th
rit

is
As

 a
bo

ve
23

2 
(8

.7
)

N
R

Ax
ia

l s
po

nd
yl

oa
rt

hr
iti

s
As

 a
bo

ve
68

11
 (

16
.2

)
N

R
Ps

or
ia

tic
 a

rt
hr

iti
s

As
 a

bo
ve

15
4 

(2
6.

7)
N

R
O

th
er

As
 a

bo
ve

5
1 

(2
0.

0)
N

R

Ab
br

ev
ia

tio
ns

: A
E,

 a
dv

er
se

 e
ve

nt
; C

CI
, C

ha
rls

on
 C

om
or

bi
di

ty
 In

de
x;

 D
AS

-2
8,

 D
is

ea
se

 A
ct

iv
ity

 S
co

re
-2

8 
jo

in
ts

; I
BD

, i
nf

la
m

m
at

or
y 

bo
w

el
 d

is
ea

se
; I

SR
, i

nj
ec

tio
n 

si
te

 r
ea

ct
io

n;
 L

, l
on

gi
tu

di
na

l; 
N

R,
 n

ot
 r

ep
or

te
d;

 O
, o

bs
er

va
tio

na
l; 

 
P,

 p
ro

sp
ec

tiv
e;

 R
, r

et
ro

sp
ec

tiv
e;

 R
P,

 r
ef

er
en

ce
 p

ro
du

ct
. 

a An
al

ys
is

 in
cl

ud
es

 a
ll 

in
di

vi
du

al
s 

re
ce

iv
in

g 
ei

th
er

 in
fli

xi
m

ab
 o

r 
et

an
er

ce
pt

. 
b
O

ne
 in

di
vi

du
al

 w
ho

 s
w

itc
he

d 
ba

ck
 t

o 
et

an
er

ce
pt

 r
ef

er
en

ce
 p

ro
du

ct
 s

ub
se

qu
en

tly
 s

w
itc

he
d 

to
 a

da
lim

um
ab

. 
c Pe

rc
en

ta
ge

 a
lo

ne
 r

ep
or

te
d.

 

EXPERT REVIEW OF CLINICAL IMMUNOLOGY 981



product, for example [97]. In a randomized controlled study on 
itch, the use of verbal suggestion to induce positive expecta
tions was found to reduce and even reverse the nocebo 
effect [98].

Relatively few studies have evaluated interventions aimed 
at mitigating the nocebo effect in the specific context of 
switching to biosimilars [99]. However, Tweehuysen et al. 
found that an enhanced communication strategy – whereby 
patients were given information about the reasons for the 
switch (namely to reduce costs and to reduce the likelihood 
of injection site reactions) – resulted in a treatment persis
tence rate of 90% over 6 months for patients with rheumatic 
disease who switched to biosimilar etanercept, compared with 
92% for those who received the reference product [100]. Petit 
et al. similarly found that a tailored communication strategy, in 
which all members of a multidisciplinary team spoke with ‘one 
voice’ to provide patients with consistent messaging, and in 
which nurses had a prominent role as the first point of contact 
when announcing the switch, resulted in a biosimilar retention 
rate higher than that in a historical non-switch cohort [101].

4.6. Patient preference

Other factors that may affect switchback rates include device 
preferences. Patients who reported injection-site pain after 
administration of a biosimilar via a prefilled pen were found 
to experience less pain when a prefilled syringe was used to 
administer the biosimilar instead [45].

4.7. Limitations and future studies

The original aim of this literature search was to summarize 
switchback rates irrespective of biosimilar product type or 
indication; however, this was not possible owing to a lack of 
literature on biosimilars other than TNF inhibitors. One of the 
possible explanations for the lack of published reports on 
biosimilar switchback in the oncology field is that switchback 
may be rare among oncology patients; if true, this could 
reflect differing attitudes among oncologists versus rheuma
tologists and gastroenterologists, with the former having 
greater trust in biosimilars. Alternatively, given that many 
cases of switchback are due to cost-driven formulary changes, 
it is possible that patients receiving relatively short-term treat
ment for oncology indications are less likely to experience 
switchback than patients receiving chronic lifelong treatment 
with TNF inhibitors.

No geographic restrictions were placed on this literature 
search; however, the majority of the identified studies were 
conducted in Europe. The geographical bias of the publica
tions identified in this literature search may therefore reduce 
the generalizability of the findings to other regions. The over
representation of European countries likely reflects the sup
portive policy environment for biosimilar adoption in Europe 
and the fact that the European Medicines Agency (EMA) 
established guidelines for biosimilar use earlier than other 
regulatory bodies [102]. Consequently, Europe has seen 
greater market penetration of biosimilars than most other 

Figure 1. Forest plot and table of the highest and lowest switchback ratesa by drug and indication across full-text articles and abstracts in >100 patients.
Abbreviations: AS, axial spondyloarthritis; IBD, inflammatory bowel disease; PsA, psoriatic arthritis; RA, rheumatoid arthritis. 
aSwitchback rates were calculated at the study level and were not weighted according to any factors, including study size or follow-up duration. 
b’Other’ includes patients with psoriasis and uveitis. 
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regions. In the Asia-Pacific region, regulatory frameworks for 
biosimilars have often been based on EMA and WHO gui
dance, but policies vary widely across countries, as do incen
tives for biosimilar adoption [102–104]. In the U.S.A., although 
the US Food and Drug Administration has approved multiple 
TNF inhibitor biologics, litigation related to patent law has 
greatly delayed their entry into the market [105]. For example, 
biosimilar versions of adalimumab and etanercept were 
approved in 2016, yet adalimumab biosimilars did not launch 
until 2023, and biosimilar etanercept is not expected to enter 
the US market before 2029 [105].

Another limitation of the current analysis is that many studies 
relied upon subjective self-reports of loss of effectiveness, rather 
than measuring changes in disease activity using validated clin
ical rating scales – such as the Simplified Disease Activity Index 
and – which have been shown to accurately reflect both objec
tive and subjective worsening of disease [106]. Other studies 
used CRP levels as a proxy for inflammatory disease activity. 
However, CRP is a nonspecific inflammatory marker that can 
fluctuate for a variety of reasons, and may therefore be poorly 
suited to revealing changes in disease activity in conditions such 
as RA [107] and PsA [108]. The utility of CRP as a biomarker is also 
limited in IBD, where it has been shown to be more useful as 
a marker of disease activity in Crohn’s disease than in ulcerative 
colitis [109]. Additional limitations include the heterogeneity of 
study designs and the variability in terminology used to report 
perceived loss of biosimilar effectiveness. Most studies were 
retrospective and many were available only as non–peer- 
reviewed congress abstracts containing limited details, preclud
ing a more comprehensive analysis. Further studies are ongoing 
to assess the impact of biosimilar uptake and patient retention, 
including the observational HYRISS study (NCT05633771) of an 
adalimumab biosimilar in patients with IBD, which will specifi
cally evaluate the impact of the nocebo effect on discontinuation 
rates.

5. Conclusion

This review summarizes the rates at which patients under
going treatment with biosimilar TNF inhibitors for inflamma
tory diseases switched back to the reference products, and the 
reasons given for switchback, as based on current literature. 
The proportion of patients that switched back to the reference 
product varied across studies; however, most reported rela
tively low rates of 20% or less. While caution is required when 
comparing studies due to differences in sample size, study 
duration, and type, no obvious patterns were observed in 
switchback rates across the different TNF inhibitors or therapy 
areas. The rate of switchback increased with length of follow- 
up, from 7.7% for studies with ≤6 months to 27.3% for those 
with ≥24 months, which is broadly similar to patterns 
observed with the reference products.

There have been few studies of biosimilar switchbacks 
within the last 10 years, particularly outside of Europe. Due to 
the potential contribution of the nocebo effect to switchback, 
improvement of patients’ and healthcare professionals’ under
standing of the effectiveness and safety of biosimilars is of great 
importance [59,86,93,95]. Structured communication and 

shared decision-making strategies may mitigate early, subjec
tive treatment discontinuation [86,95], ensuring that biosimilars 
continue to contribute to sustainability in healthcare [59].

6. Expert opinion

If a biosimilar is licensed and approved on the basis that it is 
clinically indistinguishable from the reference biologic, one 
might predict that there should be no clinical problems 
when a patient treated with an expensive reference biologic 
is switched to a less expensive biosimilar: a win–win situation 
for both patients and their local health economies!

Patients may sometimes request to switchback from 
a biosimilar to a reference biologic based on their unhappi
ness with the idea of having being switched from a ‘good’ 
expensive drug to one that is cheaper and which they fear 
may therefore be inferior. The nocebo effect, a ‘fear of harm,’ is 
the opposite of the well-known placebo effect and typically 
manifests with subjective patient-reported (as opposed to 
objective physician-measured) loss of effectiveness.

A variety of neurobiological, psychosocial, and contextual 
influences are thought to contribute to the nocebo effect. 
Patients may develop negative expectations about treatment 
outcomes due to prior negative experiences – such as having 
previously experienced adverse effects with similar medica
tions. Alternatively, they may receive negative information 
from the media, from peers, or even from healthcare profes
sionals. The latter is often inadvertent; for example, outlining 
the risk of AEs associated with a treatment during the process 
of obtaining informed consent can, in some cases, be suffi
cient to trigger the nocebo effect. Interestingly, there was no 
obvious difference between switchback rates for infliximab, 
which is administered intravenously, versus etanercept and 
adalimumab, which are administered subcutaneously and 
where patients may thus observe differences in administration 
device or packaging upon being switched to a biosimilar. The 
absence of a difference in switchback rates may indicate that 
most clinicians discuss product switches with their patients 
beforehand.

The neurobiological mechanisms underlying the nocebo 
effect are less well characterized than those of the placebo 
effect. However, the nocebo effect has been associated with 
changes in brain activity as well as with alterations in neu
roimmune interactions; and with changes in the activity of the 
opioid, endocannabinoid, and dopamine neurotransmitter sys
tems. Such changes confirm that the nocebo effect has 
a neurophysiological basis, as opposed to being solely 
a psychological phenomenon.

The nocebo effect is likely to play a greater role during the 
first months after a therapy switch, before patients have 
become accustomed to the new treatment. Later switchbacks 
may be more likely driven by a genuine loss of therapeutic 
effect or objectively measurable changes in disease activity 
that develop over time. This temporal distinction between an 
early, predominantly psychologically mediated switchback 
and a later, potentially pharmacologically driven switchback 
has rarely been examined systematically and warrants further 
research.
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Immunogenicity is a potential concern with biosimilars, 
as subtle changes in structure, such as differences in glyco
sylation patterns due to differences in the expression sys
tems used in manufacture, can in principle introduce 
differences between the biosimilar and reference biologic. 
These differences may impact the immunogenicity of the 
biosimilar, which may in turn impact efficacy or rates of AEs 
for a minority of individuals, without causing clinically sig
nificant differences between the biosimilar and its reference 
product at the population level [110,111]. As clinical trials of 
biosimilars are less extensive than those of reference biolo
gics, data from post-marketing real-world studies of biosi
milars are mandatory to detect signals that might indicate 
problems when patients switch between a reference biolo
gic and a biosimilar. It is reassuring that this review on 
biosimilar switchback for biologics inhibiting TNF-alpha has 
not identified any major objective issues, such as new 
immunogenicity or allergic reactions, and that overall, the 
number of patients requiring a switchback is relatively low, 
with no specific issues for individual drugs or diseases. This 
suggests that a key factor contributing to switchback is 
likely to be a nocebo response, rather than a true pharma
cological event. As such, this review reinforces the need for 
appropriate education of both patients and healthcare pro
fessionals to minimize the nocebo effect and maximize the 
benefit to healthcare economies of moving to lower cost, 
yet equally effective, biosimilar drugs.

It is important to acknowledge that real-world switchback 
behaviors may be influenced by between-region differences in 
healthcare financing systems, tender structures, substitution 
rules, and patient co-payment models. Tender decisions that 
favor the reference biologic have the potential to lead to switch
back, but we did not identify any studies reporting this as a major 
trigger. By contrast, switching from one biosimilar to another 
biosimilar of the same reference product is common, likely due 
to tender outcomes and varying product availability.

Over the next 5 years, biosimilar use is set to extend much 
further, as additional biosimilars are produced and further 
reference biologics come off patent. These developments 
may stimulate competition and reduce acquisition costs – 
providing the opportunity for more patients in more coun
tries to benefit from these highly effective treatments. 
Furthermore, as the cost of biologics continues to decline 
with the expansion of the biosimilar market, there is poten
tial for improved access to biologic therapies in orphan con
ditions, such as Behçet’s, that would otherwise face 
prohibitive biologic costs.

Finally, we also anticipate the removal of the requirement for 
clinical comparative efficacy studies, which would streamline the 
biosimilar development process, potentially enabling the devel
opment of more biosimilars across a broad range of reference 
biologics and indications, which may ultimately drive more timely 
patient access to biologics. Advancements in analytical technolo
gies, coupled with almost three decades of experience in biosimi
lar development, have shown that analytical and clinical 
pharmacokinetic studies are more sensitive at identifying relevant 
differences between a biosimilar and its reference medicine than 
comparative efficacy studies [112]. Work to refine the biosimilar 
development pathway has already begun, with the EMA initiating 

efforts toward future guidelines in 2024, which may include the 
option for streamlined biosimilar development [113].

Funding

This manuscript was funded by Sandoz/Hexal AG. The funder had a role in 
all aspects of the manuscript, including conceptualization, data collection 
and analysis, writing and reviewing, and the decision to publish. Medical 
writing support provided by E Blumson of Titan, OPEN Health 
Communications, and L Lyon, a contract writer working on behalf of 
OPEN Health Communications, was funded by Sandoz/Hexal AG under 
the direction of the authors in accordance with Good Publication Practice 
(GPP) guidelines (www.ismpp.org/gpp-2022). All authors were presenting 
their own opinions and were not paid for their contribution.

Author contributions
CRediT: Robert Moots: Conceptualization, Writing – original draft, Writing 
– review & editing; Sascha Gerdes: Conceptualization, Writing – original 
draft, Writing – review & editing; Giampiero Girolomoni: 
Conceptualization, Writing – original draft, Writing – review & editing; 
Jonas Halfvarson: Conceptualization, Writing – original draft, Writing – 
review & editing; Charlotte Both: Conceptualization, Methodology, 
Writing – original draft, Writing – review & editing; Ines Brückmann: 
Conceptualization, Methodology, Writing – original draft, Writing – review 
& editing; Silvio Danese: Conceptualization, Writing – original draft, 
Writing – review & editing.

Declaration of interests
C Both is a former employee of Sandoz.

R Moots has nothing to disclose.
G Girolomoni has received personal fees from AbbVie, Almirall, Amgen, 

Boehringer Ingelheim, Bristol Myers Squibb, Eli Lilly, Leo Pharma, Merck 
Serono, Novartis, Pfizer, Pierre Fabre, Samsung Bioepis, and Sanofi.

I Brückmann is an employee of Sandoz.
J Halfvarson has served as a speaker and/or advisory board member 

for AbbVie, Alfasigma, Aqilion, Bristol Myers Squibb, Celgene, Celltrion, 
Dr Falk Pharma and the Falk Foundation, Eli Lilly, Ferring, Galapagos, 
Gilead Sciences, Hospira, Index Pharma, Janssen, Johnson & Johnson, 
MEDA, Medivir, Medtronic, Merck, MSD, Novartis, Pfizer, Prometheus 
Laboratories, Sandoz, Shire, STADA, Takeda, Thermo Fisher Scientific, 
Tillotts Pharma, Vifor Pharma, and UCB; and has received grant support 
from Janssen, MSD, and Takeda.

S Danese declares consultancy fees from AbbVie, Alimentiv, Allergan, 
Amgen, AstraZeneca, Athos Therapeutics, Biogen, Boehringer Ingelheim, 
Celgene, Celltrion, Eli Lilly, Enthera, Ferring Pharmaceuticals, Gilead, 
Hospira, Inotrem, Janssen, Johnson & Johnson, MSD, Mundipharma, 
Mylan, Pfizer, Roche, Sandoz, Sublimity Therapeutics, Takeda, TiGenix, 
UCB, and Vifor; and speaker fees from AbbVie, Amgen, Dr Falk Pharma, 
Ferring Pharmaceuticals, Gilead, Janssen, Mylan, Pfizer, and Takeda.

S Gerdes has been an advisor for, received speakers’ honoraria from, 
received grants from, and/or participated in clinical trials of the following 
companies: AbbVie, Acelyrin, Adimune, Affibody, Akari Therapeutics, 
Almirall-Hermal, Alumis, Amgen, Apogee Therapeutics, Argenx, Aristea 
Therapeutics, AstraZeneca, Biogen Idec, Bioskin, Bristol Myers Squibb, 
Boehringer Ingelheim, Celgene, Dermira, Eli Lilly, Galderma, Hexal, Incyte, 
Janssen-Cilag, Johnson & Johnson, Klinge Pharma, Kymab, LEO Pharma, 
Medac, MoonLake Immunotherapeutics, MSD, Neubourg Skin Care, 
Novartis, Pfizer, Pierre Fabre, Principia Biopharma, Regeneron 
Pharmaceuticals, Sandoz Biopharmaceuticals, Sanofi-Aventis, and UCB 
Pharma. The authors have no other relevant affiliations or financial invol
vement with any organization or entity with a financial interest in or 
financial conflict with the subject matter or materials discussed in the 
manuscript. This includes employment, consultancies, honoraria, stock 
ownership or options, expert testimony, grants or patents received or 
pending, or royalties.

984 R. MOOTS ET AL.



Reviewer disclosures
One reviewer is an advisor to the US FDA, EMA, MHRA, the White House 
and the US Senate and author of several Bills to modify the BPCIA. The 
remaining reviewers have no other relevant financial relationships or 
otherwise to disclose.

Acknowledgments

The authors thank E Blumson and L Lyon for providing medical writing 
support.

References

Papers of special note have been highlighted as either of interest (•) 
or of considerable interest (••) to readers.

1. Lu RM, Hwang YC, Liu IJ, et al. Development of therapeutic anti
bodies for the treatment of diseases. J Biomed Sci. 2020;27(1):1. 
doi: 10.1186/s12929-019-0592-z

2. Makurvet FD. Biologics vs. small molecules: drug costs and patient 
access. Med Drug Discov. 2021;9:100075. doi: 10.1016/j.medidd. 
2020.100075

3. Kvien TK, Patel K, Strand V. The cost savings of biosimilars can help 
increase patient access and lift the financial burden of health care 
systems. Semin Arthritis Rheum. 2022;52:151939. doi: 10.1016/j. 
semarthrit.2021.11.009

4. European Medicines Agency. Biosimilar medicines: overview 
[Internet]. 2024 [cited 2025 Jan 22]. Available from: https://www. 
ema.europa.eu/en/human-regulatory-overview/biosimilar-medi 
cines-overview#:~:text=their%20biological%20medicine%20is% 
20highly,of%20safety%2C%20quality%20and%20efficacy

5. Baumgart DC, Misery L, Naeyaert S, et al. Biological therapies in 
immune-mediated inflammatory diseases: can biosimilars reduce 
access inequities? Front Pharmacol. 2019;10:279. doi: 10.3389/ 
fphar.2019.00279

6. Car E, Vulto AG, Houdenhoven MV, et al. Biosimilar competition in 
European markets of TNF-alpha inhibitors: a comparative analysis 
of pricing, market share and utilization trends. Front Pharmacol. 
2023;14:1151764. doi: 10.3389/fphar.2023.1151764

•• A helpful analysis of anti-TNF utilization and patient access in 
Europe.

7. Girolomoni G, Savage L, Gisondi P, et al. Increasing access to 
effective systemic treatments in patients with moderate-to-severe 
psoriasis: narrative review. Dermatol Ther (Heidelb). 2023;13 
(10):2171–2185. doi: 10.1007/s13555-023-01014-x

8. Gisondi P, Geat D, Conti A, et al. TNF-α inhibitors biosimilars as first 
line systemic treatment for moderate-to-severe chronic plaque 
psoriasis. Expert Rev Clin Immunol. 2020;16(6):591–598. doi: 10. 
1080/1744666x.2020.1771182

9. Maurelli M, Girolomoni G, Gisondi P. Cost per responder of adali
mumab biosimilars versus methotrexate in patients with psoriasis: 
a real-life experience. J Dermatolog Treat. 2023;34(1):2218504. doi:  
10.1080/09546634.2023.2218504

10. Ungaro RC, Aggarwal S, Topaloglu O, et al. Systematic review and 
meta-analysis: efficacy and safety of early biologic treatment in 
adult and paediatric patients with Crohn’s disease. Aliment 
Pharmacol Ther. 2020;51(9):831–842. doi: 10.1111/apt.15685

11. European Medicines Agency. Statement on the scientific rationale 
supporting interchangeability of biosimilar medicines in the EU 
[Internet]. 2023 [cited 2025 Jan 22]. Available from: https://www. 
ema.europa.eu/en/documents/public-statement/statement-scienti 
fic-rationale-supporting-interchangeability-biosimilar-medicines- 
eu_en.pdf

12. European Medicines Agency. Inflectra (infliximab) [Internet]. 2013 
[cited 2025 Jan 22]. Available from:https://www.ema.europa.eu/en/ 
medicines/human/EPAR/inflectra

13. European Medicines Agency. Remsima (infliximab) [Internet]. 2013 
[cited 2025 Jan 22]. Available from:https://www.ema.europa.eu/en/ 
medicines/human/EPAR/remsima

14. European Medicines Agency. Flixabi (infliximab) [Internet]. 2016 
[cited 2025 Jan 22]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/flixabi

15. European Medicines Agency. Zessly (infliximab) [Internet]. 2018 
[cited 2025 Jan 22]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/zessly

16. European Medicines Agency. Benepali (etanercept) [Internet]. 2016 
[cited 2025 Jan 22]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/benepali

17. European Medicines Agency. Erelzi (etanercept) [Internet]. 2017 
[cited 2025 Jan 22]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/erelzi

18. European Medicines Agency. Nepexto (etanercept) [Internet]. 2020 
[cited 2025 Jan 22]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/nepexto

19. European Medicines Agency. Amgevita (adalimumab) [Internet]. 
2017 [cited 2025 Jan 22]. Available from: https://www.ema. 
europa.eu/en/medicines/human/EPAR/amgevita

20. European Medicines Agency. Imraldi (adalimumab) [Internet]. 2017 
[cited 2025 Jan 22]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/imraldi

21. European Medicines Agency. Hefiya (adalimumab) [Internet]. 2018 
[cited 2025 Jan 22]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/hefiya

22. European Medicines Agency. Hulio (adalimumab) [Internet]. 2018 
[cited 2025 Jan 22]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/hulio

23. European Medicines Agency. Hyrimoz (adalimumab) [Internet]. 
2018 [cited 2025 Jan 22]. Available from: https://www.ema. 
europa.eu/en/medicines/human/EPAR/hyrimoz

24. European Medicines Agency. Idacio (adalimumab) [Internet]. 2019 
[cited 2025 Jan 22]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/idacio

25. European Medicines Agency. Amsparity (adalimumab) [Internet]. 
2020 [cited 2025 Jan 22]. Available from: https://www.ema. 
europa.eu/en/medicines/human/EPAR/amsparity

26. European Medicines Agency. Yuflyma (adalimumab) [Internet]. 
2021 [cited 2025 Jan 22]. Available from: https://www.ema. 
europa.eu/en/medicines/human/EPAR/yuflyma

27. European Medicines Agency. Libmyris (adalimumab) [Internet]. 
2021 [cited 2025 Jan 22]. Available from: https://www.ema. 
europa.eu/en/medicines/human/EPAR/libmyris

28. European Medicines Agency. Hukyndra (adalimumab) [Internet]. 
2022 [cited 2025 Jan 22]. Available from: https://www.ema. 
europa.eu/en/medicines/human/EPAR/hukyndra

29. Dolinar R, Kohn CG, Lavernia F, et al. The non-medical switching of 
prescription medications. Postgrad Med. 2019;131(5):335–341. doi:  
10.1080/00325481.2019.1618195

30. Barbier L, Mbuaki A, Simoens S, et al. Regulatory information and 
guidance on biosimilars and their use across Europe: a call for 
strengthened one voice messaging. Front Med (Lausanne). 
2022;9:820755. doi: 10.3389/fmed.2022.820755

31. Allocati E, Godman B, Gobbi M, et al. Switching among biosimilars: 
a review of clinical evidence. Front Pharmacol. 2022;13:917814. doi:  
10.3389/fphar.2022.917814

32. Jaworski J, Matucci-Cerinic M, Schulze-Koops H, et al. Switch from 
reference etanercept to SDZ ETN, an etanercept biosimilar, does not 
impact efficacy, safety, and immunogenicity of etanercept in patients 
with moderate-to-severe rheumatoid arthritis: 48-week results from 
the phase III, randomized, double-blind EQUIRA study. Arthritis Res 
Ther. 2019;21(1):130. doi: 10.1186/s13075-019-1907-x

33. Griffiths CEM, Thaçi D, Gerdes S, et al. The EGALITY study: 
a confirmatory, randomized, double-blind study comparing the 
efficacy, safety and immunogenicity of GP2015, a proposed etaner
cept biosimilar, vs. the originator product in patients with 

EXPERT REVIEW OF CLINICAL IMMUNOLOGY 985

https://doi.org/10.1186/s12929-019-0592-z
https://doi.org/10.1016/j.medidd.2020.100075
https://doi.org/10.1016/j.medidd.2020.100075
https://doi.org/10.1016/j.semarthrit.2021.11.009
https://doi.org/10.1016/j.semarthrit.2021.11.009
https://www.ema.europa.eu/en/human-regulatory-overview/biosimilar-medicines-overview#:~:text=their%20biological%20medicine%20is%20highly,of%20safety%252C%20quality%20and%20efficacy
https://www.ema.europa.eu/en/human-regulatory-overview/biosimilar-medicines-overview#:~:text=their%20biological%20medicine%20is%20highly,of%20safety%252C%20quality%20and%20efficacy
https://www.ema.europa.eu/en/human-regulatory-overview/biosimilar-medicines-overview#:~:text=their%20biological%20medicine%20is%20highly,of%20safety%252C%20quality%20and%20efficacy
https://www.ema.europa.eu/en/human-regulatory-overview/biosimilar-medicines-overview#:~:text=their%20biological%20medicine%20is%20highly,of%20safety%252C%20quality%20and%20efficacy
https://doi.org/10.3389/fphar.2019.00279
https://doi.org/10.3389/fphar.2019.00279
https://doi.org/10.3389/fphar.2023.1151764
https://doi.org/10.1007/s13555-023-01014-x
https://doi.org/10.1080/1744666x.2020.1771182
https://doi.org/10.1080/1744666x.2020.1771182
https://doi.org/10.1080/09546634.2023.2218504
https://doi.org/10.1080/09546634.2023.2218504
https://doi.org/10.1111/apt.15685
https://www.ema.europa.eu/en/documents/public-statement/statement-scientific-rationale-supporting-interchangeability-biosimilar-medicines-eu_en.pdf
https://www.ema.europa.eu/en/documents/public-statement/statement-scientific-rationale-supporting-interchangeability-biosimilar-medicines-eu_en.pdf
https://www.ema.europa.eu/en/documents/public-statement/statement-scientific-rationale-supporting-interchangeability-biosimilar-medicines-eu_en.pdf
https://www.ema.europa.eu/en/documents/public-statement/statement-scientific-rationale-supporting-interchangeability-biosimilar-medicines-eu_en.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/inflectra
https://www.ema.europa.eu/en/medicines/human/EPAR/inflectra
https://www.ema.europa.eu/en/medicines/human/EPAR/remsima
https://www.ema.europa.eu/en/medicines/human/EPAR/remsima
https://www.ema.europa.eu/en/medicines/human/EPAR/flixabi
https://www.ema.europa.eu/en/medicines/human/EPAR/flixabi
https://www.ema.europa.eu/en/medicines/human/EPAR/zessly
https://www.ema.europa.eu/en/medicines/human/EPAR/zessly
https://www.ema.europa.eu/en/medicines/human/EPAR/benepali
https://www.ema.europa.eu/en/medicines/human/EPAR/benepali
https://www.ema.europa.eu/en/medicines/human/EPAR/erelzi
https://www.ema.europa.eu/en/medicines/human/EPAR/erelzi
https://www.ema.europa.eu/en/medicines/human/EPAR/nepexto
https://www.ema.europa.eu/en/medicines/human/EPAR/nepexto
https://www.ema.europa.eu/en/medicines/human/EPAR/amgevita
https://www.ema.europa.eu/en/medicines/human/EPAR/amgevita
https://www.ema.europa.eu/en/medicines/human/EPAR/imraldi
https://www.ema.europa.eu/en/medicines/human/EPAR/imraldi
https://www.ema.europa.eu/en/medicines/human/EPAR/hefiya
https://www.ema.europa.eu/en/medicines/human/EPAR/hefiya
https://www.ema.europa.eu/en/medicines/human/EPAR/hulio
https://www.ema.europa.eu/en/medicines/human/EPAR/hulio
https://www.ema.europa.eu/en/medicines/human/EPAR/hyrimoz
https://www.ema.europa.eu/en/medicines/human/EPAR/hyrimoz
https://www.ema.europa.eu/en/medicines/human/EPAR/idacio
https://www.ema.europa.eu/en/medicines/human/EPAR/idacio
https://www.ema.europa.eu/en/medicines/human/EPAR/amsparity
https://www.ema.europa.eu/en/medicines/human/EPAR/amsparity
https://www.ema.europa.eu/en/medicines/human/EPAR/yuflyma
https://www.ema.europa.eu/en/medicines/human/EPAR/yuflyma
https://www.ema.europa.eu/en/medicines/human/EPAR/libmyris
https://www.ema.europa.eu/en/medicines/human/EPAR/libmyris
https://www.ema.europa.eu/en/medicines/human/EPAR/hukyndra
https://www.ema.europa.eu/en/medicines/human/EPAR/hukyndra
https://doi.org/10.1080/00325481.2019.1618195
https://doi.org/10.1080/00325481.2019.1618195
https://doi.org/10.3389/fmed.2022.820755
https://doi.org/10.3389/fphar.2022.917814
https://doi.org/10.3389/fphar.2022.917814
https://doi.org/10.1186/s13075-019-1907-x


moderate-to-severe chronic plaque-type psoriasis. Br J Dermatol. 
2017;176(4):928–938. doi: 10.1111/bjd.15152

34. Blauvelt A, Lacour JP, Fowler JF, et al. Phase III randomized study of 
the proposed adalimumab biosimilar GP2017 in psoriasis: impact of 
multiple switches. Br J Dermatol. 2018;179(3):623–631. doi: 10. 
1111/bjd.16890

35. Barbier L, Ebbers HC, Declerck P, et al. The efficacy, safety, and 
immunogenicity of switching between reference biopharmaceuti
cals and biosimilars: a systematic review. Clin Pharmacol Ther. 
2020;108(4):734–755. doi: 10.1002/cpt.1836

36. Herndon TM, Ausin C, Brahme NN, et al. Safety outcomes when 
switching between biosimilars and reference biologics: 
a systematic review and meta-analysis. PLOS ONE. 2023;18(10): 
e0292231. doi: 10.1371/journal.pone.0292231

• An analysis of biosimilar switching outcomes using a dataset 
of over 5000 patients.

37. Ronnebaum S, Atzinger C. Enhancing biosimilar adoption with 
real-world evidence [Internet]. 2018 [cited 2025 Jan 22]. Available 
from: https://www.ispor.org/docs/default-source/publications/ 
value-outcomes-spotlight/july-august-2018/ispor-vos-august-2018- 
heor-article-enhancing-biosimilars.pdf?sfvrsn=8f27535f_2

38. Lin I, Melsheimer R, Bhak RH, et al. Impact of switching to infliximab 
biosimilars on treatment patterns among US veterans receiving 
innovator infliximab. Curr Med Res Opin. 2022;38(4):613–627. doi:  
10.1080/03007995.2022.2037846

39. Mahmmod S, Schultheiss JPD, van Bodegraven AA, et al. Outcome 
of reverse switching from CT-P13 to originator infliximab in 
patients with inflammatory bowel disease. Inflamm Bowel Dis. 
2021;27(12):1954–1962. doi: 10.1093/ibd/izaa364

40. Meijboom RW, Gardarsdottir H, Becker ML, et al. Discontinuation of 
infliximab treatment in patients with inflammatory bowel disease 
who retransitioned to originator and those who remained on 
biosimilar. Therap Adv Gastroenterol. 2023;16:17562848231197923. 
doi: 10.1177/17562848231197923

41. Lauret A, Moltó A, Abitbol V, et al. Effects of successive switches to 
different biosimilars infliximab on immunogenicity in chronic inflam
matory diseases in daily clinical practice. Semin Arthritis Rheum. 
2020;50(6):1449–1456. doi: 10.1016/j.semarthrit.2020.02.007

42. Fitzgerald T, Melsheimer R, Lafeuille MH, et al. Switching and discon
tinuation patterns among patients stable on originator infliximab 
who switched to an infliximab biosimilar or remained on originator 
infliximab. Biologics. 2021;15:1–15. doi: 10.2147/btt.S285610

43. Jourdain H, Hoisnard L, Sbidian E, et al. TNF-alpha inhibitors biosi
milar use in France: a nationwide population-based study using the 
French National Health Data System. Sci Rep. 2022;12(1):19569. doi:  
10.1038/s41598-022-24050-7

44. Reuber K, Kostev K. Prevalence of switching from two anti-TNF 
biosimilars back to biologic reference products in Germany. 
Int J Clin Pharmacol Ther. 2019;57(6):323–328. doi: 10.5414/ 
cp203474

45. Saxby K, Sanghvi S, Bodalia PN, et al. A novel approach to support 
implementation of biosimilars within a UK tertiary hospital. Br J Clin 
Pharmacol. 2020;86(1):23–28. doi: 10.1111/bcp.14150

46. Tweehuysen L, van den Bemt BJF, van Ingen IL, et al. Subjective 
complaints as the main reason for biosimilar discontinuation after 
open-label transition from reference infliximab to biosimilar 
infliximab. Arthritis Rheumatol. 2018;70(1):60–68. doi: 10.1002/art. 
40324

47. Bruni C, Gentileschi S, Pacini G, et al. The switch from etanercept 
originator to SB4: data from a real-life experience on tolerability 
and persistence on treatment in joint inflammatory diseases. Ther 
Adv Musculoskelet Dis. 2020;12:1759720x20964031. doi: 10.1177/ 
1759720x20964031

48. Felis-Giemza A, Chmurzyńska K, Nałęcz-Janik J, et al. Observational 
study of inflammatory arthritis treatment by etanercept originator 
switched to an etanercept biosimilar. Reumatologia. 2019;57 
(5):257–263. doi: 10.5114/reum.2019.89516

49. Glintborg B, Loft AG, Omerovic E, et al. To switch or not to switch: 
results of a nationwide guideline of mandatory switching from 
originator to biosimilar etanercept. One-year treatment outcomes 

in 2061 patients with inflammatory arthritis from the DANBIO 
registry. Ann Rheum Dis. 2019;78(2):192–200. doi: 10.1136/ 
annrheumdis-2018-213474

50. Meijboom RW, Gardarsdottir H, Becker ML, et al. Incidence of and 
reasons and determinants associated with retransitioning from 
biosimilar etanercept to originator etanercept. BioDrugs. 2021;35 
(6):765–772. doi: 10.1007/s40259-021-00501-x

51. Parisi S, Becciolini A, Ditto MC, et al. Efficacy and drug survival after 
switching from etanercept to the biosimilar SB4: a real-life 
long-term study. J Clin Med. 2022;11(3):621. doi: 10.3390/ 
jcm11030621

52. Sigurdardottir V, Svärd A. Repeated switches between reference 
product etanercept and biosimilar do not affect disease activity or 
retention rate of etanercept over 24 months – a cohort study with 
historical controls. Joint Bone Spine. 2019;86(4):529–530. doi: 10. 
1016/j.jbspin.2018.12.003

53. Deprez N, De Somer T, Baert D, et al. Evaluation of the safety and 
effectiveness after switch from adalimumab originator to biosimilar 
SB5 in patients with inflammatory bowel disease in a real-life 
setting. Acta Gastroenterol Belg. 2022;85(4):557–564. doi: 10. 
51821/85.4.10724

54. Derikx L, Dolby HW, Plevris N, et al. Effectiveness and safety of 
adalimumab biosimilar SB5 in inflammatory bowel disease: out
comes in originator to SB5 switch, double biosimilar switch and 
bio-naïve SB5 observational cohorts. J Crohns Colitis. 2021;15 
(12):2011–2021. doi: 10.1093/ecco-jcc/jjab100

55. Loft N, Egeberg A, Rasmussen MK, et al. Outcomes following 
a mandatory nonmedical switch from adalimumab originator to 
adalimumab biosimilars in patients with psoriasis. JAMA Dermatol. 
2021;157(6):676–683. doi: 10.1001/jamadermatol.2021.0221

56. Murray GM, Griffith N, Sinnappurajar P, et al. Clinical efficacy of 
biosimilar switch of adalimumab for management of uveitis. Ocul 
Immunol Inflamm. 2024;32(4):442–446. doi: 10.1080/09273948. 
2023.2172591

57. Bruni C, Gentileschi S, Pacini G, et al. Switching from originator 
adalimumab to biosimilar SB5 in a rheumatology cohort: persistence 
on treatment, predictors of drug interruption and safety analysis. Ther 
Adv Musculoskelet Dis. 2021;13:1759720x211033679. doi: 10.1177/ 
1759720x211033679

58. Nabi H, Georgiadis S, Loft AG, et al. Comparative effectiveness of 
two adalimumab biosimilars in 1318 real-world patients with 
inflammatory rheumatic disease mandated to switch from origina
tor adalimumab: nationwide observational study emulating 
a randomised clinical trial. Ann Rheum Dis. 2021;80 
(11):1400–1409. doi: 10.1136/annrheumdis-2021-219951

59. van Adrichem RCS, Voorneveld HJE, Waverijn GJ, et al. The 
non-medical switch from reference adalimumab to biosimilar ada
limumab is highly successful in a large cohort of patients with 
stable inflammatory rheumatic joint diseases: a real-life observa
tional study. Rheumatol Ther. 2022;9(4):1109–1118. doi: 10.1007/ 
s40744-022-00465-6

60. Scrivo R, Castellani C, Mancuso S, et al. Effectiveness of 
non-medical switch from adalimumab bio-originator to SB5 biosi
milar and from ABP501 adalimumab biosimilar to SB5 biosimilar in 
patients with chronic inflammatory arthropathies: a monocentric 
observational study. Clin Exp Rheumatol. 2023;41(3):613–619. doi:  
10.55563/clinexprheumatol/bf00j9

61. Inserra C, Zovi A, Vimercati S, et al. 1ISG-033 inflammatory bowel 
disease: biological prescribing trends in an Italian hospital. Eur 
J Hosp Pharm. 2019;26(Suppl 1):A15–A16. doi: 10.1136/ejhpharm- 
2019-eahpconf.33

62. Petitdidier N, Gagniere C, Rentien AL, et al. P528 patients’ perspec
tives on switching from reference infliximab to CT-P13 biosimilar in 
patients with inflammatory bowel disease: a 12-month prospective 
observational cohort study. J Crohns Colitis. 2018;12(Suppl 1):S373– 
S374. doi: 10.1093/ecco-jcc/jjx180.655

63. Davies R, Kearsley-Fleet L, Lunt M, et al. SAT0141 Frequency and 
reasons for switching back to biologic originator following initial 
switch to biologic biosimilar. Ann Rheum Dis. 2019;78(Suppl 2):1141. 
doi: 10.1136/annrheumdis-2019-eular.6845

986 R. MOOTS ET AL.

https://doi.org/10.1111/bjd.15152
https://doi.org/10.1111/bjd.16890
https://doi.org/10.1111/bjd.16890
https://doi.org/10.1002/cpt.1836
https://doi.org/10.1371/journal.pone.0292231
https://www.ispor.org/docs/default-source/publications/value-outcomes-spotlight/july-august-2018/ispor-vos-august-2018-heor-article-enhancing-biosimilars.pdf?sfvrsn=8f27535f_2
https://www.ispor.org/docs/default-source/publications/value-outcomes-spotlight/july-august-2018/ispor-vos-august-2018-heor-article-enhancing-biosimilars.pdf?sfvrsn=8f27535f_2
https://www.ispor.org/docs/default-source/publications/value-outcomes-spotlight/july-august-2018/ispor-vos-august-2018-heor-article-enhancing-biosimilars.pdf?sfvrsn=8f27535f_2
https://doi.org/10.1080/03007995.2022.2037846
https://doi.org/10.1080/03007995.2022.2037846
https://doi.org/10.1093/ibd/izaa364
https://doi.org/10.1177/17562848231197923
https://doi.org/10.1016/j.semarthrit.2020.02.007
https://doi.org/10.2147/btt.S285610
https://doi.org/10.1038/s41598-022-24050-7
https://doi.org/10.1038/s41598-022-24050-7
https://doi.org/10.5414/cp203474
https://doi.org/10.5414/cp203474
https://doi.org/10.1111/bcp.14150
https://doi.org/10.1002/art.40324
https://doi.org/10.1002/art.40324
https://doi.org/10.1177/1759720x20964031
https://doi.org/10.1177/1759720x20964031
https://doi.org/10.5114/reum.2019.89516
https://doi.org/10.1136/annrheumdis-2018-213474
https://doi.org/10.1136/annrheumdis-2018-213474
https://doi.org/10.1007/s40259-021-00501-x
https://doi.org/10.3390/jcm11030621
https://doi.org/10.3390/jcm11030621
https://doi.org/10.1016/j.jbspin.2018.12.003
https://doi.org/10.1016/j.jbspin.2018.12.003
https://doi.org/10.51821/85.4.10724
https://doi.org/10.51821/85.4.10724
https://doi.org/10.1093/ecco-jcc/jjab100
https://doi.org/10.1001/jamadermatol.2021.0221
https://doi.org/10.1080/09273948.2023.2172591
https://doi.org/10.1080/09273948.2023.2172591
https://doi.org/10.1177/1759720x211033679
https://doi.org/10.1177/1759720x211033679
https://doi.org/10.1136/annrheumdis-2021-219951
https://doi.org/10.1007/s40744-022-00465-6
https://doi.org/10.1007/s40744-022-00465-6
https://doi.org/10.55563/clinexprheumatol/bf00j9
https://doi.org/10.55563/clinexprheumatol/bf00j9
https://doi.org/10.1136/ejhpharm-2019-eahpconf.33
https://doi.org/10.1136/ejhpharm-2019-eahpconf.33
https://doi.org/10.1093/ecco-jcc/jjx180.655
https://doi.org/10.1136/annrheumdis-2019-eular.6845


64. Baganz L, Strangfeld A, Herzer P, et al. Comparing real-world 
retention rates in a matched cohort of rheumatoid arthritis patients 
who either remained on the etanercept originator or switched to a 
biosimilar. Ann Rheum Dis. 2019;78(Suppl 2):1136 doi:10.1136/ 
annrheumdis-2019-eular.4026.

65. Patel D, Ahmed TJ, Levy S, et al. e55 Analysis of rheumatoid 
arthritis patients who failed the switch from originator etanercept 
to biosimilar etanercept in Croydon. Rheumatology. 2018;57(Suppl 
3):key075.596. doi: 10.1093/rheumatology/key075.596

66. Rokad A, Kearsley-Fleet L, Watson K, et al. OA14a Outcomes after 
switching from etanercept originator to its biosimilar (SB4) for the 
treatment of rheumatoid arthritis. Rheumatology. 2022;61(Suppl 1): 
keac132.013. doi: 10.1093/rheumatology/keac132.013

67. Shah K, Flora K, Penn H. 232 Clinical outcomes of a 
multi-disciplinary switching programme to biosimilar etanercept 
for patients with rheumatoid arthritis. Rheumatology. 2018;57 
(Suppl 3):key075.456. doi: 10.1093/rheumatology/key075.456

68. Alten R, Jones H, Singh E, et al. Preliminary real world data on 
switching between etanercept and its recently marketed biosimilar 
counterpart. Value Health. 2017;20:A1–A383. doi: 10.1016/j.jval. 
2017.05.005

69. Ahmad N, Morsley K, Allard A, et al. E014 Patient experience of 
switching to biosimilar benepali. Rheumatology. 2019;58(Suppl 3): 
kez110.013. doi: 10.1093/rheumatology/kez110.013

70. Alten R, Neregård P, Jones H, et al. SAT0161 Preliminary real world 
data on switching patterns between etanercept, its recently marketed 
biosimilar counterpart and its competitor adalimumab, using Swedish 
prescription registry. Ann Rheum Dis. 2017;76(Suppl 2):831. doi: 10. 
1136/annrheumdis-2017-eular.3585

71. Alkoky H, Pakozdi A, Tahir H. Benepali switches in clinical practice - 
a positive single centre experience. Arthritis Rheumatol. 2018;70 
(Suppl 9):2787–2788. doi: 10.1002/art.40700

72. Alten R, Tarallo M, Miglio C, et al. PBI10 Real world switching 
patterns of etanercept original and biosimilar in Germany. Value 
Health Reg Issues. 2019;19:S12–S13. doi: 10.1016/j.vhri.2019.08.066

73. Dahanayake C, Shah K, Al-Abdulla A, et al. 102 Assessing reasons 
for patients switching back from biosimilar etanercept therapy to 
originator product. Rheumatology. 2019;58(Suppl 3):kez108.010. 
doi: 10.1093/rheumatology/kez108.010

74. Fernández S, Gonzalez S, Ordas-Calvo C, et al. AB0376 Results of 
a mandatory switching from originator to biosimilar etanercept in 
117 patients with inflammatory arthritis from a single center. Ann 
Rheum Dis. 2019;78(Suppl 2):1648. doi: 10.1136/annrheumdis- 
2019-eular.7739

75. Moorthy A, Hall K, Walton S. 100 Biosimilars switch in a multi-ethnic 
rheumatology patient group. Rheumatology. 2019;58(Suppl 3): 
kez108.008. doi: 10.1093/rheumatology/kez108.008

76. Sada G, Laíño Piñeiro MC, Aldasoros V, et al. AB0211 Switching 
from etanercept original to etanercept biosimilar: long term follow 
up. Ann Rheum Dis. 2021;80(Suppl 1):1132. doi: 10.1136/annrheum 
dis-2021-eular.1162

77. Smith R, Fawthrop F. 063 Similar experience of biosimilars: a review 
of Rotherham Hospital’s experience of switching from enbrel to 
benepali. Rheumatology. 2018;57(Suppl 3):key075.287. doi: 10. 
1093/rheumatology/key075.287

78. Tweehuysen L, Huiskes V, Van den Bemt B, et al. Open label 
transitioning from originator etanercept to biosimilar SB4 com
pared to continuing treatment with originator etanercept in 
a historical cohort in rheumatic diseases in daily practice. Arthritis 
Rheumatol. 2017;69(Suppl 10):3435–3456. doi: 10.1002/art.40321

79. Jin R, Kruppert S, Scholz F, et al. Treatment persistence and switch
ing patterns of ABP 501 (AMGEVITA®) in German patients with 
rheumatic diseases. Arthritis Rheumatol. 2022;74(Suppl 9):2808– 
2810. doi: 10.1002/art.42355

80. Moore AC, Russell D, Dart R, et al. P411 Stable pharmacokinetics 
and biochemical markers of inflammatory bowel disease activity: 
results from a real-world adalimumab biosimilar switching 
program. J Crohns Colitis. 2022;16(Suppl 1):i401–i402. doi: 10. 
1093/ecco-jcc/jjab232.538

81. Norredinvand HA, Bishop S, Patel J, et al. P102 outcomes of biosi
milar adalimumab switchbacks/reverse switching in IBD: real-world 
experience. Gut. 2021;70:A94. doi: 10.1136/gutjnl-2020-bsgcam 
pus.177

82. Gohil S. POS0626 Money matters: assessing the value of the adalimu
mab biosimilar switch for rheumatology patients. Ann Rheum Dis. 
2021;80(Suppl 1):551. doi: 10.1136/annrheumdis-2021-eular.2566

83. Rosembert D, Malaviya A, How J, et al. P505 Different failure rates after 
non-medical switching of 744 patients from adalimumab originator to 
2 different adalimumab biosimilars at Cambridge University hospitals, 
UK: real-world experience. J Crohn’s Colitis. 2020;14(Suppl 1):S438– 
S439. doi: 10.1093/ecco-jcc/jjz203.634

84. Redeker I, Moustakis S, Tsiami S, et al. AB1400 Are comorbidities in 
patients with chronic inflammatory rheumatic diseases associated 
with treatment non-adherence to biosimilars in a non-medical 
switch scenario? Ann Rheum Dis. 2022;81(Suppl 1):1805–1806. 
doi: 10.1136/annrheumdis-2022-eular.2691

85. Redeker I, Moustakis S, Tsiami S, et al. AB0823 treatment with 
adalimumab in patients with chronic inflammatory rheumatic dis
eases: a study of treatment trajectories on a patient level in clinical 
practice. Ann Rheum Dis. 2021;80(Suppl 1):1435–1436. doi: 10. 
1136/annrheumdis-2021-eular.1838

86. Luttropp K, Dalén J, Svedbom A, et al. Real-world patient experi
ence of switching biologic treatment in inflammatory arthritis and 
ulcerative colitis - a systematic literature review. Patient Prefer 
Adherence. 2020;14:309–320. doi: 10.2147/ppa.S238843

87. Borrás-Blasco J, Gracia-Pérez A, Casterá MD, et al. Educational ses
sion as a tool to increase patient satisfaction of switching etaner
cept from the prefilled syringe to the autoinjection pen. Expert 
Opin Biol Ther. 2013;13(8):1103–1108. doi: 10.1517/14712598.2013. 
795942

88. Borrás-Blasco J, Gracia-Pérez A, Rosique-Robles JD, et al. 
Acceptability of switching adalimumab from a prefilled syringe to 
an autoinjection pen. Expert Opin Biol Ther. 2010;10(3):301–307. 
doi: 10.1517/14712590903530633

89. Kaneko K, Prieto-Alhambra D, Jacklin C, et al. Influence of informa
tion provided prior to switching from Humira to biosimilar adali
mumab on UK patients’ satisfaction: a cross-sectional survey by 
patient organisations. BMJ Open. 2022;12(2):e050949. doi: 10.1136/ 
bmjopen-2021-050949

90. Kurki P, Barry S, Bourges I, et al. Safety, immunogenicity and inter
changeability of biosimilar monoclonal antibodies and fusion pro
teins: a regulatory perspective. Drugs. 2021;81(16):1881–1896. doi:  
10.1007/s40265-021-01601-2

•• A valuable summary of pivotal biosimilar study design and 
how biosimilars are approved and regulated.

91. Cohen HP, Blauvelt A, Rifkin RM, et al. Switching reference medi
cines to biosimilars: a systematic literature review of clinical 
outcomes. Drugs. 2018;78(4):463–478. doi: 10.1007/s40265-018- 
0881-y

92. de Oliveira Ascef B, Almeida MO, de Medeiros-Ribeiro AC, et al. 
Impact of switching between reference biologics and biosimilars of 
tumour necrosis factor inhibitors for rheumatoid arthritis: 
a systematic review and network meta-analysis. Sci Rep. 2023;13 
(1):13699. doi: 10.1038/s41598-023-40222-5

93. Manaï M, van Middendorp H, Veldhuijzen DS, et al. How to prevent, 
minimize, or extinguish nocebo effects in pain: a narrative review 
on mechanisms, predictors, and interventions. Pain Rep. 2019;4(3): 
e699. doi: 10.1097/pr9.0000000000000699

94. Vambheim SM, Flaten MA. A systematic review of sex differences in 
the placebo and the nocebo effect. J Pain Res. 2017;10:1831–1839. 
doi: 10.2147/jpr.S134745

95. Grosso F, Barbiani D, Cavalera C, et al. Risk factors associated with 
nocebo effects: a review of reviews. Brain Behav Immun Health. 
2024;38:100800. doi: 10.1016/j.bbih.2024.100800

•• A wide-ranging review of biochemical and neurophysiological 
risk factors for nocebo effects.

96. Bartels DJ, van Laarhoven AI, Haverkamp EA, et al. Role of con
ditioning and verbal suggestion in placebo and nocebo effects on 

EXPERT REVIEW OF CLINICAL IMMUNOLOGY 987

https://doi.org/10.1136/annrheumdis-2019-eular.4026
https://doi.org/10.1136/annrheumdis-2019-eular.4026
https://doi.org/10.1093/rheumatology/key075.596
https://doi.org/10.1093/rheumatology/keac132.013
https://doi.org/10.1093/rheumatology/key075.456
https://doi.org/10.1016/j.jval.2017.05.005
https://doi.org/10.1016/j.jval.2017.05.005
https://doi.org/10.1093/rheumatology/kez110.013
https://doi.org/10.1136/annrheumdis-2017-eular.3585
https://doi.org/10.1136/annrheumdis-2017-eular.3585
https://doi.org/10.1002/art.40700
https://doi.org/10.1016/j.vhri.2019.08.066
https://doi.org/10.1093/rheumatology/kez108.010
https://doi.org/10.1136/annrheumdis-2019-eular.7739
https://doi.org/10.1136/annrheumdis-2019-eular.7739
https://doi.org/10.1093/rheumatology/kez108.008
https://doi.org/10.1136/annrheumdis-2021-eular.1162
https://doi.org/10.1136/annrheumdis-2021-eular.1162
https://doi.org/10.1093/rheumatology/key075.287
https://doi.org/10.1093/rheumatology/key075.287
https://doi.org/10.1002/art.40321
https://doi.org/10.1002/art.42355
https://doi.org/10.1093/ecco-jcc/jjab232.538
https://doi.org/10.1093/ecco-jcc/jjab232.538
https://doi.org/10.1136/gutjnl-2020-bsgcampus.177
https://doi.org/10.1136/gutjnl-2020-bsgcampus.177
https://doi.org/10.1136/annrheumdis-2021-eular.2566
https://doi.org/10.1093/ecco-jcc/jjz203.634
https://doi.org/10.1136/annrheumdis-2022-eular.2691
https://doi.org/10.1136/annrheumdis-2021-eular.1838
https://doi.org/10.1136/annrheumdis-2021-eular.1838
https://doi.org/10.2147/ppa.S238843
https://doi.org/10.1517/14712598.2013.795942
https://doi.org/10.1517/14712598.2013.795942
https://doi.org/10.1517/14712590903530633
https://doi.org/10.1136/bmjopen-2021-050949
https://doi.org/10.1136/bmjopen-2021-050949
https://doi.org/10.1007/s40265-021-01601-2
https://doi.org/10.1007/s40265-021-01601-2
https://doi.org/10.1007/s40265-018-0881-y
https://doi.org/10.1007/s40265-018-0881-y
https://doi.org/10.1038/s41598-023-40222-5
https://doi.org/10.1097/pr9.0000000000000699
https://doi.org/10.2147/jpr.S134745
https://doi.org/10.1016/j.bbih.2024.100800


itch. PLOS ONE. 2014;9(3):e91727. doi: 10.1371/journal.pone. 
0091727

97. Colloca L, Panaccione R, Murphy TK. The clinical implications of 
nocebo effects for biosimilar therapy. Front Pharmacol. 
2019;10:1372. doi: 10.3389/fphar.2019.01372

• An overview of the knowledge gaps among healthcare provi
ders regarding nocebo effects.

98. Bartels DJP, van Laarhoven AIM, Stroo M, et al. Minimizing 
nocebo effects by conditioning with verbal suggestion: 
a randomized clinical trial in healthy humans. PLOS ONE. 
2017;12(9):e0182959. doi: 10.1371/journal.pone.0182959

99. Car E, Vandenplas Y, Lacosta TB, et al. Mitigating the nocebo effect 
in biosimilar use and switching: a systematic review. Pharmaceut 
Med. 2024;38(6):429–455. doi: 10.1007/s40290-024-00541-y

100. Tweehuysen L, Huiskes V, Van den Bemt B, et al. Open label 
transitioning from originator etanercept to biosimilar SB4 com
pared to continuing treatment with originator etanercept in 
a historical cohort in rheumatic diseases in daily practice 
[abstract]. Arthritis Rheumatol. 2017;69(Suppl 10):3435–3456. doi:  
10.1002/art.40321

101. Petit J, Antignac M, Poilverd RM, et al. Multidisciplinary team inter
vention to reduce the nocebo effect when switching from the 
originator infliximab to a biosimilar. RMD Open. 2021;7(1): 
e001396. doi: 10.1136/rmdopen-2020-001396

• A report on a clinical study conducted to minimize the nocebo 
effect.

102. Peng K, Blais JE, Pratt NL, et al. Impact of introducing infliximab 
biosimilars on total infliximab consumption and originator 
infliximab prices in eight regions: an interrupted time-series 
analysis. BioDrugs. 2023;37(3):409–420. doi: 10.1007/s40259- 
023-00589-3

103. Rath PD, Chen DY, Gu J, et al. Anti-tumor necrosis factor biosimilars 
and intended copies in rheumatology: perspective from the Asia 
Pacific region. Int J Rheum Dis. 2019;22(1):9–24. doi: 10.1111/1756- 
185x.13371

104. Kim Y, Kwon HY, Godman B, et al. Uptake of biosimilar infliximab in 
the UK, France, Japan, and Korea: budget savings or market expan
sion across countries? Front Pharmacol. 2020;11:970. doi: 10.3389/ 
fphar.2020.00970

105. Chaudhari K, Emerton D. The US biosimilars market after one 
decade. Nat Rev Drug Discov. 2025;24(8):580–581. doi: 10.1038/ 
d41573-025-00101-2

106. Konzett V, Kerschbaumer A, Smolen JS, et al. Definition of rheuma
toid arthritis flare based on SDAI and CDAI. Ann Rheum Dis. 
2024;83(2):169–176. doi: 10.1136/ard-2023-224742

107. Pope JE, Choy EH. C-reactive protein and implications in rheuma
toid arthritis and associated comorbidities. Semin Arthritis Rheum. 
2021;51(1):219–229. doi: 10.1016/j.semarthrit.2020.11.005

108. Ogdie A, Tillett W, Booth N, et al. Usage of C-reactive protein 
testing in the diagnosis and monitoring of psoriatic arthritis (PsA): 
results from a real-world survey in the USA and Europe. Rheumatol 
Ther. 2022;9(1):285–293. doi: 10.1007/s40744-021-00420-x

109. Cioffi M, Rosa AD, Serao R, et al. Laboratory markers in ulcerative 
colitis: current insights and future advances. World J Gastrointest 
Pathophysiol. 2015;6(1):13–22. doi: 10.4291/wjgp.v6.i1.13

110. Wolf B, Piksa M, Beley I, et al. Therapeutic antibody glycosylation 
impacts antigen recognition and immunogenicity. Immunology. 
2022;166(3):380–407. doi: 10.1111/imm.13481

111. Grampp G, Ramanan S. The diversity of biosimilar design and 
development: implications for policies and stakeholders. 
BioDrugs. 2015;29(6):365–372. doi: 10.1007/s40259-015-0147-0

112. Schiestl M, Ranganna G, Watson K, et al. The path towards 
a tailored clinical biosimilar development. BioDrugs. 2020;34 
(3):297–306. doi: 10.1007/s40259-020-00422-1

113. European Medicines Agency. Concept paper for the development 
of a reflection paper on a tailored clinical approach in biosimilar 
development [Internet]. 2023 [cited 2026 Sep 11]. Available from: 
https://www.ema.europa.eu/en/documents/other/concept-paper- 
development-reflection-paper-tailored-clinical-approach-biosimi 
lar-development_en.pdf

988 R. MOOTS ET AL.

https://doi.org/10.1371/journal.pone.0091727
https://doi.org/10.1371/journal.pone.0091727
https://doi.org/10.3389/fphar.2019.01372
https://doi.org/10.1371/journal.pone.0182959
https://doi.org/10.1007/s40290-024-00541-y
https://doi.org/10.1002/art.40321
https://doi.org/10.1002/art.40321
https://doi.org/10.1136/rmdopen-2020-001396
https://doi.org/10.1007/s40259-023-00589-3
https://doi.org/10.1007/s40259-023-00589-3
https://doi.org/10.1111/1756-185x.13371
https://doi.org/10.1111/1756-185x.13371
https://doi.org/10.3389/fphar.2020.00970
https://doi.org/10.3389/fphar.2020.00970
https://doi.org/10.1038/d41573-025-00101-2
https://doi.org/10.1038/d41573-025-00101-2
https://doi.org/10.1136/ard-2023-224742
https://doi.org/10.1016/j.semarthrit.2020.11.005
https://doi.org/10.1007/s40744-021-00420-x
https://doi.org/10.4291/wjgp.v6.i1.13
https://doi.org/10.1111/imm.13481
https://doi.org/10.1007/s40259-015-0147-0
https://doi.org/10.1007/s40259-020-00422-1
https://www.ema.europa.eu/en/documents/other/concept-paper-development-reflection-paper-tailored-clinical-approach-biosimilar-development_en.pdf
https://www.ema.europa.eu/en/documents/other/concept-paper-development-reflection-paper-tailored-clinical-approach-biosimilar-development_en.pdf
https://www.ema.europa.eu/en/documents/other/concept-paper-development-reflection-paper-tailored-clinical-approach-biosimilar-development_en.pdf

	Abstract
	Abstract
	1.  Introduction
	2.  Literature search strategy
	3.  Switchback with approved TNF inhibitor biosimilars
	3.1.  Experience of switchback with approved TNF inhibitor biosimilars
	3.2.  Switchback rates
	3.3.  Demographics and disease characteristics
	3.4.  Reasons for switchback
	3.5.  Etanercept
	3.6.  Adalimumab
	3.7.  Infliximab

	4.  Perceptions of switchback, future perspectives, and strategies
	4.1.  Patient-reported reasons for switchback
	4.2.  Disease severity/activity
	4.3.  Adverse events
	4.4.  The ‘nocebo’ effect
	4.5.  Communication strategies and interventions
	4.6.  Patient preference
	4.7.  Limitations and future studies

	5.  Conclusion
	6.  Expert opinion
	Funding
	Author contributions
	Declaration of interests
	Reviewer disclosures
	Acknowledgments
	References

