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Abstract
Background Biosimilars are expected to decrease growing health care expenditures. Given that uptake of biosimilars has 
been modest, automatic substitution has been suggested to increase their use, but the practice is not yet allowed or imple-
mented in many jurisdictions.
Methods A systematic review was performed by searching databases Scopus, Medline (Ovid), CINAHL, and Web of Sci-
ence. Peer-reviewed, original studies written in English and published during the period January 1, 2006 to April 24, 2021 
reporting any interventions, pilots or any other studies including experiences or perceptions of any relevant stakeholders on 
automatic substitution of biologics were included without limitation by setting or geography. The quality of the included 
studies were evaluated by pre-determined criteria.
Results Altogether, 27 studies fulfilled the inclusion criteria, of which 23 were surveys, and four semi-structured interviews 
reporting mainly stakeholders’ perceptions on automatic substitution. Most of the studies (56%, 15/27) were from Europe. 
Studies were conducted among prescribers (n = 12), pharmacists (n = 5), patients (n = 4), payers (n = 1), and mixed stake-
holders (n = 5). The primary objective of the majority (81%, 22/27) of the studies was to investigate some other biosimilar 
topic than automatic substitution. The reported perceptions of substitution were mainly negative. Studies evaluating risks, 
safety or effectiveness, or reporting real-life experiences of biologic substitution were lacking except one intervention and 
two prospective risk management studies. The overall quality of the studies was low to moderate, and the results were not 
generalizable due to convenience sampling not representing the populations of interest, and low response rates.
Conclusions The current research evidence on the automatic substitution of biologics is scarce and of low to moderate quality, 
reflecting low stakeholder knowledge and their cautious attitude towards biosimilars. The safe and efficient implementation 
of automatic substitution requires well-designed practices, pilot studies, and evolving legislation.
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1 Introduction

Biological medical products (biologics) are essential for 
the treatment of many serious and chronic conditions such 
as diabetes, other autoimmune diseases, and cancer [1]. 
However, biologics are expensive drugs, adding to growing 
health care costs across Western societies [2, 3]. A biosimi-
lar is a biological medicinal product highly similar to another 
biological medicinal product (‘reference medicine’) already 
marketed in the European Union (EU) [1, 4]. As forerunners 
in biosimilar use, the EU countries have had them in clinical 
use for more than a decade without any major safety con-
cerns [1, 5]. Biosimilars are expected to trigger the desired 
price competition between biosimilars and their reference 
medicines, but only if effectively introduced [6, 7].
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Key Points 

Even though automatic substitution of biologics has been 
suggested to be a potential strategy for controlling grow-
ing healthcare costs, the identified evidence is mainly 
based on opinion polls and surveys of low to moderate 
quality, yielding results that are neither generalizable nor 
suitable for guiding policy making.

The negative perceptions of stakeholders, dominated by 
opinions of prescribing physicians, may be influenced by 
methodological limitations of the studies, limited knowl-
edge and understanding about biologicals including 
biosimilars in general, and lack of real-life experience of 
the automatic substitution of biologics.

Future research should head toward systematic 
approaches and well-designed intervention and effec-
tiveness studies to gain more robust evidence on the 
potential benefits and risks of procedures facilitating 
automatic substitution of biologics.

final decision to allow substitution remains with the indi-
vidual state [20].

Despite a few substitution-pioneering countries, govern-
ments’ overall enthusiasm to promote biologics substitution 
has been low. This may reflect an evolving biosimilar debate, 
as a few years ago the safety of a switch (physician-led tran-
sition) was still under active debate among policymakers 
[21]. Current debate on safety of multiple switches may soon 
shift to discussion on practical implementation of automatic 
biologic substitution. Therefore, we systematically summa-
rized available research evidence on practices, experiences, 
and perceptions of any relevant stakeholders on automatic 
substitution of biological medicines.

2  Methods

This systematic review focused on peer-reviewed literature 
of interventions, pilot reports and any other studies includ-
ing experiences and perceptions of the relevant stakeholders 
such as healthcare professionals and patients, concerning 
automatic substitution of biologics. The systematic review 
was conducted by following the preferred reporting items for 
systematic reviews and meta-analyses (PRISMA) guidelines 
[22].

2.1  Search Strategy

A systematic literature search was conducted on the data-
bases Scopus, MEDLINE (Ovid), CINAHL, and Web of Sci-
ence, which were considered to cover the relevant literature 
of interest. The combination of search terms focused on the 
terms ‘substitution’ and ‘biosimilar’. Synonyms and kindred 
terms were identified to enable an extensive search since 
global biosimilar terminology is not established [23–25]. 
Two library information specialists assisted with the search 
terms independently, and the wider search strategy was 
chosen. In all four databases, the following search query 
was used: (substitution* OR switch* OR interchang*) AND 
(biosimilar* OR "similar biotherapeutic*" OR "subsequent 
entry biologic*" OR "SEB" OR biogeneric* OR "follow-on 
biologic*").

The search was performed in February 2020 and repeated 
on April 24, 2021 to cover the most recent literature. The 
peer-reviewed literature from January 1, 2006, to April 24, 
2021, were included. This time frame was chosen to identify 
the recent literature, limiting the results to the time since 
the biosimilars were authorized for the first time [26]. The 
search was limited to articles in English. Also, the reference 
lists of identified articles and systematic reviews related to 
automatic substitution of biologics were hand-searched and 
screened for relevance.

Efficient biosimilar uptake has been limited by the reluc-
tance of prescribers to initiate a patient's medication with a 
biosimilar or to switch a reference medicine to a biosimi-
lar, and their perceptions have been studied earlier in this 
respect [8, 9]. Stakeholders’ hesitancy in using biosimilars 
may be increased by varying positions of regulatory agen-
cies regarding interchangeability [10], that is, medicine’s 
property to be exchanged with another medicine, which is 
expected to have the same clinical effects [1]. However, there 
are routine transitions between interchangeable medicines 
in EU hospitals, partly driven by tendering procedures [11].

Automatic substitution is a practice of dispensing one 
medicine instead of another interchangeable and equivalent 
medicine at the pharmacy without consulting the prescriber 
[1]. Automatic substitution is considered to be a potential 
strategy to increase biosimilar uptake. The substitution can 
occur by hospital pharmacists if the local legislation allows 
the dispensing of biologics to be covered by the hospital 
budget and if biosimilars are available as an option in the 
hospital drug formulary and practices [12–16]. The substi-
tution of biologics has been considered more controversial 
in the outpatient setting. Only a few countries, among them 
some EU countries and Australia, allow limited automatic 
substitution of biologics in community pharmacies, for 
example to treatment naïve patients or with certain prod-
ucts [12, 17]. In the United States, a framework exists to 
permit automatic substitution (i.e., ‘interchangeability’), but 
to date, no biosimilar has cleared the regulatory hurdle to 
gain interchangeable status [12, 18, 19], and even then the 
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2.2  Eligibility Criteria

A predetermined PICOS tool was applied to select the stud-
ies for inclusion [22]. Participants were defined as patients, 
healthcare professionals, or any other stakeholders related 
to the topic. Intervention was defined as pharmacist-led 
automatic substitution of biological medicinal products 
containing the same active ingredient. Comparison was not 
required, and any scientifically rigorous research method 
was allowed. The outcome under study was either any out-
come of the intervention (substitution), or experiences, per-
ceptions or opinions of patients, healthcare professionals, or 
other stakeholders about automatic (pharmacist-led) substi-
tution of biologics. The setting was limited to community 
and hospital pharmacies providing that a prescriber was not 
involved in the transition.

An article was included in the systematic review if it met 
the following predetermined inclusion criteria: an origi-
nal peer-reviewed study on intervention studies, pilots or 
experiences, perceptions or opinions of relevant stakehold-
ers including healthcare professionals and patients of an 
automatic substitution of biologics. Studies reporting the 
legislative status or practice of substitution without any 
outcome measures (i.e., studies aiming to provide infor-
mation on whether substitution was allowed but not how 
it was practiced) were excluded. Position papers, narrative 
reviews, letters, editorials, conference abstracts, and meet-
ing reports were excluded. Prescriber-led switching stud-
ies, clinical trials on safety and/or efficacy of biosimilars, 
clinical trial extensions, and real-world data reports focusing 
on the safety and/or efficacy of biosimilars were excluded. 
Also, pre-clinical studies, molecular structure studies, and 
studies investigating the mechanism of action were outside 
the scope of this systematic review.

2.3  Study Selection and Data Extraction

The database search yielded 2880 citations (Fig. 1). Once 
duplicates were removed, 1363 potentially relevant citations 
were identified for further screening. Two authors (HMT and 
JF) independently screened titles and abstracts for relevance. 
Discrepancies were solved by discussion. The full texts of 
the remaining citations were reviewed, and those that ful-
filled inclusion criteria were selected. The reference lists 
of identified articles and topic-related systematic reviews 
were hand-searched and screened for relevance. Finally, 
27 articles were included in further analysis and quality 
assessment.

Relevant data were extracted from the included articles. 
Extraction items were chosen by three authors (HMT, JF, 
and MA) with consensus. When an article consisted of sev-
eral study parts, only substitution-related parts were included 
in the analysis. The extracted information included authors 

of the article, publication year, journal, affiliation types of 
the authors, study aim, study description, how substitution-
related issues were studied or asked, main outcomes, study 
limitations identified by authors, and funding sources with 
other relevant disclosures reported in the article. Included 
articles were primarily analyzed by one author (HMT), and 
the other authors reviewed the results.

2.4  Qualitative Analysis of Data

For data processing, the extracted information was classi-
fied according to the study type, continent, country, data 
collection period, the occupation or background of the par-
ticipants, and their perceptions and experiences of automatic 
substitution of biologics. When the data collection period 
was not reported, it was set to the submission date of the 
article.

The identified perceptions and experiences of the study 
participants were categorized into three segments. The stud-
ies with more than half of the participants opposing auto-
matic substitution of biologics were classified in the seg-
ment on negative perceptions. The studies where more than 
half of the participants favored automatic substitution were 
classified in the segment on positive perceptions. The stud-
ies where the participants’ perceptions were uncertain or 
unclear were classified as uncertain. The legislative status 
of substitution of biologics in the country of the study was 
extracted from the literature, where available. No statistical 
analysis was performed.

2.5  Quality Assessment

As all the included studies applied survey and qualitative 
interview methodology, their quality was evaluated accord-
ing to the Survey Assessment Guide [27] and the CASP 
Qualitative Studies checklist [28], respectively. These assess-
ment protocols were chosen in order to capture method-spe-
cific quality features being aware that both instruments are 
not designed for scoring of the quality of studies.

Each survey (with or without intervention study design) 
was systematically evaluated by seven main questions (Elec-
tronic Supplementary Material [ESM] 1) [27]. Each main 
question had a maximum of eight sub-questions. The main 
questions were scored depending on the distribution of sub-
questions that fulfilled the requirement. The main question 
was scored as ‘1’ if more than 66% of the sub-questions 
were answered ‘yes.’ The main question was scored ‘0.5’ 
if 33–65% of the sub-questions were answered ‘yes,’ and 
the rest were scored as ‘0.’ The total quality of the included 
surveys was calculated based on the scores attained from 
the main questions, the maximum being 7 points. A survey 
with a total score of 4.5 (64% of the maximum score of 
7) or higher was ranked as a high-quality survey. A survey 
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with a total score of 2.5 (36% of the maximum score of 7) 
or lower was deemed a low-quality survey. All identified 
studies were included in the further analysis regardless of 
their methodological quality.

The quality of each semi-structured interview study 
was assessed through a 10-item critical appraisal checklist 
[28], to ensure that included qualitative interviews were of 
applicable quality (received more than 8/10 points from the 
checklist) (ESM 1). However, the quality of the qualitative 
interviews were not compared. One author (HMT) carried 
out the quality assessment. All the other authors carefully 
reviewed the assessment before the approval.

3  Results

3.1  Characteristics of Included Studies

The systematic search resulted in 27 original articles, of 
which 22 were non-interventional surveys and one had an 
intervention study design while the remaining four studies 
were semi-structured interviews (Table 1, Table 2, ESM 2). 
No study was designed as a comparative study or a study 
reporting practical or clinical treatment outcomes on biolog-
ics automatic substitution.

The majority (56%, 15/27) of the included studies were 
conducted in Europe [29–43], followed by North Amer-
ica (n = 4) [44–47], Australia (n = 2) [48, 49], Pakistan 
(n = 1) [50], Russia (n = 1) [51], Tunisia (n = 1) [52], Latin 
America (n = 1) [53], mixed in France and Canada (n = 1) 
[54], and mixed in Asian countries (n = 1) [55]. The study 

Fig. 1  Flow chart of study 
selection
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participants were physicians (n = 12) [30, 36, 37, 39, 44, 
45, 47, 48, 51–53, 55], pharmacists (n = 5) [31, 38, 43, 
50, 54], patients (n = 4) [32, 34, 40, 49], payers (n = 1) 
[46], or various stakeholders (n = 5) [29, 33, 35, 41, 42]. 
All semi-structured interviews had participants of various 
stakeholders and were from Europe [29, 33, 35, 42]. In 44% 
of the studies (12/27), the data collection had begun in 2015 
or earlier [29, 30, 36–41, 45–47, 53]. Almost one third of 
the studies (8/27) were conducted in countries that allowed 
limited pharmacist-led automatic substitution of biolog-
ics [32, 38, 39, 48, 49] or substitution was not specifically 
prohibited at the time of data collection [31, 33, 43]. Most 
of the studies (81%, 22/27) had a primary focus other than 
automatic substitution of biologics. Substitution or replace-
ment of biologics was mentioned as an objective only in five 
studies [30, 33, 34, 43, 48], of which one was a qualitative 
study focusing on automatic substitution of biologics [33].

The authors of the majority (89%, 24/27) of the stud-
ies were affiliated with academia, a government authority, 
a hospital or university hospital, or a hospital pharmacy 
[29, 31–47, 49, 51, 52, 54, 55]. Three studies (11%) did not 
report any government-, academic-, or health system-affili-
ated authors [30, 48, 53]. The pharmaceutical industry was 
reported as one of the affiliations in three studies [41, 44, 
51]. Studies that reported any funding were partly or fully 
funded by either a public sector, i.e., government author-
ity, university grant or bursary (3/27) [33, 43, 47], research 
fund [35], pharmaceutical industry (5/27) [40, 44–46, 51], 
or a lobbying organization (3/27) [30, 48, 53]. One study 
[41] had received both public and pharmaceutical industry 
funding. In the rest of the included studies, authors declared 
no funding received for the study [29, 31, 34, 36–39, 42, 
49, 50, 52, 55] or the funding was not reported in their arti-
cle [32, 54]. However, potential conflicts of interest among 
authors were reported in 63% (17/27) of the studies [29, 30, 
33, 35–41, 44–48, 51, 53]. Half of the studies conducted 
among prescribers (6/12) were funded by a pharmaceutical 
company or a lobbying organization [30, 44, 45, 48, 51, 53].

3.2  Perceptions and Experiences of Automatic 
Substitution of Biologics

The majority of included studies (18/27) reported negative 
perceptions of automatic substitution of biologics (Tables 1, 
2, Fig. 2). Surveys conducted among prescribers (12/12) 
reported mainly negative perceptions from the study par-
ticipants [30, 36, 37, 39, 44, 45, 47, 48, 51–53, 55]. Negative 
perceptions were reported also among pharmacists (2/5) [31, 
43], patients (2/4) [32, 40], and mixed stakeholders (2/5) 
[41, 42]. All studies except one [46] that received funding 
from the pharmaceutical industry (Abbvie, Janssen, Pfizer, 
Sandoz) or a lobbying organization (Alliance for Safe Bio-
logic Medicines) (n = 9) reported negative substitution 

perceptions from the participants [30, 40, 41, 44–46, 48, 
51, 53].

Five studies reported positive perceptions [33, 34, 38, 
49, 54] and four mixed or uncertain perceptions [29, 35, 46, 
50]. Of the studies with positive findings, two surveys were 
conducted among pharmacists [38, 54], one among patients 
[49] and one interview study among various stakeholders 
[33]. In the only identified intervention study (no control 
group) [34] conducted in a hospital pharmacy, patients did 
not report decreased satisfaction with their medication after 
substitution.

Most of the identified studies measured automatic sub-
stitution-related issues by a few structured questions. In two 
qualitative interviews with a prospective approach (Table 2), 
elements required for implementing automatic substitution 
of biologics were identified [33, 35]. In both studies, barriers 
and risks related to biologic automatic substitution, such as 
a necessity of communication between healthcare profes-
sionals, pharmacists’ competency to counsel the patient in 
case of a change of the administration device, and the need 
for a reliable pharmacovigilance system were identified. 
It was mentioned that to make patient- or product-specific 
exceptions (e.g., “dispense as written”) should be possible, 
if needed. Substitution interval (i.e., how often the patient’s 
medicine could be substituted) [33], clear mandate from a 
competent authority [35], and healthcare professionals’ and 
patients’ trust on biosimilars [33, 35] should be addressed 
before implementing the substitution in practice.

3.3  Quality of the Studies

Of the included surveys (n = 23) six (26%) [34, 38, 41, 47, 
49, 50] were assessed as of high quality and six (26%) [30, 
36, 44, 46, 48, 53] as of low quality (see ESM 3). The rest of 
the surveys (n = 11) were of moderate quality. The quality of 
the included surveys was compromised by a non-systematic 
approach in developing the questionnaire (22/23), which 
may increase a risk for ambiguous skewed questions, a lack 
of questionnaire testing (18/23), and potential response bias 
(18/23) (i.e., the risk that participants do not represent the 
target population or the response rate is low). The study par-
ticipants did not represent the defined population of interest 
in the study design in 14/23 of the surveys, and the response 
rate was poor in 8/23 or not reported at all in 10/23 of the 
surveys. An accurate data collection time was missing in 
three surveys [46, 52, 53].

The quality of the semi-structured interviews (n = 4) was 
assessed to be appropriate for qualitative research. Interview 
reports lacked information on researchers’ relationships with 
participants and the accuracy of the data collection process.

Half of the high-quality surveys (3/6) and one semi-struc-
tured interview (n = 4) reported mainly positive perceptions 
on the automatic substitution of biologics [33, 34, 38, 49].



552 H. M. Tolonen et al.

Ta
bl

e 
1 

 In
cl

ud
ed

 s
ur

ve
ys

 (
n 

=
 2

3)
 a

cc
or

di
ng

 to
 m

ai
n 

re
gi

on
al

 c
at

eg
or

ie
s 

(E
ur

op
e,

 N
or

th
 A

m
er

ic
a,

 a
nd

 o
th

er
) 

or
ga

ni
ze

d 
by

 r
es

ea
rc

h 
m

et
ho

d,
 y

ea
r 

of
 d

at
a 

co
lle

ct
io

n,
 c

ou
nt

ry
, t

he
 le

gi
sl

at
iv

e 
st

at
us

 o
f a

ut
om

at
ic

 s
ub

sti
tu

tio
n 

at
 th

e 
tim

e 
of

 th
e 

stu
dy

, q
ua

lit
y 

of
 th

e 
stu

dy
, n

um
be

r o
f p

ar
tic

ip
an

ts
, a

nd
 th

ei
r p

er
ce

pt
io

ns
/e

xp
er

ie
nc

es
 o

f a
ut

om
at

ic
 s

ub
sti

tu
tio

n 
of

 b
io

lo
gi

cs
, a

nd
 th

e 
ot

he
r m

ai
n 

ou
tc

om
es

 o
f t

he
 st

ud
y

Re
se

ar
ch

 
m

et
ho

d
Ye

ar
 o

f 
da

ta
 c

ol
-

le
ct

io
n

C
ou

nt
ry

Le
gi

sl
at

iv
e 

st
at

us
 

of
 a

ut
om

at
ic

 
su

bs
tit

ut
io

n 
of

 
bi

ol
og

ic
s a

t t
he

 
tim

e 
of

 th
e 

 stu
dy

c  
[1

2,
 1

4,
 1

9]

N
um

be
r o

f p
ar

tic
ip

an
ts

M
ed

ic
al

 
sp

ec
ia

lty
Q

ua
l-

ity
 o

f 
th

e 
 stu

dy
e

Ex
pe

rie
nc

es
 a

nd
 p

er
ce

pt
io

ns
 o

n 
au

to
m

at
ic

 
su

bs
tit

ut
io

n 
of

 b
io

lo
gi

cs
, a

nd
 th

e 
ot

he
r m

ai
n 

ou
tc

om
es

 (i
f a

va
ila

bl
e)

f

A
ut

ho
rs

 [R
ef

.]

Pr
e-

sc
rib

er
s

Ph
ar

m
a-

ci
sts

Pa
tie

nt
s

O
th

er

Eu
ro

pe
S

20
18

Sp
ai

n
◆

87
H

ig
h

+
Re

po
rte

d 
pa

tie
nt

 sa
tis

fa
ct

io
n 

w
he

n 
su

b-
sti

tu
tin

g 
or

ig
in

at
or

 p
re

fil
le

d 
sy

rin
ge

s t
o 

pe
ns

 o
f b

io
si

m
ila

r e
ta

ne
rc

ep
t i

n 
th

e 
ho

s-
pi

ta
l p

ha
rm

ac
y:

 2
3%

 e
xt

re
m

el
y 

sa
tis

fie
d;

 
28

%
 v

er
y 

sa
tis

fie
d;

 2
3%

 sa
tis

fie
d,

 a
nd

 
26

%
 p

ar
tly

 sa
tis

fie
d 

or
 n

ot
 a

t a
ll 

sa
tis

fie
d

B
ar

bo
sa

 e
t a

l. 
[3

4]

S
20

17
Fr

an
ce

✓
62

9
M

od
–

3%
 a

pp
ro

ve
d 

su
bs

tit
ut

io
n 

m
ad

e 
by

 a
 

ph
ar

m
ac

ist
Fr

an
tz

en
 e

t a
l. 

[3
2]

S
20

17
Po

la
nd

↔
26

0
M

od
–

17
%

 w
ou

ld
 o

ffe
r s

ub
sti

tu
tio

n 
of

 b
io

lo
gi

cs
Łu

ka
si

k 
an

d 
N

ow
ic

ki
 [4

3]
S

20
17

Po
la

nd
↔

61
M

od
–

23
%

 a
gr

ee
d 

th
at

 b
io

si
m

ila
rs

 sh
ou

ld
 b

e 
us

ed
 to

 su
bs

tit
ut

e 
or

ig
in

al
 m

ed
ic

in
e.

 7
5%

 
ag

re
ed

 to
 h

av
e 

a 
do

ct
or

’s
 p

er
m

is
si

on
 fo

r 
su

bs
tit

ut
io

n

Pa
w

ło
w

sk
a 

et
 a

l. 
[3

1]

S
20

15
–1

6
Ir

el
an

d
X

10
2

14
3

D
e,

 E
, G

, 
H

O
, N

p,
 

N
u,

 R
, O

H
ig

h
–

<
5%

 m
ed

ic
al

 sp
ec

ia
lis

ts
 c

on
si

de
re

d 
su

bs
tit

ut
io

n 
ap

pr
op

ria
te

, 3
5–

43
%

 w
ith

 
ph

ys
ic

ia
n 

co
ns

en
t. 

14
%

 o
f p

ha
rm

ac
ist

s 
in

di
ca

te
d 

th
ey

 w
ou

ld
 b

e 
co

m
fo

rta
bl

e 
w

ith
 su

bs
tit

ut
io

n

O
'C

al
la

gh
an

 e
t a

l. 
[4

1]

S
20

15
Fr

an
ce

✓
80

2
H

ig
h

+
53

%
 a

pp
ro

ve
d 

su
bs

tit
ut

io
n 

m
ad

e 
by

 a
 

ph
ar

m
ac

ist
B

ec
k 

et
 a

l. 
[3

8]

S
20

15
N

S
◆

11
8

G
M

od
–

90
%

 d
is

ap
pr

ov
ed

 su
bs

tit
ut

io
n 

m
ad

e 
by

 a
 

ph
ar

m
ac

ist
, 1

3%
 a

pp
ro

ve
d 

th
e 

su
bs

tit
u-

tio
n 

of
 n

ew
 p

re
sc

rip
tio

ns

D
an

es
e 

et
 a

l. 
[3

7]

S
20

15
Fr

an
ce

✓
11

6
R

M
od

–
81

%
 d

is
ap

pr
ov

ed
 su

bs
tit

ut
io

n 
m

ad
e 

by
 a

 
ph

ar
m

ac
ist

B
ec

k 
et

 a
l. 

[3
9]

S
20

14
–1

5
N

S
◆

38
3

M
od

–
1%

 a
cc

ep
te

d 
th

e 
su

bs
tit

ut
io

n 
m

ad
e 

by
 a

 
ph

ar
m

ac
ist

Pe
yr

in
-B

iro
ul

et
 

et
 a

l. 
[4

0]
S

20
13

N
S

◆
30

7
G

Lo
w

–
64

%
 w

er
e 

ag
ai

ns
t a

ut
om

at
ic

 su
bs

tit
u-

tio
n,

 1
8%

 a
pp

ro
ve

d 
su

bs
tit

ut
io

n 
fo

r n
ew

 
pr

es
cr

ip
tio

ns

D
an

es
e 

et
 a

l. 
[3

6]

S
20

13
Fr

an
ce

, G
er

m
an

y,
 

Ita
ly

, S
pa

in
, U

K
✓
X
X
X
X

47
0

D
e,

 E
, H

O
, 

N
p,

 N
u,

 
R

Lo
w

–
95

%
 c

on
si

de
re

d 
fro

m
 v

er
y 

to
 so

m
ew

ha
t 

im
po

rta
nt

 to
 h

av
e 

so
le

 a
ut

ho
rit

y 
to

 
de

ci
de

 th
e 

bi
ol

og
ic

 p
ro

du
ct

D
ol

in
ar

 a
nd

 
Re

ill
y 

[3
0]



553Automatic Substitution of Biologics: A Systematic Review

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Re
se

ar
ch

 
m

et
ho

d
Ye

ar
 o

f 
da

ta
 c

ol
-

le
ct

io
n

C
ou

nt
ry

Le
gi

sl
at

iv
e 

st
at

us
 

of
 a

ut
om

at
ic

 
su

bs
tit

ut
io

n 
of

 
bi

ol
og

ic
s a

t t
he

 
tim

e 
of

 th
e 

 stu
dy

c  
[1

2,
 1

4,
 1

9]

N
um

be
r o

f p
ar

tic
ip

an
ts

M
ed

ic
al

 
sp

ec
ia

lty
Q

ua
l-

ity
 o

f 
th

e 
 stu

dy
e

Ex
pe

rie
nc

es
 a

nd
 p

er
ce

pt
io

ns
 o

n 
au

to
m

at
ic

 
su

bs
tit

ut
io

n 
of

 b
io

lo
gi

cs
, a

nd
 th

e 
ot

he
r m

ai
n 

ou
tc

om
es

 (i
f a

va
ila

bl
e)

f

A
ut

ho
rs

 [R
ef

.]

Pr
e-

sc
rib

er
s

Ph
ar

m
a-

ci
sts

Pa
tie

nt
s

O
th

er

N
or

th
 A

m
er

ic
a

S
20

16
-1

7
U

SA
 (S

ta
te

s N
S)

◆
29

7
D

e,
 G

, R
Lo

w
–

17
%

 w
ou

ld
 b

e 
co

m
fo

rta
bl

e 
w

ith
 p

ha
r-

m
ac

y-
le

ve
l s

ub
sti

tu
tio

n 
w

ith
ou

t p
hy

si
-

ci
an

 k
no

w
le

dg
e

Te
ep

le
 e

t a
l. 

[4
4]

S
20

15
U

SA
 (N

at
io

na
l, 

D
ist

ric
t o

f 
C

ol
um

bi
a,

 F
lo

r-
id

a,
 N

or
th

 C
ar

o-
lin

a,
 M

ar
yl

an
d,

 
Pe

nn
sy

lv
an

ia
)

◆
◆

✓
X
X
X

97
D

e
M

od
–

94
%

 c
on

si
de

re
d 

it 
ve

ry
 o

r s
om

ew
ha

t 
im

po
rta

nt
 th

at
 th

e 
pr

es
cr

ib
er

 sh
ou

ld
 h

av
e 

co
nt

ro
l. 

88
%

 c
on

si
de

re
d 

th
at

 su
bs

tit
ut

io
n 

w
ou

ld
 o

cc
ur

 in
 th

e 
fu

tu
re

B
ar

se
ll 

et
 a

l. 
[4

5]

S
20

14
C

an
ad

a
X

81
R

H
ig

h
–

88
%

 w
ou

ld
 fe

el
 c

on
ce

rn
ed

 o
r v

er
y 

co
n-

ce
rn

ed
 if

 su
bs

tit
ut

io
n 

w
er

e 
po

ss
ib

le
G

ra
bo

w
sk

i e
t a

l. 
[4

7]
S

20
14

a
U

SA
 (S

ta
te

s N
S)

◆
8d

Lo
w

?
H

al
f o

f t
he

 p
ar

tic
ip

an
ts

 w
er

e 
re

lu
ct

an
t 

to
 in

iti
at

e 
th

e 
pr

ac
tic

e 
of

 a
ut

om
at

ic
 

su
bs

tit
ut

io
n

C
oh

en
 e

t a
l. 

[4
6]

O
th

er
S

20
19

Pa
ki

st
an

◆
30

5
H

ig
h

?
59

%
 n

ei
th

er
 a

gr
ee

d 
or

 d
is

ag
re

ed
 w

ith
 

st
at

em
en

t “
B

ei
ng

 a
 p

ha
rm

ac
ist

s, 
I c

an
 

sa
fe

ly
 sw

itc
h 

to
 b

io
si

m
ila

r w
ith

ou
t 

ph
ys

ic
ia

n 
pe

rm
is

si
on

” 
(8

%
 a

gr
ee

d 
or

 st
ro

ng
ly

 a
gr

ee
d;

 3
2%

 d
is

ag
re

ed
 o

r 
str

on
gl

y 
di

sa
gr

ee
d)

Sh
ak

ee
l e

t a
l. 

[5
0]

S
20

18
a

Tu
ni

si
a

X
10

7
H

O
Lo

w
–

52
%

 w
er

e 
in

 fa
vo

r o
f a

 ju
sti

fie
d 

su
bs

tit
u-

tio
n 

an
d 

in
te

rc
ha

ng
ea

bi
lit

y,
 4

%
 w

er
e 

in
 

fa
vo

r o
f a

 sy
ste

m
at

ic
 su

bs
tit

ut
io

n,
 7

%
 

w
er

e 
in

 fa
vo

r o
f s

ys
te

m
at

ic
 in

te
rc

ha
ng

e-
ab

ili
ty

, 2
3%

 a
ga

in
st 

su
bs

tit
ut

io
n 

an
d 

in
te

rc
ha

ng
ea

bi
lit

y

H
ad

ou
ss

a 
et

 a
l. 

[5
2]

S
20

17
–1

8
A

us
tra

lia
✓

13
2

H
ig

h
+

25
%

 w
er

e 
w

or
rie

d 
ab

ou
t p

ha
rm

ac
ist

-le
d 

su
bs

tit
ut

io
n 

w
ith

ou
t c

on
su

lti
ng

 th
e 

pr
es

cr
ib

er

K
ov

itw
an

ic
h-

ka
no

nt
 e

t a
l. 

[4
9]

S
20

17
K

or
ea

, J
ap

an
, 

C
hi

na
, o

th
er

 
A

si
an

 c
ou

nt
rie

s

◆
◆

◆
◆

15
1

G
M

od
–

87
%

 d
is

ag
re

ed
 w

ith
 th

e 
au

to
m

at
ic

 su
bs

tit
u-

tio
n 

of
 th

e 
or

ig
in

at
or

 w
ith

 a
 b

io
si

m
ila

r 
by

 a
 p

ha
rm

ac
ist

. 4
4%

 d
is

ag
re

ed
 w

ith
 

au
to

m
at

ic
 su

bs
tit

ut
io

n 
in

 a
ny

 c
as

e.
 D

is
a-

gr
ee

m
en

t w
as

 h
ig

he
st 

am
on

g 
pr

es
cr

ib
er

s 
in

 K
or

ea
 (6

2%
)

Pa
rk

 e
t a

l. 
[5

5]



554 H. M. Tolonen et al.

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Re
se

ar
ch

 
m

et
ho

d
Ye

ar
 o

f 
da

ta
 c

ol
-

le
ct

io
n

C
ou

nt
ry

Le
gi

sl
at

iv
e 

st
at

us
 

of
 a

ut
om

at
ic

 
su

bs
tit

ut
io

n 
of

 
bi

ol
og

ic
s a

t t
he

 
tim

e 
of

 th
e 

 stu
dy

c  
[1

2,
 1

4,
 1

9]

N
um

be
r o

f p
ar

tic
ip

an
ts

M
ed

ic
al

 
sp

ec
ia

lty
Q

ua
l-

ity
 o

f 
th

e 
 stu

dy
e

Ex
pe

rie
nc

es
 a

nd
 p

er
ce

pt
io

ns
 o

n 
au

to
m

at
ic

 
su

bs
tit

ut
io

n 
of

 b
io

lo
gi

cs
, a

nd
 th

e 
ot

he
r m

ai
n 

ou
tc

om
es

 (i
f a

va
ila

bl
e)

f

A
ut

ho
rs

 [R
ef

.]

Pr
e-

sc
rib

er
s

Ph
ar

m
a-

ci
sts

Pa
tie

nt
s

O
th

er

S
20

16
Fr

an
ce

 a
nd

 C
an

ad
a

✓
X

22
9

M
od

+
25

%
 c

on
si

de
re

d 
th

at
 o

nl
y 

ph
ys

ic
ia

ns
 c

ou
ld

 
pr

oc
ee

d 
w

ith
 th

e 
in

te
rc

ha
ng

ea
bi

lit
y 

of
 

bi
os

im
ila

rs

A
de

 e
t a

l. 
[5

4]

S
20

16
Ru

ss
ia

b
◆

20
6

G
, H

O
, R

M
od

–
53

%
 w

er
e 

ne
ga

tiv
e,

 2
5%

 w
er

e 
ne

ut
ra

l a
nd

 
22

%
 w

er
e 

po
si

tiv
e 

ab
ou

t s
ub

sti
tu

tio
n

K
ar

at
ee

v 
an

d 
B

el
ok

on
ev

a 
[5

1]
S

20
16

A
us

tra
lia

✓
16

0
D

e,
 E

, H
O

, 
G

, N
p,

 
N

u,
 R

Lo
w

–
90

%
 c

on
si

de
re

d 
it 

cr
iti

ca
l o

r v
er

y 
im

po
r-

ta
nt

 to
 h

av
e 

so
le

 a
ut

ho
rit

y 
to

 d
ec

id
e 

th
e 

bi
ol

og
ic

al
 p

ro
du

ct
. 5

1%
 d

id
 n

ot
 a

cc
ep

t 
su

bs
tit

ut
io

n 
fo

r p
at

ie
nt

s w
ith

 c
hr

on
ic

 d
is

-
ea

se
. 5

3–
81

%
 o

f r
es

po
nd

en
ts

 c
on

si
de

re
d 

th
at

 c
lin

ic
al

 tr
ia

l d
at

a 
on

 sa
fe

ty
 a

nd
 e

ffi
-

ca
cy

 a
fte

r s
w

itc
h(

es
) i

s s
ui

ta
bl

e 
ev

id
en

ce
 

de
m

on
str

at
in

g 
th

at
 b

io
si

m
ila

r i
s s

ui
ta

bl
e 

fo
r s

ub
sti

tu
tio

n 
on

 p
ha

rm
ac

y 
le

ve
l

M
ur

by
 a

nd
 R

ei
lly

 
[4

8]

S
20

15
a

A
rg

en
tin

a,
 B

ra
zi

l, 
C

ol
om

bi
a,

 
M

ex
ic

o

◆
X
X
X

39
9

D
e,

 E
, H

O
, 

N
p,

 N
u,

 
R

, O

Lo
w

–
>

80
%

 c
on

si
de

re
d 

it 
cr

iti
ca

l, 
or

 v
er

y 
im

po
r-

ta
nt

 to
 h

av
e 

so
le

 a
ut

ho
rit

y 
to

 d
ec

id
e 

th
e 

bi
ol

og
ic

al
 p

ro
du

ct

G
ew

an
te

r a
nd

 
Re

ill
y 

[5
3]

D
e 

D
er

m
at

ol
og

y,
 D

i D
ia

be
te

s, 
E 

En
do

cr
in

ol
og

y,
 G

 G
as

tro
en

te
ro

lo
gy

, H
O

 H
em

at
ol

og
y/

O
nc

ol
og

y/
M

ed
ic

al
 o

nc
ol

og
y,

 N
S 

N
ot

 s
pe

ci
fie

d,
 N

p 
N

ep
hr

ol
og

y,
 N

u 
N

eu
ro

lo
gy

, O
 O

th
er

, R
 R

he
um

at
ol

-
og

y,
 S

 S
ur

ve
y

a  M
an

us
cr

ip
t s

ub
m

is
si

on
 y

ea
r (

if 
da

ta
 c

ol
le

ct
io

n 
tim

e 
w

as
 n

ot
 in

di
ca

te
d)

b  N
ot

 fo
llo

w
in

g 
th

e 
Eu

ro
pe

an
 le

gi
sl

at
io

n 
on

 b
io

si
m

ila
rs

, t
hu

s c
at

eg
or

iz
ed

 in
 ‘O

th
er

’
c  Le

gi
sl

at
iv

e 
st

at
us

 d
oe

s 
no

t i
nd

ic
at

e 
if 

th
e 

su
bs

tit
ut

io
n 

pr
ac

tic
e 

is
 im

pl
em

en
te

d.
 ✓

 S
ub

sti
tu

tio
n 

is
 a

llo
w

ed
 in

 s
om

e 
ci

rc
um

st
an

ce
s, 
↔

 S
ub

sti
tu

tio
n 

is
 n

ot
 s

pe
ci

fie
d/

no
t s

pe
ci

fic
al

ly
 p

ro
hi

bi
te

d,
 X

 
Su

bs
tit

ut
io

n 
is

 n
ot

 a
llo

w
ed

, ◆
 In

fo
rm

at
io

n 
is

 n
ot

 av
ai

la
bl

e 
in

 c
on

su
lte

d 
so

ur
ce

s
d  Pa

ye
rs

e  Q
ua

lit
y 

ev
al

ua
tio

n,
 p

le
as

e 
se

e 
El

ec
tro

ni
c 

su
pp

le
m

en
ta

ry
 m

at
er

ia
l 3

. H
ig

h 
hi

gh
 q

ua
lit

y,
 M

od
 m

od
er

at
e 

qu
al

ity
, L

ow
 lo

w
 q

ua
lit

y
f  +

 P
er

ce
pt

io
ns

 m
ai

nl
y 

po
si

tiv
e,

 ?
 U

nc
er

ta
in

 /m
ix

ed
 p

er
ce

pt
io

ns
, –

 P
er

ce
pt

io
ns

 m
ai

nl
y 

ne
ga

tiv
e



555Automatic Substitution of Biologics: A Systematic Review

Ta
bl

e 
2 

 In
cl

ud
ed

 se
m

i-s
tru

ct
ur

ed
 in

te
rv

ie
w

s (
n 

=
 4

) o
rg

an
iz

ed
 b

y 
re

se
ar

ch
 m

et
ho

d,
 y

ea
r o

f d
at

a 
co

lle
ct

io
n,

 c
ou

nt
ry

, t
he

 le
gi

sl
at

iv
e 

st
at

us
 o

f a
ut

om
at

ic
 su

bs
tit

ut
io

n 
at

 th
e 

tim
e 

of
 th

e 
stu

dy
, q

ua
l-

ity
 o

f t
he

 st
ud

y,
 n

um
be

r o
f p

ar
tic

ip
an

ts
, a

nd
 th

ei
r p

er
ce

pt
io

ns
/e

xp
er

ie
nc

es
 o

f a
ut

om
at

ic
 su

bs
tit

ut
io

n 
of

 b
io

lo
gi

cs
, a

nd
 th

e 
ot

he
r m

ai
n 

ou
tc

om
es

 o
f t

he
 st

ud
y

Re
se

ar
ch

 
m

et
ho

d
Ye

ar
 o

f 
da

ta
 c

ol
-

le
ct

io
n

C
ou

nt
ry

Le
gi

sl
at

iv
e 

st
at

us
 

of
 a

ut
om

at
ic

 
su

bs
tit

ut
io

n 
of

 
bi

ol
og

ic
s a

t t
he

 
tim

e 
of

 th
e 

 stu
dy

a  
[1

2,
 1

4,
 1

9]

N
um

be
r o

f p
ar

tic
ip

an
ts

M
ed

ic
al

 
sp

ec
ia

lty
Q

ua
lit

y 
of

 
th

e 
stu

dy
Ex

pe
rie

nc
es

 a
nd

 p
er

ce
pt

io
ns

 o
n 

au
to

m
at

ic
 

su
bs

tit
ut

io
n 

of
 b

io
lo

gi
cs

, a
nd

 th
e 

ot
he

r m
ai

n 
ou

tc
om

es
 (i

f a
va

ila
bl

e)
g

A
ut

ho
rs

 [R
ef

.]

Pr
e-

sc
rib

er
s

Ph
ar

-
m

ac
ist

s
Pa

tie
nt

s
O

th
er

Eu
ro

pe
I

20
18

Fi
nl

an
d

↔
7b

9b
2b

14
c

N
S

N
ot

 sc
or

ed
+

50
%

 h
ad

 a
 p

os
iti

ve
 a

tti
tu

de
 to

 su
bs

tit
ut

io
n,

 
25

%
 su

gg
es

te
d 

th
at

 ri
sk

s s
ho

ul
d 

be
 so

lv
ed

 
be

fo
re

 im
pl

em
en

tin
g 

th
e 

su
bs

tit
ut

io
n,

 2
5%

 
de

em
ed

 su
bs

tit
ut

io
n 

as
 a

n 
in

ap
pr

op
ria

te
 

m
od

el
. T

re
at

m
en

t-n
aï

ve
 p

at
ie

nt
s w

er
e 

su
gg

es
te

d 
th

e 
m

os
t s

ui
ta

bl
e 

fo
r s

ub
sti

tu
-

tio
n

Se
ve

ra
l b

en
efi

ts
 a

nd
 ri

sk
s r

el
at

ed
 to

 a
ut

o-
m

at
ic

 su
bs

tit
ut

io
n 

w
er

e 
id

en
tifi

ed
. F

or
 

ris
k 

m
an

ag
em

en
t, 

ad
m

in
ist

ra
tio

n 
de

vi
ce

 
co

un
se

lin
g 

by
 a

 p
ha

rm
ac

ist
, s

ub
sti

tu
tio

n 
in

te
rv

al
, c

om
m

un
ic

at
io

n 
be

tw
ee

n 
he

al
th

-
ca

re
 p

ro
fe

ss
io

na
ls

, a
nd

 fu
rth

er
 tr

ai
ni

ng
 o

f 
he

al
th

ca
re

 p
ro

fe
ss

io
na

ls
 o

n 
bi

os
im

ila
rs

 
w

er
e 

id
en

tifi
ed

 a
s i

m
po

rta
nt

 a
m

on
g 

ot
he

r 
m

ea
su

re
s

To
lo

ne
n 

et
 a

l. 
[3

3]

I
20

17
–1

8
A

us
tri

a,
 B

el
-

gi
um

, C
ro

at
ia

, 
D

en
m

ar
k,

 
Fr

an
ce

, I
re

la
nd

, 
Ita

ly
, M

al
ta

, 
Po

la
nd

, P
or

tu
ga

l, 
N

et
he

rla
nd

s, 
U

K
, S

pa
in

, 
Sw

itz
er

la
nd

, a
nd

 
pa

n-
Eu

ro
pe

an
 

pe
rs

pe
ct

iv
e

◆
9

10
9

16
d

E,
 G

, H
O

 
N

, R
N

ot
 sc

or
ed

?
B

ot
h 

em
ot

io
na

l (
la

ck
 o

f t
ru

st 
an

d 
ex

pe
ri-

en
ce

, l
os

s o
f p

re
sc

rib
er

’s
 c

on
tro

l o
ve

r 
tre

at
m

en
t, 

fr
ag

ile
 la

nd
sc

ap
e 

re
ga

rd
in

g 
bi

os
im

ila
rs

) a
nd

 p
ra

ct
ic

al
 (n

o 
ph

ar
m

a-
ci

sts
’ m

an
da

te
 to

 su
bs

tit
ut

io
n,

 in
su

f-
fic

ie
nt

 c
om

m
un

ic
at

io
n 

sy
ste

m
s b

et
w

ee
n 

pr
es

cr
ib

er
 a

nd
 p

ha
rm

ac
ist

) b
ar

rie
rs

 w
er

e 
id

en
tifi

ed
M

os
t p

re
sc

rib
er

s a
nd

 p
ha

rm
ac

ist
s w

er
e 

no
t 

ag
ai

ns
t p

ha
rm

ac
ist

 su
bs

tit
ut

io
n 

pr
ov

id
in

g 
th

e 
pr

es
cr

ib
er

 is
 in

fo
rm

ed
 a

bo
ut

 c
ha

ng
e 

an
d 

th
e 

tre
at

m
en

t i
s u

nd
er

 p
re

sc
rib

er
’s

 
co

nt
ro

l, 
bu

t i
t w

as
 n

ot
ed

 th
at

 p
ar

tic
ip

an
ts

 
di

sa
gr

ee
d 

ov
er

 fu
tu

re
 a

ut
om

at
ic

 su
bs

tit
u-

tio
n.

 A
dd

re
ss

ed
 b

ar
rie

rs
, p

at
ie

nt
- a

nd
 

pr
od

uc
t-s

pe
ci

fic
 e

xc
ep

tio
ns

, a
nd

 a
n 

effi
ci

en
t s

ys
te

m
 fo

r r
ep

or
tin

g 
ad

ve
rs

e 
ev

en
ts

 a
re

 n
ee

de
d 

to
 o

rg
an

iz
e 

su
bs

tit
ut

io
n 

in
 p

ra
ct

ic
e 

in
 th

e 
fu

tu
re

B
ar

bi
er

 e
t a

l. 
[3

5]



556 H. M. Tolonen et al.

D
i D

ia
be

te
s, 

E 
En

do
cr

in
ol

og
y,

 G
 G

as
tro

en
te

ro
lo

gy
, H

O
 H

em
at

ol
og

y/
O

nc
ol

og
y/

M
ed

ic
al

 o
nc

ol
og

y,
 I 

Se
m

i-s
tru

ct
ur

ed
 in

te
rv

ie
w

, N
S 

N
ot

 sp
ec

ifi
ed

, N
p 

N
ep

hr
ol

og
y,

 R
 R

he
um

at
ol

og
y

a  Le
gi

sl
at

iv
e 

st
at

us
 d

oe
s 

no
t i

nd
ic

at
e 

if 
th

e 
su

bs
tit

ut
io

n 
pr

ac
tic

e 
is

 im
pl

em
en

te
d.

 ✓
 S

ub
sti

tu
tio

n 
is

 a
llo

w
ed

 in
 s

om
e 

ci
rc

um
st

an
ce

s, 
↔

 S
ub

sti
tu

tio
n 

is
 n

ot
 s

pe
ci

fie
d 

/ n
ot

 s
pe

ci
fic

al
ly

 p
ro

hi
bi

te
d,

 X
 

Su
bs

tit
ut

io
n 

is
 n

ot
 a

llo
w

ed
, ◆

 In
fo

rm
at

io
n 

is
 n

ot
 av

ai
la

bl
e 

in
 c

on
su

lte
d 

so
ur

ce
s

b  N
um

be
r o

f i
nt

er
vi

ew
s

c  In
te

rv
ie

w
s w

ith
 a

ut
ho

rit
ie

s (
n 

=
 7

), 
re

pr
es

en
ta

tiv
es

 fr
om

 in
du

str
y 

an
d 

w
ho

le
sa

le
rs

 (n
 =

 6
), 

nu
rs

es
 (n

 =
 1

)
d  N

ur
se

s (
n 

=
 9

), 
re

gu
la

to
r (

n 
=

 7
)

e  N
ur

se
s

f  A
ut

ho
rit

y 
(n

 =
 4

), 
ac

ad
em

ic
 (n

 =
 3

), 
in

du
str

y 
(n

 =
 6

)
g  +

 P
er

ce
pt

io
ns

 m
ai

nl
y 

po
si

tiv
e,

 ?
 U

nc
er

ta
in

 /m
ix

ed
 p

er
ce

pt
io

ns
, –

 P
er

ce
pt

io
ns

 m
ai

nl
y 

ne
ga

tiv
e

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Re
se

ar
ch

 
m

et
ho

d
Ye

ar
 o

f 
da

ta
 c

ol
-

le
ct

io
n

C
ou

nt
ry

Le
gi

sl
at

iv
e 

st
at

us
 

of
 a

ut
om

at
ic

 
su

bs
tit

ut
io

n 
of

 
bi

ol
og

ic
s a

t t
he

 
tim

e 
of

 th
e 

 stu
dy

a  
[1

2,
 1

4,
 1

9]

N
um

be
r o

f p
ar

tic
ip

an
ts

M
ed

ic
al

 
sp

ec
ia

lty
Q

ua
lit

y 
of

 
th

e 
stu

dy
Ex

pe
rie

nc
es

 a
nd

 p
er

ce
pt

io
ns

 o
n 

au
to

m
at

ic
 

su
bs

tit
ut

io
n 

of
 b

io
lo

gi
cs

, a
nd

 th
e 

ot
he

r m
ai

n 
ou

tc
om

es
 (i

f a
va

ila
bl

e)
g

A
ut

ho
rs

 [R
ef

.]

Pr
e-

sc
rib

er
s

Ph
ar

-
m

ac
ist

s
Pa

tie
nt

s
O

th
er

I
20

17
U

K
X

11
4

7e
D

i, 
G

, R
N

ot
 sc

or
ed

–
Th

e 
m

aj
or

ity
 o

f p
ar

tic
ip

an
ts

 h
ad

 a
 n

eg
at

iv
e 

at
tit

ud
e.

 A
 m

in
or

ity
 o

f t
he

 p
ar

tic
ip

an
ts

 
co

ns
id

er
ed

 th
at

 su
bs

tit
ut

io
n 

m
ay

 o
cc

ur
 in

 
th

e 
fu

tu
re

A
la

du
l e

t a
l. 

[4
2]

I
20

12
–1

3
B

el
gi

um
X

2
3

1
13

f
N

S
N

ot
 sc

or
ed

?
B

io
si

m
ila

r s
ub

sti
tu

tio
n 

w
as

 c
on

si
de

re
d 

m
or

e 
ac

ce
pt

ab
le

 fo
r t

re
at

m
en

t-n
aï

ve
 

pa
tie

nt
s

D
yl

st 
et

 a
l. 

[2
9]



557Automatic Substitution of Biologics: A Systematic Review

4  Discussion

Despite the importance of biologics including biosimilars 
in modern pharmacotherapy and the societal need to con-
trol increasing healthcare expenditures, few studies were 
found on pharmacist-led automatic substitution of biolog-
ics. Although the literature search was not limited by study 
design, methods, or settings, only 27 full-text, peer-reviewed 
studies were identified. The majority were surveys or opin-
ion polls of low (n = 6) or moderate (n = 11) quality. Only 
one study applied intervention design, the impact of which 
was assessed using a survey [34]. None of the identified 
studies assesses the safety and effectiveness of implementing 
automatic substitution in practice, which may be explained 
by the fact that automatic substitution is largely not practiced 

or allowed for biologicals [10, 12]. However, in two studies 
[33, 35], risks and barriers in implementing automatic sub-
stitution was prospectively identified. It is obvious that avail-
able evidence is not rigorous enough to draw any conclu-
sions on the automatic substitution of biologics. Therefore, 
more research on how to organize automatic substitution of 
biologics that applies robust scientific methods is needed for 
decision making.

The identified negative perceptions of automatic sub-
stitution of biologics may reflect the respondents’ general 
mistrust of biosimilars. In the Australian study, prescrib-
ers considered that suitability of a biosimilar for automatic 
substitution can be demonstrated in clinical trials related to 
safety and efficacy of prescriber-led switching [48]. Accord-
ing to recent systematic reviews, stakeholder perceptions 
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Fig. 2  The summary of included studies (n  =  27). Each bubble 
describes one study. The bubble is centered in the middle of the data 
collection period as per year (*data collection time was not reported; 
bubble is centered by the date of manuscript submission). The 
color of the bubble indicates the type of participants as prescribers 
(n = 12), pharmacists (n = 5), patients (n = 4), payers (n = 1), and 

mixed stakeholders (n = 5). The area of each bubble and the included 
numeric value describe the number of study participants (**units 
of analysis). White and grey backgrounds indicate the study type as 
surveys and interviews, respectively. The bubble is located in one of 
three segments depending on the perceptions of the participants on 
the automatic substitution of biologics
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of biosimilars are largely cautious and their knowledge on 
biosimilars is scarce [8, 10]. The fact that automatic biologic 
substitution is generally not allowed may increase negative 
perceptions. On the other hand, this mistrust can be inten-
tionally generated or enhanced by the opinion polls to influ-
ence market shares of biologics and their biosimilars. Feed-
ing the ongoing debate with evidence from opinion polls 
indicating that physicians are against the substitution may 
be powerful. Potential risks related to the interchangeability 
of biosimilars and their reference medicines have been used 
often as an argument in scientific debate [21, 56]. However, 
no evidence has been found to support the assumption that a 
switch between biological medicine and its biosimilar has a 
negative impact on the efficacy, safety, or immunogenicity of 
the biological treatment [56, 57]. Therefore, a physician-led 
switch is already widely supported by national regulatory 
agencies and medical associations [21, 58].

Creating evidence and awareness that physicians domi-
nantly have negative perceptions of the automatic substitu-
tion of biologics may influence public opinion, particularly 
the opinions of patients receiving treatment with biologics 
including biosimilars. These perceptions may reinforce the 
nocebo effect; that is, patients’ negative beliefs can induce 
adverse events or other unwanted treatment outcomes [59], 
which in prescriber-led switching can be managed by shared 
decision making between a prescriber and a patient [60]. 
However, there are also other potential methods to minimize 
nocebo effects [61, 62], which may be appropriate when 
considering automatic substitution. Current negative per-
ceptions may be amplified by opinion-poll-type studies, and 
thus such studies have been biased in this respect, highlight-
ing a need for further rigorous research. Studies on practices 
and strategies for safely implementing the automatic sub-
stitution of biologics are especially needed. In our system-
atic review, we found only one prospective study carried 
out in Finland to prepare for the national implementation of 
automatic substitution of biologics [33], and one European 
study identifying prerequisites for automatic substitution 
of biologics [35]. No research was found on the safety and 
effectiveness of actual substitution practices.

The negative and suspicious perceptions concerning the 
automatic substitution of biologics seem to follow the same 
pattern seen previously with the generic substitution of 
small-molecule medicines [63]. Although the substitution of 
biologics is not fully comparable to that of small-molecule 
chemical drugs, the experiences of implementing generic 
substitution could be useful when carrying out the change 
allowing automatic substitution of biologics by their bio-
similars. As we know today, generic substitution has become 
a widely recognized and implemented procedure providing 
significant direct drug cost savings to medicine users and 
public budgets, especially if combined with the reference 
price system [64–66].

Our findings reflect the fact that automatic substitution 
practices are largely not allowed or implemented across 
Europe and other regions of the world. Further, the concept 
of automatic substitution varies between different jurisdic-
tions [67]. While the EU remits the decision on interchange-
ability and its practical execution to each Member State, 
in the US, automatic substitution is only possible for inter-
changeable biosimilars. To gain the interchangeability des-
ignation, additional clinical data to demonstrate stability in 
clinical performance, pharmacokinetics and immunogenic-
ity profile during multiple switches is needed for a biosimi-
lar [68]. Thus, although the US has the legal framework to 
implement automatic substitution of biological drugs, it is 
possible that the first efficient substitution implementations 
will be seen through national decision making in the EU. 
Preconceived processes to ensure medication safety, and 
stakeholders' confidence in interchangeability are impera-
tive when implementing automatic substitution of biologics 
[33, 35], highlighting a need for sound and comprehensive 
post-marketing monitoring [69].

The present systematic review applied a robust scientific 
method to collect comprehensive evidence on automatic 
pharmacist-led substitution of biologics. The strength of 
the study was that two library information specialists par-
ticipated in designing the search queries. Two researchers 
screened and selected the articles, and the quality of the 
included surveys was systematically assessed. The major 
limitations concern the amount and quality of research 
evidence found. The research evidence is mainly based on 
surveys of low to moderate quality without generalizable 
results due to convenience sampling and small sample sizes 
not representing the populations of interest. The applied sur-
vey instruments and measures were not tested or validated, 
and most of the studies did not have the automatic substitu-
tion of biologics as their primary objective. The level of 
evidence generated in this type of primary study is low or 
very low [70, 71]. Further, the healthcare systems in differ-
ent countries and continents vary, allowing for various local 
combinations of physician-led switch and pharmacist-led 
automatic substitution. For example, biological medicines 
may be dispensed from a hospital pharmacy instead of a 
community pharmacy, and the transition from biologic to 
another interchangeable biologic may be coordinated by a 
multidisciplinary healthcare team. In the identified interven-
tion study [34], prescribers informed the patients on upcom-
ing transition, and a substitution practice was conducted in 
a hospital pharmacy. On the other hand, these differences in 
organizing the substitution and variations in the prescriber’s 
participation in the transition procedure may help to find the 
optimum future procedures for safe automatic substitution 
practices while substitution in community pharmacies is not 
widely allowed.
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The attitudes of prescribers, other healthcare profession-
als, and patients significantly influence the deployment of 
biosimilars. The conflicting perceptions on this issue indi-
cate the prevailing need for consistent and objective infor-
mation on biosimilars’ quality, efficacy, and safety. There 
is also an urgent need for robust, scientifically valid, and 
generalizable studies on the practices of automatic substitu-
tion of biologics. Deployment of simulations, pilots, inter-
vention studies with control groups, economical evaluations, 
and research applying different study designs are needed on 
the topic to gain sound evidence for policy making.

5  Conclusion

This systematic review indicates a lack of research evidence 
and experience on the automatic substitution of biologics. 
Even though automatic substitution of biologics has been 
suggested to be a potential strategy for controlling grow-
ing healthcare costs, the identified evidence is mainly based 
on opinion polls and surveys of low or moderate quality, 
yielding results that are neither generalizable nor suitable 
for guiding policy making. Policy makers should be aware 
that no robust evidence on how to implement automatic sub-
stitution for biological medicines is available. Studies on 
practices and strategies for safely implementing substitution 
are needed. This type of research study should go hand in 
hand with changes from the policy side, which in turn can 
stimulate further research in this area.
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