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Abstract

Background Biosimilar etanercept presents itself as an innovative therapeutic opportunity for inflammatory

and autoimmune diseases, however, its efficacy, safety, and immunogenicity in relation to the reference biologi-
cal agent for the treatment of rheumatoid arthritis is still questioned. With this in mind, this study aimed to verify
the efficacy, safety, and immunogenicity of the use of the biosimilar etanercept in relation to the reference biologic
in patients over 18 years of age with rheumatoid arthritis.

Methods A systematic review with meta-analysis was performed in accordance with the parameters of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) selecting only Phase Il randomized clinical trials.
The search strategy was constructed with the MeSH terms “Etanercept’, “Biological Products’, “Arthritis, Rheumatoid’,
“Biosimilar Pharmaceuticals”and was performed in Medline via PubMed, Embase, the Cochrane Library, Web of Sci-
ence, EBSCO and Lilacs in January 2023. The analysis measures were relative risk (RR) for dichotomous data and mean
difference (MD) for continuous data. The statistical analysis for preparing meta-analyses was developed by the Review
Manager 5.1.4 software.

Results This systematic review selected 6 eligible studies with a sample population of n=2355. The main efficacy
outcomes showed that both drugs did not present statistically significant differences in ACR20, ACR50, and ACR70
responses within 6 months (RR 1.00; 95% Cl=0.94 to 1.07; RR 1.09; 95% CI=0.94 to 1.26; RR 1.04; 95% Cl=0.82 to 1.31,
respectively), with [ ranging from 55 to 63% and 0.04 <P >0.08. Adverse events were mostly mild or moderate,

and serious adverse events were not statistically significant. Regarding immunogenicity, only 5.4% of the ADA-positive
biosimilar group had positive neutralizing antibodies.

Conclusions Thus, this review found that biosimilar etanercept had efficacy, safety, and immunogenicity similar
to those for the biological reference.

Systematic review registration This systematic review was registered on the PROSPERO platform under number
CRD42020166610.
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Introduction

Rheumatoid arthritis (RA) is a chronic and systemic
inflammatory disease that mainly affects joints, such as
the hands, wrists, elbows, knees, ankles, feet, shoulders,
and cervical spine. With disease progression, patients
develop an inability to perform daily activities [1]. Its
cause is still unknown, but it is known that it is an auto-
immune disease that can present in a mild, moderate, or
severe form [2]. The incidence of RA is higher among
people aged 50 years or older, and it affects twice as many
women as men [3, 4].

The treatment of patients with RA involves a combi-
nation of educational, preventive, and nonpharmaco-
logical interventions, pharmacological treatment, and
surgical procedures [1, 5]. Among the five classes of
drugs available to treat RA (analgesics, nonsteroidal anti-
inflammatory drugs, corticosteroids, disease-modifying
antirheumatic drugs (DMARDs), and targeted therapy
with biological agents), biological agents represent nota-
ble advances in RA treatment, improving the quality of
life of patients. These drugs act by blocking tumor necro-
sis factor (TNF) to inhibit the immune system and, con-
sequently, reduce joint inflammation [3, 5].

Biological drugs are defined by the World Health
Organization (WHO) as drugs extracted from biologi-
cal fluids or tissues of animal origin or drugs obtained
by biotechnological procedures [1, 6]. They are produced
by biosynthesis in living cells by means of a microorgan-
ism, plant cell, or animal cell. However, biological, physi-
cal, and chemical tests are necessary to ensure quality in
manufacturing processes [7].

Both biologics and biosimilars to etanercept are
options when the response to one or more DMARD:s is
unsatisfactory for the treatment of RA [3]. Biosimilar
medicines are biological products that are highly similar
to reference products but are not identical [6]. Biosimi-
larity cannot be interpreted as evidence for interchange-
ability, as with generic drugs. This similarity is confirmed
by randomized clinical trials in the pharmacokinetic,
pharmacodynamic, safety, immunogenicity, and efficacy
stages [8—10].

Because of the high costs associated with the use of
biologics for the treatment of RA, the development and
use of biosimilars have been proposed as a promising
alternative to reduce the economic impact [9, 11]. In this
context, the incorporation of biosimilars for RA is still
a major challenge in health systems, and studies on the
economic aspects as well as efficacy, safety, and immuno-
genicity are needed to guide the decision-making process
[12].

Therefore, the aim of the present study was to compare
the evidence on the efficacy, safety, and immunogenic-
ity of biosimilar etanercept with those for the biologic
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etanercept (ETN) for patients over 18 years of age with
RA.

Method

Study identification

This was a systematic review structured in accordance
with the parameters of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
[13] protocol and registered on the PROSPERO platform
(CRD42020166610). The research question was devel-
oped using the PICOS framework: “What is the safety,
efficacy, and immunogenicity of biosimilars compared
with that for biologic etanercept for patients 18 years of
age (adults and elderly) with rheumatoid arthritis?” (Sup-
plementary material 1). The literature search strategy was
constructed using the following keywords: “Etanercept’,
“Biological Products’, “Arthritis, Rheumatoid’, “Biosimi-
lar Pharmaceuticals” applied in a structured manner and
with the necessary specificities for each electronic data-
base: MEDLINE via PubMed, EMBASE, The Cochrane
Library, Web of Science, EBSCO, and Lilacs. The search
was performed in January 2023.

Eligibility criteria
The inclusion criteria were phase III randomized con-
trolled clinical trials (phase III RCTs) that compared the
biologic drug etanercept with biosimilars in patients aged
18 years or older with mild, moderate, or severe rheuma-
toid arthritis, without restrictions for time or language.
Phase I, II, and III RCTs associated with observational
studies, case series, overviews, letters to the editor, quali-
tative studies, and articles with incomplete texts; stud-
ies that did not address the safety, efficacy, effectiveness,
and immunogenicity of biologic/biosimilar etanercept;
and studies that investigated only other drugs for the
treatment of RA without evidence of the use of biologic/
biosimilar etanercept were excluded. A search in gray
literature was not relevant because only phase III RCTs
were included in the analyses.

Selection of studies and data collection
Mendeley reference manager version 1.18 was used to
organize the articles and remove duplicates, and the
Rayyan QCRI platform was used to select the articles
(https://rayyan.qcri.org) for which the title and abstract
were read by two independent researchers (AMA and
JMG). Disagreements were resolved independently by a
third researcher (DCRP).

Data extraction was performed independently by two
reviewers (AMA and JMG) using an extraction form in
Microsoft Excel 2016, and discrepancies were resolved by
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consensus with a third researcher (JRB). Study registra-
tion was verified on the clinicaltrials.gov platform. When
necessary, the authors of the selected articles were con-
tacted to provide additional information, as were experts
in the field of rheumatology. Manual searches were also
carried out in the references of selected studies. The
data extraction form included the following variables:
authors, year of publication, country, study design, objec-
tive, population, number of participants, control group,
exposed group, dosage, treatment follow-up time, effi-
cacy, adverse events (AEs), immunogenicity, limitations,
and main findings.

Among the outcomes analyzed, ACR20, ACR50,
ACR70 (i.e., 20%, 50%, and 70% reduction in the number
of swollen and painful joints, respectively) and improve-
ment in 3 of the following 5 variables stipulated by the
American College of Rheumatology (ACR) were con-
sidered for efficacy: acute phase inflammatory tests
(C-reactive protein (CRP) or erythrocyte sedimentation
rate (ESR), physician’s global assessment, patient’s global
assessment, Health Assessment Questionnaire (HAQ)
and visual analog pain scale [14]. For safety, serious and
nonserious AEs were considered, differentiated by the
classification used in the primary studies. For immuno-
genicity, the presence or absence of anti-drug antibodies
(ADAs) was considered.

Risk of bias and quality of evidence

The methodological quality of the included studies was
assessed using the Cochrane Collaboration risk of bias
(ROB) tool (version 2.0), and the Robvis tool (risk of bias
visualization) was used to generate signal plots and the
summary plot [15, 16].

Risks of bias were independently assessed by two
reviewers (AMA and JMG), and discrepancies were
resolved by consensus with a third reviewer (ETS). ROB
2.0 consists of five risk of bias domains: randomization
process; deviations from the intended interventions; lack
of outcome data; result measurement; and selection of
the reported outcome. The risk of bias for each domain
was assessed as low, some concern, or high [15, 16].

GRADEpro online software was used to assess the
quality of the evidence (https://gradepro.org/). Grad-
ing of Recommendations Assessment, Development, and
Evaluation (GRADE) allows a critical evaluation of the
quality of evidence for each outcome, considering four
levels that represent the confidence of the estimate of the
effects presented as very low, low, moderate, or high [17].

Statistical analysis
Review Manager® software, version 5.1.4, was used to
prepare the meta-analyses for the outcomes evaluated,
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considering a follow-up period of up to 6 months and
above. The disease activity score (DAS) results are pre-
sented descriptively, considering that it was not possible
to summarize them through a meta-analysis. Sensitivity
analysis was carried out in studies by a subgroup of coun-
tries from the same continent.

Relative risk was calculated for the dichotomous out-
comes, and the differences in the standard deviations and
the means were calculated for the continuous outcomes,
with a 95% confidence interval (CI) provided for both. A
random effects model was used due to the heterogene-
ity of the included studies. Heterogeneity was assessed
using the Cochrane criteria, being statistically significant
if P<0.05 for the chi-square test, and I? <25% indicating
low heterogeneity, 25 <*>50% indicating moderate het-
erogeneity, and *>50% indicating high heterogeneity
[18].

Results

Characterization of the included studies

In the literature search, 1370 publications were retrieved,
from which 8 publications were selected, 6 of which were
multicenter studies, with follow-up times of 1 to 2 years
(Fig. 1).

Biologic ETN was compared with the following biosim-
ilars: HD203 (25 mg), GP2015 (50 mg), LBEC (50 mg) and
SB4 (50 mg). Of the six studies, two used GP2015, two
used LBEC, one used SB4 and one used HD203. All stud-
ies had as a prerequisite that the patients were already
taking a stable dose of methotrexate (MTX) ranging from
7.5 to 25 mg/week, and three studies required folic acid
(5 mg/week) together with MTX. Five studies used 50 mg
of biosimilar/biologic etanercept once a week. The details
of the studies are presented in Table 1.

Risk of bias and quality of evidence
All studies were assessed as having a low risk of bias
(Fig. 2). Regarding the critical aspects, in the alloca-
tion confidentiality domain, only Emery et al. [20-22]
did not clarify the allocation confidentiality procedure.
Regarding the blinding of participants and staff and
the blinding of outcome assessors, Emery et al. [20-
22] and Park et al. [26] presented a high risk of bias
due to the open-label extension without blinding the
study investigators. In the incomplete outcomes and
selective reporting of outcomes domains, Park et al.
[26] did not report the loss of a patient, and Matucci-
Cerinic et al. [25] did not mention the secondary out-
comes listed in the registered protocol.

The quality of the evidence, as determined using
GRADE, was considered high for almost all outcomes.
There was only a one-point reduction in inconsistency
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Fig. 1 Flowchart for the inclusion of studies in the systematic review. Source: Adaptation of the PRISMA flow diagram

due to the high heterogeneity in the ACR20, ACR50,
and ACR70 outcomes (Supplementary material 1).

Efficacy

There were no statistically significant differences
between the drugs in the ACR20, ACR50, and ACR70
responses up to 6 months (RR 1.00; 95% CI=0.94
to 1.07; RR 1.09; 95% CI=0.94 to 1.26; RR 1.04; 95%
CI=0.82 to 1.31, respectively), with I? ranging from
55 to 63% and 0.04<p>0.08 (Fig. 3); there were also
no differences for these outcomes (ACR20, ACR50,
ACR70) after 6 months (RR 1.03; 95% CI=0.99 to

1.07; RR: 1.08; 95% CI=0.99 to 1.18; and RR 1.04; 95%
CI=0.92 to 1.18, respectively), with I* ranging from 0
to 17% and 0.30 <P >0.97 (Fig. 4).

For the evaluation of efficacy based on the DAS28 score
(disease activity score in 28 joints), a decrease in the num-
ber of painful and overly inflamed joints was observed at
baseline and after the intervention, but without statisti-
cally significant differences between the groups. In addi-
tion, all studies showed clinical disease remission, with
predominantly good or moderate EULAR (European
League Against Rheumatism) response in the biosimilar
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group (ranging from 85.5% to 97.6%) and in the biologic
etanercept group (ranging from 89.7 and 97.4%).

HAQ scores were not statistically significant in either
group. The mean difference (MD) between the groups
up to 6 months was (MD 0.01; 95% CI= —0.05 to 0.07;
P =0%; P=0.89) and above 6 months was (MD 0.03; 95%
CI= —0.05 to 0.11; *=0%; p=0.42), without significant
heterogeneity. Only the study by Bae et al. [19] reported
HAQ scores at 48 weeks were not with a significant dif-
ference in means (RR 0.04; 95% CI= —0.08 to 0.22),
compared with those in other studies (Supplementary
material 1).

Safety

The following severe AEs cited in primary studies [19—
26] were considered in the analysis: acute pyelonephritis,
arthralgia, acute cholecystitis and osteomyelitis, pneu-
monia, vertebral compression fracture, and severe infec-
tion (such as sepsis, abscess, opportunistic infections or
invasive fungal infection, including histoplasmosis). For
this review, nonsevere events were those stipulated as
moderate and mild in the primary studies.

The results of the meta-analyses of nonsevere AEs
evaluated up to 6 months were as follows: increase in
alanine aminotransferase (RR 1.20; 95% CI=0.65 to 2.20;
P=0.37), urinary tract infection (RR 0.77; 95% CI=0. 36
to 1.63; P=0.48), injection site reaction (RR 0.34; 95%
CI=0.20 to 0.57; P=0.67) and nasopharyngitis (RR 0.89;
95% CI=0.52 to 1.53; P=0.18); only one study showed
moderate heterogeneity (I*=42%). The nonserious AEs
evaluated above 6 months were cough (RR 1.20; 95%
CI=0.65 to 2.20; P=0.37), upper respiratory tract infec-
tion (RR 1.00; 95% CI=0.70 to 1.44; P=0.44), injection
site reaction (RR: 0.31; 95% CI=0.15 to 0.63; P=0.48),
erythema at the injection site (RR 0.20; 95% CI=0.12 to
0.34; P=0.77), rash at the injection site (RR 0.21; 95%
CI=0.10 to 0.42; P=0.52), and nasopharyngitis (RR 1.10;
95% CI=0.79 to 1.53; P=0.72), with low heterogeneity
(P=0% and P>0.05) among all events analyzed in this
meta-analysis (Supplementary material 1).

The severe AEs analyzed were not statistically sig-
nificant and had low heterogeneity up to 6 months (RR
0.47; 95% CI=0.10 to 2.10; >=8%; P=0.30) and above
6 months (RR: 1.23; 95% CI=0.85 to 1.78; I*=0%;
P=0.45) (Supplementary material 1). Studies [19-22, 24,
25] also reported eight deaths: four related to the biosim-
ilar and four related to biologic ETN. However, one death
was not associated with the use of ETN (family history
and habits) [25].

Immunogenicity
The presence of positive anti-drug antibodies (ADAs)
was evidenced in all studies, totaling 110 patients in the
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ETN group and 74 patients in the biosimilar group. Five
studies [19-22, 25, 26] reported 11 patients (10%) in the
biologic ETN group and two studies [19-22] reported 4
patients (5.4%) in the biosimilar group positive for the
presence of neutralizing antibodies (Supplementary
material 1). However, two studies [23, 24] did not detect
positive neutralizing antibodies in any of the patients.

Sensitivity analysis

Sensitivity analyses were conducted to explore poten-
tial outcomes in the subgroup that analyzed only Asian
countries (South Korea and Japan) [19, 24, 26]. Study
exclusion by country did not produce significantly differ-
ent relative risk (RR) in most cases (ACR. 20, 50, 70 up
to 6 months, ACR 20, 70 above 6 months, HAQ above
6 months, Nasopharyngitis above 6 months, Upper
Tract Respiratory infection above 6 months, Injection
site reaction above 6 months, and serious adverse events
above 6 months (Supplementary material 1), however,
significant statistical differences were evidenced for
rheumatoid arthritis in the grouped RR results for ACR
50 above 6 months. Three studies [19, 24, 26] (RR 1.14;
95% CI=1.03 to 1.27; ?=0%; P=0.01) (Supplementary
material 1).

Discussion

This systematic review with meta-analysis revealed simi-
lar statistical analyses results for efficacy, safety, and
immunogenicity. The evaluation of efficacy using the
ACR, DAS28, and HAQ showed similar changes between
the two groups. Nonserious AEs occurred mostly after
6 months; however, serious AEs were mostly identified
within 6 months. ADAs were reported in a small propor-
tion of patients.

Regarding efficacy, there was no statistically signifi-
cant difference in the DAS28, ACR, and HAQ outcomes
between biosimilar and biological treatments. The sci-
entific literature comparing biosimilars with biological
etanercept in phase III RCTs is still sparse. Neverthe-
less, some evidence with synthetic anti-TNF drugs cor-
roborated the findings herein, for example, Costa et al.
[27], who evaluated infliximab and MTX, and Machado
et al. [28], who evaluated adalimumab, both for the
treatment of RA.

Regarding efficacy, there was no statistically signifi-
cant difference in the DAS28, ACR, and HAQ outcomes
between biosimilar and biological treatments. Clinical
trials demonstrated that the response to treatment with
the biosimilar, measured by the ACR20/50/70 crite-
ria, is not inferior to that observed with the ETN bio-
logic. Furthermore, the reduction in DAS28 was similar
between the two groups, corroborating the efficacy of
the biosimilar in reducing disease activity. The scientific
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literature comparing biosimilars with biological etaner-
cept in phase III RCTs is still sparse, especially with
larger sample sizes and studies monitoring long-term
post-marketing efficacy. Nevertheless, some evidence
with synthetic anti-TNF drugs corroborated the find-
ings herein, for example, Costa et al. [27], who evalu-
ated infliximab and MTX, and Machado et al. [28], who
evaluated adalimumab, both for the treatment of RA.

The heterogeneity was high for ACR20, ACR50, and
ACR70 outcomes within 6 months but was low above
6 months. This can be explained by the greater loss
to follow-up with the prolongation of phase III RCTs.
However, caution is required in the interpretation of
long-term outcomes because studies with a follow-
up above 6 months are scarcer. Previous evidence has
suggested high heterogeneity with synthetic anti-TNF
above 6 months [29-32]. These divergences may be
associated with the relative statistical variability and
methodological differences between studies and their
outcomes, which may occur due to intrastudy or inter-
study variance [33].

In the sensitivity analysis, ACR 50 over 6 months
showed a 14% increase in risk for biosimilar etanercept
in relation to biological etanercept in Asian countries,
despite being a small percentage in the study by Bae et al.
[19] This direction was ratified, as it was found that there

was a greater chance of type I error when analyzing the
ACR50 response rates, thus reaching a result that could
actually have happened by chance.

Regarding safety, Tweehuysen et al. [34] and Glintborg
et al. [35] reported that the use of the biosimilar did not
have a negative impact on RA disease activity, a find-
ing that is similar to the results of this study, in which
most AEs were mild or moderate in severity [36]. How-
ever, in this review, urinary tract infection (UTI) and an
increase in alanine aminotransferase (ALT) are notable
AEs because they were not present in analyses above
6 months. These differences were also identified for
another anti-TNF biological drug certolizumab; however,
more studies are needed to evaluate other clinical comor-
bidities not associated with the drug [37].

Some AEs were only present in the analyses above
6 months, for example, cough, upper respiratory tract
infection (URTI), erythema at the injection site, and rash
at the injection site. In this regard, Hans-Peter et al. [38]
reported that infections that cause AEs are very com-
mon after the use of biologic ETN. I Greenblatt et al. [39]
reported that AEs associated with intramuscular injec-
tions affect blood vessels, nerves, and muscles. However,
these AEs can be minimized through the knowledge and
skills of patients; thus, it is necessary for guidelines and
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Fig. 3 Meta-analyses of ACR20, ACR50, and ACR70 up to 6 months. Source: Prepared by the author

training to be provided to patients who self-administer
etanercept injections.

The low incidences of ADAs and positive neutralizing
antibody reactions after the administration of biosimilars
are consistent with immunogenicity results for patients
with RA in other studies [34, 36, 40—43]. In fact, there
are product-specific factors that affect immunogenic-
ity, such as the original nature of the product (synthetic
or human), impurities, product aggregates, formulation,
glycosylation, and container closure system [44—50].

The study by Tweehuysen et al. [34] found that the bio-
similar etanercept SB4 was less immunogenic than the
reference biologic. However, it is necessary to investigate

in future studies the factors that contribute to the lower
immunogenicity profile of SB4.

MTX was an important synthetic DMARD used in
select clinical studies because when associated with bio-
similar or biologic drugs, etanercept in first-line therapy
achieved satisfactory clinical responses for safety and
efficacy. Vollenhoven et al. [51] reported that MTX mon-
otherapy generated only 20 to 40% clinical improvement
in patients with moderate to severe RA. In this sense,
combinations of biosimilar drugs and DMARDs may be
valid strategies in patients with RA who show an unsatis-
factory response to the strict use of synthetic or biologi-
cal DMARD:s [7].
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Fig. 4 Meta-analyses of ACR20, ACR50, and ACR70 above 6 months. Source: Prepared by the authors

The growing evidence of the lack of statistical signifi-
cance for many of the efficacy and safety outcomes of
etanercept biosimilars compared to the biologic ETN
raises an alert regarding statistical analysis. In half of the
individual studies, sample size calculation methods were
not reported [19, 25, 26]; among those that did report,
two were based on predefined criteria for power and
effect size [23, 25], and one study determined sample size
using historical data for equivalence testing [20]. Con-
versely, more than half (83.33%) of the studies described
statistical power (2 studies at 80% [19, 20] and 3 studies
at 90% [23-25]) as well as the adequacy of this power to

detect the expected effect sizes. It is essential to note that
when studies have low statistical power, they are more
likely to produce imprecise estimates or false-negative
results, failing to detect an effect when it truly exists. This
occurs because statistical power is influenced by several
factors, including sample size, event rate in dichotomous
outcomes, and data variability in continuous outcomes.

It is noteworthy that, in this study, the introduction of
biosimilars can contribute to a substantial reduction in
the costs of biological treatments, without compromis-
ing the quality of care offered to patients with RA [52].
This also contributes to the continued monitoring of the
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long-term efficacy and safety of biosimilars through post-
marketing studies and patient registries, as well as to the
acceptance and confidence of health professionals and
patients in biosimilars in their successful integration into
therapeutic regimens, having significant implications for
clinical practice and the incorporation of health policy [7].

Limitations

Some limitations were identified in this systematic review
with meta-analysis: (1) the low number of primary mul-
ticenter phase III RCTs comparing biosimilars with bio-
logic etanercept; (2) inconsistency of evidence due to high
heterogeneity in some outcomes; (3) variability in the fol-
low-up time of outcomes above 6 months; (4) absence of
blinding in the switching studies; and (5) the lack of sub-
group analyses in different ethnic populations worldwide.

Implications for research and clinical practice

The introduction of biosimilars may allow the pharma-
ceutical market to further reduce healthcare costs due
to greater discounts [52]. Furthermore, health educa-
tion and communication strategies positively influence
patients’ expectations about the transition to a biosimilar,
resulting in better acceptance rates due to the attribution
of drug effects [34].

In light of the uncertainty regarding the real-world
similarity of biosimilars, the results of this review are
consistent with previous findings: the use of biosimilars
or biologics does not have a significant impact on effi-
cacy, safety, or immunogenicity [40]. More RCTs should
be performed to identify different clinical indications for
the treatment of RA, with a larger sample to confirm the
real long-term efficacy, safety, and immunogenicity.

Conclusions

This is the first systematic review with meta-analysis that
evaluated the efficacy, safety, and immunogenicity of bio-
similars with those for biologic etanercept; it is an inno-
vative study because it measures associations in phase III
RCTs that have high scientific evidence.

No unexpected or new events were observed during
the study. The long-term administration of biosimilars
was associated with continued efficacy and was well
tolerated in patients with RA. Furthermore, treat-
ment with a biosimilar not only improves the clinical
outcomes but also the functional outcomes of patients
with RA. This study found evidence that biosimilars
have safety, efficacy, and immunogenicity similar to
those for the reference biologic. Surveillance and post-
sale registration studies are necessary to monitor the
efficacy and safety of biosimilars consumed in the long
term and in different regions and ethnic populations
under treatment.
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