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ABSTRACT

Although treatment with biologic disease-
modifying antirheumatic drugs (bDMARDs) has
significantly improved clinical outcomes in
patients with rheumatoid arthritis (RA), many
patients do not have access to these treatments.
As cost-effective alternatives to their reference
products (RPs), biosimilars provide an opportu-
nity to increase access to bDMARDs. The Euro-
pean Medicines Agency and the US Food and
Drug Administration have detailed pathways for
the approval of biosimilars based on establish-
ing the similarity of the biosimilar to the RP in
terms of structure and function, pharmacoki-
netics (PK), efficacy, safety, and immunogenic-
ity. A number of biosimilars of adalimumab,
infliximab, etanercept, and rituximab RPs have
been approved in the United States and/or
European Union. This article is focused on the
seven adalimumab biosimilars. A review of the
data for the biosimilars FKB327, ABP 501, BI
695501, GP2017, MSB11022, PF-06410293, and
SB5 confirm that these products are highly

similar to the adalimumab RP with regard to
structure, physicochemical and biological
properties, PK, safety, immunogenicity, and
efficacy in the treatment of RA and other
chronic immune-mediated, inflammatory con-
ditions. Data from several switching studies
showed no changes in efficacy, safety, trough
serum drug concentration, or immunogenicity
between the biosimilars and their RP.

Trial registration: ClinicalTrials.gov identi-
fiers: NCT02260791, NCT02405780, NCT0197
0475, NCT02137226, NCT02045979, NCT027
44755, NCT02144714, NCT02167139, NCT03
014947, NCT02114931, NCT02640612, NCT02
167139,NCT03052322,NCT02480153. EudraCT
numbers: 2012-005140-23, 2012-000785-37,
2013-003722-84, 2015-000579-28, 2014-0028
79-29, 2014-000662-21, 2013-004654-13, 2015-
002634-41, 2014-005229-11, 2016-002852-26,
2014-000352-29

PLAIN LANGUAGE SUMMARY

Biologic disease-modifying antirheumatic drugs
(bDMARDs) improve outcomes for patients
with rheumatoid arthritis (RA); however, many
patients do not have access to these treatments.
Biosimilars offer a cost-effective alternative to
their reference product (RP) and provide the
opportunity to increase access to bDMARDs.
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This article reviews available data regarding the
pharmacokinetics (PK), safety, immunogenic-
ity, and effectiveness of the adalimumab RP and
its biosimilars (FKB327, ABP 501, BI 695501,
GP2017, MSB11022, PF-06410293, and SB5) in
the treatment of RA. Based on the published
literature, we concluded that these products are
similar to the adalimumab RP in terms of their
structure, physicochemical and biological
properties, and PK. We also found that these
biosimilars have similar safety and effectiveness
to the adalimumab RP in the treatment of
patients with RA. In addition, switching
between a biosimilar and the adalimumab RP
resulted in no impact on safety, effectiveness,
serum concentrations, or immunogenicity.

Keywords: Adalimumab; Biosimilars; Rheuma-
toid arthritis

Key Summary Points

Biosimilars offer a cost-effective
alternative to their reference product (RP)
and provide an opportunity to increase
access to bDMARDs for patients with
rheumatoid arthritis (RA).

The objective of this review was to
summarize the available data regarding
the pharmacokinetics (PK), safety,
immunogenicity, and efficacy of
adalimumab RP biosimilars (FKB327, ABP
501, BI 695501, GP2017, MSB 11022, PF-
06410293, and SB5) in the treatment of
RA.

Based on the findings from this review, we
conclude that FKB327, ABP 501, BI
695501, GP2017, MSB11022, PF-
06410293, and SB5 are similar to
adalimumab RP with respect to their
structure and physicochemical and
biological properties.

These products have also demonstrated
similar safety and efficacy to adalimumab
RP in the treatment of patients with RA.

Single switching studies conducted with
BI 695501, ABP 501, and SB5, and a
double switching study conducted with
FKB327 found that switching between
these biosimilars and adalimumab RP did
not significantly impact safety, efficacy,
trough serum concentrations, or
immunogenicity.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and plain language
summary, to facilitate understanding of the
article. To view digital features for this article go
to https://doi.org/10.6084/m9.figshare.1322111
0.

INTRODUCTION

Since its introduction in the late 1990s, the use
of biologic-based therapy in the treatment of
rheumatoid arthritis (RA) has improved out-
comes for patients [1]. Biologic disease-modify-
ing antirheumatic drugs (bDMARDs) have been
shown to improve symptoms, reduce joint
inflammation, limit erosive damage, decrease
disability, and improve quality of life [1, 2].
Despite improved outcomes associated with
biologics, many patients do not have access to
these treatments [2]. The high costs of novel
therapies have curbed widespread use, resulting
in inequity with regard to access to biologics [3].

Biosimilars are cost-effective alternatives to
their reference product (RP), and offer an
opportunity to increase access to biologics [2]. A
biosimilar is defined as a biotherapeutic product
that is similar to an already-licensed biothera-
peutic RP in terms of quality, safety, and effi-
cacy [4]. Biosimilars have been shown to
introduce price competition and subsequently
reduce the cost of treatment [5]. Reductions in
expenditures on biologics and cost-savings to
improve access to important medicines are
essential to allowing all patients to receive
optimal treatment for their disease [2].
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The European Medicines Agency (EMA) and
the US Food and Drug Administration (FDA)
have both provided guidance regarding the reg-
ulatory requirements for biosimilar approval.
The FDA employs a totality-of-evidence
approach to review applications for biosimilar
products and recommends a stepwise method-
ology for demonstrating biosimilarity based on
comparisons of the proposed biosimilar and the
RP in terms of structure, function, animal toxic-
ity, human pharmacokinetics (PK) and pharma-
codynamics (PD), clinical immunogenicity, and
clinical safety and effectiveness [6]. Similar to the
FDA, the EMA requires similarity of the proposed
product to the authorized product to be estab-
lished in terms of quality characteristics, biolog-
ical activity, safety, and efficacy based on a
comprehensive comparability exercise, which
includes physicochemical and biological char-
acterization [7]. In addition, the active substance
of a biosimilar must be similar to the RP in both
molecular and biological terms. The goal of the
comparability exercise is to exclude any relevant
differences between the biosimilar and the RP,
which requires that studies be adequately sensi-
tive regarding design, conduct, endpoints, and/
or population to detect such differences. Fur-
thermore, the comparable safety and efficacy of a
biosimilar to the RP must be demonstrated or
otherwise justified. A confirmatory clinical trial
maynot benecessary if similar efficacy and safety
can clearly be deduced from the similarity of
physicochemical characteristics, biological
activity/potency, and PK and/or PD profiles of
the biosimilar and the RP.

If biosimilarity has been established for a
given indication, extrapolation to other indica-
tions of the RP can be approved with appropriate
scientific justification. Scientific justification for
extrapolation should include: (1) the mecha-
nism(s) of action in each condition of use for
which licensure is sought; (2) the PK, biodistri-
bution, and immunogenicity of the product in
different patient populations; (3) differences in
expected toxicities in each patient population;
and (4) anyother fact thatmay affect the safety or
efficacy of the product in each patient popula-
tion. It is also important to note that even if
evidence is sufficient to support the extrapola-
tion of indications, biosimilars may have fewer

indications than the RP [8]. For example, an RP
mayhave unexpired exclusivity for an indication
that prevents other manufacturers from receiv-
ing approval for that indication.

Moreover, it is important to realize that with
the introduction of biosimilars, multiple man-
ufacturers with different quality systems will
produce similar biologics [9]. Over time, it is
possible that clinically meaningful differences
among these products could emerge as a result
of different patterns of product drift and evo-
lution, a process that has been defined as
divergence [9]. By establishing robust pharma-
covigilance systems, manufacturers and policy-
makers can minimize the potential impact of
divergence.

Consistent with this concept, the FDA and
EMA have established positions regarding the
importance of pharmacovigilance. As with all
biological products, the FDA considers robust
postmarketing safety monitoring an important
component in ensuring the safety and effec-
tiveness of biosimilars [6].

Currently, biosimilars are approved for four
originator biologic agents that are used to treat
RA, including adalimumab (Humira�; AbbVie
Inc.), etanercept (Enbrel�; Amgen), infliximab
(Remicade�; Janssen), and rituximab (US:
Rituxan�; Genentech/Biogen, EU: MabThera�;
Roche). Adalimumab, etanercept, and inflix-
imab are tumor necrosis factor (TNF) inhibitors,
and rituximab is a CD20-directed cytolytic
antibody. The EU and US indications for these
biologic agents are shown in Table 1. Twelve
biosimilars are currently approved for these RPs.
Table 2 shows the approved biosimilars, their
indications, and their approval dates.

The focus of this review is on the available
biosimilars for adalimumab and on the evi-
dence that demonstrates their biosimilarity to
the RP. This article is based on previously con-
ducted studies and does not contain any studies
with human participants or animals performed
by any of the authors. The aim of this article is
to summarize the available data regarding the
PK, safety, immunogenicity, and efficacy of
FKB327, ABP 501, BI 695501, GP2017,
MSB11022, PF-06410293, and SB5 in the treat-
ment of RA, as well as evidence of their
biosimilarity to the adalimumab RP.
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METHODS

Searches of the PubMed and Cochrane data-
bases were conducted on July 24, 2020, with no
date restrictions, to identify publications
reporting data on adalimumab biosimilars. The
primary outcomes studied included PK, safety,
immunogenicity, and efficacy. In brief, the
search strategy included the terms ‘‘FKB327,’’
‘‘ABP 501,’’ ‘‘BI 695501,’’ ‘‘GP2017,’’ ‘‘MSB11022,’’
‘‘PF-06410293,’’ and ‘‘SB5.’’ Clinical studies of
any phase were included. Studies were excluded
if they were not published in English, if they
were review articles or conference abstracts, or if
they did not discuss data related to the PK or
safety and efficacy of adalimumab biosimilars
for the treatment of RA. Studies comparing
bioavailability between injection devices were
also excluded.

Preliminary screening of all publications
identified in this literature search was con-
ducted by a single reviewer to assess titles and
abstracts based on the eligibility criteria. Con-
sensus to include screened studies was reached
by a second reviewer. Any discrepancies
between the findings of the two reviewers were
resolved by a third reviewer. Following inclu-
sion confirmation, a reviewer extracted relevant
data from the studies and a second reviewer
provided validation of all extracted data.

RESULTS

FKB327

Based on the results from characterization
studies employing physicochemical and bio-
logical methods, FKB327 was found to have the

Table 1 Original biologic agents approved for the treatment of rheumatoid arthritis in the European Union and United
States Sources: Humira� (INN-adalimumab) [summary of product characteristics]. Ludwigshafen, Germany: AbbVie
Biotechnology GmbH; 2018. Humira� (adalimumab) [prescribing information]. North Chicago, IL: AbbVie, Inc.; 2019.
Enbrel� (INN-etanercept) [summary of product characteristics]. Puurs, Belgium: Pfizer Manufacturing Belgium NV; 2019.
Enbrel� (etanercept) [prescribing information]. Thousand Oaks, CA: Amgen; 2017. Remicade� (INN-infliximab) [sum-
mary of product characteristics]. Leiden, The Netherlands: Janssen Biologics B.V.; 2019. Remicade� (infliximab) [pre-
scribing information]. Horsham, PA: Janssen Biotech; 2017. MabThera� (INN-rituximab) [summary of product
characteristics]. Grenzach-Wyhlen, Germany: Roche Pharma AG; 2019. Rituxan� (rituximab) [prescribing information].
South San Francisco, CA: Biogen and Genentech, Inc.; 2019

Brand name EU indications US indications

Humira�

(adalimumab)

RA, JIA, axial spondyloarthritis, PsO, pediatric plaque PsO,

PsA, UC, adult and pediatric CD, HS, adult and

pediatric UV

RA, JIA, PsA, AS, adult and pediatric CD,

UC, plaque PsO, HS

Enbrel�

(etanercept)

RA, JIA, PsA, AS, adult and pediatric PsO RA, polyarticular JIA, PsA, AS, PsO

Remicade�

(infliximab)

RA, adult and pediatric CD, adult and pediatric UC, AS,

PsA, PsO

RA, adult and pediatric CD, adult and

pediatric UC, AS, PsA, PsO

MabThera�

(EU;

rituximab)

Rituxan� (US;

rituximab)

RA, NHL, CLL, granulomatosis with polyangiitis,

microscopic polyangiitis

RA, NHL, CLL, granulomatosis with

polyangiitis, moderate-to-severe

pemphigus vulgaris

AS ankylosing spondylitis, CD Crohn’s disease, CLL chronic lymphocytic leukemia, HS hidradenitis suppurative, JIA
juvenile idiopathic arthritis, NHL non-Hodgkin lymphoma, PsA psoriatic arthritis, PsO psoriasis, RA rheumatoid arthritis,
UC ulcerative colitis, UV uveitis
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Table 2 Adalimumab, etanercept, infliximab, and rituximab biosimilars Sources: Al Ani NA, et al. Open Access Rheumatol.
2018;11:1–9. AmgevitaTM (INN-adalimumab) [summary of product characteristics]. Breda, The Netherlands: Amgen
Europe B.V.; 2017. Solymbic (INN-adalimumab) [summary of product characteristics]. Breda, The Netherlands: Amgen
Europe B.V.; 2018. AmjevitaTM (adalimumab-atto) [prescribing information]. Thousand Oaks, CA: Amgen Inc.; 2016.
Cyltezo� (INN-adalimumab) [summary of product characteristics]. Biberach an der Riss, Germany: Boehringer Ingelheim
International GmbH; 2018. CyltezoTM (adalimumab-adbm) [prescribing information]. Ridgefield, CT: Boehringer Ingel-
heim Pharmaceuticals, Inc.; 2017. HulioTM (INN-adalimumab) [summary of product characteristics]. Saint-Priest, France:
Mylan S.A.S.; 2019. Hulio� (adalimumab-fkjp) [prescribing information]. Morgantown, WV: Mylan Pharmaceuticals Inc.;
2020. HyrimozTM (adalimumab-adaz) [prescribing information]. Princeton, NJ: Sandoz Inc.; 2018. Idacio (adalimumab)
[summary of product characteristics]. Bad Homburg, Germany: Fresenius Kabi; 2019. Amsparity (adalimumab) [summary of
product characteristics]. Brussels, Belgium: Pfizer Europe MA EEIG; 2020. AbriladaTM (adalimumab-afzb) [prescribing
information]. New York, NY: Pfizer Inc.; 2019. ImraldiTM (INN-adalimumab) [summary of product characteristics].
Hillerød, Denmark: Biogen (Denmark) Manufacturing ApS; 2019. Hadlima (adalimumab-bwwd) [prescribing information].
Whitehouse Station, NJ: Merck & Co., Inc.; 2019. Benepali� (INN-etanercept) [summary of product characteristics].
Hillerød, Denmark: Biogen (Denmark) Manufacturing ApS; 2019. EticovoTM (etanercept-ykro) [prescribing information].
Incheon, Korea: Samsung Bioepis Co. Ltd.; 2019. Erelzi (INN-etanercept) [summary of product characteristics]. Lang-
kampfen, Austria: Sandoz GmbH Schaftenau; 2018. ErelziTM (etanercept-szzs) [prescribing information]. Princeton, NJ:
Sandoz Inc.; 2016. Nepexto [summary of product characteristics]. Dublin, Ireland: Mylan IRE Healthcare Limited; 2020.
Flixabi� (INN-infliximab) [summary of product characteristics]. Hillerød, Denmark: Biogen (Denmark) Manufacturing
ApS; 2019. Renflexis� (infliximab-abda) [prescribing information]. Whitehouse Station, NJ: Merck Sharp & Dohme Corp.;
2018. Inflectra (INN-infliximab) [summary of product characteristics]. Brussels, Belgium: Pfizer Europe MA EEIG; 2019.
Inflectra� (infliximab-dyyb) [prescribing information]. New York, NY: Pfizer Inc.; 2019. RemsimaTM (INN-infliximab)
[summary of product characteristics]. Budapest, Hungary: Celltrion Healthcare Hungary Kft.; 2019. Zessly� (INN-inflix-
imab) [summary of product characteristics]. Langkampfen, Austria: Sandoz GmbH; 2019. Ifixi� (infliximab-qbtx) [summary
of product characteristics]. New York, NY: Pfizer Inc.; 2017. Rixathon� (INN-rituximab) [summary of product charac-
teristics]. Langkampfen, Austria: Sandoz GmbH Schaftenau; 2017. Riximyo (INN-rituximab) [summary of product char-
acteristics]. Langkampfen, Austria: Sandoz GmbH Schaftenau; 2019. Truxima� (INN-rituximab) [summary of product
characteristics]. Budapest, Hungary: Celltrion Healthcare Hungary Kft.; 2019. Truxima� (rituximab-abbs) [prescribing
information]. North Wales, PA: Teva Pharmaceuticals USA, Inc.; 2018

Biosimilar Reference
product

EU indications US indications

ABP501 Adalimumab March 2017 September 2016

AmgevitaTM

(EU)

Solymbic

(EU)

AmjevitaTM

(US)

RA; JIA; axial spondyloarthritis; PsA; PsO; pediatric

plaque PsO; HS; adult and pediatric CD; UC;

adult and pediatric UV

RA; JIA; PsA; AS; adult CD, UC,

and PsO

BI 695501

Cyltezo

Adalimumab November 2017a

RA; JIA; PsA; AS; adult CD, UC, and plaque PsO

August 2017

RA; JIA; PsA; AS; adult CD, UC,

and PsO

FKB327

HulioTM
Adalimumab September 2018

RA; JIA; axial spondyloarthritis; PsA; PsO; pediatric

plaque PsO; HS; adult and pediatric CD; UC; adult

and pediatric UV

July 2020

RA; JIA; PsA; AS; adult CD; UC;

and PsO
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Table 2 continued

Biosimilar Reference
product

EU indications US indications

GP2017

Hyrimoz

Adalimumab July 2018

RA; JIA; axial spondyloarthritis; PsA; PsO; pediatric

PsO; HS; adult and pediatric UV

October 2018

RA; JIA; PsA; AS; adult CD; UC;

PsO

MBS11022

Idacio

Adalimumab April 2019

RA; JIA; axial spondyloarthritis; AS; PsA; adult and

pediatric PsO; adult and adolescent HS; adult and

pediatric CD; UC; adult and pediatric

noninfectious UV

N/A

PF-06410293

Amsparity

AbriladaTM

Adalimumab February 2020

PsO; PsA; RA; JIA; axial spondyloarthritis; CD; UC;

HS; UV

November 2019

RA; JIA; PsA; AS; adult CD; UC;

PsO

SB5

ImraldiTM

Hadlima

Adalimumab August 2017

RA; JIA; axial spondyloarthritis; PsA; PsO; pediatric

plaque PsO; HS; adult and pediatric CD; UC; adult

and pediatric UV

July 2019

RA; JIA; PsA; AS; adult CD; UC;

PsO

Benepali�

EticovoTM
Etanercept January 2016

RA; JIA; PsA; AS; adult and pediatric PsO

April 2019

RA; polyarticular JIA; PsA; PsO;

AS

Erelzi Etanercept June 2017

RA; JIA; PsA; AS; adult and pediatric PsO

August 2016

RA; polyarticular JIA; PsA; AS;

PsO

Nepexto Etanercept June 2020

RA; JIA; PsO; PsA; axial spondyloarthritis

N/A

SB2

Flixabi�

(EU)

Renflexis�

(US)

Infliximab May 2016

RA; adult and pediatric CD; adult and pediatric UC,

AS, and PsA; PsO

May 2017

RA; adult and pediatric CD; adult

UC; AS; PsA; PsO

CT-P13

Inflectra (EU,

US)

Remsima

(EU)

Infliximab September 2013

RA; adult and pediatric CD; adult and pediatric UC,

AS, and PsA; PsO

April 2016

RA; adult and pediatric CD; adult

UC, AS, PsA, and PsO
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expected structure of a human immunoglobulin
(Ig)G1-type antibody and was determined to be
highly similar to the adalimumab RP in
physicochemical and biological properties [9].

The PK, safety, tolerability, and immuno-
genicity of FKB327 were compared with those of
EU-approved Humira (EU-Humira) and US-ap-
proved Humira (US-Humira) in a randomized,
double-blind, parallel group study among 180
healthy subjects who received a single subcu-
taneous (SC) injection of 40 mg EU-Humira, US-
Humira, or FKB327 [10]. PK similarity was con-
cluded among all three treatments, as the 90%
confidence interval (CI) for the ratio of the
geometric means for the primary PK parameters
of area under the serum concentration–time
curve to the last detectable value (AUC0–t), area
under the serum concentration–time curve
extrapolated to infinity (AUC0–?), and peak
serum concentration (Cmax) from the analysis of
covariance were all within the predefined limits
of 0.80–1.25. FKB327 was well tolerated by
healthy subjects in this study, and adverse
events (AEs) were similar across all treatments.

A total of 110 subjects (61.1%) experienced C 1
AEs (FKB327, 35 [58%]; EU-Humira, 39 [65%];
US-Humira, 36 [60%]). Most of the AEs were
mild or moderate in severity. Two patients, one
each in the FKB327 and US-Humira treatment
groups, experienced a serious AE (SAE). No
important differences were found among treat-
ments regarding the nature of the AEs. Regard-
ing immunogenicity, the proportion of subjects
with positive antidrug antibody (ADA) activity
at the last sampling point was similar among
treatments: 69.5% for FKB327, 73.3% for EU-
Humira, and 70.0% for US-Humira. The devel-
opment of ADAs specific to FKB327, EU-Hu-
mira, and US-Humira was also similar among
treatments, along with the proportion of sub-
jects at each level of ADA titer, and cross reac-
tivity was high among the three DA assays.

The efficacy and safety of FKB327 in the
treatment of RA was compared with the adali-
mumab RP in a 24-week, double-blind phase 3
study among 730 patients whose disease was
inadequately controlled with methotrexate
(MTX) [11]. The primary and key secondary

Table 2 continued

Biosimilar Reference
product

EU indications US indications

PF-06438179

Zessly� (EU)

Ixifi� (US)

Infliximab May 2018

RA; adult and pediatric CD; adult and pediatric UC,

AS, and PsA; PsO

December 2017

RA; adult and pediatric CD; adult

UC, AS, PsA, and PsO

Rixathon�

Riximyo�
Rituximab June 2017

RA; NHL; CLL; granulomatosis with polyangiitis

and microscopic polyangiitis

N/A

Truxima� Rituximab February 2017

RA; NHL; CLL; granulomatosis with polyangiitis

and microscopic polyangiitis

November 2018

NHL; CLL; RA; granulomatosis

with polyangiitis and microscopic

polyangiitis

AS ankylosing spondylitis, CD Crohn’s disease, CLL chronic lymphocytic leukemia, HS hidradenitis suppurative, JIA
juvenile idiopathic arthritis, NHL non-Hodgkin lymphoma, PsA psoriatic arthritis, PsO psoriasis, RA rheumatoid arthritis,
UC ulcerative colitis, UV uveitis
a Marketing authorization withdrawn in the EU in January 2019, at the request of the marketing authorization holder
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endpoints were American College of Rheuma-
tology (ACR)20 (a composite measure defined as
20% improvement in both the number of ten-
der and swollen joints and in three of the fol-
lowing five criteria: patient global assessment,
physician global assessment, functional ability
measure, visual analog pain scale, and C-reac-
tive protein [CRP]) and Disease Activity Score
(DAS)28-CRP response rates at week 24, respec-
tively. Other secondary endpoints included
safety, ADAs, and PK. The ACR20 response rates
were comparable: 74.1% in the FKB327 group
and 75.7% in the adalimumab RP group, a dif-
ference of 1.6 (95% CI – 7.9 to 4.7), which was
within the ± 13% equivalence margins set by
the EMA. The least square means (LSMs) for
DAS28-CRP were also comparable: 3.43 in the
FKB327 group and 3.42 in the adalimumab RP
group, a difference of 0.01 (95% CI – 0.16 to
0.18), which was within the ± 0.6 equivalence
margins set by the EMA [11]. The immuno-
genicity observed in this study was consistent
with previous findings. The proportion of
patients positive for neutralizing antibodies
(NAbs) at week 24 was similar: 57.7% and 55.5%
in the FKB327 and adalimumab RP groups,
respectively [11]. Nearly all ADAs developed
during this study were shown to be neutraliz-
ing, as assessed by sensitive competitive ligand
binding. Regarding PK parameters, the mean
serum trough concentration–time profiles for
adalimumab were broadly comparable, as were
the serum trough concentrations at week 24:
1.10 [0.95–1.27]) [11].

Patients who completed the double-blind
study with clinical response and no SAEs (pe-
riod 1) were rerandomized to FKB327 or the
adalimumab RP in an open-label extension
(OLE) so that two-thirds of patients continued
receiving the same treatment as in the double-
blind study and one-third switched to the
alternate treatment for 30 weeks (period 2) [12].
After 30 weeks, all patients received FKB327
until week 76 and were followed for an
additional 4 weeks until week 80 (period 3)
Fig. 1. The primary endpoint in this study was
safety; secondary endpoints were efficacy,
ADAs, and PK. A total of 645 patients were
enrolled in period 2 (FKB327–FKB327, n = 216;

adalimumab RP–adalimumab RP, n = 213;
FKB327–adalimumab RP, n = 108; adalimumab
RP–FKB327, n = 108). Results suggest the long-
term safety, efficacy, PK, and immunogenicity
of FKB327 and the adalimumab RP are compa-
rable with continuous and switched treatment.
Over the 30 weeks (period 2), ACR20 response
rates were sustained and comparable for all
treatment groups. ACR20 response rates for
continuous-use patients ranged from 71.3 to
75.5% and 77.5 to 82.6% for the FKB327–
FKB327 and adalimumab RP–adalimumab RP
groups, respectively [12]. ACR20 response rates
for switched patients ranged from 67.6 to 82.4%
and 73.1 to 75.9% for the FKB327–adalimumab
RP and the adalimumab RP–FKB327 groups,
respectively [12]. No consistent differences in
PK and ADA profiles were observed between
continuous and switched treatments.

In the integrated safety analysis (periods 1
and 2), no correlation was found between ADA
response and hypersensitivity reactions [11].
The incidence of AEs from the integrated anal-
ysis is shown in Table 3. No differences were
found in the safety profiles between FKB327 and
the adalimumab RP [11].

Through the end of the study (period 3),
59.4% of patients experienced C 1 treatment-
emergent AEs (TEAEs) [12]. The percentage of
patients experiencing C 1 TEAEs was similar for
all four groups, with a slightly lower percentage
reported for the adalimumab RP–FKB327–
FKB327 group (FKB327–adalimumab RP–FKB327,
61.0%; FKB327–FKB327–FKB327, 60.3%; adali-
mumab RP–adalimumab RP–FKB327, 60.0%;
adalimumab RP–FKB327–FKB327, 54.8%). The
ACR20 response rate ranges were also similar for
all four groups (FKB327–adalimumab RP–
FKB327, 74.5–78.6%; FKB327–FKB327–FKB327,
75.7–84.3%; adalimumab RP–adalimumab
RP–FKB327,83.6–86.8%;adalimumabRP–FKB327–
FKB327, 83.7–88.0%) [12]. At week 80, the per-
centage of patients testing positive for ADAs
ranged from 42.4% in the adalimumab RP-
adalimumab RP-FKB327 sequence to 55.2% in
the FKB327-adalimumab RP-FKB327 sequence.
In addition, NAbs did not increase in any
sequence during the study, ranging from 41.8 to
55.2% [12].
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ABP 501

A comprehensive similarity assessment was
conducted to compare ABP 501 with EU-Hu-
mira and US-Humira [13, 14]. Results from this
assessment demonstrated functional similarity
among these products with regard to biological
properties, including binding to soluble and
transmembrane TNF-a; neutralization of TNF-
a–induced caspase activation, TNF-a— and
lymphotoxin-a—induced chemokine produc-
tion, and cytotoxicity; Fc-receptor binding; and
effector function activation [13]. ABP 501 was
found to be similar to the adalimumab RP in
terms of physicochemical and biological prop-
erties [14].

The PK, safety, tolerability, and immuno-
genicity of ABP 501 was assessed in a random-
ized, single-blind study in 203 healthy subjects
who received a single, SC injection of ABP 501,
EU-Humira, or US-Humira [15]. The geometric
means for all PK parameters (AUC0-? and Cmax),
as well as the peak and overall exposures, were
similar across all treatment groups. The PK
equivalence among ABP 501 and EU-Humira
and US-Humira was confirmed, as the 90% CIs
for geometric mean ratios of AUC0-? and Cmax

were fully contained within the standard
equivalence criteria of 0.80–1.25 for all group
comparisons. No deaths, SAEs, or AEs leading to
study discontinuation were reported in the
study. The percentage of subjects reporting any

AEs in the ABP 501, EU-Humira, and US-Humira
groups were 58.2, 68.7, and 47.8%, respectively.
The most frequent AEs reported during the
study were headache (ABP 501, 19; EU-Humira,
13; US-Humira, 16), oropharyngeal pain (ABP
501, 19; EU-Humira, 13; US-Humira, 16), sinus
congestion (ABP 501, 6; EU-Humira, 0; US-Hu-
mira, 6), nasopharyngitis (ABP 501, 4; EU-Hu-
mira, 7; US-Humira, 0), and nausea (ABP 501, 5;
EU-Humira, 4; US-Humira, 2). The incidence of
ADAs at the end of the study was similar for all
three treatment groups (ABP 501, 43.3%; EU-
Humira, 50.7%; US-Humira, 50.0%). The inci-
dence of NAbs, as measured by a cell-based assay
using a TNF-a—responding cell line, was also
similar among treatment groups and was
detected in 17.9, 19.4, and 21.7% of the subjects
of the ABP 501, EU-Humira, and US-Humira
groups, respectively.

The efficacy and safety of ABP 501 was com-
pared with the adalimumab RP in patients with
moderate-to-severe RA despite treatment with
MTX in a 26-week, randomized, double-blind
phase 3 equivalence study [16]. The primary
endpointwas the risk ratio (RR) between ABP 501
and the adalimumab RP at week 24, with the
primary hypothesis being that the treatments
were equivalent if the 90% CI RR was between
0.738 and 1.355. Secondary endpoints included
DAS28-CRP, and safety endpoints were AEs,
SAEs, and the incidence of ADAs. A total of 526
patients were randomized and treated with ABP

Table 3 Summary of the incidence of adverse events from the integrated analysis. Source: Genovese et al. [11]

FKB327 (n = 474)
n (%)a

Adalimumab RP (n = 470)
n (%)a

Patients with C 1 AEs 295 (62.2) 311 (66.2)

Patients with C 1 severe AEs 17 (3.6) 12 (2.6)

Patients with C 1 treatment-related AEs 122 (25.7) 132 (28.1)

Patients who discontinued due to an AE 28 (5.9) 21 (4.5)

Deaths 2 (0.4) 1 (0.2)

AE adverse event, RP reference product
a Percentages are based on the number of patients in the double-blind study safety set who received the given treatment in
either period 1 or period 2. Hence, patients who switch at week 24 are included in the N number for both treatments
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501 (n = 264) and the adalimumab RP (n = 262).
At week 24, ACR20 response rates were 74.6% in
theABP 501 group and72.4% in the adalimumab
RP group. The RR for ABP 501 versus the adali-
mumab RP was 1.039 (90% CI 0.954–1.133).
Clinical equivalence between ABP 501 and the
adalimumabRPwas demonstrated, as the 90%CI
fell within the predefined equivalence margin.
The mean change from baseline in DAS28-CRP
decreased similarly for both treatment groups
over the study period and was – 2.32 for both
groups at week 24 (between-group difference,
0.01 [90% CI – 0.18 to 0.17]). In total, 52.3% of
patients experienced an AE during the study,
with similar percentages of patients reporting an
AE in the ABP 501 (50.0%) and adalimumab RP
(54.6%) groups. AEs reportedby[3%of patients
in either group were nasopharyngitis (6.4%,
7.3%), headache (4.5%, 4.2%), arthralgia (3.0%,
3.4%), cough (2.7%,3.1%), andupper respiratory
tract infection (1.5%, 3.8%) in the ABP 501 and
adalimumab RP groups, respectively. Overall,
4.4% of patients experienced an SAE; the per-
centage of patients with an SAE was similar in
both groups (ABP 501, 3.8%; adalimumab RP,
5.0%). No deaths occurred in this study, and no
clinically significant changeswere observed from
laboratory evaluations and vital sign
examinations.

In an OLE, 229 patients receiving ABP 501
and 237 receiving the adalimumab RP who
completed the final visit in the parent study
were treated with 40 mg ABP 501 every other
week for 68 weeks. Efficacy was maintained
throughout the OLE and no new safety findings
emerged in both the ABP 501/ABP 501 and RP/
ABP 501 groups. Medication switching did not
affect immunogenicity [17].

BI 695501

Based on extensive comparisons regarding the
physicochemical structure and biologic func-
tion of BI 695501 and the adalimumab RP, BI
695501 has demonstrated structural similarity
and comparable functionality [18]. The bioe-
quivalence, safety, and immunogenicity of BI

695501 compared with EU-Humira and US-Hu-
mira were studied in a randomized, double-
blind, active-comparator phase 1 clinical study
in 327 healthy male subjects (n = 109 in each
treatment group) who received a single, 40-mg
SC dose of BI 695501, EU-Humira, or US-Hu-
mira [19]. Three-way PK bioequivalence was
demonstrated, as the 90% CIs for the geometric
mean ratios of all primary PK parameters
(AUC0–t, AUC0-?, and Cmax, comparing BI
695501 with EU-Humira and US-Humira, and
EU-Humira with US-Humira) were within the
predefined acceptance ranges of 80% to 125%.
In total, 72% of subjects experienced C 1 AEs,
with similar percentages across all three groups
(BI 695501, 70.4%; EU-Humira, 71.3%; US-Hu-
mira, 73.1%). SAEs were reported in 2.8% of the
BI 695501 and US-Humira groups, and in 1.9%
in the EU-Humira group. No deaths or AEs
leading to discontinuation occurred during the
study. The percentage of subjects with positive
ADA activity at the end of the study was similar
across treatment groups (BI 695501, 92.5%; EU-
Humira, 84.3%; US-Humira, 88.0%). The per-
centage of subjects with NAbs at the end of the
study, as assessed using a cell-based, antibody-
dependent, cell-mediated cytotoxicity method,
was also similar for each group (BI 695501,
59.8%; EU-Humira, 58.3%; US-Humira, 63.9%).

The efficacy, safety, and immunogenicity of
BI 695501 was compared with the adalimumab
RP among patients with moderate-to-severe RA
receiving stable MTX in a 58-week, randomized
phase 3 equivalence study [18]. Patients were
randomized to receive a 40-mg dose of BI
695501 or the adalimumab RP once every
2 weeks for 24 weeks. At week 24, patients in the
adalimumab RP group were rerandomized to
receive BI 695501 or continue the adalimumab
RP. The primary endpoints were ACR20
response rates at 12 and 24 weeks. Efficacy,
safety, and immunogenicity were further asses-
sed up to week 58. A total of 645 patients were
randomized to the BI 695501 (n = 324) and
adalimumab RP (n = 321) treatment groups. At
week 24, 593 patients were rerandomized to
continuous BI 695501 (n = 298), continuous
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adalimumab RP (n = 148), and the adalimumab
RP to BI 695501 (n = 147). Therapeutic equiva-
lence of BI 695501 and the adalimumab RP was
demonstrated, as both primary endpoints met
the predefined criteria. At week 12, ACR20
response rates were 67.0% for BI 695501 and
61.1% for the adalimumab RP (difference of 5.9
[90% CI – 0.9 to 12.7]). At week 24, ACR20
response rates were 69.0% for BI 695501 and
64.5% for the adalimumab RP (difference of 4.5
[90% CI – 3.4 to 12.5]). The mean change from
baseline in DAS28- erythrocyte sedimentation
rate (ESR) was also similar between groups at
weeks 24 and 48. The ACR20/50/70 (ACR50/70
are the same measure as ACR20, with improve-
ment levels defined as 50% and 70%, respec-
tively) response rates and mean change from
baseline in DAS28-ESR showed a similar trend
over the course of 48 weeks across continuous
and switched treatment groups. The emergence
of AEs and SAEs was similar across treatment
groups. The percentage of patients experienc-
ing C 1 AEs over the course of 58 weeks was
59.6%, 63.7%, and 60.0% in the BI 695501 to BI
695501, adalimumab RP to BI 695501, and
adalimumab RP to adalimumab RP groups,
respectively. In these same groups, 5.6, 6.8, and
9.7%, respectively, experienced C 1 SAEs. AEs
leading to study drug discontinuation occurred
in 4.0, 4.1, and 6.9% of patients in the BI
695501 to BI 695501, adalimumab RP to BI
695501, and adalimumab RP to adalimumab RP
groups, respectively. The proportion of patients
who were ADA positive at any time up to week
24 was similar for BI 905501 (47.4%) and the
adalimumab RP (53.0%). Switching from the
adalimumab RP to BI 95501 did not influence
subsequent ADA frequency.

In a long-term OLE, patients who previously
received BI 695501 for 48 weeks were assigned
to a group (n = 225), patients who previously
received adalimumab RP for 24 weeks and were
switched to BI 695501 were assigned to another
group (n = 102), and patients who previously
received adalimumab RP for 48 weeks were
assigned to a third group (n = 103). All patients
received BI 695501 40 mg/0.8 ml solution every
2 weeks for up to 48 weeks (treatment duration
98 weeks) [20]. The treatment efficacy estab-
lished in the main trial was maintained

throughout the OLE, and no new safety signals
were identified. No differences in efficacy,
safety, or immunogenicity were seen among the
treatment groups [20].

GP2017

Results from sensitive in vitro binding, func-
tional characterization studies, and nonclinical
evaluations have established that GP2017 is
similar to the adalimumab RP regarding target
binding, functional PK, and PD properties [21].
The PK of GP2017 were compared with EU-
Humira and US-Humira in a randomized, dou-
ble-blind, parallel-group study among 316
healthy male subjects [22]. Ten subjects were
ADA positive at baseline and were excluded
from the PK analysis and two subjects discon-
tinued the study, leaving 306 subjects in the PK
analysis set (GP2017, n = 104; EU-Humira,
n = 103; US-Humira, n = 99). The primary end-
points in the study were AUC0-? and Cmax. The
PK equivalence of GP2017, EU-Humira, and US-
Humira was demonstrated, as the 90% CIs of
the geometric means for the AUC0-? and Cmax

were within the predefined limits of 0.8 to 1.25
for all comparisons. A total of 70.1% subjects
experienced C 1 AEs (GP2017, 71.0%; EU-Hu-
mira, 70.8%; US-Humira, 68.6%), most of which
were mild to moderate in severity. The most
frequently reported AEs were headache
(GP2017, 14.0%; EU-Humira, 13.2%; US-Hu-
mira, 18.1%), nasopharyngitis (GP2017, 24.3%;
EU-Humira, 29.2%; US-Humira, 22.9%), and
rhinitis (GP2017, 5.6%; EU-Humira, 14.2%; US-
Humira, 10.5%). The two SAEs reported in the
study were an angioedema in the GP2017 group
and a femoral neck fracture in the US-Humira
arm. The angioedema was of moderate intensity
and was considered related to the study drug,
and the femoral neck fracture was of severe
intensity and was not considered related to the
study drug. The overall proportion of subjects
positive for ADAs was 57.9, 69.8, and 69.5% in
the GP2017, EU-Humira, and US-Humira
groups, respectively. The majority of ADAs were
neutralizing, as assessed using a competitive
ligand-binding assay (GP2017, 54.2%; EU-Hu-
mira, 64.2%; US-Humira, 62.9%).
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The efficacy and safety of GP2017 were
compared with the adalimumab RP in a
24-week, randomized, double-blind, parallel-
group, multicenter phase 3 study in patients
with moderate-to-severe RA with inadequate
response to DMARDs, including MTX [23]. A
total of 353 patients were randomized to receive
a 40-mg SC dose of GP2017 (n = 177) or the
adalimumab RP (n = 176). The primary end-
point was change in DAS28-CRP from baseline
at week 12. Secondary endpoints included time-
weighted average change in DAS28-CRP from
baseline to week 24, safety, and immunogenic-
ity. At week 12, the mean change from baseline
in DAS28-CRP was – 2.16 for GP2017 (n = 140)
and –2.18 for the adalimumab RP (n = 144;
mean difference of 0.02 [95% CI – 0.24 to 0.27]).
The time-weighted average change from base-
line to week 24 in DAS28-CRP was – 1.85 for
GP2017 (n = 127) and – 1.93 for the adali-
mumab RP (n = 138; mean difference, 0.08
[95% CI – 0.11 to 0.27]). AEs were reported in
61.6% of patients in the GP2017 group and in
60.2% of patients in the adalimumab RP group.
The majority of AEs were of mild or moderate
severity. Infections and infestations were the
most common category of AEs, largely driven by
mild viral upper respiratory tract infections
(GP2017, 14.7%; adalimumab RP, 9.1%). Over
24 weeks, ADAs were detected in 21.8% and
24.4% of patients treated with GP2017 and the
adalimumab RP groups, respectively. More than
70% of the ADAs in both groups were
neutralizing.

To assess interindividual differences in
immunogenicity among the two study popula-
tions, a cross-study comparison was completed
[24]. Approximately 70% of subjects in the two-
arm study were ADA positive versus 58% in the
three-arm study. Mean serum concentra-
tion–time profiles revealed that exposure was
significantly different (lower in the two-arm
study population vs the three-arm study), with
the 90% CI for geometric mean ratios of AUC0–t

and AUC0-? outside the prespecified bioequiv-
alence margin of 0.80–1.25. Among those who
were ADA negative, the 90% CI was in range for
all PK parameters. The authors concluded that
the differences between the two groups are not

product related, but are the result of unknown
differences in the study populations [24].

MSB11022

Biochemical and biophysical analysis was per-
formed on MSB11022 in comparison with the
adalimumab RP [25]. MSB11022 was shown to
have similar physicochemical and in vitro PD
properties [25]. In a phase 1, double-blind,
parallel-group study, 237 healthy subjects were
randomized to receive a single 40-mg dose of
MSB11022, EU-Humira, or US-Humira [26].
MSB11022 demonstrated PK equivalence (90%
CI within the 80–125% equivalence margin) to
both EU- and US-Humira for AUC0-?, Cmax, and
AUC0–t. Approximately 60% of subjects experi-
enced an AE, but none led to study withdrawal.
Two SAEs were reported in the MSB11022 group
but were determined to be unrelated to study
drug. The most common AEs related to study
drugs were headache, injection-site pain, and
oropharyngeal pain. No differences in AEs were
seen among MSB11022 (63%), EU-Humira
(62%), and US-Humira (56%). The detection of
ADAs occurred in 82.1% of the MSB11022
group, 83.5% of the EU-Humira group, and
81.3% of the US-Humira group. The presence of
ADAs had no effect on PK parameters or the
frequency of AEs [26].

In a phase 3, randomized, double-blind,
52-week trial of 288 patients with moderate-to-
severe, active RA receiving either MSB11022
(n = 143) or the adalimumab RP (n = 145), the
primary endpoint was the incidence of TEAEs of
special interest (AESIs) [27]. The ACR20 at week
12 was the key secondary endpoint. At
52 weeks, the incidence of AESIs (hypersensi-
tivity) was similar across treatment groups
(MSB11022, 4.2%; adalimumab RP, 5.5%). Two
treatment-related hypersensitivity reactions
were considered serious, including 1 case of
grade 3 dermatitis in the adalimumab RP arm
and 1 case of grade 4 anaphylactic reaction in
the MSB11022 arm. No treatment-related
deaths were reported, and no hypersensitivity
reactions led to study discontinuation. The
incidence of other TEAEs was similar between
treatment arms (MSB11022, 58.0%;

Rheumatol Ther (2021) 8:41–61 53



adalimumab RP, 64.1%). Approximately 79.6%
of patients in the MSB11022 group and 80.9%
in the adalimumab RP group achieved ACR20 at
week 12 (difference of 1.3% [95% CI –10.55 to
8.04]). The similarity in response between
groups was maintained through week 52. Other
efficacy endpoints, including ACR50/70,
DAS28-ESR, and Simple Disease Activity Index
and Clinical Disease Activity Index scores, were
all similar across treatment groups up to week
52. The presence of ADAs was confirmed in
80.4% of patients in the MSB11022 arm and
71.7% of patients in the adalimumab RP arm.
NAbs were identified in 39.9% of patients in the
MSB11022 arm and 39.3% of the adalimumab
RP arm [27].

PF-06410293

Characterization of PF-06410293 showed that
PF-06410293 is both structurally and function-
ally similar to US-Humira and EU-Humira [28].
In a double-blind, randomized 78-week study,
597 patients with active RA received either PF-
06410293 (n = 297) or adalimumab RP (n = 300)
40 mg subcutaneously every other week, and
efficacy, safety, immunogenicity, PK, and PD
were evaluated [29]. The primary endpoint was
ACR20 at week 12, and therapeutic equivalence
was determined if the 95% CI fell between the
symmetric equivalence margin of ± 14%. Sec-
ondary endpoints included ACR20/50/70,
DAS28 based on high-sensitivity CRP (DAS28-
4[CRP]), European League Against Rheumatism
(EULAR) response, and ACR/EULAR remission
at 26 weeks. The percentage of patients achiev-
ing the primary endpoint of ACR20 at 12 weeks
was 68.7% in the PF-06410293 arm and 72.7%
in the adalimumab RP arm (difference of 2.98%
[95% CI – 10.38 to 4.44]). According to the
prespecified equivalence margin for ACR20
response rates, PF-06410293 and the adali-
mumab RP were considered therapeutically
equivalent. The ACR 20/50/70 response rates at
week 26 were also similar between the treat-
ment arms. TheDAS28-4(CRP) mean change
from baseline at 26 weeks was – 2.7 for the PF-
06410293 group and – 2.8 for the adalimumab
RP group, and 29.3% and 33.0% of the PF-

06410293 and adalimumab RP groups, respec-
tively, achieved a DAS28-4(CRP) score\ 2.6.
Approximately 54.5% and 12.8% of the PF-
06410293 group and 49.0% and 14.7% of the
adalimumab RP group had a good EULAR
response and total remission, respectively.
TEAEs were reported by 48.1% of patients in the
PF-06410293 arm and 47.8% of the adalimumab
RP arm. The most frequent AEs were viral upper
respiratory tract infections, increased alanine
aminotransferase (ALT), hypertension, and
headaches. Injection-site reactions occurred in
approximately 2% of patients. Serious AEs were
reported by 4.0% of patients in the PF-06410293
group and 4.3% of patients in the adalimumab
RP group. The presence of ADAs occurred in
44.4% of patients receiving PF-06410293 and
50.5% of patients receiving the adalimumab RP.
Of those patients, 31.1% in the PF-06410293
group and 27.8% in the adalimumab RP group
tested positive for NAbs [29].

SB5

SB5 was found to have an identical amino acid
sequence, as well as similar physicochemical
and in vitro functional properties, when com-
pared with the adalimumab RP [30]. A ran-
domized, single-blind phase 1 PK study
compared SB5 with EU- and US-Humira among
189 healthy subjects [30]. PK equivalence was
demonstrated in this study, as the 90% CIs for
all primary PK parameters (AUC0–t, AUC0-?, and
Cmax) were within the predefined limit of 0.8 to
1.25 for all comparisons (SB5 and EU-Humira
and US-Humira, and EU-Humira and US-Hu-
mira). No deaths or discontinuations as a result
of AEs were reported in this study. SAEs were
reported for two subjects (one in the SB5 group
and one in the US-Humira group) but were not
considered related to the study drug. A total of
55.0% of subjects experienced an AE. All AEs
were considered mild or moderate in severity
and the distribution of AEs was comparable
among treatment groups (SB5, 57.1%; EU-Hu-
mira, 46.0%; US-Humira, 61.9%). The most
commonly reported AEs were nasopharyngitis
(16.4%), headache (11.6%), oral herpes (4.8%),
and rhinitis (4.8%). The incidence of ADAs to
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adalimumab was comparable among all 3
treatment groups (SB5, 98.4%; EU-Humira,
95.2%; US-Humira, 100%). Statistical analysis
revealed no significant difference in postdose
ADA incidence among treatment groups (SB5
and EU-Humira, P = 0.6189; SB5 and US-Hu-
mira, P = 1.0000; EU-Humira and US-Humira,
P = 0.2440).

The efficacy, PK, safety, and immunogenicity
of SB5 compared with the adalimumab RP were
evaluated in a randomized, double-blind, par-
allel-group phase 3 study among patients with
moderate-to-severe RA despite treatment with
MTX [31]. A total of 544 patients were ran-
domized to receive a 40-mg SC dose of SB5
(n = 271) or the adalimumab RP (n = 273) every
2 weeks over the course of 24 weeks. The pri-
mary endpoint for this study was ACR20
response rate at week 24. Secondary endpoints
included ACR50/70 response rates and mean
change in DAS28-ESR at 24 weeks. The ACR20
response rates at week 24 were 72.4% in the SB5
group and 72.2% in the adalimumab RP group.
The adjusted difference (0.1% [95% CI – 7.83 to
8.13%]) was within the predefined equivalence
margin. Response rates for the secondary end-
points of ACR50 (SB5, 38.1%; adalimumab RP,
39.7%) and ACR70 (SB5, 19.2%; adalimumab
RP, 20.3%) were also equivalent between SB5
and the adalimumab RP (adjusted difference of
– 2.0% [95% CI – 10.69 to 6.75%] and – 1.3%
[95% CI – 8.41 to 5.80%], respectively). In
addition, the LSM for the treatment difference
between SB5 and the adalimumab RP was also
within the predefined equivalence margin (–
0.04 [95% CI – 0.26 to 0.17). Most AEs in the
study were mild to moderate in severity. A total
of 35.8% of patients in the SB5 group and 40.7%
in the adalimumab RP group experienced an AE.
The most common AEs were nasopharyngitis
(SB5, 4.9%; adalimumab RP, 9.2%), headache
(SB5, 3.4%; adalimumab RP, 2.6%), bronchitis
(SB5, 2.6%; adalimumab RP, 2.6%), and an
increase in ALT level (SB5, 2.2%; adalimumab
RP, 2.9%). SAEs were reported in 1.1% of
patients in the SB5 group and 2.9% in the
adalimumab RP group. The incidence of ADAs
up to week 24 was similar between the SB5
group (33.1%) and the adalimumab RP group
(32.0%). Approximately half of the ADAs were

neutralizing in both treatment groups, as
assessed using a ligand-binding bioassay.

In a 52-week switching study, patients from
the 24-week study were rerandomized to receive
the adalimumab RP (adalimumab RP to adali-
mumab RP, n = 129), switch to SB5 (adali-
mumab RP to SB5, n = 125), or continue
receiving SB5 (SB5, n = 254) [32]. The ACR
response rates at 24 weeks were maintained
through 52 weeks and were comparable among
all groups; switching did not affect efficacy. AEs
were comparable among groups, as was the
incidence of ADAs, and switching did not
increase either [32].

DISCUSSION

In summary, all the adalimumab biosimilars
reviewed in this article (FKB327, ABP 501, BI
695501, GP2017, MSB11022, PF-06410293, and
SB5) were found to have the expected structure
of a human IgG1-type antibody, were highly
similar to the adalimumab RP in physicochem-
ical and biological properties, and were similar
to the adalimumab RP in PK parameters. These
biosimilars also demonstrated comparable effi-
cacy to the adalimumab RP in the treatment of
RA. In addition, single- and double-switching
treatment between FKB327 and the adali-
mumab RP, and single switching between BI
695501 and the adalimumab RP, ABP 501 and
the adalimumab RP, and SB5 and the adali-
mumab RP were not associated with differences
from the RP in efficacy, safety, trough serum
drug concentration, or immunogenicity. These
biosimilars all demonstrated similar safety, tol-
erability, and immunogenicity compared with
the adalimumab RP across all studies. Finally,
FKB327 and ABP 501 are associated with less
injection-site pain, because they do not include
the citrate—which is known to cause stinging
and pain—that is found in adalimumab RP
[33, 34].

The percentage of patients positive for ADAs
in the studies reviewed here is consistent with
those reported elsewhere [35, 36]. Both non-
neutralizing antibodies and NAbs can impact
clinical responses to biologics by forming
immune complexes that may affect their PK,
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Table 4 Summary of findings comparing adalimumab biosimilars with adalimumab reference product

Biosimilar Demonstrated similar
physicochemical
structure and biologic
propertiesa

Demonstrated
PK
bioequivalencea

Immunogenicitya

(ADAs), %
Safetyb Efficacyb (primary

endpoint)

FKB327 Yes9 Yes10 FKB327: 69.510

EU-Humira: 73.3

US-Humira: 70.0

Similar to

adalimumab

RP11

ACR20 response rates

at week 24:11

FKB327: 74.1% (11)

Adalimumab RP:

75.7%

Difference of 1.6

(95% CI – 7.9 to

4.7)

ABP 501 Yes14 Yes15 ABP 501: 43.315

EU-Humira: 50.7

US-Humira: 50.0

Similar to

adalimumab

RP16

Risk ratio at week

24:16

ABP 501 vs the

adalimumab RP:

1.039 (90% CI

0.954–1.133)

BI 695501 Yes18 Yes19 BI 695501: 92.519

EU-Humira: 84.3

US-Humira: 88.0

Similar to

adalimumab

RP18

ACR response rates at

week 24:18

BI 695501: 69.0%

Adalimumab RP:

64.5%

Difference of 4.5

(90% CI –3.4 to

12.5)

GP2017 Yes21 Yes22 GP2017: 57.922

EU-Humira: 69.8

US-Humira: 69.5

Similar to

adalimumab

RP23

DAS28-CRP change

from baseline at

week 12:23

GP2017: – 2.16

Adalimumab RP:

– 2.18

Difference of 0.02

(95% CI – 0.24 to

0.27)
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such as increased clearance, as well as result in
lower drug serum concentrations [35]. A study
to assess the relationship among the develop-
ment of ADAs, adalimumab levels, and disease
activity in patients with RA showed that

although ADAs were associated with decreasing
circulating levels of adalimumab, there was no
direct effect on disease activity as assessed using
the DAS28 [37]. However, this study reported a

Table 4 continued

Biosimilar Demonstrated similar
physicochemical
structure and biologic
propertiesa

Demonstrated
PK
bioequivalencea

Immunogenicitya

(ADAs), %
Safetyb Efficacyb (primary

endpoint)

MSB11022 Yes25 Yes26 MSB11022: 82.126

EU-Humira: 83.5

US-Humira: 81.3

Similar to

adalimumab

RP27

ACR20 at week 12:27

MSB11022: 79.6%

Adalimumab RP:

80.9%

Difference of 1.3%

(95% CI,

– 10.55 to 8.04)

PF-

06410293

Yes28 Yes28 PF-06410293:

44.4b29

Adalimumab RP:

50.5

Similar to

adalimumab

RP29

ACR20 at week 12:29

PF-06410293: 68.7%

Adalimumab RP:

72.7%

Difference of 2.98%

(95% CI,

– 10.38 to 4.44)

SB5 Yes30 Yes30 SB5: 98.430

EU-Humira: 95.2

US-Humira: 100

Similar to

adalimumab

RP31

ACR20 at week 24:31

SB5: 72.4%

Adalimumab RP:

72.2%

Adjusted difference of

0.1% (95% CI

– 7.83 to 8.13)

ACR20 American College of Rheumatology 20 (a composite measure defined as 20% improvement in both the number of
tender and swollen joints and in three of the following five criteria: patient global assessment, physician global assessment,
functional ability measure, visual analog pain scale, and C-reactive protein), ADAs antidrug antibodies, CI confidence
interval, DAS28-CRP Disease Activity Score in 28 joints-C-reactive protein, PK pharmacokinetic, RP reference product
a In healthy patients
b In double-blind studies among patients with rheumatoid arthritis
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negative correlation between free adalimumab
trough levels and DAS.

The studies reviewed here did not directly
assess the effect of NAb and non-neutralizing
ADA activity on disease activity; however, for all
biosimilars reviewed here, the percentage of
patients testing positive for ADAs and the per-
centage of ADAs determined to be neutralizing
were similar to the adalimumab RP. Thus, based
on the totality of the evidence reviewed here,
these biosimilars are expected to perform in a
manner comparable to the adalimumab RP.

CONCLUSIONS

Treatment with bDMARDs has significantly
improved clinical outcomes in patients with RA
and has been shown to improve symptoms,
reduce joint inflammation, limit erosive dam-
age, decrease disability, and improve quality of
life. Despite improved outcomes associated with
bDMARDs, many patients throughout the
world do not have access to these treatments.
This necessitates worldwide improved access to
biological agents for patients with RA.

Biosimilars are cost-effective alternatives to
their RPs and serve as an opportunity to
increase patient access to bDMARDs. Specific
regulatory requirements in the United States
and European Union must be met for the
approval of biosimilars. In the European Union,
EMA guidance details product-specific approval
pathways based on biological classification,
whereas in the United States, the FDA utilizes a
risk-based, case-by-case, totality-of-evidence
approach [38]. A potential biosimilar must
demonstrate similarity to the reference biologic
with regard to structure and function, PK, effi-
cacy, safety, and immunogenicity [39].

Although multiple biosimilars for several
bio-originators have been approved in the US
and/or EU, this article focuses on the 7 adali-
mumab biosimilars. A review of the data for the
biosimilars FKB327, ABP 501, BI 695501,
GP2017, MSB11022, PF-06410293, and SB5
confirmed all these products are similar to the
adalimumab RP with regard to structure,
physicochemical and biological properties, and
PK. Furthermore, comparable efficacy in the

treatment of RA between these biosimilars and
the adalimumab RP has also been established. A
summary of these findings is shown in Table 4.
In addition, single- and double-switching
between the biosimilar and RP assessed in
studies with FKB327 and single-switching
assessed with BI 695501, ABP 501, and SB5 did
not reveal any differences in efficacy, safety,
trough serum drug concentration, or immuno-
genicity between the biosimilar and the RP.
Across all studies, similar safety, tolerability,
and immunogenicity were demonstrated
between the biosimilars and the adalimumab
RP.
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