
ORIGINAL RESEARCH

Long-term safety, immunogenicity and
efficacy comparing FKB327 with the
adalimumab reference product in
patients with active rheumatoid arthritis:
data from randomised double-blind and
open-label extension studies

Mark C Genovese ,1 Herbert Kellner,2 Yasumasa Arai ,3 Rafael Muniz ,4
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ABSTRACT
Background/Objective FKB327 is a biosimilar of the
antitumour necrosis factor adalimumab reference product
(RP). A randomised, double-blind (DB) phase 3 study
compared the efficacy of FKB327 with the RP in patients
with active rheumatoid arthritis (RA) inadequately controlled
with methotrexate (MTX). A subsequent randomised open-
label extension (OLE) study with treatment switching
assessed long-term safety, efficacy, pharmacokinetics and
immunogenicity of FKB327 compared with the RP.
Methods Patients with moderate-to-severe, active RA on
a stable dose of MTXwere randomised 1:1 to receive FKB327 or
the RP (40 mg subcutaneously every other week) for 24 weeks.
Patients who completed the DB study were enrolled in the OLE
and rerandomised 2:1 to receive FKB327 or the RP; two-thirds
continued on the same treatment and one-third switched for 30
weeks. All patients received FKB327 through Week 76. Long-
term efficacy, safety and immunogenicity were assessed.
Results Of 728 patients in the DB study, 645 were enrolled
in the FKB327-OLE study. The American College of
Rheumatology (ACR)20 response rates for all treatment
groups at Week 30 in the OLE ranged from 83.2% to 85.9%.
ACR20 response rates remained stable for all patients
regardless of single- or double-switching treatment and
were similar for all treatment sequences through Week 76.
The safety profile and incidence of antidrug antibodies were
comparable across sequences.
Conclusion Efficacy, safety and immunogenicity were
similar among patients with RA treated with FKB327 or the
RP for up to 2 years, and were not affected by single- or
double-switching treatment.

INTRODUCTION
Biologic disease-modifying antirheumatic drugs
(DMARDs) have been a major advance in the
treatment of patients with rheumatoid arthritis
(RA).1 2 Adalimumab, a recombinant human
monoclonal antibody against tumour necrosis
factor (TNF)-alpha, was initially approved in

2002 in the United States and in 2003 in the
European Union for the treatment of RA. In
addition, adalimumab is indicated for the treat-
ment of patients with juvenile idiopathic arthri-
tis; psoriatic arthritis; ankylosing spondylitis/
axial spondyloarthritis; hidradenitis suppurativa;
plaque psoriasis and Crohn’s disease; adult and
pediatric ulcerative colitis; and noninfectious
intermediate, posterior and panuveitis in adult
patients.3 4 FKB327was developed as a biosimilar
of the adalimumab reference product (RP).
Adalimumabisadministeredatadoseof40mg/

0.8 mL or 40 mg/0.4 mL in a single-use prefilled
syringe or pen every other week (EOW) via
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Key messages

What is already known about this subject?
► Adalimumab is a tumour necrosis factor inhibitor

that is effective in treating patients with moderate-
to-severe rheumatoid arthritis and other chronic
immune-mediated inflammatory conditions.

What does this study add?
► FKB327 is a biosimilar to the adalimumab reference

product (RP) and demonstrates similar efficacy, safety
and immunogenicity compared with the RP in long-term
studies.

► The biosimilarity in efficacy, safety and immunogenicity
was not affected by switching or double-switching
treatment between the adalimumab RP and FKB327.

How might this impact clinical practice or future
developments?
► These data will help inform clinician decision-

making regarding switching from the adalimumab
RP to FKB327 and may result in increased patient
access to biological therapies.
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subcutaneous injection for adult patients with RA; FKB327 was
delivered at the same dose, in the same manner.3 FKB327 is
abiosimilar to theadalimumabRPthatcontains thesameactive
ingredient but different excipients, including monosodium
glutamate, sorbitol, methionine, polysorbate 80, hydrochloric
acid(forpHadjustment)andwater for injections, andexcludes
sodium citrate.
FKB327 has demonstrated a similar pharmacokinetic

(PK) profile in healthy subjects with a single subcuta-
neous dose.5 Data regarding switching from the RP to
biosimilars in addition to long-term treatment are desir-
able to strengthen the demonstration of biosimilarity and
reassure prescribers and users regarding the safety of
switching. No increased risk in safety and immunogeni-
city has been observed in 1-year treatment with other
adalimumab biosimilars.6–8 However, further evidence
with long-term treatment, including treatment switching,
is needed in treatment with TNF-alpha inhibitors in
chronic inflammatory diseases.
The primary objective of this double-blind (DB) study and

open-label extension (OLE) was to evaluate the safety and
efficacy of treatment with FKB327 compared with the RP
wheneachwasadministeredincombinationwithmethotrexate
(MTX) in patients withRA. Preliminary data through 54weeks
of treatmenthavebeenpublishedpreviously.9Thecurrentdata
set evaluated the long-term efficacy and safety of the combina-
tionof FKB327plusMTXcomparedwith theRPplusMTX for
up to 2 years of treatment. The current study was also designed
to investigate the long-term effects of single-swiching treatment
and to assess any effects of double-switching treatment for the
first time in this treatment population.

METHODS
Study design
The study design of the DB study (Period 1) and the first 30
weeks of the OLE (Period 2) has been described in greater
detail by Genovese and colleagues.9 Briefly, the DB study was
a phase 3, randomised, parallel-arm, active comparator–con-
trolled, 24-week equivalence study (NCT02260791)designed

to evaluate the similarity in the efficacy of FKB327 to the RP
and compare PK, safety and immunogenicity in patients with
RA inadequately controlled with MTX.
In the DB study, 730 patients were randomised in a 1:1 ratio

to receive either FKB327 40mg or the RP 40mg administered
as a subcutaneous injection EOW, stratified by an interactive
web response systemusingdynamic randomisationmethod, by
priorbiological treatmentandDiseaseActivityScore in28 joints
(DAS28) using C-reactive protein (CRP) ≤5.1/>5.1. FKB327
was provided in vials, whereas the RP was supplied in
a prefilled syringe. To ensure blinding of patients and study
staff, a staff member (who was not otherwise involved in the
study) filled syringes and placed them into a masking unit to
allow the dose to be administeredwithout revealing the syringe
appearance. In addition, a nurse administered injections with-
out allowing patients to see the syringe. Clinic visits were EOW,
starting atWeek 0 and extending throughWeek 22 (Period 1).
The subsequent randomised OLE with treatment switch-

ing (NCT02405780) assessed long-term safety, efficacy, PK
and immunogenicity. Patients who received FKB327 in the
DB study were rerandomised to receive FKB327 or the RP in
a 2:1 ratio so that two-thirds remained on the same treat-
ment as in the FKB327-002 study and received the study
drug with the same dosage regimen for 30 weeks in Period
2, whereas one-third were switched to the alternative treat-
ment (figure 1).
All patients received FKB327 until Week 76, followed by

a 4-week follow-up period (Week 80) in Period 3, which is
the long-term extension of the previously described primary
analysis.9 In Period 3, 100 patients experienced a double switch
(FKB327 [F]-RP-F) and 190 experienced a single switch (RP-
RP-F), whereas the remaining patients continued FKB327
treatment (figures 1 and 2). Therefore, patients received
FKB327 and/or the RP for a total of 100 weeks (last observa-
tion,Week104) fromthe start of theDBstudy.Clinic visitswere
every 4 to 12 weeks in Period 2 and every 12 weeks in Period 3.
FKB327 (40mg/0.8mL)was administered in aprefilledplastic
syringewith a safety device for single use only in theOLE study,
and US-licensed Humira (adalimumab; 40 mg/0.8 mL) was
supplied as the RP in the study in Period 2 and was

Figure 1 Study schema. DB, double-blind; EOW, every other week; F, FKB327; OLE, open-label extension; R, randomisation; RA,
rheumatoid arthritis; RP, reference product; SC, subcutaneous; w, week. *All patients (except US) were introduced to the FKB327 auto-
injector during Period 3.
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administered in a prefilled Type 1 glass syringe. In the FKB327
single-arm treatment phase in Period 3, the FKB327 auto-
injector (40 mg/0.8 mL) was introduced, except to US
patients, due to regulatory considerations. Patients in the
OLE were enrolled from 92 sites in 11 countries.
The study was conducted in accordance with the Declara-

tion of Helsinki and International Conference on Harmoni-
sationGuidelines for GoodClinical Practice. Study protocols
were reviewed and approved by an independent ethics com-
mittee or institutional review board for each study centre.
Written informed consent was obtained from all patients
before entry in the DB and OLE studies.

Patients
Inclusion and exclusion criteria were described in greater
detail by Genovese and colleagues.9 Briefly, enrollees were
aged ≥18 years with moderate-to-severe, inadequately
controlled RA despite ≥3 months of treatment with
MTX; ≥6 tender joint count (TJC) and swollen joint
count (SJC) at screening and baseline; and CRP
≥10 mg/L at screening. Patients were ineligible if they
had prior treatment with adalimumab, ≥1 biologics or 1
DMARD, or intra-articular or parenteral steroids within
28 days of screening; clinically significant laboratory
abnormalities; cardiovascular disease; demyelinating dis-
eases; chronic or acute infection; body weight >120 kg; or
positive QuantiFERON Gold blood test for latent tuber-
culosis. Patients receivedMTX (10mg-25mg/week stable
dose) during the study.

At Week 24, at the investigators’ discretion, patients who
completed the DB study with clinical response and no ser-
ious adverse events (AEs)were eligible to enter theOLEand
undergo rerandomisation in a 2:1 ratio, so that two-thirds of
patients remained on the same treatment and one-third
switched to the alternate treatment (40 mg subcutaneously
EOW) forWeeks 0 through 28 (Period 2). Subsequently, all
patients received FKB327 from Week 30 through Week 76,
followed by a 4-week follow-up period (Period 3).
Therefore, the fourpatient groupsbasedon treatment in the

DBstudyand in the twoperiodsof theOLE(figure2) included

► Patients who received FKB327 during the DB study
(Period 1) and were rerandomised to the same treat-
ment in the OLE (Periods 2 and 3) (F-F-F)

► Patients who received the RP during the DB study
(Period 1) and were rerandomised to the same treat-
ment in Period 2 (RP-RP-F)

► Patients who received FKB327 during the DB study (Per-
iod 1) and were rerandomised to the RP in Period 2 and
switched back to FKB327 in Period 3 (F-RP-F)

► Patients who received the RP during the DB study
(Period 1) and were rerandomised to FKB327 in the
OLE (Periods 2 and 3) (RP-F-F).

Study end points and statistical methods
DB study
In the DB study, the primary efficacy end point was the
American College of Rheumatology (ACR)20 response

Figure 2 Consort diagram. D/C indicates prematurely discontinued; DB, double-blind; F, FKB327; RP, reference product. Note: All
patients (except US) were introduced to the FKB327 auto-injector during Period 3.
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rate at Week 24. Biosimilarity was determined according to
the recommendations of the EU Committee for Medicinal
Products for Human Use (CHMP) and the US Food and
Drug Administration (FDA). The percentage of patients
achievingACR20, ACR50 andACR70 response, andDAS28-
CRP were secondary end points during the DB study. In
addition, ACR20/50/70 response rates and changes in
DAS28-CRP scores from baseline of the DB study were
analysed by treatment sequence in the OLE study.

Open-label extension
In the OLE, the primary end point was safety. Safety
through Period 2 has been described previously in
a preliminary analysis.9 The current final analysis evalu-
ates safety across both Period 2 and Period 3 for patients
who underwent single and double switching between
FKB327 and the RP. Safety was monitored throughout
the study by evaluating the incidence of treatment-
emergent AEs (TEAEs) and AEs of special interest (eg,
infections). The number of patients experiencing TEAEs
by each period and the exposure-adjusted number of
events (number of events divided by patient-year) was
determined. Efficacy end points included ACR20/50/70
response rates, and DAS28-CRP at each clinic visit. PK was
assessed by evaluation of serum concentrations of adali-
mumab, using a validated immunoassay on an electroche-
miluminescent platform with the lower limit of 100 ng/
mL1.5 Immunogenicity was assessed by evaluation of anti-
drug antibodies (ADAs) by single-assay approach. Sensi-
tive electrochemiluminescence bridging format (Meso
Scale Discovery) with acid dissociation was used for the
ADA assay to increase drug tolerance in the repeated
dosing study.10 Neutralising ADAs were assessed by sensi-
tive competitive ligand binding.11 ADA titres were
assessed, and results were summarised using the following
imputed categories: 0.0625, 0.25, 1, 4, 16, 64, 256, 1024,
4096, 16 384 and 65 536. The frequency of ADA-
neutralising results was summarised for each treatment
sequence for the overall treatment period, and for each
treatment group for each period by time point.
The safety population comprised all patients in the OLE

who received ≥1 treatment doses in the DB study. Efficacy
analysis was based on the Full Analysis Set, defined as the
set of patients who received ≥1 doses of the randomised
treatment with ≥1 evaluable efficacy measurements.
Patients were analysed according to their randomised
treatment sequence across both studies or randomised
treatment group to ensure statistical testing was not biased
by a nonrandom assignment. The mean percentage of
patients who achieved an ACR20 response and DAS28-
CRP score at each postbaseline time point from the DB
study was calculated by treatment sequence across the
OLE, using 95% confidence intervals (CIs) via the Clop-
per-Pearson method. Missing responses for the ACR mea-
surements and responses for patients who discontinued
treatment before Week 24 were imputed as follows: if the
patient withdrew due to lack of efficacy, withdrawal of
consent, an AE (non-infectious) or a medical reason (non-

infectious), or if the patient had taken a prohibited treat-
ment for RA and had been withdrawn from study treat-
ment, the patient was regarded as a ‘nonresponder’; for all
other patients with amissing ACR response atWeek 24, the
last observation carried forward was used to determine
whether they were ‘responders’ or ‘non-responders.’ Effi-
cacy end points were analysed by four treatment sequences
across the studies. All analysis data sets and output were
produced by the Biostatistics Department of Quanticate
UK Limited, using the SAS system Version 9.3 (Unicode
Support).

RESULTS
Patients
DB study
In total, 1327 patients were screened; 597 patients failed
screening. Subsequently, 730 patients were randomised
to FKB327 (n=367) and the RP (n=363). Of these, 366
patients (99.7%) were randomised to FKB327 and 362
patients (99.7%) were randomised to the RP and received
the study drug (figure 1). The treatment groups were well
balanced with respect to demographic and baseline dis-
ease characteristics (table 1).
The number of patients treated each week was similar

in the FKB327 and RP treatment groups. Overall, 333
patients (90.7%) in the FKB327 group and 328 patients
(90.4%) in the RP group completed the study. Of these,
16 patients (FKB327 group, 9 [2.7%]; RP group, 7
[2.1%]) did not proceed to the OLE study due to patient
preference or investigator opinion; all other patients con-
tinued to the OLE study.

Open-label extension
In total, 645 eligible patients who completed the DB study
and consented to the OLE (88.4%) continued into the
OLE and were rerandomised to treatment in Period 2 (as
shown in figure 2 and previously published by Genovese
and colleagues).9Of the 324 patients who received FKB327 in
the DB study, 216 patients were rerandomised to FKB327
(F-F) and 108 were switched to the RP (F-RP) in Period 2.
Of the 321 patients who received the RP in Period 1, 108
patients were rerandomised to FKB327 (RP-F) and 213were
rerandomised to theRP (RP-RP) in Period 2. In Period 3, all
patients received FKB327, resulting in treatment groups of
F-F-F (no switch), F-RP-F (double switch), RP-F-F (single
switch) and RP-RP-F (single switch), which represent
longer-term results and the effect of double switching.
Most patients (82.0%) had not received biological treat-

ment before the DB portion of the study. MeanDAS28-CRP
at baseline in theOLEwas 3.5 and 3.4 in the FKB327 andRP
treatment groups, respectively. A total of 572 patients had
completed 28 weeks of randomised study treatment in Per-
iod 2, of which 189 patients had received continuous treat-
ment with FKB327 and 190 patients with the RP (table 2).
The OLE treatment groups and the overall treatment
sequences were well matched with respect to demographic
characteristics in Period 2,9 with the exception of a higher
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proportion of elderly patients receiving the RP (18.7%)
compared with FKB327 (13.9%).

Safety
The incidence of TEAEs was numerically lower in patients
treated with FKB327 compared with patients treated with
the RP (1.707 vs 2.075 events per patient-year, respec-
tively). However, the incidence of TEAEs leading to pre-
mature discontinuation was numerically higher for
FKB327 than for the RP (0.091 vs 0.063 events per patient-
year, respectively), possibly resulting from longer overall
study treatment duration for FKB327. The incidence of
TEAEs leading to temporary interruption of study treat-
ment was numerically lower in patients treated with
FKB327 than with the RP (0.129 vs 0.171 events per
patient-year). The incidence of treatment-emergent ser-
ious AEs (TESAEs) leading to temporary interruption of
study treatment was similar for the treatments (0.024 and
0.023 events per patient-year, respectively). The inci-
dence of deaths was the same for the two treatments
(0.006 events per patient-year for FKB327 and the RP).
Although the incidence of TESAEs for FKB327 and RP
was the same (0.091 events per patient-year), the inci-
dence of TESAEs leading to discontinuation was numeri-
cally higher for FKB327 than for the RP (0.025 vs 0.011
events per patient-year).

The most common treatment-related TEAEs (reported
for ≥1% of patients overall) were summarised in the Supple
mentary Table. Overall, 208 patients (32.2%) experienced
a TEAE considered related to the study drug by the investi-
gator, and of those, the most common treatment-related
TEAEs were bronchitis, nasopharyngitis and urinary tract
infection [UTI]). The most frequently reported TESAEs
were infections and infestations, in 10 patients receiving
FKB327 (1.6%) and 5 patients receiving the RP (1.6%).
Serious infections with the RP included single cases of
pneumonia, acute pyelonephritis, bronchitis, appendicitis
and pulmonary mycosis. For FKB327, six patients experi-
enced serious AEs of pyelonephritis (including acute cases),
four patients experienced pneumonia and two patients
experienced sepsis. The safety data for Period 3 were gen-
erally consistent with those observed during Periods 1 and 2.
A numerically lower overall incidence of infections was

observed in patients treated with FKB327 than with the
RP (0.557 vs 0.684 events per patient-year), but the inci-
dence of serious infections was comparable (0.024 vs
0.029 events per patient-year; table 3). A numerically
lower incidence of injection-site reactions (ISRs) and
events suggesting hypersensitivity reaction or anaphylaxis
to study drug was observed for FKB327 compared with the
RP. Six patients receiving FKB327 experienced eight
events of neutropaenia (incidence rate [IR] of 0.012

Table 2 Summary of patient disposition: all enrolled patients

F-F-F n (%) F-RP-F n (%) RP-F-F n (%) RP-RP-F n (%) Total n (%)

Patients with study drug administered 216 (100) 108 (100) 108 (100) 213 (100) 645 (100)

Period 2 F-F F-RP RP-F RP-RP Total

Patients completed Period 2 189 (87.5) 100 (92.6) 93 (86.1) 190 (89.2) 572 (88.7)

Patients discontinued from Period 2 27 (12.5) 8 (7.4) 15 (13.9) 23 (10.8) 73 (11.3)

Primary reason for premature DC*

Adverse event 8 (3.7) 0 3 (2.8) 7 (3.3) 18 (2.8)

Screen failure† 1 (0.5) 0 1 (0.9) 0 2 (0.3)

Withdrawal of consent 9 (4.2) 1 (0.9) 3 (2.8) 4 (1.9) 17 (2.6)

Other‡ 9 (4.2) 7 (6.5) 8 (7.4) 12 (5.6) 36 (5.6)

Period 3 F-F-F F-RP-F RP-F-F RP-RP-F

Patients completed Period 3§ 174 (92.1) 88 (88.0) 81 (87.1) 172 (90.5) 515 (90.0)

Patients discontinued from Period 3‡ 15 (7.9) 12 (12.0) 12 (12.9) 18 (9.5) 57 (10.0)

Primary reason for DC§

Adverse event 3 (1.6) 5 (5.0) 4 (4.3) 11 (5.8) 23 (4.0)

Medical Reason 0 1 (1.0) 0 0 1 (0.2)

Pregnancy 0 0 1 (1.1) 0 1 (0.2)

Withdrawal of consent 7 (3.7) 4 (4.0) 0 3 (1.6) 14 (2.4)

Other‡ 5 (2.6) 2 (2.0) 7 (7.5) 4 (2.1) 18 (3.1)

Percentages based on the number of randomised patients, unless otherwise specified.
*Percentages for discontinuation reasons based on the total number of patients per group.
†Patients were identified as ineligible after starting study drug administration.
‡The category ‘other’ encompassed several different causes of patient discontinuation, the most common being noncompliance with study
visits, positive or indeterminate QuantiFERON tests, and study drug being interrupted for >4 weeks.
§Percentages for completion or discontinuation based on total number of patients who completed Period 2.
DC, discontinuation; F, FKB327; n, total number of patients with observation; RP, reference product.
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events per patient-year), compared with one patient with
one event on the RP (IR of 0.006 events per patient-year).
Three patients (0.5%) receiving FKB327 had
a malignancy (0.004 events per patient-year; one case
[RP-F-F] in Period 2, two cases [RP-RP-F; F-F-F] in Per-
iod 3) compared with none on the RP, although two of
three patients had received the RP previously. No patient
developed pancytopaenia/aplastic anaemia, thrombocy-
topaenia, a demyelination event or a lupus-like reaction,
all known risks with adalimumab.
A secondary objective of this study was to evaluate safety

for patients switched from FKB327 in the preceding DB
study to the RP in the OLE, and then switched back to
FKB327 in the third period (from Week 30; double
switch; ie, patients in F-RP-F [N=100]). During Period 3,
340 patients (59.4%) experienced ≥1 TEAEs. This was
numerically higher than the 52.4% observed during Per-
iod 2, when patients were receiving FKB327 and the RP.
Incidences were similar for the F-RP-F (61.0%),
F-F-F (60.3%) and RP-RP-F (60.0%) sequences and were
numerically lower in the RP-F-F sequence (54.8%). Simi-
lar to Period 2, the most commonly reported TEAEs were
nasopharyngitis, UTI, bronchitis and upper respiratory
tract infection.

ACR20 response rate
DB study
The primary efficacy end point was the proportion of
patients treated with FKB327 versus the RP achieving
ACR20 response rates at Week 24. The proportion of
patients in the FKB327 group achieving an ACR20
response at Week 24 was within the predefined equiva-
lence parameters recommended by the EU CHMP and
the FDA.9 Therefore, equivalence was concluded
between FKB327 and the RP.

Open-label extension
The group of patients rerandomised to FKB327 in Period
2 had a slightly lower ACR20 response rate at baseline/
Week 0 (75.6%, n=245/324) compared with those reran-
domised to the RP (81.9%, n=262/320); however, byWeek
30, ACR20 response rates were similar for FKB327 (84.1%,
n=233/277) and the RP (83.6%, n=240/287). In both
groups, the overall ACR20 response rate decreased slightly
over time from 78.7% (n=507/644) achieved at Week 0
(ie, Week 24 of the DB study) to 73.4% (n=473/644 at
Week 30. ACR20 responses were evaluated to determine
whether switching from the RP to FKB327 and vice versa
had any effect on efficacy in Periods 2 and 3.
Over the 30-week period, the ACR20 response rate ran-

ged from 77.5% (n=165/213) to 82.6% (n=176/213) in
the RP group; for those who switched to FKB327, the
response rate ranged from 73.1% (n=79/108) to 75.9%
(n=82/108). Over the 30-week period, the ACR20
response rate ranged from 71.3% (n=154/216) to 75.5%
(n=163/216) for patients who remained on FKB327; the
response rate ranged from 67.6% (n=83/108) to 82.4%
(n=89/108) for those who switched to the RP.T
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At the beginning of Period 3 (Week 30), ACR20
response rates were similar for all four treatment
sequences. During Period 3, ACR20 response rates ran-
ged from 75.7% (n=140/185) to 84.3% (n=156/185) for
F-F-F, from 83.7% (n=77/92) to 88.0% (n=81/92) for RP-
F-F and from 83.6% (n=158/189) to 86.8% (n=164/189)
for RP-RP-F. Importantly, ACR20 response rates for
patients in the F-RP-F sequence (double switch) were
similar to other treatment groups, ranging from 74.5%
(n=73/98) to 78.6% (n=77/98).

Secondary efficacy end points
The secondary efficacy end points included DAS28-CRP;
ACR50/70 response rates; and TJC, SJC, CRP, visual analog
scale scores, Health Assessment Questionnaire-Disability
Index (HAQ-DI), erythrocyte sedimentation rate (ESR)
and DAS28-ESR. The 95% CI of DAS28-CRP at Week 24 in
the DB study was within the predefined limits of ±0.6, con-
firming equivalence.9DAS28-CRPwas similar in the FKB327
and RP groups at all visits from the start of the DB study to
theOLE (figure 3). MeanDAS28-CRP at baseline of the DB
study (>5.1) and OLE indicated high disease activity.
Patients rerandomised to FKB327 in Period 2 had higher
DAS28-CRP at baseline/Week 0 (3.53) than those rerando-
mised to the RP (3.40). Between weeks 0 and 30 of theOLE,
mean DAS28-CRP decreased similarly for all patients,
regardless of switching or maintaining treatment between
studies. Mean DAS28-CRP ranged from 6.11 at baseline of
theDB study to 3.13 atWeek 30 for patients whomaintained

treatment with the RP (RP-RP, N=213), whereas the scores
ranged from5.99 at baseline of theDB study to 3.20 atWeek
30 for those who switched to FKB327 (RP-F, N=108). For
patients who maintained treatment with FKB327 through-
out the DB study and Period 2 (F-F, N=216), mean DAS28-
CRP ranged from 6.02 at baseline of the DB study to 3.04 at
Week 30; for those who switched to the RP (F-RP, N=108),
the scores ranged from 6.12 at baseline of the DB study to
3.28 at Week 30. For patients in the F-F and RP-RP
sequences, similar decreases in mean DAS28-CRP were
observed between baseline of the DB study and Week 30,
and between weeks 0 and 80.
At the start of Period 3 (Week 30), DAS28-CRP was

similar for all four treatment sequences. During Period
3, mean decreases in DAS28-CRP were similar in all four
sequences until Week 76. Importantly, no difference in
mean DAS28-CRP was observed for patients who switched
from FKB327 to RP and back to FKB327 (F-RP-F; double
switch) compared with the remaining three sequences.
As with the ACR20 response rate, patients rerandomised

to FKB327 in the OLE had slightly lower baseline/Week 0
ACR50/70 response rates than those who received the RP.
The ACR50 response rate at Week 0 of the OLE was 47.7%
and 50.3%, respectively, for the FKB327 andRP groups, and
increased atWeek 30 to 58.5% and 59.2%, respectively. The
ACR70 response rate for the FKB327 and RP groups was
21.0% and 24.7%, respectively, at Week 0, and 34.3% and
37.2%, respectively, at Week 30. The proportion of ACR50/
70 responders increased similarly in both groups at all visits.

Figure 3 ACR20 Response Rate and DAS28-CRP. ACR, American College of Rheumatology; DAS28-CRP, Disease Activity
Score in 28 joints using C-reactive protein; F, FKB327; RP, reference product.
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Efficacy was maintained in all treatment groups and no
effect of switching was evident from sequence comparisons.
The changes in all ACR core set variables were similar for

both treatment groups. AtWeek 0 of theOLE,meanHAQ-
DI values were lowest in the F-F sequence (1.19) and high-
est in the RP-F sequence (1.32). The reduction in HAQ-DI
observed between baseline of theDB study andWeek 0 was
sustained from Week 0 to Week 30. The reduction in
HAQ-DI was also observed and sustained from Week 30
to Week 54, but from Week 66, the data became more
variable after longer-term follow-up. The mean DAS28-
ESR decreased similarly in the FKB327 and RP groups,
and was consistent with the decreases seen in DAS28-CRP.

Pharmacokinetics
DB study
The PK Analysis Set included 722 patients: 364 patients
(99.2%) and 358 patients (98.6%) in the FKB327 and RP
groups, respectively.9Thebetween-patientvariability insystemic
exposure to adalimumabwas comparable between treatments.

Open-label extension
ThemeanserumdrugconcentrationsatWeek0werehigher in
the sequence groups that had been administered FKB327 in
theDB study (F-F-F, 6500ng/mL; F-RP-F, 6000ng/mL;RP-F-F,
5170 ng/mL; RP-RP-F, 5720 ng/mL). The between-patient
variability in systemic exposure was high throughout Period 2,
with coefficient of variant ranging from 60.7% to 78.2% across
the sequences. In all the sequences, the interindividual varia-
bility was high; however, the mean serum drug concentration
appearedgenerally stablebetweenWeek0andWeek30 for the
F-F-F (6000ng/mL), RP-F-F (5730ng/mL) andRP-RP-F (5750
ng/m) treatment sequences; a slight downward shift was
observed for the F-RP-F (4790 ng/mL) sequence. Concentra-
tions in patients who did not switch treatment compared with
the F-F-F and RP-RP-F sequences remained stable and compar-
able during Period 2. Moreover, the time course of mean
serumdrug concentrations across Periods 2 and3by treatment
sequence shows that serumdrugconcentrationswere generally
stable in all sequences.

Immunogenicity
DB study
At each sampling time point, the frequency of ADAs was
comparable between treatments.9 The distribution of titre
results at the last sampling point was comparable between
treatments, with nodifferences in the proportions of patients
in the FKB327 andRPgroups at eachpositiveADA titre level.
The proportion of patients with positiveADAactivity was very
similar in the FKB327 and RP groups (60.7% and 58.8% of
patients, respectively) at the last sampling time point, with
almost all samples testing positive for neutralising ADAs.

Open-label extension
The proportion of patients with positive ADA activity was
highest at Week 0 and similar (approximately 60%) across
treatment sequences (table 4). Mean ADA titre was higher
for FKB327 and the RP atWeek 30 compared with baseline,

and was higher for the RP than for FKB327 at Week 30.
MedianADA titre did not increase over time fromWeek 0 to
Week 30 for both FKB327 and the RP. At Week 30 (end of
Period 2), 51.9% of patients in the F-F-F sequence and
50.5% of patients in the RP-RP-F sequence with samples
positive for ADA in the confirmatory assay tested positive
for neutralisingADAs (titre ≥0.25). For the F-RP-F sequence,
60.0% of patients with samples positive for ADA in the
confirmatory assay tested positive for neutralising ADAs.
For the RP-F-F sequence, 45.2% of patients with samples
positive for ADAs in the confirmatory assay tested positive
for neutralising ADAs. At Week 80 (end of study), the
percentage of patients with samples positive for ADA in
the confirmatory assay testing positive for neutralising
ADAs ranged from 41.8% in the RP-RP-F sequence to
55.2% in the F-RP-F sequence. Neutralising ADAs did not
increase in any sequence during the study.

DISCUSSION
In the phase 3, multicentre, randomised, DB, parallel-
arm, active-comparator, efficacy equivalence study,
FKB327 or the RP was administered EOW for 22
weeks in patients with active RA whose disease was
not controlled on MTX alone. The OLE was designed
to compare the longer-term safety, efficacy, immuno-
genicity PK and multiple-dose PK of FKB327 with the
RP for an additional 30 weeks of treatment (to a total
of 1 year from the start of the preceding study), and to
provide longer-term data for up to 76 weeks (total of 2
years) of treatment with FKB327. Results from the first
54 weeks (DB study and Period 2 of the OLE) have
been previously published.9

The studywas also designed to assess the effect on safety of
switching from the RP to FKB327 and vice versa, by compar-
ison of the four treatment sequences. The safety profile of
FKB327 in this study is consistent with the known risks of the
RP.3 4 The DB study demonstrated that the safety profiles of
FKB327 and the RP were comparable in patients with mod-
erate-to-severe, active RA for 24 weeks of exposure. In the
OLE study, the overall exposure in patient-years was nearly
four times greater for FKB327 (673.7) compared with the
RP (175.4), due topatients switching from theRP toFKB327
for Period 3; therefore, the safety analysis focuses on IRs
adjusted by overall exposure. Themost commonly reported
TEAEs were nasopharyngitis and other infections, which
was previously reported with the RP and other biosimilar
products.7 8 12 The incidence of ISRs, which are known side
effects of adalimumab, was numerically lower with FKB327
compared with the RP. The difference in excipients
between FKB327 and the RP, notably, the absence of citrate
in FKB327,may have contributed to the observed decreased
incidence of ISRs. A recent study investigating an etanercept
biosimilar reported no ISRs in patients who received either
the biosimilar or the RP, further supporting the safety of
anti-TNF biosimilars.13 The results suggest no difference in
the safety profile between FKB327 and the RP, and no
change in AE profile for longer-term FKB327 treatment.
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The results showed no evidence to indicate that switching
between treatments has any impact on safety. No effect of
switching treatments was seen in Period 2, and data from
Period 3 did not indicate any effect of double-switching
treatment. This study is the first to report double switching
of treatment between an adalimumab biosimilar and the
originator, which suggests no increased risk for multiple
switching in patients with RA, similar to observations with
an etanercept biosimilar treatment for psoriasis.14 In the
EGALITY study, patients underwent three treatment
switches at 6-week intervals, after which patients were fol-
lowed through Week 52, which was shorter than the
6-month switching interval and 2-year follow-up in the cur-
rent study.
The impact of ADA titre on the serum trough concentration

for FKB327 and the RP was comparable between treatment
groups. The proportion of patients with positive ADA activity
was highest atWeek 0, was similar (approximately 60%) across
the sequences and was higher than reported in other studies
with adalimumab biosimilars (16%–18%8, 38%12–50%7). This
may be due to differences in the sensitivity of the assay used in
each study. Theproportion of patients with positiveADA status
decreased between Week 0 and Week 30, and switching treat-
ment from the RP to FKB327 or vice versa was not associated

with a discernible influence onADA response. AtWeek 30, the
majority of patients with samples positive for ADAs in the
confirmatory assay tested positive for neutralising ADAs (titre
≥0.25); therefore, almost all the ADAs identified by the con-
firmatory assay were shown to be neutralising.
The efficacy profile was comparable for FKB327 and the RP

over the first 30 weeks of the study. Data from patients who
switched treatment after rerandomisation to theOLE, particu-
larly from the RP to FKB327, provide robust information
regarding the use of biosimilar products in clinical practice.
Data from patients who switched treatment twice may also
support future interchangeability applications in the United
States. Switching from the RP to FKB327 was not associated
with loss of efficacy or increases in TEAEs or immunogenicity.
No effect of switching treatments was seen in Period 2 of this
study, and data from Period 3 did not indicate any effect of
double-switching treatment. No meaningful differences were
observed in safety, immunogenicity or efficacy for patients who
switched from theRP in theDB study to FKB327 in theOLEor
vice versa. Similar results of treatment safety, efficacy and
immunogenicity were reported in the phase 3 EGALITY
study of an etanercept biosimilar in patients with chronic
plaque psoriasis14; a phase 3 study of a rituximab biosimilar
in patients with RA15; and a phase 3 study of an infliximab

Table 4 Summary of antidrug antibody status: safety analysis set

F-F-F N=216 n (%) F-RP-F N=108 n (%) RP-F-F N=108 n (%) RP-RP-F N=213 n (%)

Period 2, Week 0

Total 216 108 108 212

Positive 133 (61.6) 69 (63.9) 67 (62.0) 123 (58.0)

Week 12

Total 202 103 103 202

Positive 107 (53.0) 60 (58.3) 54 (52.4) 101 (50.0)

Week 24

Total 197 100 96 199

Positive 99 (50.3) 58 (58.0) 47 (49.0) 100 (50.3)

Period 3, Week 30*

Total 187 100 93 190

Positive 97 (51.9) 61 (61.0) 42 (45.2) 98 (51.6)

Week 54

Total 181 93 89 181

Positive 103 (56.9) 49 (52.7) 41 (46.1) 77 (42.5)

Week 76

Total 176 90 81 174

Positive 90 (51.1) 49 (54.4) 39 (48.1) 74 (42.5)

Week 80

Total 173 87 80 170

Positive 91 (52.6) 48 (55.2) 37 (46.3) 72 (42.4)

*Week 30 is end of Period 2.
Percentages are based on the number of patients in the safety analysis set with an assay result obtained at each planned relative time
(Week).
F, FKB327; N, number of patients in the safety analysis set; n, total number of patients with observation; RP, reference product.
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biosimilar in patients with active Crohn’s disease.16 Both the
EGALITY study and the current study assessedmultiple switch-
ingbetweenbiosimilars andRP treatment; however, theEGAL-
ITY study had shorter treatment intervals and follow-up.14

Studies investigating the rituximab and infliximab biosimilars
included a single-switch treatment with follow-up to 72 or 54
weeks, respectively, which was shorter than in the current
study.15 16 Although these studies reported similar outcomes,
the current data, based on 6-month switching intervals and
2-year follow-up, provide more robust clinical information on
the safety and efficacy of treatment switching in patients
with RA.
A secondary objective of the OLE was to compare the

efficacy of maintenance treatment with FKB327 and the
RP after induction of a response in the DB study. The key
variables were ACR20/50/70 response rates and DAS28-
CRP. Some imbalances in baseline disease characteristics
were observed once patients were rerandomised, and
baseline disease activity was higher in patients allocated
to FKB327 compared with those receiving the RP. How-
ever, ACR20/50/70 response rates increased slightly on
both treatments up to Week 30, with no difference
observed at the end of Period 2. Similar decreases in
mean DAS28-CRP and individual ACR core set variables
were observed over Period 3 with FKB327 and the RP.
The study had limitations to consider, including the open-

label nature of the extensionperiod.All patients were on active
drug, which may have increased perceived responses and
expectation of improvement. Because patients were required
to complete the Week 24 visit of the randomised DB study to
enroll in the OLE, the potential existed for selection bias.
Survival biasmay have existed in theOLE, and patients experi-
encing AEs or poor response may have discontinued, whereas
those who responded well continued in the study, possibly
inflating the efficacy responses. To combat this artificial
increase in response rates, theEuropeanLeagueAgainstRheu-
matism recommends the use of absolute numbers for data
analysis.17

Previous studies have reported subjective health com-
plaints that may be due to the nocebo response, or patients’
own negative expectations that lead to negative symptoms
during treatment.18 19 In the current study, no clear differ-
ence in AEs was reported among patients in different treat-
ment sequences, and the discontinuation rate did not
reflect a clear pattern based on receipt of FKB327 or the RP.
This report provides evidence that double-switching treat-

ment had no effect on safety; however, the number of evalu-
able double-switched patients was limited, and the study design
allowed for evaluation of double switching for patients in the
F-RP-F treatment group, but not in those in theRP-F-RPgroup;
however, F-RP-F is to be expected in clinical practice. Further
investigation is needed for switching treatments between the
reference and biosimilar products.11

Importantly, the results of the current study significantly
extend the preliminary analysis conducted after the first 54
weeks.9 The preliminary analysis demonstrated comparabil-
ity of FKB327 and RP in terms of efficacy, safety and immu-
nogenicity. Furthermore, no effect of switching was

observed between treatments in theOLE in the preliminary
analysis through Week 54. The current report, which is the
final analysis of the 2-year DB study andOLE, provides long-
term results, extending the previously published results out
to 2 years and demonstrating comparable safety, efficacy
and immunogenicity of FKB327 with the RP. Furthermore,
no effect of single or double switching between treatments
was reported in this longer-term setting.

CONCLUSION
Data from the DB and OLE studies demonstrate that the
safety and efficacy of the adalimumab biosimilar FKB327
were maintained and comparable to RP adalimumab,
both over long-term treatment and when patients were
switched between the biosimilar and the RP. Similarly,
immunogenicity was comparable between FKB327 and
the RP over long-term treatment and in the switching
portions of the study. Because these results support the
biosimilarity of FKB327 and the RP over a period of 2
years, with no impact of switching and double switching
between the two drugs, FKB327 should be useful in all
chronic immune-mediated inflammatory diseases for
which adalimumab is indicated.
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