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Objective. The 24-week equivalent efficacy and
comparable safety results of the biosimilar SB5 and
reference adalimumab (ADA) from the phase III ran-
domized study in patients with moderate-to-severe
rheumatoid arthritis (RA) have been reported previ-
ously. We undertook this transition study to evaluate
patients who switched from ADA to SB5 or who contin-
ued to receive SB5 or ADA up to 52 weeks.

Methods. In this phase III study, patients were
initially randomized 1:1 to receive SB5 or ADA (40 mg
subcutaneously every other week). At 24 weeks, patients
receiving ADA were rerandomized 1:1 to continue with
ADA (ADA/ADA group) or to switch to SB5 (ADA/SB5
group) up to week 52; patients receiving SB5 continued
with SB5 for 52 weeks (SB5 group). Efficacy, safety, and
immunogenicity were evaluated up to 52 weeks.

Results. The full analysis set population consisted
of 542 patients (269 in the SB5 group, 273 in the ADA
overall group [patients who were randomized to receive
ADA at week 0], 125 in the ADA/SB5 group, and 129 in
the ADA/ADA group). The percentages of patients meet-
ing the American College of Rheumatology 20%, 50%, or

70% improvement criteria (achieving an ACR20, ACR50,
or ACR70 response) at week 24 were maintained after
the transition from ADA to SB5, and these response
rates were comparable across treatment groups
throughout the study. ACR20 response rates ranged
from 73.4% to 78.8% at week 52. Radiographic pro-
gression was minimal and comparable across treat-
ment groups. The safety profile and the incidence of
antidrug antibodies were comparable across treat-
ment groups after transition.

Conclusion. SB5 was well tolerated over 1 year
in patients with RA, with efficacy, safety, and immuno-
genicity comparable to those of ADA. Switching from
ADA to SB5 had no treatment-emergent issues such as
increased adverse events, increased immunogenicity, or
loss of efficacy.

Biologic disease-modifying antirheumatic drugs
(bDMARDs), including tumor necrosis factor (TNF)
inhibitors such as adalimumab (ADA), have been used
successfully to treat patients with rheumatoid arthritis
(RA) (1). According to the updated 2016 European
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League Against Rheumatism (EULAR) recommenda-
tions, addition of a bDMARD should be considered in
patients who do not achieve the treatment target and have
poor prognostic factors (2). In the absence of poor prog-
nostic factors, other conventional synthetic DMARDs
(csDMARDs) may be tried. The American College of
Rheumatology (ACR) similarly recommends the step-up
therapy; however, either bDMARDs or csDMARDs may
be used regardless of prognostic factors (3). Treatment
with bDMARDs is often associated with high costs (4,5),
and the advent of biosimilars provides the potential to
reduce costs and increase patient access to such therapies
(4,6). Several biosimilars targeting TNF have been
approved recently for use in the US and Europe, and the
use of these biosimilars is recommended by EULAR (2).

ADA is a recombinant human IgG1 specific for
TNF that is approved for the treatment of RA as well as
several other inflammatory conditions (7). SB5 (Imraldi;
Samsung Bioepis) was developed as an ADA biosimilar
and has an identical amino acid sequence and physico-
chemical and in vitro functional properties similar to
those of reference ADA (8). The European Commission
granted a marketing authorization for SB5 in August
2017. Pharmacokinetic (PK) equivalence and compara-
ble safety for SB5 and ADA were demonstrated in a
phase I study in healthy individuals (8). In a phase III
randomized study in patients with moderate-to-severe
RA, equivalent efficacy was demonstrated for SB5 and
ADA, as seen in percentages of patients meeting the
ACR 20% improvement criteria (achieving an ACR20
response) (9) (72.4% and 72.2%, respectively) and addi-
tional efficacy end points up to 24 weeks; SB5 was well
tolerated, with PK, safety, and immunogenicity profiles
comparable to those of ADA (10).

Growing numbers of biosimilars for various bio-
logic agents have been approved or are in various stages
of clinical development; however, there are limited clini-
cal and real-world data regarding the effects of switching
from reference biologic agents to biosimilars (11). An
important clinical consideration for the use of biosimi-
lars is whether switching from reference product might
result in loss of efficacy or increased immunogenicity or
other safety concerns. Data derived from appropriately
designed switching clinical trials and real-world experi-
ence can help fill this information gap and provide useful
evidence in clinical decision-making (11).

As mentioned above, the 24-week results of the
phase III clinical study evaluating SB5 and ADA
demonstrated comparable ACR20 response rates, PK,
safety, and immunogenicity in patients with moderate-
to-severe RA (10). The objective of the current 52-
week transition study was to evaluate the safety,

immunogenicity, and efficacy of continuing SB5 treat-
ment versus switching from ADA to SB5 (as will occur
in clinical practice) versus continuing ADA treatment.

PATIENTS AND METHODS

Methods have been described previously in detail (10)
and are briefly summarized herein.

Patient inclusion and exclusion criteria. The study
included patients ages 18–75 years with moderate-to-severe
RA treated with methotrexate (MTX) for ≥6 months and
receiving a stable MTX dosage of 10–25 mg/week for
≥4 weeks before screening. Patients had active disease (≥6
swollen joints, ≥6 tender joints, and either an erythrocyte sed-
imentation rate [ESR] ≥28 mm/hour or a serum C-reactive
protein [CRP] level ≥1.0 mg/dl). Pertinent exclusions included
previous treatment with biologic agents and active or latent
tuberculosis infection at screening (10).

Study design. This 52-week, phase III, randomized,
double-blind, parallel-group study was conducted at 51 sites in
7 countries. Patients were initially randomized 1:1 to receive
SB5 or ADA (40 mg subcutaneously every other week). Pa-
tients receiving ADA were randomized again 1:1 at week 24 to
continue with ADA or to switch to SB5 up to week 52; patients
receiving SB5 were also randomized for purposes of blinding
and continued with SB5 for the 52 weeks of the study (see Sup-
plementary Figure 1, available on the Arthritis & Rheumatology
web site at http://onlinelibrary.wiley.com/doi/10.1002/art.40444/
abstract).

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of Helsinki
and that are consistent with International Conference on Har-
monisation Guidelines for Good Clinical Practice. Each study
center’s independent ethics committee or institutional review
board reviewed and approved the protocol and study. All
patients provided written informed consent before study entry.

Study assessments. The primary efficacy end point of
the study, the ACR20 response rate at week 24, has been
reported previously (10). Efficacy assessments up to week 52
included the ACR20, ACR50, and ACR70 response rates and
the ACR index of improvement in RA response rate (12), the
Disease Activity Score in 28 joints (13) using the ESR (DAS28-
ESR), and the EULAR response (good, moderate, or no
response) (14). Post hoc analyses were performed on the Sim-
plified Disease Activity Index (SDAI) (15), the Clinical Disease
Activity Index (CDAI) (16), the remission rate based on the
DAS28-ESR (score of <2.6), SDAI (score of ≤3.3), and CDAI
(score of ≤2.8), and the proportion of patients with low disease
activity based on the DAS28-ESR (score of ≤3.2), SDAI (score
of 3.3–11.0), and CDAI (score of 2.8–10.0). A Boolean-based
remission was determined based on a swollen joint count of ≤1,
a tender joint count of ≤1, a CRP level of ≤10 mg/liter, and a
visual analog scale score of ≤10 mm on the patient’s global
assessment of disease activity.

Radiographs of the hands and feet were obtained at
baseline and at week 52 and were evaluated centrally by 2
independent qualified readers who were blinded with regard
to patient identity, treatment, and assessment time point.
When the score change was within the top 5% of cases with
the highest score differences between readers, the radio-
graphs required consensus review by the primary readers. The
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mean joint erosion score and joint space narrowing score of
the 2 readers were used to calculate the modified Sharp/van
der Heijde score (SHS) (17).

Treatment-emergent adverse events (AEs) (graded as
mild, moderate, or severe), serious AEs (SAEs), vital sign
abnormalities, and clinical laboratory abnormalities were
monitored as part of safety assessments. Immunogenicity
assessments included monitoring for the development of anti-
drug antibodies and neutralizing antibodies.

Immunogenicity was analyzed as emergent (positive
for ≥1 antidrug antibody after transition among patients with
negative 24-week overall antidrug antibody results), boosted
(increased titer of antidrug antibodies at any time compared
with the highest titer up to week 24), and total (serocon-
verted to positive for antidrug antibodies or boosted their
preexisting antidrug antibody titer during the transition peri-
od). Antidrug antibodies were detected using electrochemilu-
minescence bridging (Meso Scale Discovery), employing an
SB5 single-tagged immunoassay. Subgroup analyses based on
the antidrug antibody status of the patients were performed
in the treatment groups following transition at 24 weeks up to
52 weeks for the various efficacy parameters.

Statistical analysis. Sample size determination was
described previously (10). Efficacy assessments were performed
on the full analysis set, which comprised all randomized
patients (intent-to-treat principle). The following treatment
groups were compared: patients who were randomized to
receive SB5 at week 0 (SB5 group), patients who were random-
ized to receive ADA at week 0 (ADA overall group), and
patients in the ADA group who were rerandomized at week 24

to continue ADA (ADA/ADA group) or to switch to SB5
(ADA/SB5 group). Results are presented with no imputation
for missing data. The safety population included all patients
who received ≥1 dose of study drug after rerandomization at
week 24. Safety results were compared for the SB5/SB5 group
(patients in the SB5 group who were rerandomized to continue
SB5), ADA/SB5 group, and ADA/ADA group. All efficacy and
safety results were summarized descriptively by treatment
group. Statistical analyses were performed using SAS software,
version 9.2 or higher (SAS Institute).

RESULTS

Patients. The study was initiated on May 12,
2014 and completed on October 19, 2015. A total of
544 patients were randomized to the SB5 (n = 271) or
ADA overall (n = 273) groups; 254 patients (93.7%) in
the SB5 group and 254 (93.0%) in the ADA overall
group completed the 24-week study (10). At week 24,
the 254 patients in the SB5 group continued to receive
SB5 (SB5/SB5 group); patients in the ADA overall group
were randomized to transition to SB5 (ADA/SB5
group [n = 125]) or to continue ADA (ADA/ADA group
[n = 129]). The full analysis set population consisted of
542 patients (269 in the SB5 group, 273 in the ADA
overall group, 125 in the ADA/SB5 group, and 129 in
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Figure 1. Patient disposition summary. The percentages of patients who completed or discontinued are based on the numbers of patients who
were rerandomized at week 24. The SB5 group included patients who were randomized to receive the biosimilar SB5 at week 0. The adalimumab
(ADA) overall group included patients who were randomized to receive reference ADA at week 0. The SB5/SB5 group included patients receiving
SB5 who were rerandomized to continue SB5. The ADA/SB5 group included patients receiving ADA who were rerandomized to switch to SB5.
The ADA/ADA group included patients receiving ADA who were rerandomized to continue ADA.
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the ADA/ADA group). Patient disposition for the 52-
week study is summarized in Figure 1.

Patient demographics and baseline characteris-
tics at study start (week 0) and disease activity at weeks
0 and 24 (rerandomization time point) are shown in
Table 1. Overall, baseline characteristics and disease
activity were well balanced across treatment groups.

Efficacy assessments. The ACR response rates
were not affected after transition from ADA to SB5 at
week 24, and results for the ADA/SB5 and ADA/ADA
groups were comparable up to week 52 (Figure 2). Efficacy
was also comparable between the SB5 and ADA/ADA
groups throughout the study. Efficacy was maintained from
week 24 up to week 52 across treatment groups. Analysis
of the DAS28, SDAI, and CDAI showed comparable
trends across all treatment groups during the study; results

from 24 weeks to 52 weeks (full analysis set) are shown in
Supplementary Figure 2, http://onlinelibrary.wiley.com/doi/
10.1002/art.40444/abstract. Other efficacy end points (e.g.,
Boolean-based remission; low disease activity based on
the DAS28, SDAI, and CDAI) were also comparable at
week 52 among treatment groups (Table 2).

Radiographic results were comparable across all
treatment groups, as seen in the change from baseline
at week 52 in joint erosion score, joint space narrowing
score, SHS, and the proportion of patients with change
from baseline in the SHS >0 (Table 2). Mean � SD
changes in SHS were 0.2 � 2.5 in the SB5 group, 0.4 �
2.6 in the ADA overall group, 0.3 � 2.7 in the ADA/
SB5 group, and 0.5 � 2.4 in the ADA/ADA group.
Radiographic progression was minimal, as seen in the
cumulative probability plot of change from baseline in

Table 1. Patient demographics at baseline and disease activity at baseline and week 24*

SB5 group
(n = 271)

ADA overall
group

(n = 273)

ADA/SB5
group

(n = 125)

ADA/ADA
group

(n = 129)

Demographics at baseline
Age, years 49.8 � 12.7 52.5 � 11.9 51.7 � 11.3 52.8 � 12.3
Sex, no. (%)
Female 217 (80.1) 224 (82.1) 105 (84.0) 103 (79.8)
Male 54 (19.9) 49 (17.9) 20 (16.0) 26 (20.2)

BMI, kg/m2 26.2 � 4.8 27.0 � 5.1 27.2 � 5.3 26.9 � 5.0
Disease duration, years 5.4 � 4.4 5.5 � 4.3 5.3 � 4.1 5.6 � 4.5
MTX dose, mg/week 15.1 � 4.6 15.4 � 4.4 15.4 � 4.5 15.2 � 4.4
Duration of MTX use, months 39.5 � 38.4 37.8 � 34.9 38.3 � 33.8 39.5 � 37.2
RF positive, no. (%) 203 (74.9) 185 (67.8) 80 (64.0) 94 (72.9)

Disease activity at baseline
Swollen joint count 15.8 � 8.0 15.5 � 7.5 14.5 � 6.4 16.3 � 8.3
Tender joint count 23.9 � 11.7 24.1 � 10.8 23.8 � 10.5 24.3 � 11.3
HAQ DI score 1.3 � 0.6 1.4 � 0.6 1.4 � 0.6 1.4 � 0.7
DAS28-ESR 6.5 � 0.7 6.5 � 0.71 6.5 � 0.6 6.4 � 0.8
CRP, mg/liter 11.5 � 19.0 12.6 � 19.0 13.0 � 20.8 11.9 � 15.7
ESR, mm/hour 39.6 � 13.3 39.6 � 13.9 40.5 � 14.3 39.3 � 14.0
Physician’s global assessment, 0–100-mm VAS 59.8 � 16.9 60.6 � 15.4 60.6 � 14.7 61.0 � 16.1
Patient’s global assessment, 0–100-mm VAS 58.5 � 20.3 59.4 � 18.7 59.1 � 18.0 59.9 � 19.6
Patient’s assessment of pain, 0–100-mm VAS 59.2 � 20.7 60.8 � 19.7 61.0 � 19.6 60.6 � 20.0
ACR-N NA NA NA NA

Disease activity at week 24
Swollen joint count 3.2 � 4.5 3.3 � 4.9 3.3 � 5.0 3.3 � 4.7
Tender joint count 7.4 � 7.4 8.4 � 9.6 8.1 � 9.1 8.4 � 10.0
HAQ DI score 0.8 � 0.6 0.9 � 0.6 0.9 � 0.6 0.9 � 0.6
DAS28-ESR 3.7 � 1.2 3.8 � 1.4 3.7 � 1.4 3.8 � 1.3
CRP, mg/liter 5.6 � 10.3 5.8 � 8.6 6.1 � 9.9 5.3 � 6.7
ESR, mm/hour 18.9 � 14.8 19.0 � 14.2 18.6 � 12.8 19.6 � 15.5
Physician’s global assessment, 0–100-mm VAS 23.6 � 16.4 25.0 � 17.8 25.0 � 18.0 24.0 � 17.1
Patient’s global assessment, 0–100-mm VAS 33.7 � 21.7 35.1 � 22.0 36.7 � 22.4 33.1 � 21.4
Patient’s assessment of pain, 0–100-mm VAS 35.6 � 21.8 37.0 � 23.3 38.6 � 23.4 34.7 � 22.9
ACR-N 40.2 � 28.7 39.6 � 29.2 38.4 � 29.6 41.5 � 28.8

* Except where indicated otherwise, values are the mean � SD. SB5 group = patients randomized to receive the biosimilar SB5 at week 0; adali-
mumab (ADA) overall group = patients randomized to receive reference ADA at week 0; ADA/SB5 group = patients receiving ADA rerandom-
ized to switch to SB5; ADA/ADA group = patients receiving ADA rerandomized to continue ADA; BMI = body mass index; MTX =
methotrexate; RF = rheumatoid factor; HAQ DI = Health Assessment Questionnaire disability index; DAS28-ESR = Disease Activity Score in 28
joints using the erythrocyte sedimentation rate; CRP = C-reactive protein; VAS = visual analog scale; ACR-N = American College of Rheumatol-
ogy index of improvement in rheumatoid arthritis; NA = not applicable.
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Figure 2. Percentages of patients meeting the American College of Rheumatology 20%, 50%, or 70% improvement criteria (achieving an
ACR20, ACR50, or ACR70 response) in the full analysis set population. A, ACR response rates at 52 weeks in the different treatment groups. B,
ACR response rates over the 52-week period in the different treatment groups. See Figure 1 for other definitions.

Table 2. Efficacy end points at week 52 in the full analysis set*

SB5 group
(n = 269)

ADA overall
group

(n = 273)

ADA/SB5
group

(n = 125)

ADA/ADA
group

(n = 129)

ACR response rate, %
ACR20 77.8 76.0 78.8 73.4
ACR50 50.0 52.5 54.2 50.8
ACR70 31.9 27.3 26.3 28.2

DAS28-ESR
Mean change from baseline �3.05 �2.97 �3.02 �2.92
LDA, no./total no. (%)† 118/247 (47.8) 112/242 (46.3) 55/118 (46.6) 57/124 (46.0)
Remission, no./total no. (%)† 75/247 (30.4) 70/242 (28.9) 34/118 (28.8) 36/124 (29.0)

SDAI
Mean change from baseline �29.0 �28.0 �28.2 �27.8
LDA, no./total no. (%)† 88/247 (35.6) 95/242 (39.3) 46/118 (39.0) 49/124 (39.5)
Remission, no./total no. (%)† 55/247 (22.3) 46/242 (19.0) 23/118 (19.5) 23/124 (18.5)

CDAI
Mean change from baseline �28.5 �27.4 �27.50 �27.3
LDA, no./total no. (%)† 84/248 (33.9) 91/242 (37.6) 45/118 (38.1) 46/124 (37.1)
Remission, no./total no. (%)† 52/248 (21.0) 47/242 (19.4) 23/118 (19.5) 24/124 (19.4)

Boolean-based remission, no./total no. (%)†‡ 35/247 (14.2) 31/242 (12.8) 17/118 (14.4) 14/124 (11.3)
Radiographic results
Change from baseline in joint erosion score,
mean � SD

0.1 � 1.6 0.2 � 1.3 0.2 � 1.4 0.2 � 1.2

Change from baseline in joint space narrowing
score, mean � SD

0.1 � 1.3 0.2 � 1.8 0.1 � 1.5 0.3 � 1.9

Change from baseline in SHS, mean � SD 0.2 � 2.5 0.4 � 2.6 0.3 � 2.7 0.5 � 2.4
Proportion of patients with change from
baseline in SHS >0, no./total no. (%)†

48/241 (19.9) 57/238 (23.9) 22/114 (19.3) 35/124 (28.2)

* ACR20 = American College of Rheumatology 20% improvement criteria; LDA = low disease activity; SDAI = Simplified
Disease Activity Index; CDAI = Clinical Disease Activity Index; SHS = modified Sharp/van der Heijde score (see Table 1 for
other definitions).
† Number of patients with available data at each time point.
‡ Determined based on 28–swollen joint count ≤1, 28–tender joint count ≤1, CRP level ≤10 mg/liter, and VAS score ≤10 mm
on patient’s global assessment.
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SHS at week 52, and was comparable for the different
treatment groups (Figure 3).

Subgroup analyses of ACR response rate, EULAR
response, and proportion of patients with low disease

activity and remission (according to the DAS28, SDAI,
and CDAI) showed a trend toward decreased efficacy in
antidrug antibody–positive patients (n = 84) compared
with antidrug antibody–negative patients (n = 423) in all
treatment groups (see Supplementary Table 1, http://
onlinelibrary.wiley.com/doi/10.1002/art.40444/abstract). Mean
DAS28, SDAI, and CDAI values tended to improve in
antidrug antibody–negative patients and tended to worsen
in antidrug antibody–positive patients across all treatment
groups (24–52 weeks); the magnitude of the changes was
comparable in all treatment groups (see Supplementary
Figure 3, http://onlinelibrary.wiley.com/doi/10.1002/art.40444/
abstract).

Safety. Safety was comparable across treatment
groups after week 24. Treatment-emergent AEs that
occurred after week 24 in the SB5/SB5, ADA/SB5, and
ADA/ADA groups are summarized in Table 3. There
were no cases of active tuberculosis in any treatment
group and no deaths during the transition period.
Malignancies were reported in 1 patient each in the SB5/
SB5 group (small cell lung cancer), ADA/SB5 group
(glioblastoma multiforme), and ADA/ADA group
(seminoma). Injection-site reactions were reported in 2
patients in the ADA/ADA group only. The proportion of
patients with any treatment-emergent AEs was compara-
ble among the SB5/SB5 (32.3%), ADA/SB5 (37.6%),
and ADA/ADA (33.1%) groups. Similar results were
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Figure 3. Cumulative probability change from baseline in modified
Sharp/van der Heijde score (SHS) at week 52. Data are based on
patients for whom radiographic assessment results were available at
each visit. See Figure 1 for other definitions.

Table 3. Summary of safety profile after transition*

SB5/SB5 group
(n = 254)

ADA/SB5 group
(n = 125)

ADA/ADA group
(n = 127)

Patients with ≥1 treatment-emergent AE 82 (32.3) 47 (37.6) 42 (33.1)
Treatment-emergent AEs reported in ≥2% of patients
Nasopharyngitis 11 (4.3) 4 (3.2) 3 (2.4)
Latent tuberculosis 8 (3.1) 1 (0.8) 7 (5.5)
Spinal pain 5 (2.0) 3 (2.4) 2 (1.6)
Bronchitis 5 (2.0) 2 (1.6) 2 (1.6)
Urinary tract infection 5 (2.0) 3 (2.4) 0 (0.0)
Rheumatoid arthritis 4 (1.6) 3 (2.4) 4 (3.1)
Upper respiratory tract infection 4 (1.6) 5 (4.0) 0 (0.0)
Increased ALT level† 3 (1.2) 1 (0.8) 3 (2.4)
Headache 2 (0.8) 3 (2.4) 4 (3.1)
Positive Mycobacterium tuberculosis complex test result‡ 2 (0.8) 4 (3.2) 1 (0.8)

Any serious treatment-emergent AE 6 (2.4) 4 (3.2) 4 (3.1)
Treatment-emergent AEs leading to study drug discontinuation 1 (0.4) 2 (1.6) 3 (2.4)
Serious infection 0 (0.0) 2 (1.6) 0 (0.0)
Active tuberculosis 0 (0.0) 0 (0.0) 0 (0.0)
Injection-site reaction§ 0 (0.0) 0 (0.0) 2 (1.6)
Malignancy¶ 1 (0.4) 1 (0.8) 1 (0.8)
Death 0 (0.0) 0 (0.0) 0 (0.0)

* Values are the number (%) of patients. SB5/SB5 group = patients in the SB5 group rerandomized to continue the biosimilar
SB5; AE = adverse event; ALT = alanine aminotransferase (see Table 1 for other definitions).
† Based on investigator’s discretion.
‡ Treatment-emergent AE led to study drug discontinuation in 1 patient in the ADA/SB5 group and 1 patient in the ADA/
ADA group.
§ Numbers based on the high-level group term of administration site reaction.
¶ Small cell lung cancer in SB5/SB5 group; glioblastoma multiforme in ADA/SB5 group; seminoma in ADA/ADA group.
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seen in the antidrug antibody–positive and antidrug anti-
body–negative subgroups within each treatment group
(data not shown).

Immunogenicity. The incidence of overall anti-
drug antibodies (emergent and boosted) was comparable
across treatment groups after transition at week 24 (40
of 254 patients [15.7%] in the SB5/SB5 group, 21 of 125
patients [16.8%] in the ADA/SB5 group, and 23 of 126
patients [18.3%] in the ADA/ADA group). Emergent
antidrug antibodies occurred in 9 of 160 patients (5.6%)
in the SB5/SB5 group, 5 of 80 patients (6.3%) in the
ADA/SB5 group, and 11 of 87 patients (12.6%) in the
ADA/ADA group. Boosted responses were reported in
31 of 94 patients (33.0%) in the SB5/SB5 group, 16 of 45
patients (35.6%) in the ADA/SB5 group, and 12 of 39
patients (30.8%) in the ADA/ADA group.

DISCUSSION

Previous results from this phase III randomized
study showed equivalent efficacy for SB5 and ADA at
week 24, and SB5 was well tolerated with PK, safety,
and immunogenicity profiles comparable to those of
ADA (10). In this 52-week transition study, patients in
the ADA group were rerandomized at week 24 to
either continue with ADA or switch to SB5 up to week
52, and patients receiving SB5 continued with SB5 up
to week 52. This study design allowed for the compar-
ison of efficacy and safety of SB5 in patients who
switched from ADA to SB5 with efficacy and safety in
those who continued to receive SB5 or ADA for the
entire 52-week period.

The ACR response rates were similar across all
treatment groups, both at week 52 and over the course
of the study. Importantly, comparison of the ADA/SB5
and ADA/ADA treatment groups showed that efficacy
was maintained after transition from ADA to SB5. In
addition, there was minimal radiographic progression in
all treatment groups over the course of 52 weeks. The
ACR20, ACR50, and ACR70 response rates achieved in
this study were similar to those described previously for
ADA (18–21), and the radiographic results were also
consistent with historical data for ADA (19).

Analysis of treatment-emergent AEs after transi-
tion showed that SB5 was well tolerated after switching
from ADA, with comparable safety profiles across
treatment groups after transition. This transition study
was designed to assess ~100 patients per group so that
an increase in the frequency of injection-site reactions
to ≥1% could be detected. No injection-site reactions
occurred in the ADA/SB5 group, and 2 patients in the
ADA/ADA group experienced injection-site reactions.

Rates of SAEs and treatment-emergent AEs leading to
study drug discontinuation were low and similar across
treatment groups, ranging from 2.4% to 3.2% of
patients and from 0.4% to 2.4% of patients, respec-
tively. No potential cases of anaphylaxis were identified
based on retrospective analysis using related AEs (e.g.,
pruritus, flushing, dyspnea, hypotonia, syncope, inconti-
nence, vomiting) and blood pressure (systolic blood
pressure <90 mm Hg or >30% decrease from baseline)
as defined by the National Institute of Allergy and
Infectious Diseases/Food Allergy and Anaphylaxis Net-
work criteria (22). There were no cases of active tuber-
culosis or deaths. Thus, based on the safety results
from the 24-week study (10) and the safety results pre-
sented herein, SB5 is well tolerated up to 1 year of
treatment with no significant safety issues.

The incidence of antidrug antibodies after transi-
tion was comparable across treatment groups, and the
occurrence of newly emergent antidrug antibodies in
patients who switched from ADA to SB5 (ADA/SB5
group) was not higher than that of patients in the ADA/
ADA group. The formation of antibodies to ADA may
reduce efficacy because of increased clearance (7,21,23).
Therefore, similar to previous findings (21,23), it was not
surprising that ACR response rates were decreased in
patients who were antidrug antibody positive compared
with those who were antidrug antibody negative. Consis-
tent with historical results, there was no apparent corre-
lation between the development of antidrug antibodies
and AEs, including injection-site reactions (7,24).

Several biosimilars of ADA and other bDMARDs
have either been marketed or are in clinical development
(11,25). One of the key clinical considerations when pre-
scribing biosimilars are the effects of switching patients
from a reference product to a biosimilar (11). Impor-
tantly, biosimilars are expected to have the same clinical
effects as the reference product, and efficacy and safety
should not be compromised when switching from a refer-
ence product to a biosimilar (26). To test for potential
changes in safety and efficacy following transition from
reference biologic agents to biosimilars, some studies have
incorporated a transition design (25). Several of these
switch studies use an open-label extension design in which
all patients receive the biosimilar product following a dou-
ble-blind randomized trial (25). For example, the transi-
tion studies evaluating the infliximab biosimilar CT-P13
for RA (Program Evaluating the Autoimmune Disease
Investigational Drug cT-p13 in RA Patients) or ankylosing
spondylitis (Program Evaluating the Autoimmune Dis-
ease Investigational Drug cT-p13 in AS Patients) and
those for the etanercept biosimilar SB4 were open-label,
single-arm extension studies (11,27–29). The ADA
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biosimilar ABP 501 has a similar ongoing single-arm,
open-label extension study to evaluate efficacy and safety
during transition from ADA to the biosimilar (11,30). In
other studies, patients are rerandomized after a blinded
treatment phase to transition to the biosimilar from the
reference product, such as the study with the infliximab
biosimilar SB2 and the switching study of CT-P13 in Nor-
way (the NOR-SWITCH trial) (11,31). Such switching
studies will provide valuable data that will be useful in
clinical decision-making for transition from reference bio-
logic agents to biosimilars.

One of the strengths of the transitional design
of this 52-week study is that it allows for direct compar-
ison between maintenance groups (the SB5/SB5 and
ADA/ADA groups) and the transition group (the
ADA/SB5 group) and shows that switching does not
have negative effects in terms of reduced efficacy or
increased AEs or immunogenicity. A limitation of this
transition study was that it was not designed for statisti-
cal comparisons of equivalence; however, the results
from this study provide valuable data on switching from
a reference product to a biosimilar.

In conclusion, SB5 was well tolerated over 1
year in patients with RA, with efficacy, safety, and
immunogenicity comparable to those of ADA. Switch-
ing from ADA to SB5 had no treatment-emergent
issues such as increased AEs, increased immunogenic-
ity, or loss of efficacy.
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