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Abstract
Background  Sandoz adalimumab SDZ-ADL (GP-2017) is an approved adalimumab biosimilar with similar efficacy and 
comparable safety and immunogenicity to reference adalimumab (ref-ADL) as confirmed by analytical, pharmacokinetic 
and confirmatory studies. ADMYRA, a phase III double-blind study, was conducted with an aim to generate efficacy, safety 
and immunogenicity comparability data in patients with moderate-to-severe rheumatoid arthritis (RA) having inadequate 
response to disease-modifying anti-rheumatic drugs (DMARDs) including methotrexate (MTX). The study also evaluated 
an aspect of ‘switching’ reference product to the biosimilar in terms of efficacy, safety and immunogenicity up to Week 48.
Methods  Eligible patients (N = 353) were randomized 1:1 to receive subcutaneous (sc) SDZ-ADL 40 mg (n = 177) or ref-
ADL (n = 176) every other week from Week 0 to Week 24. At Week 24, all patients with at least a moderate response by 
Disease Activity Score-28 including high-sensitivity C-reactive protein (DAS28-CRP) in the SDZ-ADL group continued 
SDZ-ADL (n = 159), and in the ref-ADL group were switched to SDZ-ADL (n = 166), treated for up to 46 weeks. The 
primary endpoint was change in DAS28-CRP from baseline at Week 12. Other efficacy endpoints included proportion of 
patients with European League Against Rheumatism (EULAR) response, EULAR remission, Boolean remission, safety and 
immunogenicity.
Results  The DAS28-CRP score changes from baseline at Week 12 were similar between SDZ-ADL (− 2.16) and ref-ADL 
(− 2.18) with a mean difference (95% CI) of 0.02 (− 0.24 to 0.27), which was within the pre-specified equivalence margin 
of ± 0.6. After switching treatment from ref-ADL to SDZ-ADL, the mean DAS28-CRP change was similar between the 
SDZ-ADL and ‘ref-ADL/switched SDZ-ADL’ group (− 3.09 vs − 3.05). The proportion of patients with good/moderate 
EULAR response was 69.2%/29.0% in the SDZ-ADL group and 68.0%/29.6% in the ‘ref-ADL/switched SDZ-ADL’ group. 
The proportion of patients in EULAR remission was 51.4% and 54.4% and in Boolean remission was 16.8% and 21.6% for 
SDZ-ADL and ‘ref-ADL/switched SDZ-ADL’ groups, respectively. The secondary endpoints were similar across the treat-
ment groups. The incidence of adverse events (AEs) and injection-site reactions were low and similar between SDZ-ADL 
and ‘ref-ADL/switched SDZ-ADL’ groups (AEs 70.6% vs 68.8%, injection-site reactions 4.0% vs 6.3%), and most of these 
patients experienced AEs of mild or moderate severity. Antidrug antibodies were detected in 24.2% and 25.6% of patients 
treated with SDZ-ADL and ‘ref-ADL/switched SDZ-ADL’, respectively, from baseline to Week 48, of which 72.5% in SDZ-
ADL and 79.1% in ‘ref-ADL/switched SDZ-ADL’ groups were neutralizing.
Conclusions  In patients with moderate-to-severe RA who had an inadequate response to DMARDs, SDZ-ADL demonstrated 
a similar efficacy and a comparable safety and immunogenicity profile to ref-ADL. Efficacy was sustained after switching 
from ref-ADL to SDZ-ADL with no impact on safety (NCT02744755).

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4025​9-020-00447​-6) contains 
supplementary material, which is available to authorized users.

Extended author information available on the last page of the article
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Key Points 

SDZ-ADL and reference adalimumab (ref-ADL) dem-
onstrated equivalent efficacy (in terms of DAS28-CRP 
score change) in patients with moderate to severe active 
rheumatoid arthritis who had an inadequate response 
to disease-modifying anti-rheumatic drugs. Equiva-
lent efficacy was also shown in terms of DAS28-CRP, 
ACR20/50/70 response rates, EULAR responses and 
Boolean remission rates.

The immunogenicity and safety profile of SDZ-ADL 
and ref-ADL were similar, and local tolerability of the 
injections was equally good. Switching from ref-ADL 
to SDZ-ADL did not have any negative impact on the 
safety or immunogenicity of adalimumab treatment.

1  Introduction

Patients with chronic disease require long-term treatment 
options based on the severity of their disease to avoid com-
plications and to improve their health condition and qual-
ity of life. Biological medicinal products have been highly 
effective in treating patients with moderately and severely 
chronic diseases. However, biologics are expensive and often 
not accessible to many patients, and can lead to long-term 
increased financial burden on patients and on health care 
systems. Biosimilars are biological medical products that are 
highly similar to other already approved reference products; 
they show similar safety and efficacy to the reference product 
and are high quality alternatives [1, 2] leading to reduction 
of health care costs. It is noteworthy that the development 
of a biosimilar follows Health Agencies’ biosimilar guide-
lines and approval is gained via stringent regulatory approval 
pathways based on the comprehensive similarity data from 
analytical, preclinical and clinical stages of development 
[3–5]. Due to lowered health care costs with the availabil-
ity of biosimilars as a substitute for more costly biologics, 
patients can be treated with biosimilars at an earlier stage of 
disease, thus preventing or delaying early disease progres-
sion and improving quality of life [6].

SDZ-ADL (Hyrimoz®; Sandoz GmbH., Austria) is a 
biosimilar of Humira® (adalimumab), a recombinant, fully 
human anti-tumor necrosis factor (anti-TNF)-α IgG1 mono-
clonal antibody, which is currently approved in the Euro-
pean Union [7], the United States [8] and other countries 
for the treatment of rheumatoid arthritis (RA), inflammatory 
bowel disease and other autoimmune diseases as approved 
for Humira® [9]. Following the European Medicines Agency 
(EU) and Food and Drug Administration (USA) guided 

approach of step-wise totality of evidence [10], the analyti-
cal and preclinical similarity between SDZ-ADL and refer-
ence adalimumab (ref-ADL; Humira®; AbbVie Inc., United 
States) has been demonstrated [11] prior to pharmacokinet-
ics and therapeutic equivalence [9, 12]. Similar clinical effi-
cacy of SDZ-ADL and ref-ADL has been demonstrated in a 
phase III study in patients with moderate-to-severe chronic 
plaque psoriasis [11, 13–15].

The ADMYRA study was conducted not only with an 
aim to contribute further therapeutic equivalence data in 
a rheumatology indication but also to support regulatory 
submissions to obtain health authority approval. The objec-
tive of this study was to demonstrate similar efficacy and 
to compare the safety and immunogenicity of SDZ-ADL 
and ref-ADL in patients with moderate-to-severe RA with 
inadequate response to methotrexate (MTX) with or without 
other disease-modifying anti-rheumatic drugs (DMARDs) 
over 24 weeks. Noteworthy, the study also evaluated the 
effect of a single switch from ref-ADL to SDZ-ADL at Week 
24 on efficacy, safety and immunogenicity (NCT02744755). 
Herein, we report the results from the 48-week treatment 
period of the study, with a focus on a comparison between 
patients who continued with SDZ-ADL treatment (referred 
to as the ‘SDZ-ADL’ group) and patients who switched from 
ref-ADL to SDZ-ADL (referred to as the ‘ref-ADL/switched 
SDZ-ADL’ group).

2 � Methods

2.1 � Study Design

ADMYRA was a phase III, randomized, double-blind, 
parallel-group, 48-week multicenter study conducted in 83 
centers in 13 countries from March 2016 to September 2017. 
Eligible patients were randomized 1:1 to receive either SDZ-
ADL 40 mg (50 mg/mL) or ref-ADL (Humira®; AbbVie 
Inc., USA, AbbVie Ltd,) subcutaneously, every other week, 
for 24 weeks (Study period 1 [SP1]).

Response was assessed by disease activity score includ-
ing 28 joint count (DAS28)–C-reactive protein (CRP) 
score according to European League Against Rheumatism 
(EULAR) response criteria [16, 17]. At Week 24, patients 
achieving at least a moderate response in the SDZ-ADL 
group continued SDZ-ADL (defined as ‘continued SDZ-
ADL’ group), and in the ref-ADL group were switched to 
SDZ-ADL (defined as ‘ref-ADL to SDZ-ADL’ group) for 
the following period up to Week 46 (Study period 2 [SP2]). 
During SP2, patients could self-administer SDZ-ADL 
injections. Patients who did not show at least a moderate 
EULAR response had their final assessment at Week 24 and 
did not continue in the study (Fig. 1). End of study visit was 
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performed at Week 48. All patients had to be on a stable 
dose of MTX at least 4 weeks prior to randomization and 
continued on the same dose, as well as on a stable dose of 
folic acid (≥ 5 mg/week) prior to baseline and continued 
until end of study.

The study protocol was reviewed by the Independent Eth-
ics Committee or Institutional Review Board for each center 
and the study was conducted according to the ethical prin-
ciples of the Declaration of Helsinki. Informed consent was 
obtained from each patient and/or legal guardian in writing 
before entering the study.

2.2 � Patients

Patients, aged ≥ 18 years, were included if they had RA 
according to the American College of Rheumatology 
(ACR) 1987 or ACR/EULAR 2010 modified criteria 
for ≥ 6 months before baseline; active disease defined as 
DAS28-CRP ≥ 3.2 at screening; CRP levels > 5 mg/L or 
erythrocyte sedimentation rate (ESR) levels above the 
upper limits of normal. Patients with inadequate clini-
cal response to MTX at a dose of 10–25 mg/week fol-
lowing dose escalation according to local standards were 
also included. Patients must have had MTX therapy 
for ≥ 3 months and on a stable dose for at least 4 weeks 
prior to and at baseline; and on a stable dose of folic 
acid (≥ 5 mg per week) prior to baseline and during the 
course of the study. Patients who failed any other DMARD 
treatment used alone or in combination with MTX were 
allowed to enter the study after an appropriate wash-out 
period.

Patients were excluded if they had any prior exposure 
to adalimumab or other anti-TNFα therapies; prior treat-
ment with a biologic for RA within 6 months or 5 half-
lives before baseline; history of hypersensitivity to any 
recombinant protein drugs or any of the excipients; his-
tory of or ongoing inflammatory or autoimmune diseases 
other than RA; systemic corticosteroids use (> 7.5 mg/day) 
within 4 weeks prior to baseline; systemic manifestation 
of RA such as vasculitis, pulmonary fibrosis, peri-, myo-, 
or endo-carditis etc. (rheumatoid nodules and Sjogren syn-
drome was not excluded considering these are the most 
common systemic manifestations of RA and it would be 
difficult to find such patients); history of tuberculosis or 
evidence of latent tuberculosis (as assessed by chest X-ray, 
chest computerized tomography [CT] scan, magnetic reso-
nance imaging [MRI] and/or positive QuantiFERON®-TB 
Gold test); history of joint surgery within the preceding 
2 months before screening; positive for HIV, Hepatitis B or 
C serology (defined by serological markers, either HBsAg 
or anti-HBc for Hepatitis B and positive HCVAb or HCV 
RNA for Hepatitis C); history of persistent chronic infec-
tion, recurrent infection or active infections requiring 
hospitalization or treatment. Patients with functional RA 
status of class IV according to the ACR 1991 revised crite-
ria [18] at screening and women of child-bearing potential 
not agreeing to use highly effective contraception methods 
or nursing or pregnant women were also excluded from 
the trial.

2.3 � Study Endpoints

The primary endpoint was the change from baseline 
in DAS28-CRP score at Week 12. The key secondary 

Fig. 1   Study design resembled ref-ADL ARMADA trial [25]. Study 
treatment in Study Period 1: SDZ-ADL or ref-ADL 40  mg/0.8  mL 
sc injection from Day 1 to W22. Study treatment in Study Period 2: 
patients with at least moderate EULAR response switched to SDZ-
ADL from W24 until W46. In Study Periods 1 and 2, last injections 

were administered at W22 and W46, respectively; last patient assess-
ments were performed at W24 and W48, respectively. CRP C-reac-
tive protein, DAS disease activity score, EULAR European League 
Against Rheumatism, Ref-ADL reference adalimumab, sc subcutane-
ous, SDZ-ADL Sandoz biosimilar adalimumab, W week
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endpoint was the time-weighted averaged change from 
baseline in DAS28-CRP until Week 24. Other secondary 
endpoints assessed up to Week 24 and Week 48 included 
(1) absolute change from baseline in DAS28-CRP scores; 
(2) proportion of patients achieving EULAR remission 
(DAS28-CRP < 2.6), or good (improvement of DAS28 from 
baseline > 1.2) and moderate (improvement of DAS28 from 
baseline > 0.6 and ≤ 1.2) EULAR response based on DAS28-
CRP; (3) proportion of patients achieving remission accord-
ing to Boolean-based definition (total joint count 28 ≤ 1, 
swollen joint count 28 ≤ 1, CRP ≤ 1 mg/dL and patient 
global assessment [PtGA] ≤ 10); (4) proportion of patients 
achieving an improvement in the ACR20/50/70 response 
rates and (5) changes in CRP and ESR from baseline.

Safety endpoints included evaluation of the adverse 
events (AEs) as well as the local tolerability at injection 
sites of both medications as assessed by the investigator 
during the study, including the study period after treatment 
switch. The proportion of patients with anti-drug antibodies 
(ADAs) was assessed at baseline and at Weeks 2, 4, 12, 24, 
36 and 48 by a validated electrochemiluminescence bridging 
immunogenicity assay and a validated competitive ligand-
binding assay.

2.4 � Statistical Analyses

The sample size was based on an expected difference of 
zero and common standard deviation (SD) of 1.30 for the 
DAS28-CRP change from baseline at Week 12, an equiva-
lence margin of [− 0.6, 0.6], significance level of 5% and 
assumed dropout rate of 20%. A sample size of 154 patients 
per treatment group has 90% power to test the equivalence 
between SDZ-ADL and ref-ADL, which also provides at 
least 80% to demonstrate equivalence in terms of key sec-
ondary endpoint.

A mixed-model repeated measures (MMRM) analy-
sis was performed for DAS28-CRP change from baseline 
including treatment, stratification factors (region, body 
weight category and prior therapy), time, the interaction of 
time and treatment, all as categorical variables, and baseline 
DAS28-CRP as a continuous covariate. The primary analy-
sis was performed on the Week 12 per-protocol set (W12 
PPS) that consisted of all patients who completed Week 12 
and do not have any major protocol deviations regarding 
the study’s primary objective and have received at least five 
doses of study drug up to Week 10. Therapeutic equivalence, 
in terms of change from baseline in DAS28-CRP, could be 
established if the 95% confidence interval (CI) for the dif-
ference in mean changes was contained within the interval 
(− 0.6 to 0.6).

Time-weighted averaged change from baseline in DAS28-
CRP until Week 24 was analyzed using an ANCOVA with 

treatment group and stratifications as factors, and baseline 
DAS28-CRP value as continuous covariate. The 95% CI 
for the mean difference between SDZ-ADL and ref-ADL 
was compared with the pre-specified equivalence margin 
of [− 0.6; 0.6]. The key secondary endpoint analysis was 
performed based on the SP1 PPS, which consisted of all 
patients in the W12 PPS who completed Week 24 and do not 
have any major protocol deviations regarding the study’s key 
secondary objective, and have received at least five doses of 
study drug from Week 12 to Week 22.

Other secondary endpoints and safety and immunogenic-
ity outcomes were summarized descriptively. The analyses 
of SP1 and SP2 data were based on SP1 FAS (full analysis 
set), SP1 SAF (safety analysis set) and SP1 PPS (per-proto-
col set) and SP2 FAS, SP2 SAF and SP2 PPS, respectively; 
and the entire study data were analyzed based on SP1 FAS, 
SP1 SAF and SP2 PPS. SAS 9.4 was used to conduct sta-
tistical tests.

3 � Results

3.1 � Patient Disposition and Baseline Clinical 
Characteristics (SP1 FAS)

In this 48-week study, 353 patients were randomized to 
SDZ-ADL (n = 177) or ref-ADL (n = 176) and 331 (SDZ-
ADL, n = 163; ref-ADL, n = 168) completed SP1. After 
24 weeks, 325 patients (‘continued SDZ-ADL’, n = 159; ‘ref-
ADL to SDZ-ADL’, n = 166) entered SP2 and 303 completed 
SP2 (‘continued SDZ-ADL’, n = 145 and ‘ref-ADL to SDZ-
ADL’, n = 158; SP2 FAS). During SP1, 14 (7.9%) of the 
patients in the SDZ-ADL group and 8 (4.5%) in the ref-ADL 
group discontinued the study (see electronic supplementary 
material [ESM], Fig. S1). The main reason for discontinua-
tions in SP1 was withdrawal of consent by patients (8 [4.5%] 
of the patients in the SDZ-ADL group and 4 (2.3%) of the 
patients in the ref-ADL group). Of these, worsening of RA 
and mobility was recorded as the reason for withdrawal in 
only one patient.

After switching the treatments at Week 24, 14 (8.8%) in 
the ‘continued SDZ-ADL’ group and 8 (4.8%) in the ‘ref-
ADL to SDZ-ADL’ group discontinued the study during 
SP2.

This numerical imbalance was mainly driven by discon-
tinuation due to AEs, which occurred in 5 (3.1%) patients 
in the ‘continued SDZ-ADL’ group but did not occur in 
the ‘ref-ADL to SDZ-ADL’ group. The AEs leading to dis-
continuations during SP2 were two episodes of dyspepsia, 
one of severe and another of mild severity, one incidence 
of encephalopathy of moderate severity, one incidence 
of worsening of rheumatoid arthritis of mild severity, 
one incidence of hypersensitivity vasculitis of moderate 
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severity and one incidence of liver function test increased 
of moderate severity in the ‘continued SDZ-ADL’ group 
and none in the ‘ref-ADL to SDZ-ADL’ treatment group.

There was no difference in compliance to study treatment 
between continued patients and switched patients in SP2. 
Over 85% of patients received all doses in SP2 (138/159 
[86.8%] in the ‘continued SDZ-ADL’ group and 146/166 
[88%] in the ‘ref-ADL to SDZ-ADL’ group). Of these, 
approximately 8% of patients in each group who completed 
the SP2 missed only one dose.

Overall, compliance with study treatment administration 
was similar in both treatment groups during the entire study; 
approximately 75% of patients completed the study receiv-
ing all treatments (no dose missed). Another 16% of patients 
completed the study missing in total only one dose.

Patient demographics and baseline characteristics were 
balanced and comparable between both treatment groups 
during SP1 and SP2 (SDZ-ADL vs ref-ADL; ‘continued 

SDZ-ADL’ vs ‘ref-ADL to SDZ-ADL’), except for minor 
differences in the distribution of male and female patients 
between the treatment groups in SP1.

There were no clinically relevant differences between 
treatment groups in the baseline disease characteristics 
(Table 1).

3.1.1 � Prior medication (SP1 FAS)

The use of RA medication by the study participants prior to 
enrollment was similar in both treatment groups of SP1, with 
sulfasalazine (SDZ-ADL: 35 [19.8%]; ref-ADL: 32 [18.2%]) 
and MTX (SDZ-ADL: 36 [20.3%]; ref-ADL: 41 [23.3%]) 
being two most frequently recorded RA medications taken 
prior.

Table 1   Baseline demographics and baseline disease characteristics (SP1, SP2 FAS)

Data presented as mean (SD) unless indicated otherwise
Rheumatoid factor ≤ 10 UI/mL and anti-CCP < 17 U/mL are considered negative
SP1 FAS study period 1 full analysis set: all randomized patients to whom study drug was administered, SP2 FAS study period 2 full analysis set: 
all SP1 FAS patients who entered SP2, CCP cyclic citrullinated peptide, CRP C-reactive protein, DAS disease activity score, ESR erythrocyte 
sedimentation rate, HAQ-DI health assessment questionnaire disability index, ref-ADL reference adalimumab, SD standard deviation, SDZ-ADL 
Sandoz biosimilar adalimumab, VAS visual analog scale

Study Period 1 Study Period 2

SDZ-ADL 
N = 177
n (%)

ref-ADL 
N = 176
n (%)

‘Continued SDZ-
ADL’ 
N = 159
n (%)

‘ref-ADL to 
SDZ-ADL’ 
N = 166
n (%)

Age [y] 52.8 (12.8) 53.8 (12.2) 52.9 (12.5) 53.5 (12.3)
Gender [female] 153 (86.4) 142 (80.7) 135 (84.9) 132 (79.5)
Race [Caucasian] 152 (85.9) 152 (86.4) 139 (87.4) 144 (86.7)
Weight at baseline [kg] 76.8 (19.2) 76.3 (17.9) 77.0 (19.2) 76.4 (18.0)
BMI [kg/m2] 28.6 (6.7) 28 (5.5) 28.5 (6.7) 28 (5.5)
RA disease duration [y] 8.1 (8.2) 7.4 (7.7) 8.0 (8.1) 7.1 (7.5)
Weekly methotrexate dose [mg] 17.1 (5.1) 17.6 (4.9) 17.2 (5.0) 17.6(4.9)
DAS28-CRP 5.6 (0.9) 5.7 (0.8) 5.6 (0.9) 5.7 (0.8)
DAS28-ESR 6.5 (0.9) 6.6 (0.9) 6.5 (0.9) 6.6 (0.8)
Tender 68 joint count 26.0 (14.8) 26.2 (13.8) 25.8 (14.6) 26 (13.8)
Swollen 66 joint count 15.8 (11.2) 15.5 (9.5) 15.5 (10.7) 15.5 (9.1)
Tender 28 joint count 15.9 (6.9) 16.0 (6.1) 15.7 (6.9) 16.0 (6.1)
Swollen 28 joint count 11.2 (5.4) 11.4 (5.2) 11 (5.4) 11.4 (5.1)
CRP [mg/L] 9.7 (10.9) 11.4 (15.8) 9.5 (11.1) 11.5 (16.1)
ESR [mm/h] 43.1 (18.3) 46.5 (22.3) 43.1 (18.8) 45.9 (21.4)
HAQ-DI© score 1.49 (0.6) 1.46 (0.6) 1.48 (0.6) 1.44 (0.6)
Positive rheumatoid factor, n (%) 140 (79.1) 135 (76.7) 126 (79.2) 130 (78.3)
Positive anti-CCP, n (%) 112 (63.3) 102 (58.0) 100 (62.9) 98 (59)
Physician’s global assessment of disease activity (VAS) [mm] 65.4 (16.4) 64.3 (16.1) 65 (16.8) 64.2 (16.0)
Patient’s global assessment of disease activity (VAS) [mm] 64.4 (17.4) 65.2 (18.5) 64.1 (17.7) 65.3 (18.5)
Patient´s global assessment of pain (VAS) [mm] 64.1 (18.7) 64.3 (18.3) 63.9 (18.9) 64.2 (18.4)
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3.2 � Efficacy

3.2.1 � Primary Endpoint

3.2.1.1  DAS28‑CRP Scores From Baseline at Week 12 (W12 
PPS)  The least square (LS) mean (standard error [SE]) 
change in DAS28-CRP from baseline at Week 12 was 
− 2.16 (0.114) for SDZ-ADL and − 2.18 (0.110) for ref-
ADL (Fig.  2A). The LS means difference (95% CI) was 
0.02 (− 0.24 to 0.27), which was within the pre-specified 
equivalence margin of ± 0.6, demonstrating therapeutic 
equivalence between SDZ-ADL and ref-ADL. Equivalence 
was further confirmed with the analysis on FAS population, 
with a DAS28-CRP response of − 2.02 (0.10) in the SDZ-
ADL group and −  2.15 (0.09) in the ref-ADL group (LS 
mean difference 0.13 [− 0.10 to 0.37]).

3.2.2 � Key Secondary Endpoint

3.2.2.1  Time‑Averaged Change From Baseline in DAS28‑CRP 
Score until Week 24 (SP1 PPS)  The time-weighted average 
change from baseline in DAS28-CRP until Week 24 was 
similar between SDZ-ADL and ref-ADL (SDZ-ADL − 1.85 
[0.10]; ref-ADL − 1.93 [0.09]). The LS means difference 
between the treatment groups was 0.08 (95% CI − 0.11 to 
0.27). The 95% CI were completely contained within the 
pre-specified equivalence margin of [− 0.6, 0.6], demon-
strating therapeutic equivalence between SDZ-ADL and ref-
ADL until Week 24. Similar responses were observed with 
the analysis on the FAS (SP1 FAS) population (LS means 
difference between the treatment groups was 0.11 [95% CI 
− 0.06 to 0.28]).

3.2.3 � Other Secondary Endpoints

Until Week 24, mean change in DAS28 CRP, ACR20/50/70 
responses, EULAR responses and mean proportion of 
patients achieving remission according to EULAR and 
Boolean definition was similar between both SDZ-ADL and 
ref-ADL treatment groups [19, 20]. The analysis on the FAS 
population further confirmed the results (see ESM, Tables 
S2–S5).

3.2.3.1  Treatment Outcomes, Until Week 48 Including Sin‑
gle Switch 

DAS28-CRP Responses (SP2 PPS) Efficacy was maintained 
throughout the study in both treatment groups, including the 
single switch until Week 48; similar mean (SD) DAS28-
CRP change from baseline was observed between the SDZ-
ADL (−  3.09 [1.09]) and ‘ref-ADL/switched SDZ-ADL’ 
(−  3.05 [1.27]) groups. The mean DAS28-CRP change 
from baseline to Week 48 including a switch of treatment 

was similar between the SDZ-ADL and ‘ref-ADL/switched 
SDZ-ADL’ groups (− 2.74 vs − 2.92) in the FAS population 
(SP1 FAS). The absolute mean DAS28-CRP scores over 
48 weeks was similar between the SDZ-ADL and ‘ref-ADL/
switched SDZ-ADL’ groups (Fig. 2b).

DAS28-ESR Responses (SP2 PPS) The DAS28-ESR 
change from baseline up to Week 48 showed no clinically 
meaningful differences in terms of LS means and the 95% 
CI of the LS means difference between the two treatment 
groups (SDZ-ADL [− 3.25], ‘ref-ADL/switched SDZ-ADL’ 
[− 3.19]; LS mean difference −0.06 (95% CI [− 0.37 to 
0.25]).

EULAR Responses (SP2 PPS) After a single switch, 
a similar proportion of patients achieved EULAR ‘good’ 
or ‘moderate’ responses at Week 48 based on DAS28-CRP 
between SDZ-ADL and ‘ref-ADL/switched SDZ-ADL’ 
groups: EULAR good/moderate responses, 69.2%/29.0% 
versus 68.0%/29.6% (Fig. 3a).

At Week 48, the proportion of patients with good/mod-
erate EULAR response was 63.4%/28.0% in the SDZ-ADL 
group and 61.7/32.7 in the ‘ref-ADL/switched SDZ-ADL’ 
group in the FAS population (SP1 FAS).

Remission (EULAR and Boolean) (SP2 PPS) After 
switching, a similar proportion of patients achieved EULAR 
remission in the SDZ-ADL (51.4%) and ‘ref-ADL/switched 
SDZ-ADL’ (54.4%) groups (Fig. 3b). Similarly, the remis-
sion statuses were comparable according to the Boolean 
definition in both treatment groups (SDZ-ADL [16.8%], 
‘ref-ADL/switched SDZ-ADL’ [21.6%]).

At Week 48, the proportion of patients in EULAR remis-
sion was 46.0% and 49.7% and in Boolean remission was 
17.4% and 19.6% for SDZ-ADL and ‘ref-ADL/switched 
SDZ-ADL’ groups, respectively, in the FAS population (SP1 
FAS).

ACR Responses (SP2 PPS) After the switch, 
ACR20/50/70 responses were increased to 86.1%, 66.7% and 
45.4% in the SDZ-ADL and 88.1%, 64.3% and 43.7% in the 
‘ref-ADL/switched SDZ-ADL’ groups, respectively (Fig. 4), 
and the proportion of patients achieving ACR responses 
was comparable in both treatment groups over 48 weeks. 
At Week 24 and after switch, the individual components of 
the ACR criteria were comparable between SDZ-ADL and 
‘ref-ADL/switched SDZ-ADL’ groups (see ESM Table S1).

At Week 48, the proportions of patients achieving 
ACR20/50/70 responses were 75.4%, 56.9% and 36.5% in 
the SDZ-ADL groups and 84.8%, 61.8% and 40.0% in the 
‘ref-ADL/switched SDZ-ADL’ groups, respectively, in the 
FAS population (SP1 FAS).

CRP and ESR (SP2 PPS) At baseline, CRP and ESR 
levels were similar between SDZ-ADL and ref-ADL treat-
ment groups. No clinically meaningful difference in CRP 
levels was observed between the two treatment groups, up 
to Week 48 (Fig. 5). However, at Week 24, with SP1 PPS the 
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absolute change from baseline in the CRP levels in SDZ-
ADL-treated patients was lower compared with that in the 
‘ref-ADL/switched SDZ-ADL’-treated patients (− 2.51 vs 
− 5.30).

In the FAS population (SP1 FAS), the change from base-
line in CRP was − 3.4 versus − 5.6 and ESR was − 16.7 

versus − 18.1 in the SDZ-ADL and ‘ref-ADL/switched 
SDZ-ADL’ groups, respectively.

3.3 � Safety (SP1 SAF; SP2 SAF)

The duration of exposure to study drug (median [min, max]) 
during the entire study was similar between SDZ-ADL 

Fig. 2   a Mean changes from baseline in DAS28-CRP scores over 
12  weeks (W12 PPS). A mixed-model repeated measures analy-
sis was performed for DAS28-CRP change from baseline including 
treatment, stratification factors, time (visits), the interaction between 
time (visits) and treatment, all as categorical variables, and baseline 
DAS28-CRP value as a continuous variable. *One patient had more 
than two joint assessments missing and therefore DAS28-CRP was 
not calculated. b Mean change in DAS28-CRP scores over 48 weeks 
(SP2 PPS). The boxed values represent actual mean values for com-

parison. At BL, actual mean DAS28-CRP for SDZ-ADL and ref-
ADL/switched SDZ-ADL were 5.74 and 5.73, respectively. BL base-
line, CI confidence interval, CRP C-reactive protein, DAS disease 
activity score, LS least squares, N number of patients per treatment 
group, PPS per-protocol set, ref-ADL reference adalimumab, SD 
standard deviation, SDZ-ADL Sandoz biosimilar adalimumab, SE 
standard error, SP2 PPS study period 2 per protocol set: all patients in 
the SP1 PPS who completed the full study and do not have any major 
protocol deviations during the entire study
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Fig. 3   Proportion of patients achieving EULAR response and propor-
tion of patients with EULAR and Boolean remission over time (SP2 
PPS). a EULAR good/moderate responses up to Week 48. b EULAR 
and Boolean remission up to Week 48. Dotted lines indicate the treat-

ment switch from ref-ADL group to SDZ-ADL group. EULAR Euro-
pean League Against Rheumatism, ref-ADL reference adalimumab, 
SDZ-ADL Sandoz biosimilar adalimumab, SP2 PPS study period 2 
per protocol set, Wk week

Fig. 4   ACR20/50/70 responses 
over 48 weeks (SP2 PPS). Dot-
ted lines indicate the treatment 
switch from ref-ADL group to 
SDZ-ADL group. ACR​ Ameri-
can College of Rheumatology, 
ref-ADL reference adalimumab, 
SDZ Sandoz biosimilar adali-
mumab, SP2 PPS study period 
2 per protocol set, Wk week

Fig. 5   Mean change in CRP 
and ESR levels over 48 weeks 
(SP2 PPS). a CRP, b ESR. 
Dotted lines indicate the treat-
ment switch from ref-ADL 
group to SDZ-ADL group. 
CRP C-reactive protein, ESR 
erythrocyte sedimentation rate, 
ref-ADL reference adalimumab, 
SDZ-ADL Sandoz biosimilar 
adalimumab, SP2 PPS study 
period 2 per protocol set
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(323 days [1, 353]) and ‘ref-ADL/switched SDZ-ADL’ 
(323 days [1, 345]) groups. Over 48 weeks, the incidence 
of treatment-emergent AEs (TEAEs) was comparable in 
patients with at least one TEAE in the SDZ-ADL (n = 125, 
70.6%) and ‘ref-ADL/switched SDZ-ADL’ (n = 121, 68.8%) 
groups (Table 2).

Viral upper respiratory tract infection was reported with 
highest incidence in both SDZ-ADL and ‘ref-ADL/switched 
SDZ-ADL’ groups (16.4% vs 10.8%) followed by upper res-
piratory tract infection (7.9% vs 5.1%).

The incidence of TEAEs was similar between SDZ-ADL 
and ref-ADL groups up to Week 24 [20]. Up to Week 24 
(SP1), the incidence of severe AEs was identical in both 
treatment groups (SDZ-ADL 3/177, 1.7% and ref-ADL 
3/176, 1.7%), and most patients experienced AEs of mild 
or moderate severity. The incidence of TEAEs during the 
switch was also similar between ‘continued SDZ-ADL’ 
(36.5%, n = 58) and ‘ref-ADL to SDZ-ADL’ (32.5%, n = 54) 
groups (Table 3).

No deaths were reported throughout the study. The inci-
dence of SAEs during the entire study duration were low 
and similar in both treatment groups (SDZ-ADL 7 [4.0%]; 
‘ref-ADL/switched SDZ-ADL’ 10 [5.7%]; Table 4). Up to 
Week 24, the incidence of SAEs was similar in both treat-
ment groups (SDZ-ADL 5 [2.8%] and ref-ADL 4 [2.3%]). 
The proportion of patients with at least one SAE during the 
switch was low and comparable between ‘continued SDZ-
ADL’ (4 [2.5%]) and ‘ref-ADL to SDZ-ADL’ (6 [3.6%]) 
groups.

No SAEs with a suspected causal relationship to study 
drug were reported until Week 24. After switching, two 
patients in the ‘ref-ADL to SDZ-ADL’ group were reported 
with SAEs (bronchitis 1 [0.6%]; pneumonia 1 [0.6%]) 
suspected to be related to study drug (SDZ-ADL) by the 
investigator.

During SP1, two (1.1%) patients in both SDZ-ADL and 
ref-ADL groups were reported with AEs leading to study 
treatment discontinuation. In the SDZ-ADL group, one 
(0.6%) patient discontinued study treatment due to severe 
bacterial pneumonia and one (0.6%) patient discontinued 
because of pregnancy. In the ref-ADL group, one (0.6%) 
patient discontinued study treatment due to localized mild 
infection and one (0.6%) patient because of a severe benign 
brain neoplasm and nervous system disorders. During SP2, 
seven (4.4%) patients in the ‘continued SDZ-ADL’ (rheu-
matoid arthritis, 3 [1.9%] and hypersensitivity vasculitis, 
dyspepsia, liver function test increased, encephalopathy, 1 
[0.6%] patient each) and one (0.6%) patient in the ‘ref-ADL 
to SDZ-ADL’ group (utricaria,1 [0.6%]) discontinued study 
treatment due to TEAEs. None of the RA events (3 [1.9%]) 
were suspected to be related to SDZ-ADL.

The overall incidence of TEAEs of special interest was 
comparable between SDZ-ADL (27 [15.3%]) and ‘ref-ADL/
switched SDZ-ADL’ (26 [14.8%]) groups over 48 weeks. Up 
to Week 24, the incidence of TEAEs of special interest was 
similar in the SDZ-ADL group (19 [10.7%]) and ref-ADL 
group (18 [10.2%]). After switch, the incidence of TEAEs 
was higher in the ‘continued SDZ-ADL’ group (14 [8.8%]), 
compared with the ‘ref-ADL to SDZ-ADL’ (8 [4.8%]) group.

3.3.1 � Injection‑Site Reactions (ISRs)

The proportion of patients with ISRs before the switch was 
lower in the SDZ-ADL group (7 [4.0%]) compared with the 
ref-ADL group (11 [6.3%]). All except two ISRs (injection-
site discoloration and injection pruritus) reported in the 
ref-ADL group were suspected to be related to study drug. 
Most importantly, after switching, the proportion of patients 
with ISRs was highly similar and very low in both treat-
ment groups (‘continued SDZ-ADL’ 1 [0.6%]; ‘ref-ADL to 
SDZ-ADL’ 2 [1.2%]). All ISRs during the switching period 
were suspected to be study drug related. All ISRs were 
of mild or moderate severity and none led to study drug 
discontinuation.

In this study, incidence of injection-site pain was col-
lected as a part of injection-site reactions. Overall, injection-
site pain was reported in two (1.1%) of the patients in the 
SDZ-ADL group and one (0.6%) of the patients in the ‘ref-
ADL/switched SDZ-ADL’ group, which was similar to that 
observed before switching (24 weeks). Importantly, in SP2, 
no patients reported injection-site pain when switching from 
ref-ADL to SDZ-ADL in either of the groups.

3.3.2 � Immunogenicity

The incidence of ADAs was similar in the SDZ-ADL (40 
[24.2%]) and ‘ref-ADL/switched SDZ-ADL’ (43 [25.6%]) 
groups over 48 weeks and the incidence of neutralizing 

Table 2   Overall TEAEs during entire study (SP1 SAF)

SP1 SAF study period 1 safety set: all patients who received at least 
one dose of study drug, whether randomized or not, SAE serious 
adverse event, TEAE treatment emergent adverse event

SDZ-ADL 
N = 177
n (%)

‘ref-ADL/
switched SDZ-
ADL’ 
N = 176
n (%)

Patients with at least one TEAE 125 (70.6) 121 (68.8)
Patients with at least one moderate 

TEAE
57 (32.2) 58 (33.0)

Patients with at least one severe TEAE 5 (2.8) 4 (2.3)
Patients with at least one SAE 7 (4.0) 10 (5.7)
Discontinuations due to TEAE 9 (5.1) 3 (1.7)
Injection-site reactions 7 (4.0) 11 (6.3)



818	 P. Wiland et al.

Table 3   Summary of treatment emergent adverse events (> 2%) during SP1 (SP1 SAF) and SP2 (SP2 SAF)

SP1 SAF study period 1 safety set: all patients who received at least one dose of study drug, whether randomized or not, SP2 SAF study period 
2 safety set: all patients in the study period 1 safety analysis set who entered study period 2 and received at least 1 dose of study drug in study 
period 2, ref-ADL reference adalimumab, SDZ-ADL Sandoz adalimumab

Primary system organ class
preferred term

Study Period 1 Study Period 2 (Switch-in period)

SDZ-ADL 
N = 177
n (%)

ref-ADL 
N = 176
n (%)

‘Continued SDZ-
ADL’ 
N = 159
n (%)

‘ref-ADL to 
SDZ-ADL’ 
N = 166
n (%)

Any primary system organ class 109 (61.6) 106 (60.2) 58 (36.5) 54 (32.5)
Infections and infestations 63 (35.6) 65 (36.9) 25 (15.7) 27 (16.3)
 Viral upper respiratory tract infection 26 (14.7) 16 (9.1) 4 (2.5) 4 (2.4)
 Upper respiratory tract infection 12 (6.8) 7 (4.0) 4 (2.5) 3 (1.8)
 Pharyngitis 9 (5.1) 10 (5.7) 1 (0.6) 3 (1.8)
 Bronchitis 4 (2.3) 8 (4.5) 1 (0.6) 5 (3.0)
 Urinary tract infection 4 (2.3) 6 (3.4) 2 (1.3) 3 (1.8)
 Sinusitis 5 (2.8) 3 (1.7) 0 2 (1.2)
 Oral herpes 4 (2.3) 3 (1.7) 1 (0.6) 0
 Influenza 3 (1.7) 5 (2.8) 1 (0.6) 0
 Gastroenteritis 2 (1.1) 4 (2.3) 0 1 (0.6)

Musculoskeletal and connective tissue disorders 21 (11.9) 14 (8.0) 7 (4.4) 4 (2.4)
 Arthralgia 8 (4.5) 0 2 (1.3) 0
 Rheumatoid arthritis 3 (1.7) 1 (0.6) 5 (3.1) 2 (1.2)
 Back pain 4 (2.3) 3 (1.7) 0 0

Gastrointestinal disorders 21 (11.9) 17 (9.7) 3 (1.9) 4 (2.4)
 Diarrhea 4 (2.3) 7 (4.0) 0 1 (0.6)
 Nausea 5 (2.8) 1 (0.6) 0 0

General disorders and administration site conditions 15 (8.5) 14 (8.0) 2 (1.3) 2 (1.2)
 Injection site erythema 2 (1.1) 6 (3.4) 1 (0.6) 2 (1.2)
 Fatigue 5 (2.8) 0 0 1 (0.6)

Nervous system disorders 13 (7.3) 12 (6.8) 5 (3.1) 4 (2.4)
 Headache 7 (4.0) 5 (2.8) 2 (1.3) 2 (1.2)

Investigations 7 (4.0) 8 (4.5) 6 (3.8) 5 (3.0)
 Transaminases increased 0 3 (1.7) 1 (0.6) 1 (0.6)

Skin and subcutaneous tissue disorders 12 (6.8) 9 (5.1) 3 (1.9) 1 (0.6)
 Urticaria 0 3 (1.7) 0 1 (0.6)

Injury, poisoning and procedural complications 9 (5.1) 8 (4.5) 4 (2.5) 4 (2.4)
 Fall 2 (1.1) 3 (1.7) 0 1 (0.6)

Respiratory, thoracic and mediastinal disorders 10 (5.6) 4 (2.3) 4 (2.5) 1 (0.6)
 Cough 2 (1.1) 1 (0.6) 3 (1.9) 0

Metabolism and nutrition disorders 6 (3.4) 5 (2.8) 3 (1.9) 0
 Hypercholesterolemia 3 (1.7) 3 (1.7) 2 (1.3) 0

Vascular disorders 7 (4.0) 4 (2.3) 2 (1.3) 4 (2.4)
 Hypertension 5 (2.8) 3 (1.7) 2 (1.3) 1 (0.6)

Blood and lymphatic system disorders 5 (2.8) 1 (0.6) 5 (3.1) 2 (1.2)
 Neutropenia 3 (1.7) 0 2 (1.3) 1 (0.6)
 Leukopenia 2 (1.1) 0 2 (1.3) 0

Cardiac disorders 1 (0.6) 4 (2.3) 2 (1.3) 2 (1.2)
Eye disorders 4 (2.3) 3 (1.7) 1 (0.6) 0
Hepatobiliary disorders 4 (2.3) 1 (0.6) 1 (0.6) 1 (0.6)
Psychiatric disorders 2 (1.1) 1 (0.6) 2 (1.3) 1 (0.6)
Renal and urinary disorders 3 (1.7) 1 (0.6) 2 (1.3) 0
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ADAs was also reported with no meaningful differences 
between the two treatment groups (SDZ-ADL: 29 [72.5%] vs 
‘ref-ADL/switched SDZ-ADL’: 34 [79.1%]). After the single 
switch at Week 24, 36 (24.0%) and 42 (26.3%) patients were 
positive for ADAs in ‘continued SDZ-ADL’ and ‘ref-ADL 
to SDZ-ADL’ groups, respectively, and 26 (72.2%) versus 
34 (81.0%) of these were neutralizing.

4 � Discussion

This study demonstrated similar efficacy of the adalimumab 
biosimilar, SDZ-ADL, and ref-ADL in patients with mod-
erate-to-severe RA. Efficacy was sustained after switching 
study participants from ref-ADL to SDZ-ADL and was com-
parable between SDZ-ADL and ‘ref-ADL to SDZ-ADL’ 
treatment groups. This 48-week data on efficacy and safety 
in patients with RA supports the biosimilarity established 
between SDZ-ADL and ref-ADL and further contributes to 

Table 4   SAEs over 48-week treatment period (SP1 SAF)

SP1 SAF study period 1 safety set: all patients who received at least one dose of study drug, whether randomized or not, ref-ADL reference adali-
mumab, SAEs serious adverse events, SDZ-ADL Sandoz adalimumab

Primary system organ class
preferred term

SDZ-ADL
N = 177; n (%)

‘ref-ADL/
switched SDZ-
ADL’
N = 176; n (%)

Any primary system organ class 7 (4.0) 10 (5.7)
Infections and infestations 2 (1.1) 3 (1.7)
 Pneumonia 0 2 (1.1)
 Bronchitis 0 1 (0.6)
 Diverticulitis 1 (0.6) 0
 Pneumonia bacterial 1 (0.6) 0

Gastrointestinal disorders 1 (0.6) 3 (1.7)
 Constipation 1 (0.6) 0
 Diarrhea 0 1 (0.6)
 Pancreatitis acute 0 1 (0.6)
 Upper gastrointestinal hemorrhage 0 1 (0.6)

Hepatobiliary disorders 2 (1.1) 0
 Cholecystitis 1 (0.6) 0
 Hepatitis 1 (0.6) 0

Injury, poisoning and procedural complications 1 (0.6) 1 (0.6)
 Lumbar vertebral fracture 1 (0.6) 0
 Humerus fracture 0 1 (0.6)

Nervous system disorders 1 (0.6) 1 (0.6)
 Encephalopathy 1 (0.6) 0
 Epilepsy 0 1 (0.6)
 Hemianopia homonymous 0 1 (0.6)
 Intracranial pressure increased 0 1 (0.6)

Musculoskeletal and connective tissue disorders 1 (0.6) 0
 Back pain 1 (0.6) 0

Neoplasms benign, malignant and unspecified (including cysts and polyps) 0 2 (1.1)
 Brain neoplasm benign 0 1 (0.6)
 Uterine leiomyoma 0 1 (0.6)

Cardiac disorders 0 1 (0.6)
 Angina pectoris 0 1 (0.6)

Metabolism and nutrition disorders 0 1 (0.6)
 Hyponatremia 0 1 (0.6)

Reproductive system and breast disorders 0 1 (0.6)
 Uterine prolapse 0 1 (0.6)
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the totality of evidence established from previous studies 
[13, 21].

A DAS28-CRP score was used for primary endpoint eval-
uation in this study. DAS28-CRP change from baseline, a 
continuous endpoint, is considered as a better measure to 
follow up the disease course and therefore a sensitive effi-
cacy endpoint [22], compared to a binary or dichotomous 
endpoint like ACR20, which is associated with the limita-
tion that a small change in disease activity may have a sub-
stantial impact on the allocated disease outcome category 
[23]. Additionally, a dichotomous endpoint like ACR20 
does not necessarily reflect treatment targets of remission 
or low disease activity. As their clinical relevance may not be 
immediately clear, improvement of response outcomes are in 
general not considered as primary endpoints [24].

Differences were observed in SDZ-ADL and ref-ADL 
treated patients in EULAR remission based on DAS28-CRP 
and ACR20/50/70 response rates, which could be attributed 
to the differences in the CRP. Mean CRP levels (absolute 
changes from baseline) in SDZ-ADL-treated patients at 
Week 24 were half that in the ref-ADL-treated patients. 
This observation of CRP levels was consistent with the 
higher frequency of upper respiratory tract (indicative of 
viral exposure) infection in the SDZ-ADL-treated patients 
as compared to the ref-ADL-treated patients.

Overall, EULAR and ACR20/50/70 response rates 
observed in this study are consistent or better than those 
reported earlier [25]. Also, the proportion of patients achiev-
ing EULAR/ACR Boolean remission criteria throughout the 
study was similar between SDZ-ADL and ref-ADL treat-
ment groups. Based on the totality of generated data, also 
in more sensitive variables such as DAS28-CRP, these dif-
ferences in the EULAR remission rate and ACR20/50/70 
are not indicative of true differences between the treatment 
groups and were not considered clinically meaningful.

Regulatory guidelines mandate rigorous evaluation and 
confirmation of biosimilarity between the proposed biosimi-
lar and the approved reference products based on the totality 
of evidence comprising biochemical, nonclinical and clinical 
data [26, 27].

Although physicians support biosimilars, they may be less 
confident in extrapolating indications and switching patients 
from a biologic to a biosimilar [28] due to lack of adequate 
data supporting each approved indication or the switching of 
treatment, or even inadequate guidelines. There are concerns 
for AEs and potentially increased immunogenicity with adal-
imumab, which has higher intrinsic immunogenicity than 
other anti-TNFs [29].

In recent years, numerous data became available from 
several studies that reported no difference in outcomes 
between reference and patients switched to the biosimi-
lar. On the other hand, studies have shown that patients 
switching from reference biologic medicinal product to 

biosimilars experience worsened feeling or symptoms due 
to patients’ negative perception of biosimilars (i.e. nocebo 
effect) [30, 31]. However, it has been reported that a single 
and multiple switches from a reference biologic medicinal 
product to a biosimilar is safe and effective [32–35].

Real-world evidence from studies assessing the differ-
ences or similarities between a reference biologic medici-
nal product and the biosimilar would be advantageous to 
address these concerns. As the manufacturing processes 
are not exactly identical but similar for the two products, 
switching is still a concern among physicians as various 
factors such as impact on drug exposure, safety and effi-
cacy need to be considered. Such data could, in addition, 
aid physicians in prescribing biosimilars, and in address-
ing fears of negative consequences upon switching to a 
biosimilar [36, 37].

The switch from reference biologic medicinal product 
to a biosimilar was also evaluated in this study and results 
are consistent with the findings from the study in patients 
with moderate-to-severe chronic plaque-type psoriasis, 
which also showed that switching between ref-ADL and 
SDZ-ADL does not have an impact on efficacy, safety, or 
immunogenicity of ref-ADL [13]. The safety profile of 
SDZ-ADL was consistent with the known safety profile of 
ref-ADL [38, 39]. Over 48 weeks, incidence of TEAEs was 
comparable between the two treatment groups. Switching 
of patients from ref-ADL to SDZ-ADL at Week 24 did not 
reveal any new safety concerns by the end of the study at 
Week 48. Antibodies directed against the biological medi-
cine (ADAs) could neutralize the medicine’s activity and 
reduce its efficacy. Thus, potential immunogenicity always 
needs to be evaluated for all biological medicines [3]. In 
this study, immunogenicity in terms of ADAs and neutral-
izing antibodies was similar for patients in the SDZ-ADL 
and ref-ADL groups before and after the switch. ISRs 
including injection-site pain, erythema, itching, hemor-
rhage or swelling have been reported as one of the most 
common adverse drug reactions across indications. Patient 
discomfort due to injection-site pain, in particular, may 
lead to treatment non-compliance in case of chronic dis-
eases such as RA [12]. In this study, no increased inci-
dence of injection-site pain was noted in patients switch-
ing to SDZ-ADL. These results support data on switching 
from reference product to a biosimilar and efficacy, safety 
and immunogenicity were similar between patients who 
switched or continued treatment.

4.1 � Study Limitations

Clinicians are concerned about switching patients on stable 
treatment with the reference medicine to a biosimilar. The 
ADMYRA study evaluates efficacy, safety and immuno-
genicity after treatment switch from the reference product 
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(ref-ADL) to the biosimilar (SDZ-ADL). The study was 
not designed to assess the effect of treatment switching, but 
rather the primary focus of the study was to assess therapeu-
tic equivalence in patients with rheumatoid arthritis. None-
theless, the descriptive analysis of switching data does indi-
cate that the treatment effect was sustained and no impact 
on safety and immunogenicity was observed.

5 � Conclusions

In patients with moderate-to-severe RA who had an inad-
equate response to DMARDs, switching to SDZ-ADL 
demonstrated a similar efficacy and a comparable safety 
and immunogenicity profile from the head-to-head com-
parison to ref-ADL. Efficacy was sustained after switching 
from ref-ADL to SDZ-ADL with no impact on safety and 
immunogenicity.
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