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Abstract
Background  The non-interventional PROPER study generated real-world evidence on clinical outcomes following transition 
in routine practice from reference adalimumab to the EMA-approved SB5 biosimilar adalimumab in patients with immune-
mediated inflammatory disease.
Methods  Adults with rheumatoid arthritis (RA), axial spondyloarthritis (axSpA), psoriatic arthritis (PsA), Crohn’s disease 
(CD), or ulcerative colitis (UC) were enrolled at 63 sites across Europe. Eligible patients received ≥ 16 weeks of routine treat-
ment with reference adalimumab before transitioning to SB5, and were followed for 48 weeks post-transition. The primary 
objective was to evaluate candidate predictors (clinically relevant baseline variables with incidence ≥ 15% by indication 
cohort) associated with persistence on SB5 at 48 weeks post-initiation. Key primary outcome measures were persistence 
on SB5 (estimated by Kaplan–Meier methodology) and clinical characteristics and disease activity scores at the time of 
transition to SB5 treatment (baseline).
Results  A total of 955 eligible patients were enrolled (RA, n = 207; axSpA, n = 127; PsA, n = 162; CD, n = 447; UC, 
n = 12), of whom 932 (97.6%) completed follow-up and 722 (75.6%) were still receiving SB5 at week 48. Kaplan–Meier 
estimates (95% confidence interval, CI) of persistence on SB5 at week 48 for RA, axSpA, PsA, and CD were 0.86 (0.80–0.90), 
0.80 (0.71–0.86), 0.81 (0.74–0.86), and 0.72 (0.67–0.76), respectively. The single candidate predictor associated with prob-
ability of SB5 discontinuation before week 48 was female sex [RA, axSpA, and CD cohorts; HR (95% CI): 3.53 (1.07–11.67), 
2.38 (1.11–5.14), and 2.21 (1.54–3.18), respectively]. Disease activity scores remained largely unchanged throughout the 
study, with proportions by cohort in remission at baseline versus week 48 being 59.2% versus 57.2%, 81.0% versus 78.0%, 
94.7% versus 93.7%, and 84.0% versus 85.1% for patients with RA, axSpA, PsA, and CD, respectively. Similarly, the SB5 
dosing regimen remained unchanged for the majority of patients from baseline to week 48, the most common regimen being 
40 mg every 2 weeks. In total, 232 patients (24.3%) reported at least one adverse drug reaction, and most events were mild; 
eight patients (3.9%) in the RA cohort experienced nine serious adverse events (SAEs; two possibly related to SB5); eight 
patients (4.9%) in the PsA cohort experienced nine SAEs (one possibly related to SB5); 22 patients (4.9%) in the CD cohort 
experienced 27 SAEs (four possibly related to SB5); and no SAEs were observed in the UC cohort.
Conclusions  With the exception of female sex in RA, axSpA, and CD, none of the candidate predictors were associated 
with SB5 discontinuation. Persistence on SB5 was high, treatment effectiveness was maintained, and no safety signals were 
detected.
Trial Registration  This trial is registered with ClinicalTrials.gov: NCT04089514.

1  Introduction

Tumor necrosis factor (TNF) is a cytokine involved in the 
pathophysiology of immune-mediated inflammatory dis-
eases (IMIDs) such as rheumatoid arthritis (RA), axial 

spondyloarthritis (axSpA), psoriatic arthritis (PsA), Crohn’s 
disease (CD), and ulcerative colitis (UC) [1–6]. The intro-
duction of biologic disease-modifying anti-rheumatic drugs 
(DMARDs) such as TNF inhibitors (e.g., adalimumab, 
etanercept, infliximab, golimumab, certolizumab) as ther-
apy options for patients with IMIDs has proven invaluable, 
conferring rapid suppression of inflammation, delaying or 

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s40259-023-00616-3&domain=pdf


874	 U. Müller‑Ladner et al.

Key Summary Points 

The PROPER study of patients with immune-mediated 
inflammatory diseases was conducted to provide real-
world evidence on clinical outcomes following transition 
from reference adalimumab to biosimilar SB5.

Transition to SB5 from reference adalimumab was safe 
and well tolerated, with over 75% of patients remaining 
on SB5 at 48 weeks post-transition, and disease control 
was maintained. No meaningful differences in outcomes 
between the various immune-mediated inflammatory 
diseases were observed.

The only variable associated with SB5 discontinuation in 
study patients transitioning to SB5 from reference adali-
mumab was female sex, in the rheumatoid arthritis, axial 
spondyloarthritis, and Crohn’s disease cohorts.

preventing disease progression, maintaining remission, and 
improving patient quality of life [7, 8]. However, access to 
these DMARDs can be limited at the country level due to 
high cost, and at the patient level by country-specific reim-
bursement criteria or the requirement for high patient co-
payments [9, 10]. Timely and appropriate treatment reduces 
the risks of developing secondary IMIDs and myocardial 
infarction [11–13]. Thus, untreated or inadequately treated 
IMIDs may increase the overall disease burden at the patient, 
healthcare system, and socioeconomic levels [9, 10]. The 
development of biosimilars as cost-effective alternatives to 
the reference product may mitigate some of these limita-
tions [7]. The potentially lower cost of biosimilars compared 
with reference products is likely to improve patient access, 
thereby reducing the disease burden for the patient [9].

SB5 (Imraldi™) has been developed as a biosimilar to ref-
erence adalimumab (Humira®) [14, 15], and in phase I and 
III studies has demonstrated equivalent efficacy and com-
parable pharmacokinetic, safety, and immunogenicity pro-
files as the reference adalimumab [16, 17]. SB5 was granted 
European Medicines Agency approval in August 2017 for 
the same indications as reference adalimumab [18], and 
became available for prescription in Europe in October 2018 
[19]. Transitioning from reference adalimumab to SB5 had 
previously been evaluated in a randomized controlled trial 
setting with narrow eligibility criteria in a single indication 
(RA) [20]; long-term, real-world evidence in representative 
populations is needed [21].

The PROPER study was designed to provide real-world 
evidence on outcomes of transition from reference adali-
mumab to SB5 in routine clinical practice to inform and 

support decision-making for physicians, patients, health-
technology assessment bodies, and other stakeholders.

2 � Methods

2.1 � Study Design and Patients

PROPER was a non-interventional, single-cohort, real-world 
study conducted at specialist clinics across six European 
countries (Germany, Spain, Italy, the United Kingdom, 
Belgium, and Ireland) via an umbrella approach. To enable 
and expedite data generation across multiple indications 
simultaneously, a single protocol was designed for flexible 
implementation to capture data on real-world use of SB5 
in different therapeutic areas and specialities [22]. Patients 
aged ≥ 18 years at SB5 initiation and with a diagnosis of 
RA, axSpA, PsA, CD, or UC were enrolled. All patients had 
initiated SB5 after 18 October 2018 as part of routine man-
agement immediately after transitioning from ≥ 16 weeks of 
treatment with reference adalimumab. Additional eligibility 
criteria were the availability of at least one disease activity 
score assessment at baseline (time of SB5 initiation) and 
provision of informed consent to participate.

Data were captured retrospectively using patient charts 
from 24 weeks prior to SB5 initiation, and prospectively and/
or retrospectively thereafter. Clinic visits were anticipated 
to take place approximately every 3 months (depending on 
local standards of care). Individual follow-up to 48 weeks 
after initiation of SB5 continued regardless of SB5 continu-
ation/discontinuation prior to week 48.

The protocol, its amendment, and the patient-informed 
consent form were approved by the responsible Ethics Com-
mittees. The study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki [23] and all 
applicable local regulations, and is registered with Clinical-
Trials.gov (NCT04089514).

2.2 � Study Objectives and Outcome Measures

2.2.1 � Primary Objective and Outcome Measures

The primary objective was to evaluate candidate predictors 
of persistence on SB5 in patients diagnosed with IMIDs, 
where persistence was defined as the time to SB5 discontinu-
ation from initiation (in weeks). The candidate predictors 
were baseline clinical characteristics (sex, relevant medi-
cal history, age at SB5 initiation, disease duration, disease 
activity score, and relevant concomitant therapy). Disease 
activity scores were those used routinely at study sites: Dis-
ease Activity Score in 28 joints using C-reactive protein 
(DAS28-CRP; converted DAS28-CRP (DAS28-CRPconv) 
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was derived from DAS28 using erythrocyte sedimentation 
rate where C-reactive protein was unavailable [24]) for RA 
and at some German sites for patients with PsA; Funktions-
fragebogen Hannover (FFbH) for RA; Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI) for axSpA; 
Psoriatic Arthritis Response Criteria (PsARC) swollen joint 
count (of 66 joints) and tender joint count (of 68 joints) for 
PsA; the Harvey–Bradshaw Index (HBI) for CD, and the 
Partial Mayo Score (PMS) for UC [see electronic supple-
mentary material (ESM) Table S1].

Disease flares occurring on or after SB5 initiation and 
before or at SB5 discontinuation were defined according 
to the investigator’s clinical opinion. The method of diag-
nosis (via assessment of disease activity score, patient-
reported symptoms, or secondary loss of response) and the 
action taken as a result of the flare were recorded for each 
indication.

2.2.2 � Secondary Objectives and Outcome Measures

Secondary objectives were to describe the study population 
in terms of baseline clinical characteristics, SB5 utilization, 
biologic drug effectiveness, patient satisfaction with the 
SB5 administration device, and use of relevant concomi-
tant medications, as well as to describe the immunogenicity 
and safety of SB5. Secondary outcome measures included 
patient baseline and disease characteristics; type, dose, regi-
men, and method of SB5 administration throughout the study 
[pre-filled pen (pen) or pre-filled syringe (syringe)]; indi-
cation-appropriate disease activity scores over time (ESM 
Table S1); patient satisfaction questionnaire (PSQ) (ESM 
Table S2); patient-reported outcome measures (PROMs) 
(ESM Table S2); use of immunosuppressant and/or use of 
corticosteroid and/or biologic therapy (other than SB5); anti-
adalimumab antibodies (ADAs); incidence of adverse drug 
reactions (ADRs), defined as non-serious adverse events 
(AEs) considered to have a causal relationship with SB5; 
and all serious AEs (SAEs). All AEs were coded using the 
Medical Dictionary for Regulatory Activities (version 23.0) 
[25] and were assessed to determine whether they met the 
SAE criteria (ESM Table S3).

Patient satisfaction with the SB5 administration device 
was recorded via a PSQ (ESM Table S2), which patients 
completed at baseline and at routine visits corresponding 
with study weeks 12, 24, and 48 or the end of the study, 
whichever occurred first.

PROMs captured between baseline and week 48 were 
Health Assessment Questionnaire–Disability Index for RA, 
axSpA and PsA, Bath Ankylosing Spondylitis Functional 
Index for axSpA, and Inflammatory Bowel Disease (IBD)-
Control Questionnaire 8-item subscore and Visual Analog 
Scale score for CD and UC (ESM Table S2).

2.3 � Statistical Analysis

2.3.1 � Sample Size Calculation

The sample size was calculated by establishing a basic clini-
cal prediction model for the primary outcome (i.e., evalu-
ation of candidate predictors of persistence on SB5) (ESM 
Section 1.3 and Table S4) [26]. All analyses were conducted 
using data from all eligible patients who received at least 
one dose of SB5.

2.3.2 � Analysis of the Primary Outcome Measure

For the primary outcome measure, the following clinically 
relevant variables reported at baseline for ≥ 15% of each 
cohort were selected as candidate predictors: age at SB5 
initiation, sex, medical history, concomitant medication, dis-
ease duration, and disease activity score. The influence of 
these candidate predictors on SB5 persistence was assessed 
by univariate Cox regression analysis (separately for each 
indication). The hazard ratio (HR) for each candidate pre-
dictor and the corresponding 95% confidence intervals (CIs) 
were calculated. Time to SB5 discontinuation was estimated 
by indication and for each candidate predictor using the 
Kaplan–Meier method.

2.3.3 � Analysis of Secondary Outcome Measures

Secondary outcome measures were analyzed descriptively. 
Continuous variables were reported as mean, standard devi-
ation, median, interquartile range, 95% CI, and minimum 
and maximum, as appropriate. Categorical variables were 
summarized as frequencies and percentages. Disease activ-
ity and PROM scores were captured as absolute values per 
timepoint and are presented as change in paired values from 
baseline to weeks 12, 24, and 48. For analysis of disease 
activity scores and PROMs, visit windows were applied as 
follows: baseline, 16 weeks prior through to 6 weeks after 
the first dose of SB5; week 12, 7–18 weeks post-first dose 
of SB5; week 24, 19–36 weeks post-first dose of SB5; week 
48, 37–60 weeks post-first dose of SB5.

For the PSQ, the baseline window was SB5 initiation to 
6 weeks post-first dose of SB5. For analysis of adalimumab 
ADAs, baseline was defined as 16 weeks prior  through 
to 2 weeks post-first dose of SB5, and post-baseline was 
defined as > 2 weeks through to 60 weeks post-first dose 
of SB5. When multiple baseline measurements were cap-
tured, only the measurement obtained closest to SB5 initia-
tion was included in the analysis. If multiple post-baseline 
measurements were captured at a particular timepoint, only 
the worst-case measurement was included in the analysis.

All statistical analyses were performed using SAS version 
9.4 or higher.
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Table 1   Baseline demographics and clinical characteristics

Characteristic data are n,a n (%), or 
mean ± SD

Disease cohort Total (N = 955)

RA (n = 207) axSpA (n = 127) PsA (n = 162) CD (n = 447) UC (n = 12)

Age (years)
 At initiation of SB5 60.1 ± 11.8 50.3 ± 13.4 53.3 ± 12.0 43.2 ± 13.8 43.7 ± 15.4 49.5 ± 14.7
 n a 195 113 144 439 903
 At diagnosis 44.4 ± 12.5 34.6 ± 12.7 40.4 ± 12.5 30.2 ± 12.6 35.5 ± 12.0 35.5 ± 13.9

Sex
 Female 150 (72.5) 40 (31.5) 73 (45.1) 205 (45.9) 3 (25.0) 471 (49.3)
 Male 57 (27.5) 87 (68.5) 89 (54.9) 242 (54.1) 9 (75.0) 484 (50.7)

BMI category, kg/m2

 n a 203 112 154 435 916
 < 18.5 (underweight) 3 (1.5) 1 (0.9) 0 12 (2.8) 0 16 (1.7)
 18.5–29.9 (normal) 160 (78.8) 86 (76.8) 111 (72.1) 371 (85.3) 11 (91.7) 739 (80.7)
 ≥ 30 (obese) 40 (19.7) 25 (22.3) 43 (27.9) 52 (12.0) 1 (8.3) 161 (17.6)

Work status
 n a 114 147 426 906
 Full-time 71 (34.3) 62 (54.4) 80 (54.4) 276 (64.8) 9 (75.0) 498 (55.0)
 Part-time 23 (11.1) 16 (14.0) 16 (10.9) 34 (8.0) 0 89 (9.8)
 Unemployed 113 (54.6) 36 (31.6) 51 (34.7) 116 (27.2) 3 (25.0) 319 (35.2)

Tobacco use
 n a 121 155 436 931
 Current user 36 (17.4) 14 (11.6) 18 (11.6) 122 (28.0) 2 (16.7) 192 (20.6)
 Ex-user 42 (20.3) 38 (31.4) 28 (18.1) 112 (25.7) 2 (16.7) 222 (23.8)
 Non-user 129 (62.3) 69 (57.0) 109 (70.3) 202 (46.3) 8 (66.7) 517 (55.5)

Disease duration (years)
 n a 120 69 98 345 10 642

13.3 ± 11.4 18.8 ± 13.5 12.2 ± 9.9 13.5 ± 9.4 11.2 ± 11.3 13.8 ± 10.5
Clinical status as reported by physician
 n a 118 159 440 936
 Remission 50 (24.2) 25 (21.2) 50 (31.4) 233 (53.0) 1 (8.3) 359 (38.4)
 Stable 140 (67.6) 83 (70.3) 98 (61.6) 168 (38.2) 8 (66.7) 497 (53.1)
 Active disease 17 (8.2) 10 (8.5) 11 (6.9) 39 (8.9) 3 (25.0) 80 (8.5)

Clinical status based on disease activity score
 n a 191 116 131 430
 Remission/inactive disease 113 (59.2) – 124 (94.7) 361 (84.0) 7 (58.4)
 Low/mild activity 40 (20.9) 94 (81.0) – 44 (10.2) 4 (33.3)
 Moderate activity 35 (18.3) – – 23 (5.3) 1 (8.3)
 High/severe activity 3 (1.6) – – 2 (0.5) 0

Dose regimen of reference adalimumab/SB5 at transition
 n a 206 445 952
 40 mg Q2W/40 mg Q2W 138 (67.0) 110 (86.6) 148 (91.4) 315 (70.8) 6 (50.0) 717 (75.3)
 40 mg other/40 mg other 45 (21.8) 7 (5.5) 8 (4.9) 36 (8.1) 1 (8.3) 97 (10.2)
 Other dosing regimens b 23 (11.2) 10 (7.9) 6 (3.7) 94 (21.1) 5 (41.7) 138 (14.5)

Concomitant therapy received by > 5% of the total patient population
Concomitant therapy 153 (73.9) 78 (61.4) 106 (65.4) 229 (51.2) 10 (83.3) 576 (60.3)
 Methotrexate c 106 (51.2) 15 (11.8) 56 (34.6) 13 (2.9) 1 (8.3) 191 (20.0)
 Folic acid d 38 (18.4) 10 (7.9) 29 (17.9) 13 (2.9) 1 (8.3) 91 (9.5)
 Mesalazine 1 (0.5) 8 (6.3) 0 51 (11.4) 7 (58.3) 67 (7.0)
 Azathioprine 1 (0.5) 3 (2.4) 1 (0.6) 46 (10.3) 3 (25.0) 54 (5.7)
 Cholecalciferol 16 (7.7) 1 (0.8) 5 (3.1) 27 (6.0) 0 49 (5.1)
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3 � Results

3.1 � Patients—Demographics and Clinical 
Characteristics

Of the 1033 patients enrolled across 63 sites (Germany, 
n = 19; Spain, n = 14; Italy, n = 11; UK, n = 10; Belgium, 
n = 8; and Ireland n = 1), 955 met the eligibility criteria: 
207 with RA, 127 with axSpA, 162 with PsA, 447 with CD, 
and 12 with UC. Among these, 932 (97.6%) completed the 
study (ESM Fig. S1).

Patient demographics and baseline disease characteristics 
are presented in Table 1. The distribution of male/female sex 
was balanced in the PsA and CD cohorts; the axSpA and UC 
cohorts were predominantly male, and the RA cohort was 
predominantly female.

The main reasons for transition from reference adali-
mumab to SB5 varied by indication, and were: transition 
mandated by health authority/payer, cost, and physician 
decision. According to physician opinion, the majority 
of patients across all cohorts had stable disease (n = 497, 
53.1%) or were in remission (n = 359, 38.4%) at baseline. 

Classification of disease status varied depending on 
whether defined by disease activity score or by physician 
opinion.

In the RA cohort, 59.2% of patients were in remission 
at baseline according to DAS28-CRPconv (score ≤ 2.4), and 
24.2% and 67.6% were in remission and had stable disease, 
respectively, by physician opinion (Fig. 1a). In the axSpA 
cohort, 81.0% of patients had low disease activity scores 
(< 4.0) at baseline by BASDAI, and 21.2% and 70.3% were 
in remission and had stable disease by physician opinion, 
respectively (Fig. 1b). When baseline disease status was 
assessed using PsARC, 94.7% of patients with PsA had 
inactive disease (swollen joint or tender joint score < 3, 
with both scores available); according to physician opin-
ion, 31.4% and 61.7% were considered to be in remission 
and to have stable disease, respectively (Fig. 1c). Among 
patients with CD, 84.0% of patients were in remission at 
baseline according to HBI (score < 5); according to physi-
cian opinion, 52.9% and 38.2% were considered to be in 
remission and to have stable disease, respectively (Fig. 1d). 
In the UC cohort, 58.4% of patients were in remission at 
baseline by PMS (score < 2), and 25.0% and 66.7% of 

axSpA axial spondyloarthritis, BMI body mass index, CD Crohn’s disease, PsA psoriatic arthritis, Q2W once every 2 weeks, RA rheumatoid 
arthritis, SD standard deviation, UC ulcerative colitis
a Patient numbers (n) are stated where data are not reported for the total N
b Includes any dose/frequency other than 40 mg Q2W
c Includes methotrexate and methotrexate sodium
d Includes folic acid (n = 87, 9.1%) and folinic acid (a folic-acid derivative; n = 4, 0.4%)

Table 1   (continued)

Characteristic data are n,a n (%), or 
mean ± SD

Disease cohort Total (N = 955)

RA (n = 207) axSpA (n = 127) PsA (n = 162) CD (n = 447) UC (n = 12)

Received information on self-administration of SB5
 n a 109 150 446 924
 Yes 185 (89.4) 95 (87.2) 138 (92.0) 430 (96.4) 6 (50.0) 854 (92.4)

Aware that SB5 should be removed from the refrigerator 30 min prior to injection
 n a 107 149 446 921
 Yes 186 (89.9) 100 (93.5) 143 (96.0) 437 (98.0) 11 (91.7) 877 (95.2)

Aware that SB5 can be stored unrefrigerated below 25ºC for up to 28 days
 n a 107 149 446 921
 Yes 162 (78.3) 62 (57.9) 110 (73.8) 365 (81.8) 6 (50.0) 705 (76.5)

Reason for transition from reference adalimumab to SB5
 n a 206 445 952
 Mandated by health authority/payer 2 (1.0) 100 (78.7) 73 (45.1) 151 (33.9) 2 (16.7) 328 (34.5)
 Cost 137 (66.5) 15 (11.8) 62 (38.3) 69 (15.5) 10 (83.3) 293 (30.8)
 Adverse event 0 0 0 1 (0.2) 0 1 (0.1)
 Patient decision 5 (2.4) 0 3 (1.9) 13 (2.9) 0 21 (2.2)
 Physician decision 58 (28.2) 10 (7.9) 23 (14.2) 182 (40.9) 0 273 (28.7)
 Other 4 (1.9) 2 (1.6) 1 (0.6) 29 (6.5) 0 36 (3.8)
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patients were considered to be in remission and with sta-
ble disease, respectively, according to physician opinion 
(Fig. 1e). A summary of absolute disease activity scores 
and PROMs from baseline through to week 48 is provided 
in ESM Table S5.

At baseline, the majority of patients across all cohorts 
received SB5 at a dosing regimen of 40 mg once every 
2 weeks, remaining largely unchanged at week 48 
(Table S6).

A total of 576 patients (60.3%) received at least one con-
comitant medication, of which the most commonly reported 
were methotrexate for the RA (51.2%), axSpA (11.8%), and 
PsA (34.6%) cohorts, and mesalazine for the CD (11.4%) 
and UC (58.3%) cohorts (Table 1).
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Fig. 1   Disease status at baseline by disease activity scorea,b,c,d,e and 
by physician opinion; a DAS28-CRPconv in patients with RA, b BAS-
DAI in patients with axSpA, c PsARC in patients with PsA, d HBI 
in patients with CD, and e PMS in patients with UC. axSpA axial 
spondyloarthritis, BASDAI Bath Ankylosing Spondylitis Disease 
Activity Index, CD Crohn’s disease, DAS28-CRPconv Disease Activ-
ity Score in 28 joints using C-reactive protein converted from Dis-
ease Activity Score in 28 joints using erythrocyte sedimentation rate, 
HBI Harvey–Bradshaw Index, PMS Partial Mayo Score, PsA psoriatic 
arthritis, PsARC​ Psoriatic Arthritis Response Criteria, RA rheuma-
toid arthritis, UC ulcerative colitis. aDAS28-CRPconv: remission, low 
activity, moderate activity, and high activity were defined by scores 
of ≤  2.4, > 2.4–2.9, >  2.9–4.6, and >  4.6, respectively. bBASDAI: 
low disease activity was defined as a score of < 4. cPsARC: inactive 
disease was defined as swollen joint score < 3 or tender joint score 
< 3 (both scores had to be available). dHBI: remission, mild activity, 
moderate activity, and severe activity were defined by scores of < 5, 
5–7, 8–16, and >  16, respectively. e PMS: remission, mild activity, 
moderate activity, and severe activity were defined by scores of < 2, 
2–4, 5–7, and > 7, respectively

◂
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Fig. 2   Kaplan–Meier plot showing the probability of remaining 
on SB5 in patients with RA, axSpA, PsA, and CD. The number of 
patients with UC included in the study was too small to allow con-

clusions to be drawn for that cohort (data not shown). axSpA axial 
spondyloarthritis, CD Crohn’s disease, CI confidence interval, K–M 
Kaplan–Meier, PsA psoriatic arthritis, RA rheumatoid arthritis

Table 2   Candidate predictors and hazard ratios for discontinuation of SB5 prior to week 48 post-transition

Candidate predictor Patients with event, 
n/N (%)

HR 95% CI (Wald)

All indications
 Age at time of initiation of SB5 (years) 216/955 (22.6) 0.99 0.98–1.00
 Female sex (reference: male) 135/471 (28.7) 1.85 1.41–2.44
 Duration of disease (years) 153/642 (23.8) 1.00 0.98–1.01

RA
 Age at time of initiation of SB5 (years) 29/207 (14.0) 1.01 0.98–1.04
 Female sex (reference: male) 26/150 (17.3) 3.53 1.07–11.67
 Duration of disease (years) 18/120 (15.0) 1.00 0.96–1.04
 Musculoskeletal disorders (reference: no history)a 4/25 (16.0) 1.14 0.40–3.28
 Vascular disorders (reference: no history)b 1/25 (4.0) 0.24 0.03–1.77
 Baseline medication:c other immunosuppressants (reference: not prescribed)d 13/108 (12.0) 0.72 0.35–1.50
 Baseline medication:c folic acid and derivatives (reference: not prescribed)e 4/38 (10.5) 0.68 0.24–1.96
 Baseline medication:c glucocorticoids (reference: not prescribed)f 8/49 (16.3) 1.22 0.54–2.76
 DAS28-CRPconv at baseline (continuous) 28/191 (14.7) 1.32 0.85–2.06

axSpA
 Age at time of initiation of SB5 (years) 26/127 (20.5) 1.01 0.98–1.04
 Female sex (reference: male) 13/40 (32.5) 2.38 1.11–5.14
 Duration of disease (years) 13/69 (18.8) 1.02 0.98–1.06
 IBD (reference: not diagnosed as a comorbidity)g 7/26 (26.9) 1.43 0.60–3.40
 Vascular disorders (reference: no history)b 5/22 (22.7) 1.22 0.46–3.24
 BASDAI at baseline (continuous) 24/116 (20.7) 1.18 0.96–1.45

PsA
 Age at time of initiation of SB5 (years) 30/162 (18.5) 0.98 0.95–1.00
 Female sex (reference: male) 17/73 (23.3) 1.68 0.81–3.45
 Duration of disease (years) 21/98 (21.4) 1.00 0.96–1.05
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3.2 � Primary Objective—Evaluation of Candidate 
Predictors of Persistence on SB5

The Kaplan–Meier (95% CI) estimates of probability of 
persistence on SB5 at week 48 were 0.86 (0.80–0.90), 0.80 
(0.71–0.86), 0.81 (0.74–0.86), and 0.72 (0.67–0.76) for the 
RA, axSpA, PsA, and CD cohorts, respectively (Fig. 2), and 
0.50 (0.21–0.74) for the UC cohort (data not shown due to 
small n). Female sex was the only candidate predictor asso-
ciated with likelihood of SB5 discontinuation: hazard ratios 
for discontinuation in females were 3.53, 2.38, and 2.21 in 
the RA, axSpA, and CD cohorts, respectively (Table 2).

The main reason for study withdrawal (n = 23) was loss 
to follow-up (n = 8, 0.8%). At week 48 (end of study), 722 
patients (75.6%) were still receiving SB5 (ESM Table S7). 
The main reason for SB5 discontinuation was AE (n = 79, 
8.3%), most commonly reported as injection site reaction 
(n = 66, 6.9%) (ESM Table S7).

3.3 � Changes in Disease Activity Scores and PROMs 
Over Time

There were no meaningful changes from baseline (time of 
SB5 initiation) over time in disease activity scores for any of 

the disease cohorts [Fig. 1 (all cohorts); Fig. 3 (RA, axSpA, 
and CD cohorts); Table 3 (PsA cohort)], or in PROMs for 
the RA, axSpA, PsA, and CD cohorts (ESM Table S8). 
PROMs data were not analyzed for the UC cohort.

The proportion of patients in remission, having low dis-
ease activity, or having inactive disease at week 48 is shown 
in Fig. 1 for the RA (Fig. 1a), axSpA (Fig 1b), PsA (Fig. 1c), 
CD (Fig. 1d), and UC (Fig. 1e) cohorts.

3.4 � Immunogenicity

ADA testing was not performed for the majority of patients 
either at baseline (n = 917/955, 96.0% with no test) or 
post-baseline (n = 880/955, 92.1% with no test). Of the 38 
patients (4.0%) who were tested at baseline, two (0.2%) were 
ADA-positive and 36 (3.8%) were ADA-negative. Of the 
75 patients (7.9%) tested post-baseline, only four (0.4%) 
also had a baseline test; post-baseline results were ADA-
negative for 64 (6.7%) patients and ADA-positive for 11 
(1.2%). Three of the four patients with both a baseline and 
post-baseline test were ADA-negative on both occasions, 
and one patient who tested negative at baseline serocon-
verted post-baseline.

axSpA axial spondyloarthritis, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, CD Crohn’s disease, CI confidence interval, 
DAS28-CRPconv Disease Activity Score in 28 joints using C-reactive protein converted from the Disease Activity Score in 28 joints using eryth-
rocyte sedimentation rate, HBI Harvey–Bradshaw Index, HR hazard ratio, IBD inflammatory bowel disease, n/N number of patients with an 
event/number of patients with evaluable data, PsA psoriatic arthritis, PsARC​ Psoriatic Arthritis Response Criteria, RA rheumatoid arthritis
a Osteoarthritis, osteopenia, osteoporosis, spondylitis, spondyloarthropathy, spondylolisthesis
b Essential hypertension, hypertension, hypotension
c Baseline medication defined as all medication with a stop date at or after SB5 initiation or a start date no later than 14 days after SB5 initiation
d Azathioprine, fumaric acid, hydroxychloroquine, hydroxychloroquine sulfate, methotrexate, methotrexate sodium
e Folic acid, folinic acid
f Budesonide, deflazacort, hydrocortisone, methylprednisolone, methylprednisolone acetate, prednisolone, prednisolone acetate
g Ulcerative colitis, Crohn’s disease, inflammatory bowel disease
h Mesalazine, sulfasalazine

Candidate predictor Patients with event, 
n/N (%)

HR 95% CI (Wald)

 Vascular disorders (reference: no history)b 7/32 (21.9) 1.22 0.52–2.85

 Baseline medication:c other immunosuppressants (reference: not prescribed)d 12/54 (22.2) 1.42 0.69–2.95
 Baseline medication:c folic acid and derivatives (reference: not prescribed)e 7/25 (28.0) 1.76 0.76–4.11
 PsARC disease activity score at baseline (continuous) 1/7 (14.3) 0.82 0.11–6.09

CD
 Age at time of initiation of SB5 (years) 125/447 (28.0) 0.99 0.98–1.01
 Female sex (reference: male) 78/205 (38.0) 2.21 1.54–3.18
 Duration of disease (years) 96/345 (27.8) 0.99 0.97–1.01
 Baseline medicationc: aminosalicylic acid and similar agents (reference: not prescribed)h 10/54 (18.5) 0.59 0.31–1.13
 Baseline medicationc: other immunosuppressants (reference: not prescribed)d 15/57 (26.3) 0.93 0.55–1.60
 HBI at baseline (continuous) 118/430 (27.4) 1.03 0.97–1.10

Table 2  (continued)
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Fig. 3   Boxplots showing change in disease activity scores over time, 
measured using indication-appropriate tools; a DAS28-CRPconv and b 
FFbH scores in patients with RA, c BASDAI in patients with axSpA, 
and d HBI in patients with CD. The boxes in these plots display the 
first and third quartiles; the median value is indicated by the hori-
zontal line and the mean value is displayed using “+”; whiskers are 
drawn from the box to the most extreme point that are ≤  1.5 times 
the interquartile range. Paired scores were included when values were 
taken at baseline and a subsequent timepoint for an individual patient; 

the number of patients for whom a  paired score was available  is 
shown in each plot for each timepoint. axSpA axial spondyloarthri-
tis, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, CD 
Crohn’s disease, DAS28-CRPconv Disease Activity Score in 28 joints 
using C-reactive protein converted from the Disease Activity Score 
in 28 joints using erythrocyte sedimentation rate, FFbH Funktions-
fragebogen Hannover, HBI Harvey–Bradshaw Index, RA rheumatoid 
arthritis



883Real-World Experience of Transition from Reference Adalimumab to Biosimilar SB5 in Patients with IMIDs

3.5 � Safety

3.5.1 � ADRs and SAEs

In total, 232 patients (24.3%) reported at least one ADR 
(Table 4), which were mild in most cases (n = 134, 14.0%). 
The most frequent ADRs overall were injection site reac-
tions (n = 157, 16.4%) (Table 5). Among the conditions 
included under the term “injection site reaction” (bruising, 
discomfort, extravasation, hematoma, hemorrhage, pain, 
pruritus, and rash), the most commonly occurring was injec-
tion site pain (n = 140, 14.7%), which was predominantly 
mild or moderate in severity. SAEs were reported for 40 
patients (4.2%) (ESM Table S9). Eight patients (3.9%) in the 
RA cohort experienced nine SAEs, two of which were con-
sidered to be related to SB5: herpes zoster and pneumonia in 
one patient. Two patients (1.6%) in the axSpA cohort experi-
enced a total of two SAEs, neither of which was considered 

to be related to SB5. Eight patients (4.9%) in the PsA cohort 
experienced nine SAEs; one, dyspnea, was considered to be 
related to SB5. Twenty-two patients (4.9%) in the CD cohort 
experienced a total of 27 SAEs, and the following four were 
considered to be related to SB5: subileus in one patient, anal 
fistula and perianal abscess in a second patient, and angor 
related to paroxysmal supraventricular tachycardia in a third 
patient. No SAEs were observed in the UC cohort. There 
were no fatal SAEs.

3.5.2 � Disease Flares

The majority of patients (866/955, 90.7%) experienced no 
disease flare during the study period, whilst 87 patients 
(9.1%) experienced a single flare episode. Only two patients 
(0.2%) experienced two flare episodes each; both patients 
were in the axSpA cohort (Fig. 4). The most common man-
ner by which flare was detected was patient-reported symp-
toms (n = 88, 96.7%). Flare-related dose adjustments of bio-
logics and non-biologics were required for 20 (22.0%) and 
27 (29.7%) patients experiencing flare, respectively.

3.6 � Patient Satisfaction

SB5 was more commonly administered via pen than by 
syringe both at baseline (range: 73.4–88.2%) and by week 
48 (range: 72.0–88.7%) across the RA, axSpA, PsA, and 
CD cohorts. In the UC cohort, SB5 was administered via 
the pen in all 12 patients (100%) at baseline, continuing in 
the seven patients who were still receiving SB5 at week 
48 (58.3%). There was no major shift in PSQ responses 
from baseline to week 48 (Fig. 5). The majority of patients 
reported that the injection was “simple or very simple” to 
administer (baseline: 55.6–83.3%; week 48: 65.9–78.8%) 
(Fig. 5a) and were generally “satisfied or very satisfied” 
with the duration of the injection (baseline: 50.0–75.0%; 
week 48: 63.0–69.5%) (Fig. 5b). The indication on the pen 
that the injection was complete was generally considered 
to be “clear or very clear” (baseline: 69.2–100%; week 48: 
73.0–87.5%) (Fig. 5c). All PSQ responses are provided in 
ESM Table S10 (and exclude results for the UC cohort due 
to low n).

Table 3   Paired disease activity scores over time in PsA cohort: 
PsARC​

CI confidence interval, PsA psoriatic arthritis, PsARC​ Psoriatic 
Arthritis Response Criteria, SD standard deviation
a Scores derived for patients with values reported both at baseline and 
the subsequent timepoint

Timepointa n Mean ± SD 95% CI

Swollen joint score (66 joints)
 Baseline 41 0.7 ± 1.5 0.2–1.2
 Week 12 41 0.7 ± 1.6 0.2–1.2
 Baseline 55 0.5 ± 1.2 0.2–0.8
 Week 24 55 1.0 ± 3.3 0.1–1.9
 Baseline 54 0.5 ± 1.3 0.2–0.9
 Week 48 54 0.7 ± 1.8 0.2–1.2

Tender joint score (68 joints)
 Baseline 41 1.9 ± 4.6 0.4–3.4
 Week 12 41 1.7 ± 3.5 0.5–2.8
 Baseline 55 1.6 ± 3.0 0.8–2.4
 Week 24 55 3.2 ± 7.9 1.1–5.4
 Baseline 54 1.3 ± 3.3 0.4–2.2
 Week 48 54 1.0 ± 1.9 0.4–1.5

Table 4   Summary of ADRs and SAEs across cohorts

ADR adverse drug reaction, axSpA axial spondyloarthritis, CD Crohn’s disease, PsA psoriatic arthritis, RA rheumatoid arthritis, SAE serious 
adverse event, UC ulcerative colitis

n (%) RA (n = 207) axSpA (n = 127) PsA, (n = 162) CD (n = 447) UC (n = 12)

Patients with ≥ 1 ADR 41 (19.8) 38 (29.9) 34 (21.0) 118 (26.4) 1 (8.3)
Patients with ≥ 1 SAE 8 (3.9) 2 (1.6) 8 (4.9) 22 (4.9) 0
Patients with ≥ 1 drug-related SAE 1 (0.5) 0 1 (0.6) 3 (0.7) 0
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Fig. 4   Episodes of disease flare in patients with RA, axSpA, PsA, 
CD, and UC. Disease flares recorded on or after initiation of SB5 
and before or at discontinuation of SB5 were defined according to 
the investigator’s clinical opinion, who recorded the reasons under-

lying that decision (e.g., loss of disease control, worsening of symp-
toms, secondary loss of response). axSpA axial spondyloarthritis, CD 
Crohn’s disease, PsA psoriatic arthritis, RA rheumatoid arthritis, UC, 
ulcerative colitis

Table 5   Safety: most common ADRs

ADR adverse drug reaction, axSpA axial spondyloarthritis, CD Crohn’s disease, GI gastrointestinal, NEC not elsewhere classified, PsA psoriatic 
arthritis, RA rheumatoid arthritis, UC ulcerative colitis
a Number of events as a proportion of the total number of events per indication
b Includes the following events occurring at the injection site (n and percentage provided for the total population): bruising (n = 1, 0.1%), dis-
comfort (n = 4, 0.4%), extravasation (n = 1, 0.1%), hematoma (n = 6, 0.6%), hemorrhage (n = 1, 0.1%), pain (n = 140, 14.7%), pruritus (n = 1, 
0.1%), rash (n = 1, 0.1%), and “reaction” (n = 7, 0.7%)

Indication ADR (high-level term) Patients, n (%) Events, n (%)a

RA (n = 207) Injection site reactionsb 30 (14.5) 43 (71.7)
Application and instillation site reactions 1 (0.5) 3 (5.0)
Pruritus NEC 2 (1.0) 2 (3.3)
Headaches NEC 2 (1.0) 2 (3.3)
Therapeutic and non-therapeutic responses 2 (1.0) 2 (3.3)

axSpA (n = 127) Injection site reactionsb 19 (15.0) 19 (32.2)
Lower respiratory tract and lung infections 5 (3.9) 5 (8.5)
Asthenic conditions 3 (2.4) 3 (5.1)
Bone-related signs and symptoms 3 (2.4) 3 (5.1)
Spondyloarthropathies 3 (2.4) 3 (5.1)
Upper respiratory tract infections 3 (2.4) 3 (5.1)

PsA (n = 162) Injection site reactionsb 20 (12.3) 23 (46.0)
Urinary tract infections 3 (1.9) 3 (6.0)
Joint-related signs and symptoms 2 (1.2) 4 (8.0)

CD (n = 447) Injection site reactionsb 87 (19.5) 386 (87.9)
GI and abdominal pain (excluding oral and throat) 5 (1.1) 5 (1.1)
Erythemas 1 (0.2) 6 (1.4)

UC (n = 12) Injection site reactionsb 1 (8.3) 1 (100)
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4 � Discussion

The findings of the PROPER study provide evidence of 
effective long-term use of SB5 in patients with IMIDs 
switching from reference to biosimilar adalimumab. The 
probability of persistence with SB5 at week 48 was high 
in all four cohorts analyzed (RA, axSpA, PsA, and CD), 
ranging from 0.72 to 0.86, with 75.6% of all patients remain-
ing on SB5 at week 48 (range across those four cohorts, 
70.7–83.6%). Of the candidate predictors of persistence 
evaluated in this study, only female sex was associated 
with increased risk for SB5 discontinuation in the RA, 
axSpA, and CD cohorts. These findings are comparable 
with data from previous adalimumab-to-SB5 treatment-
switching studies [27–29]. In an analysis of two propensity 
score-matched cohorts of patients with CD, the probability 
(Kaplan–Meier estimates) of persistence with SB5 follow-
ing transition from reference adalimumab at 26 weeks and 
52 weeks after SB5 initiation was 0.89 (95% CI, 0.81–0.98) 
and 0.65 (95% CI, 0.53–0.79), respectively [27]. Similarly, 
in a cohort in which 95.9% of patients had RA, PsA, axSpA, 
or juvenile idiopathic arthritis, probabilities of persistence 
on SB5 were 0.95 (95% CI, 0.90–0.97) at 6 months and 0.85 
(95% CI, 0.78–0.90) at 12 months after treatment initiation, 
respectively [28]. Rates of persistence with SB5 following 
transition from reference adalimumab were 84.6% and 70.8% 
at 26 weeks and 52 weeks post-transition, respectively, in 
patients with CD (89.1%), UC (9.0%), or IBD unclassified 
(2.0%) [29].

Long-term effectiveness was maintained at 48 weeks after 
switching from reference adalimumab to SB5, in line with 

previous findings from observational treatment-switching 
studies in comparable patient populations and using the 
same or similar definitions for clinical remission or low 
disease activity. In those studies, as in the present study, 
most patients in each cohort were in remission or had sta-
ble disease at transition, and showed no meaningful differ-
ences in disease activity measures over time post-transition 
(3–12 month follow-up) [27, 29, 30].

For all indication cohorts in the PROPER study there 
was variance between assessment of baseline clinical status 
determined by physician opinion and classification by dis-
ease activity scores. The proportions of patients deemed to 
be in remission or to have low/inactive disease were higher 
when determined using scored measures of disease activity 
than by physician opinion.

It was not possible to draw conclusions regarding the 
immunogenicity of SB5 (as measured by incidence of 
ADAs) in this study since the number of patients contribut-
ing data was small [38 patients (4.0%) at baseline and 75 
patients (7.9%) post-baseline]. This reflects an apparent 
absence of routine ADA testing in patients receiving adali-
mumab, probably related to physician confidence in the low 
likelihood of an adverse outcome related to the immuno-
genic potential of SB5 [31].

No new safety signals were detected in this study; AEs 
were generally consistent with those reported previously in 
patients with rheumatic or gastroenterologic IMIDs treated 
with SB5 [17, 28, 29, 32]. Injection site reactions were the 
most frequently observed ADRs across indications, and 
have been reported to affect adherence to anti-TNF therapy 
in patients with an IMID [33, 34]. Although injection site 
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Fig. 5   Patient satisfaction with the mode of SB5 administration (from 
PSQ)—all indications; a ease of administration (pre-filled pen or 
pre-filled syringe), b duration of injection (pre-filled pen or pre-filled 

syringe), and c indication of complete injection (pre-filled pen only), 
at each of the study measurement timepoints. PSQ Patient Satisfac-
tion Questionnaire
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reactions were the most common AE relating to SB5 discon-
tinuation at week 48 in the present study, rates of persistence 
on SB5 remained high at week 48, and PSQ responses on the 
usability and experience with administration of SB5 were 
generally positive at both baseline and week 48. Injection 
site reactions were commonly observed in other studies of 
SB5 [17, 29]. In line with the finding that injection site pain 
may vary according to the type of IMID [21], the propor-
tion of patients with injection site reactions in the present 
study was highest for patients with CD (19.5%), similar for 
patients with RA (14.5%) and axSpA (15.0%), and lowest 
for those with PsA (12.3%) and UC (8.3%).

The main strength of the PROPER study is that it enrolled 
a large study population that included rheumatology and 
gastroenterology IMID indications from multiple centers 
in six countries across Europe, and had a long follow-up 
period. These characteristics differentiate PROPER from 
other real-world observational [27, 29, 30, 32] or pivotal 
randomized controlled studies of biosimilars [17, 35, 36]. 
In addition, the PROPER study design uniquely captured 
patient experience on SB5 after transition from reference 
adalimumab by assessing both persistence and device sat-
isfaction over 48 weeks, together with objective parameters 
such as effectiveness and safety. However, these findings 
should be considered in light of the small proportion of sub-
jects who discontinued SB5 prior to week 48, which resulted 
in a similarly low incidence of potential candidate predic-
tors, thus limiting the amount of information fitted into the 
Cox model for candidate predictors of discontinuation. In 
addition, heterogeneity in healthcare systems (e.g., with 
respect to reimbursement systems, access to biosimilars) 
between the countries represented in this population [37] 
may also have affected the findings. Potential site and/or 
regional effects on discontinuation rates were not taken into 
account in this analysis.

The potential impact of a “nocebo effect” should also be 
considered, whereby patients perceive worsening of their 
condition and/or experience AEs as a result of negative 
expectations of the treatment, even if it is essentially inert. 
The nocebo effect, which has been observed in other stud-
ies of biosimilars [38], may negatively affect outcomes in 
patients switching from reference biologics to biosimilars, 
particularly in a non-blinded or real-world context, poten-
tially leading to discontinuation of the biosimilar [38, 39]. 
One of the known risk factors for the nocebo effect is sex, 
with female participants being more susceptible than male 
participants [40–42]. This is relevant to the findings of the 
present study since female sex was the only candidate predic-
tor associated with increased risk for SB5 discontinuation. 
Post hoc analysis to further explore this finding is ongoing. 
The cost of a biosimilar relative to the reference agent is also 
a risk factor for the nocebo effect, as some patients associate 
lower cost with reduced effectiveness [40, 41]. Conversely, 

expense may be an important consideration in the decision to 
switch to a potentially more cost-effective biosimilar, as was 
the case in almost one-third (30.8%) of the total population 
and in two-thirds (66.5%) of the RA cohort in the present 
study. Nocebo-mitigating efforts, including communication 
and training, may aid informed decision-making in patients 
who are considering switching from a reference drug to a 
biosimilar [43, 44]. It is thought that implementation of a 
shared decision-making process may reassure and empower 
patients, affording them a sense of control and ownership 
over that process, ultimately making them less susceptible 
to negative nocebo effects [38]. The patients in the PROPER 
study were generally well informed, as reflected by physician 
confirmation that the majority (87.2–96.4%) had received 
information on self-administration of SB5 and that most 
patients across all disease cohorts had a good understanding 
of how SB5 should be stored and prepared for use.

5 � Conclusions

The findings of this pan-European study contribute to the 
overall understanding of real-world usage of SB5 in a large 
cohort of patients with established RA, axSpA, PsA, or CD 
transitioning from reference adalimumab, and demonstrate 
that SB5 is well tolerated and effective in these patients. 
Persistence on SB5 was high, with three-quarters of study 
patients remaining on treatment long term. Of the candi-
date predictors identified (age, sex, comorbidities, disease 
duration, disease activity score, concomitant therapy), the 
only baseline variable associated with an increased risk of 
SB5 discontinuation was female sex, in patients with RA, 
axSpA, or CD. There were no meaningful differences in dis-
ease activity or PROM scores between baseline and week 
48 post-transition (most patients in each cohort remained in 
remission or had stable disease), and no new safety signals 
were observed. These findings suggest that in the context 
of treatment persistence and within the baseline categories 
observed, there was no evidence to mitigate against transi-
tion. However, particular consideration should perhaps be 
given to female patients who are considering switching, 
since they appear to be more susceptible to discontinu-
ation than their male counterparts. Finally, the impact of 
geographic region on these results is not yet known; post 
hoc analyses are ongoing to determine whether the data are 
confounded by patient geographic location.
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