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ABSTRACT

Introduction: Biosimilars allow more patients 
access to affordable treatment options and 
help reduce the financial burden on health-
care systems. This multicentre trial compared 
the efficacy, safety, and immunogenicity of the 
approved biosimilar ustekinumab FYB202 with 
reference ustekinumab.
Methods: Eligible patients were ≥ 18  years 
old with stable moderate-to-severe plaque 

psoriasis for ≥ 6 months and inadequate treat-
ment response to or intolerance of ≥ 1 previous 
systemic treatment. Patients were randomised 
(1:1) to double-blind treatment with FYB202 or 
reference ustekinumab; patients in the reference 
group who achieved Psoriasis Area and Severity 
Index (PASI) 75 percent improvement at week 28 
were re-randomised to FYB202 or reference prod-
uct. The primary efficacy endpoint was percent 
improvement in PASI score from baseline to 
week 12. Therapeutic equivalence was demon-
strated if, depending on the regulatory require-
ment with respect to the significance level, the 
two-sided 95% and 90% confidence intervals 
(CIs) were within the pre-defined equivalence 
intervals of ± 11% and ± 10%, respectively.
Results: A total of 392 patients were ran-
domised to FYB202 (n = 197) or reference 
ustekinumab (n = 195). Baseline characteris-
tics were well balanced between groups. Mean 
percent improvement in PASI score at week 12 
was equivalent between FYB202 and reference 
ustekinumab with an estimated least-squares 
mean treatment difference of 3.27% and the 
two-sided 95% (− 0.90%, 7.44%) and 90% 
(− 0.22%, 6.77%) CIs fully contained within 
the pre-defined equivalence margins. Safety 
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and immunogenicity profiles were comparable 
between groups. Switching from reference prod-
uct to FYB202 had no clinically relevant effect 
on efficacy, safety, or immunogenicity.
Conclusion: FYB202 demonstrated thera-
peutic equivalence to reference ustekinumab 
in patients with moderate-to-severe plaque 
psoriasis.
Trial Registration: NCT04595409; EudraCT 
2019-004364-21.

Keywords: Biosimilar; Ustekinumab; Psoriasis; 
Randomised controlled trial; Therapeutic 
equivalence

Key Summary Points 

Why carry out this study?

Biosimilars can increase the number of 
patients able to receive biologic therapies and 
may allow patients to be treated earlier in the 
disease course, thereby reducing the risk of 
comorbidities.

This multicentre trial in patients with moder-
ate-to-severe plaque psoriasis was conducted 
to demonstrate equivalence in PASI response 
after 12 weeks of treatment between the bio-
similar ustekinumab FYB202 and reference 
ustekinumab and to compare the efficacy, 
safety, and immunogenicity of the products 
over 52 weeks.

What was learned from the study?

FYB202 demonstrated therapeutic equiva-
lence to reference ustekinumab in patients 
with moderate-to-severe plaque psoriasis, 
with comparable efficacy, safety, and immu-
nogenicity.

Proof of therapeutic equivalence in this sensi-
tive psoriasis population allows for extrapola-
tion to other indications, with similar clinical 
performance of FYB202 and reference usteki-
numab assumed across all approved indica-
tions.

INTRODUCTION

Biological therapies have improved the man-
agement of psoriasis and other inflammatory 
conditions, but their high cost can limit access. 
Biosimilars are less expensive, thereby giving an 
opportunity for more patients to receive treat-
ment while at the same time reducing health-
care costs. Biosimilars of the tumour necrosis 
factor (TNF) inhibitors adalimumab, infliximab, 
and etanercept have been widely adopted over 
the past decade and have helped increase the 
number of patients benefitting from these treat-
ments [1, 2]. Real-world studies have shown that 
TNF inhibitor biosimilars offer similar efficacy 
and safety as their reference product, both when 
given as a new treatment and when switching 
from the reference product [3–7].

Ustekinumab is an interleukin (IL)-12 and 
IL-23 antagonist approved for the treatment of 
moderate-to-severe plaque psoriasis, active pso-
riatic arthritis, and active inflammatory bowel 
disorders. Ustekinumab has been shown to be 
effective and well tolerated for the treatment of 
moderate-to-severe psoriasis [8–11], active pso-
riatic arthritis [12, 13], Crohn’s disease [14, 15], 
and ulcerative colitis [16] in several clinical tri-
als. Ustekinumab was also more effective than 
the TNF inhibitor etanercept in patients with 
moderate-to-severe plaque psoriasis [17].

Regulatory approval of biosimilars requires 
evidence that the molecule is similar to the ref-
erence product in terms of structure, function, 
pharmacokinetics, clinical efficacy, and safety. 
This multicentre, randomised trial compared 
the efficacy, safety, immunogenicity and phar-
macokinetics of the biosimilar ustekinumab 
FYB202 with reference ustekinumab in patients 
with moderate-to-severe plaque psoriasis. The 
impact of switching from reference ustekinumab 
to FYB202 and the effect of longer-term treat-
ment were also evaluated through a treatment 
switch at week 28 and an extended treatment 
period up to week 52.
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METHODS

This was a randomised, double-blind, paral-
lel-group, phase 3 study conducted between 
23 September 2020 and 21 March 2022 at 27 
sites in Estonia, Georgia, Poland, and Ukraine 
(NCT04595409; EudraCT 2019-004364-21). All 
patients provided written informed consent. 
The study was conducted in accordance with 
the Declaration of Helsinki, the US Investiga-
tional New Drug regulations (21 Code of Federal 
Regulations 312), and the International Coun-
cil for Harmonisation Good Clinical Practice 
guidelines, and in compliance with all local or 
regional regulatory requirements. The study 
protocol was reviewed and approved by the 
independent ethics committee or institutional 
review board for each centre.

Participants

Eligible patients were ≥ 18 years old with body 
weight ≤ 100 kg at screening and baseline and 
stable moderate-to-severe plaque psoriasis for 
≥ 6  months with a Psoriasis Area and Sever-
ity Index (PASI) score of ≥ 12, plaque psoriasis 
affecting ≥ 10% of body surface area, a Physi-
cian’s Global Assessment (PGA) score of ≥ 3, and 
inadequate treatment response to or intoler-
ance of ≥ 1 previous systemic treatment for pso-
riasis (including but not limited to ciclosporin, 
methotrexate, acitretin, fumaric acid esters, and 
psoralen with ultraviolet A light). Exclusion cri-
teria included erythrodermic, pustular, guttate, 
and medication-induced psoriasis, any other 
skin disease or other systemic inflammatory 
autoimmune disorder that would interfere with 
evaluation of the effect of study intervention on 
psoriasis, concomitant psoriatic arthritis, any 
psoriasis treatment within 4 weeks prior to ran-
domisation, and previous use of ≥ 2 biological 
treatments for psoriasis. Full eligibility criteria 
are listed in Supplementary Table S1.

Procedures

Patients were randomised (1:1) to double-blind 
treatment with biosimilar ustekinumab (FYB202, 

Formycon AG, Martinsried/Planegg, Germany) 
or EU-approved reference ustekinumab (both 
45 mg by subcutaneous injection at weeks 0, 
4, and 16). Dosing throughout the study was 
based on baseline body weight, which was below 
100 kg in all patients. Patients in the reference 
group who achieved PASI 75 at week 28 were 
re-randomised to receive FYB202 or reference 
ustekinumab at weeks 28 and 40, while respond-
ers in the FYB202 group continued the same 
treatment; FYB202 responders were included 
in the re-randomisation procedure to maintain 
blinding. Patients who did not achieve a PASI 75 
response at week 28 were discontinued from 
study intervention but were followed until the 
end of the study at week 52 and underwent all 
study-related assessments. The study design is 
shown in Supplementary Fig. S1.

Patients were randomly assigned to treatment 
groups in accordance with the randomisation 
schedules generated using permuted block 
randomisation, stratified by prior inadequate 
response or intolerance to systemic biological 
treatment in the opinion of the investigator. 
Patients and investigators were blinded to the 
study intervention assignment; as a result of the 
differing appearances of the two trial treatments, 
injections were administered by an unblinded 
independent study intervention administrator 
at each site who was not involved in any study-
related assessments.

Assessments and Endpoints

Efficacy assessments were PASI, PGA, Derma-
tology Life Quality Index (DLQI), and Itching 
Visual Analogue Scale (I-VAS). PASI and PGA 
were assessed at all visits (screening, baseline, 
and weeks 4, 12, 16, 28, 40, and 52); DLQI and 
I-VAS were assessed at all visits except screening. 
Body surface area affected by psoriasis was an 
inclusion criterion and was also assessed at all 
visits but was not an efficacy endpoint. Safety 
assessments included adverse events, serious 
adverse events, vital signs, body weight, ECG, 
and physical examination.

The incidence of antidrug antibodies (ADAs) 
was assessed using a highly sensitive and 
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drug-tolerant validated electrochemilumines-
cence immunoassay method (sensitivity of 
4.0 ng/mL with a drug tolerance of 25 µg/mL 
at the low positive control level of 13.6 ng/mL). 
A competitive ligand-binding enzyme-linked 
immunosorbent assay was used to assess neu-
tralising antibodies (NAbs) (sensitivity 458 ng/
mL; drug tolerance 6 µg/mL at the low positive 
control level of 873 ng/mL).

Predose serum concentrations of FYB202 
and reference ustekinumab were measured at 
baseline and at weeks 4, 12, 16, 28, 40, and 52. 
Serum concentrations were quantified using a 
validated enzyme-linked immunosorbent assay 
in a central clinical laboratory.

Statistical Analysis

The primary efficacy endpoint was percent 
improvement in PASI score from baseline to 
week 12. Percent improvement in PASI score was 
chosen as the primary endpoint as it is more sen-
sitive than categorical endpoints such as PASI 75 
and PASI 90 for the assessment of equivalence. 
A sample size of 392 patients was planned, with 
approximately 196 patients in each treatment 
group in order to reach 90% power, using the 
two one-sided test procedures for testing for 
equivalence, assuming no difference between 
both treatment groups and a common standard 
deviation of 30%.

A mixed model repeated measures (MMRM) 
was used for the analyses of the primary efficacy 
endpoint. The MMRM was adjusted for baseline 
PASI score, baseline body weight, time since 
onset of psoriasis, and prior inadequate response 
or intolerance to a systemic biological treatment 
as independent variables.

Two different analyses were planned in order 
to comply with the different regulatory require-
ments of the European Medicines Agency (EU-
specific analysis) and the US Food and Drug 
Administration (US-specific analysis). The dif-
ference in least-square (LS) means (FYB202—
reference ustekinumab) was estimated from 
the MMRM for the percent improvement in 
PASI score from baseline to week 12, with a 
two-sided 95% confidence interval (CI) for the 
EU-specific analysis and a two-sided 90% CI 

for the US-specific analysis. If the two-sided 
95% CI was completely contained in the inter-
val (− 11%; 11%), equivalence of FYB202 and 
reference ustekinumab could be concluded in 
terms of the EU-specific primary efficacy analy-
sis. If the two-sided 90% CI was completely con-
tained in the interval (− 10%; 10%), equivalence 
of FYB202 and reference ustekinumab could be 
concluded in terms of the US-specific primary 
efficacy analysis. A hierarchical testing proce-
dure was followed for the EU- and US-specific 
analyses with equivalence using the US-specific 
analysis performed only if equivalence for the 
EU-specific analysis could be shown. Various 
supportive sensitivity analyses and supplemen-
tal estimands for the primary efficacy endpoint 
were pre-planned and are described in Supple-
mentary Table S2. Subgroup analyses of the pri-
mary efficacy endpoint analysis based on sex, 
baseline body weight, duration of psoriasis, prior 
response to biological therapy, and baseline PASI 
were also pre-planned and performed if the sub-
group size allowed the calculation of meaningful 
CIs. A post hoc subgroup analysis based on ADA 
status until week 28 was also performed.

Secondary efficacy endpoints were percent 
improvement in PASI score from baseline to 
weeks 4, 16, 28, 40, and 52; absolute PASI scores 
at baseline and weeks 4 and 12; the proportion 
of patients with PASI 75 and PASI 90 responses 
at weeks 4, 12, 16, 28, 40, and 52; changes in 
PASI 75 and PASI 90 response from week 28 
through to week 52 in patients switching from 
reference ustekinumab to FYB202; and changes 
in PGA, DLQI total score and I-VAS at weeks 4, 
12, 16, 28, 40, and 52.

Secondary immunogenicity endpoints were 
the number of patients with antibodies to 
ustekinumab at baseline and weeks 4, 12, 16, 28, 
40, and 52 and change in the number of patients 
with antibodies to ustekinumab from week 28 
through week 52 following the switch from ref-
erence ustekinumab to FYB202. Secondary phar-
macokinetic endpoints were serum trough levels 
of ustekinumab (Ctrough) at weeks 4, 12, 16, 28, 
40, and 52 and change in ustekinumab Ctrough 
from week 28 through week 52 in patients fol-
lowing the switch from reference ustekinumab 
to FYB202.
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Secondary endpoints were also assessed 
using MMRM. The two-sided 95% CIs for the 
differences between the treatment groups were 
not compared to any pre-defined equivalence 
margin.

The full analysis and safety analysis sets 
included all patients randomised who received 
study treatment at least once; in the full analy-
sis set, patients were analysed according to the 
study treatment to which randomised, whereas 
in the safety analysis set patients were ana-
lysed according to study treatment received at 
week 0 and/or 28. The re-randomised analy-
sis set included all patients who were re-ran-
domised and treated with study treatment at 
least once at or after week 28, with patients 
analysed according to the study treatment 
received. The periods from week 0 until re-
randomisation at week 28 and from week 28 
until end-of-study were analysed separately.

RESULTS

A total of 507 patients were screened, of 
whom 392 were randomised to FYB202 
(n = 197) or reference ustekinumab (n = 195); 
387 patients completed the study to week 28. 
Twelve patients were not re-randomised; nine 
patients were non-responders (FYB202, n = 4; 
reference ustekinumab, n = 5) and a further 
three patients in the reference ustekinumab 
group were not re-randomised because of 
adverse events leading to study discontinua-
tion (n = 2) or non-attendance at the week 28 
visit (n = 1). In the FYB202 group, 189 patients 
continued treatment to week 52 and 186 in the 
reference group were re-randomised (FYB202, 
n = 89; reference ustekinumab, n = 97). Fol-
lowing re-randomisation, the study was com-
pleted to week 52 by 372 patients: 187 patients 
who remained on FYB202, 97 patients who 
remained on reference ustekinumab, and 88 
patients who switched from reference usteki-
numab to FYB202. Patient disposition is shown 
in Fig. 1.

Baseline demographics and clinical charac-
teristics were well balanced between treatment 

groups; overall, 40% of patients were female, 
mean age was 42 years, mean BMI was 27 kg/m2, 
and mean PASI score was 24.4 (Table 1). Median 
time since onset of psoriasis was 14.1  years 
(range 1.1–51.1) and 76 (19.4%) patients 
reported prior systemic biological treatment 
for psoriasis, with only seven (9.2%) of these 
reporting an inadequate response or intolerance. 
Patients with concomitant psoriatic arthritis at 
screening or baseline were excluded.

Efficacy

For the primary endpoint, the estimated mean 
percent improvement in PASI score from base-
line to week 12 was 79.5% (95% CI 74.6%, 
84.4%) in patients treated with FYB202 and 
76.2% (95%  CI 71.5%, 81.0%) in patients 
treated with reference ustekinumab (Fig. 2). 
The estimated least-squares mean treatment 
difference was 3.27%, and the two-sided 
95% CI (− 0.90%, 7.44%) was fully contained 
within the pre-defined (− 11%; 11%) equiva-
lence margins, and the 90%  CI (− 0.22%, 
6.77%) fully contained within the pre-defined 
(− 10%; 10%) equivalence margins, confirm-
ing therapeutic equivalence between FYB202 
and reference ustekinumab for the EU and US 
analyses, respectively.

All sensitivity and supplemental analyses for 
the primary endpoint supported the primary 
analysis, with similar treatment differences 
for the percent improvement in PASI score 
between FYB202 and reference ustekinumab 
and the 95% CI and 90% CI fully contained 
within the respective equivalence margins 
(Supplementary Table S3). Subgroup analyses 
based on sex, baseline body weight, duration 
of psoriasis, prior response to biologic, baseline 
PASI and ADA status until week 28 also sup-
ported the primary analysis (Supplementary 
Fig. S2).

All secondary efficacy endpoints were also 
similar between treatment groups. Percent-
ages of patients reaching PASI 75 and PASI 90 
at week 28 were similar, with PASI 75 achieved 
by 97.9% and 96.4% and PASI  90 achieved 
by 81.7% and 78.2% in the FYB202 and ref-
erence ustekinumab groups, respectively 
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(Fig.  3). Improvements in PGA, I-VAS, and 
health-related quality-of-life as measured by 
DLQI were also similar between groups. Other 
secondary efficacy endpoints are summarised 
in Table 2 and Supplementary Fig. S3. Abso-
lute decrease in percentage body surface area 
affected by psoriasis was similar at all time 
points in both groups (Supplementary Fig. S4).

Switching from reference ustekinumab to 
FYB202 had no impact on therapeutic efficacy. 
A total of 85 (97.7%) patients in the switch 
group maintained their PASI  75 response 
at week  52. There were also no differences 
between the groups that maintained their ini-
tial treatment for the entire 52 weeks, with a 
PASI 75 response maintained at week 52 by 173 

(96.2%) patients in the FYB202 group and 87 
(94.6%) patients in the reference ustekinumab 
group. A similar pattern was seen with other 
efficacy assessments.

Safety

Both treatments were well tolerated and the 
safety profiles were comparable between groups, 
with 39.6% of patients in the FYB202 group and 
41.0% in the reference group reporting at least 
one adverse event during the first 28 weeks. The 
most frequently reported adverse events before 
re-randomisation were injection site pain, which 
was reported in 11.2% of patients in the FYB202 

Fig. 1  Study disposition. *Other reasons were AE (n = 2) 
or unable to attend week 52 visit (n = 1). †Patient was una-
ble to attend week  52 visit within time limit set by spon-

sor. AE adverse event, FAS full analysis set, RRAS re-ran-
domised set, SAF safety analysis set
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Table 1  Baseline demographics and clinical characteristics

BSA body surface area, DLQI Dermatology Life Quality Index, I-VAS Itching Visual Analogue Scale, PASI Psoriasis Area 
and Severity Index, PGA Physician’s Global Assessment, SD standard deviation
a At screening
b Up to and including week 28 (in ≥ 5% in either group)
c Anatomical Therapeutic Chemical classification, WHO-DD Version March 2021

FYB202 (n = 197) Reference ustekinumab (n = 195)

Female, n (%) 80 (40.6%) 78 (40.0%)

Age (years), mean ±  SDa 41.3 ± 12.9 42.1 ± 13.2

Race: white 197 (100%) 195 (100%)

Body weight (kg), mean ±  SDa 79.8 (13.9) 82.6 ± 13.3

Body mass index (kg/m2), mean ±  SDa 26.6 ± 4.2 27.4 ± 4.4

Concurrent  illnessesb

 Obesity 12 (6.1%) 15 (7.7%)

 Hypertension 28 (14.2%) 30 (15.4%)

Duration of psoriasis (years), mean ± SD, median (range) 16.5 ± 10.9, 15.1 (1.1–47.1) 15.9 ± 10.1, 13.1 (1.3–51.1)

Previous psoriasis therapies, n (%)c

 Corticosteroids, plain 129 (65.5%) 137 (70.3%)

 Corticosteroids, other combinations 72 (36.5%) 67 (34.4%)

 Topical anti-psoriasis drugs 78 (39.6%) 82 (42.1%)

 Systemic anti-psoriasis drugs 53 (26.9%) 35 (17.9%)

 Immunosuppressants 145 (74.1%) 141 (72.3%)

Previous biologic therapy for psoriasis, n (%) 40 (20.3%) 36 (18.5%)

Number of previous biologic therapies

 1 36 (18.3%) 31 (15.9%)

 2 4 (2.0%) 5 (2.6%)

Inadequate response or intolerance 2 (5.0%) 5 (13.9%)

PASI, mean ± SD, median (range) 24.1 ± 8.5, 21.6 (12.3–52.8) 24.8 ± 10.0, 21.8 (12.0–63.3)

BSA affected (%), mean ± SD, median (range) 29.4 ± 16.0, 24 (10–77) 30.4 ± 17.3, 25 (11–92)

PGA, n (%)

 3 (moderate) 133 (67.5%) 139 (71.3%)

 4 (severe) 64 (32.5%) 56 (28.7%)

Worst I-VAS, mean ± SD 6.3 ± 2.5 6.2 ± 2.6

Average I-VAS, mean ± SD 4.7 ± 2.4 4.6 ± 2.6
DLQI, mean ± SD 13.1 ± 6.4 13.6 ± 6.5
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group and 7.7% in the reference ustekinumab 
group, nasopharyngitis (FYB202, 4.6%; reference 
ustekinumab, 2.6%), and COVID-19 (FYB202, 
3.6%; reference ustekinumab, 2.6%). All injec-
tion site pain events were mild in severity and, 
overall, most adverse events were of mild or 

moderate severity with a similar pattern in both 
treatment groups (Table 3).

Four serious adverse events were reported 
in three (1.5%) patients treated with FYB202 
(one patient with COVID-19 pneumonia and 
pulmonary embolism, one with COVID-19, 

Fig. 2  Primary efficacy endpoint: Mean percentage 
improvement in PASI score (full analysis set). PASI score 
was analysed using an MMRM that adjusted for baseline 
PASI score, baseline weight, time since onset of psoriasis, 
and prior inadequate response or intolerance to a systemic 
biological treatment as independent variables. For the cal-
culation of LS means based on the MMRM, patients with 
missing assessments at all post-baseline visits until week 28 
were not considered. For the EU analysis, FYB202 and ref-

erence ustekinumab were considered equivalent if the CI 
for difference in LS means was completely contained in the 
interval [− 11%, 11%]. For the US analysis, FYB202 and 
reference ustekinumab were considered equivalent if the 
CI for difference in LS means was completely contained in 
the interval [− 10%, 10%]. CI confidence interval, LS least 
squares, MMRM mixed model repeated measures, PASI 
Psoriasis Area and Severity Index
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Fig. 3  Proportions of patients with PASI 75 and PASI 90 responses over 52 weeks. PASI Psoriasis Area and Severity Index

Table 2  Other secondary efficacy endpoints

CI confidence interval, DLQI Dermatology Life Quality Index, I-VAS Itching Visual Analogue Scale, PASI Psoriasis Area 
and Severity Index, PGA Physician’s Global Assessment, SE standard error

FYB202 (n = 197) Reference ustekinumab 
(n = 195)

FYB202—reference ustekinumab

LS mean ± SE change from baseline LS mean ± SE treatment 
difference

95% CI

Change in percent PASI

 At week 4 39.6 ± 2.64 37.3 ± 2.60 2.33 ± 2.47 (− 2.54, 7.20)

 At week 16 85.7 ± 2.35 82.2 ± 2.31 3.50 ± 1.81 (− 0.06, 7.05)

 At week 28 91.5 ± 2.12 90.1 ± 2.07 1.40 ± 1.09 (− 0.74, 3.54)

Change in PGA

 At week 12 − 2.09 ± 0.12 1.99 ± 0.12 − 0.10 ± 0.09 (− 0.29, 0.08)

 At week 28 − 2.68 ± 0.12 − 2.53 ± 0.12 − 0.15 ± 0.08 (− 0.30, − 0.00)

Change in worst I-VAS

 At week 12 − 5.05 ± 0.33 − 4.94 ± 0.32 − 0.11 ± 0.22 (− 0.55, 0.32)

 At week 28 − 5.61 ± 0.32 − 5.44 ± 0.31 − 0.17 ± 0.19 (− 0.54, 0.19)

Change in average I-VAS

 At week 12 − 3.80 ± 0.24 − 3.75 ± 0.24 − 0.05 ± 0.16 (− 0.37, 0.28)

 At week 28 − 4.22 ± 0.23 − 4.08 ± 0.23 − 0.14 ± 0.13 (− 0.40, 0.12)

Change in DLQI

 At week 12 − 10.1 ± 0.68 − 10.2 ± 0.67 0.07 ± 0.43 (− 0.77, 0.92)
 At week 28 − 11.9 ± 0.67 − 11.5 ± 0.66 − 0.40 ± 0.39 (− 1.16, 0.37)
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and one with a spontaneous pneumothorax) 
and six were reported in three (1.5%) patients 
treated with reference ustekinumab (one 
patient with acute pancreatitis, bile duct stone, 
and cholelithiasis, one in a road traffic accident 
with multiple injuries, and one with metastatic 
renal cancer). None of these were considered 
by the investigator to be related to study treat-
ment. No deaths occurred during the study. 
Adverse events leading to study withdrawal 
occurred in two (1.0%) patients treated with 
FYB202 and three (1.5%) patients treated with 
reference ustekinumab.

After re-randomisation, the proportions of 
patients reporting adverse events were similar 
in the three treatment groups. Three (1.6%) 

patients in the FYB202 group, one (1.0%) 
patient in the reference ustekinumab group, 
and one (1.1%) patient in the reference usteki-
numab to FYB202 switch group reported seri-
ous adverse events. One (1.1%) patient in the 
reference ustekinumab to FYB202 switch group 
discontinued because of an adverse event (con-
genital anomaly).

Vital signs, body weight, ECG, and physical 
examination were similar in both treatment 
groups.

Table 3  Adverse events

AE adverse event, COVID corona virus disease, E event, n number of patients
a ≥ 3 patients in any group either before or after randomisation

Before re-randomisation, 
weeks 0–28 (safety analysis set)

After re-randomisation, weeks 28–52 (re-randomised set)

FYB202 (n = 197) Reference 
ustekinumab 
(n = 195)

FYB202 (n = 189) Reference 
ustekinumab 
(n = 97)

FYB202 after switch 
from reference 
ustekinumab (n = 89)

n (%), E n (%), E n (%), E n (%), E n (%), E

Any AE 78 (39.6%), 133 80 (41.0%), 141 33 (17.5%), 44 16 (16.5%), 33 18 (20.2%), 32

Treatment-related AE 32 (16.2%), 48 26 (13.3%), 32 2 (1.1%), 2 0 2 (2.2%), 3

Serious AE 3 (1.5%), 4 3 (1.5%), 6 3 (1.6%), 3 1 (1.0%), 1 1 (1.1%), 1

Serious treatment-
related AE

0 0 0 0 0

AE leading to treat-
ment discontinu-
ation

2 (1.0%), 4 3 (1.5%), 6 0 0 1 (1.1%), 1

Deaths 0 0 0 0 0

Most frequent  AEsa

 Injection site pain 22 (11.2%), 32 15 (7.7%), 18 1 (0.5%), 1 0 1 (1.1%), 1

 Nasopharyngitis 9 (4.6%), 9 5 (2.6%), 6 6 (3.2%), 8 2 (2.1%), 3 3 (3.4%), 3

 COVID-19 7 (3.6%), 7 5 (2.6%), 5 13 (6.9%), 13 6 (6.2%), 6 5 (5.6%), 5
 Upper respiratory 

tract infection
2 (1.0%), 2 2 (1.0%), 3 3 (1.6%), 3 4 (4.1%), 4 2 (2.2%), 2
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Immunogenicity

At baseline, there were 10 (5.1%) patients in 
the FYB202 group and none in the reference 
ustekinumab group with confirmed positive 
ADA tests; the geometric mean (CV) titer was 
108.8 (69.5) in the positive samples. In seven 
(3.6%) patients, ADAs were NAbs.

ADA prevalence from week 4 to week 52 was 
lower for FYB202 compared with reference 
ustekinumab with the maximum proportion 
of patients with ADAs observed at week 28 
in both groups (Supplementary Fig. S5). Geo-
metric mean ADA titers were low (< 300) and 
comparable for FYB202 and reference usteki-
numab. The proportions of patients with NAbs 
were similar in both treatment groups, with 
the maximum proportion observed at week 28 
for both treatments (FYB202, 7.3%; reference 
ustekinumab, 9.4%).

After re-randomisation, ADA and NAb posi-
tivity declined in all three groups, with simi-
lar proportions of patients with ADAs, similar 
geometric mean (CV) titers and proportions of 
patients with reactive NAbs were observed in 
all three groups. No patients who were ADA-
negative at week 28 became ADA-positive fol-
lowing the switch from reference ustekinumab 
to FYB202, indicating that switching from refer-
ence ustekinumab to FYB202 had no impact on 
immunogenicity.

Mean percent improvement in PASI score 
from baseline to week 12 was slightly lower 
in ADA-positive patients compared with ADA-
negative patients with a similar reduction in 
both treatment groups (Supplementary Fig. S6). 
The two-sided CIs for the MMRM least-squares 
estimation did not indicate any statistically sig-
nificant differences between FYB202 and refer-
ence ustekinumab for either the ADA-negative 
(3.2, 95% CI − 1.1, 7.6) or ADA-positive (− 4.7; 
95% CI − 17.4, 8.0) subgroups, supporting that 
the lower ADA prevalence seen at week 12 for 
FYB202 compared to reference ustekinumab had 
no impact on the overall equivalence in the pri-
mary efficacy endpoint.

Pharmacokinetics

Higher geometric mean Ctrough levels for patients 
treated with FYB202 compared to patients 
treated with reference ustekinumab were 
observed, especially at early timepoints (weeks 4 
and 12), which may be due to the differences in 
ADA incidences at the early timepoints as well 
some differences in the protein content. Ctrough 
levels were low and comparable at steady state 
from week 16 onwards (Supplementary Fig. S6). 
The serum Ctrough levels of ustekinumab showed 
a high interpatient variability particularly at 
weeks 4 and 12. Smaller interpatient variability 
was observed during steady state at weeks 16, 28, 
40, and 52. Similar and stable Ctrough levels from 
week 16 to week 52 were observed in all three 
re-randomised groups from week 28 to week 52.

DISCUSSION

FYB202 was shown to be equivalent to reference 
ustekinumab with the mean percent improve-
ment in PASI score from baseline to week 12 
within the predefined equivalence intervals for 
both the EU- and US-specific analyses. Extensive 
sensitivity, supplemental, and subgroup analy-
ses supported the primary analysis. Similarity 
between FYB202 and reference ustekinumab 
was also shown for percent improvement in 
PASI score from baseline up to week 52. All other 
secondary efficacy endpoints also supported the 
equivalence of treatments.

Mean percent improvement from baseline 
in PASI score at week 12 (79.5% with FYB202 
and 76.2% with reference ustekinumab) was 
similar to that observed with reference usteki-
numab in the pivotal phase 3 trials (76–77% 
with 45 mg dose) [8, 9], as well as in studies 
of other ustekinumab biosimilars (76–87%) 
[18, 19]. Similarly, the proportions of patients 
achieving PASI 75 and PASI 90 were broadly 
comparable with previous studies. However, 
consistent with other studies of biosimilars in 
psoriasis [18, 19], PASI response rates in this 
study (PASI 75 and PASI 90 at week 28 were 98% 
and 82% with FYB202, 96% and 78% with ref-
erence ustekinumab, respectively) were higher 
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than those observed in the original trials of the 
reference product (PASI 75, 70–71% and PASI 90, 
49–54% with 45 mg dose at week 28) [8, 9]. This 
may reflect improved overall management of 
psoriasis over the past 10–15 years. In addition, 
unlike the studies of reference ustekinumab, this 
trial limited the population to patients with a 
body weight ≤ 100 kg to increase the sensitivity 
to detect a treatment difference if any exists. 
As such, the mean body weight of patients was 
lower in this trial than in the reference usteki-
numab studies (81.2 kg vs. 90–94 kg) which may 
have contributed to the higher response rates for 
the 45 mg dosing regimen in this study.

Both treatments were well tolerated with no 
new safety signals. Safety findings were consist-
ent with the reported safety profile of reference 
ustekinumab [20]. Injection site pain was the 
most frequently reported adverse event in both 
groups (11.2% with FYB202 versus 7.7% with 
reference ustekinumab). These events mainly 
occurred after the first injection and all were 
mild in intensity. The injection site reaction 
profile with ustekinumab was comparable with 
the known profile for reference ustekinumab 
and other biological treatments for psoriasis.

ADA prevalence was generally lower for 
FYB202 with the highest incidence rates for 
both treatments observed at week 28. The cor-
responding ADA titers were low and compa-
rable between both groups at all timepoints. 
Incidences for NAbs were also similar between 
both groups. PASI response was lower in ADA-
positive patients, and the magnitude of the 
reduction was comparable for both treatments 
and the time-course of percent improvement in 
PASI score during the complete 52-week treat-
ment period was similar for the two treatment 
groups independent of ADA status. Overall, the 
difference in ADA incidence did not translate 
into any clinically meaningful differences in 
terms of efficacy or safety. The higher inci-
dence of ADAs in the reference ustekinumab 
group may explain the higher geometric mean 
ustekinumab Ctrough levels for patients treated 
with FYB202 compared to patients treated 
with reference ustekinumab, especially at 
early timepoints (weeks 4 and 12). These data 
are not indicative of a generally higher expo-
sure with FYB202 and Ctrough levels were low 

and comparable at steady state from week 16 
onwards.

Switching from reference product to 
FYB202 had no clinically relevant effect on effi-
cacy, safety, or immunogenicity. In particular, 
the switch did not induce any new ADA forma-
tion, with proportions of patients with ADAs 
and NAbs similar in the group who switched 
from reference ustekinumab to FYB202 and 
the groups who remained on FYB202 or on 
reference ustekinumab. This is consistent with 
previous trials that have indicated that switch-
ing between biosimilar and reference products, 
including on multiple occasions, has no impact 
on efficacy, safety, or immunogenicity [21–24].

Limitations include that the study was not 
powered for statistical comparisons of equiv-
alence after switching from reference usteki-
numab to FYB202. However, the study design 
is consistent with the majority of biosimilar 
equivalence studies that incorporate switching 
[18, 19, 23, 25]. The study also only included 
a single switch, whereas multiple switches 
between treatments may occur in clinical 
practice. In addition, as required by regulatory 
authorities for biosimilar approval, the trial 
was designed to detect differences between 
treatments rather than to prove efficacy de 
novo. Therefore, a narrower patient popula-
tion than might be expected in clinical practice 
was selected to ensure sensitivity of the com-
parison. Finally, in common with most trials 
in this indication, the lack of racial diversity 
may also be a limitation given all patients were 
white, although the concept of extrapolation 
allows similarity of the treatment effect to be 
inferred for other populations.

CONCLUSION

Biosimilars can increase the number of patients 
able to receive biologic therapies, and also 
may allow patients to be treated earlier in the 
disease course, thereby reducing the risk of 
comorbidities [1]. In this study, the biosimilar 
ustekinumab FYB202 demonstrated equiva-
lence to reference ustekinumab in patients 
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with moderate-to-severe plaque psoriasis, with 
comparable efficacy, safety, and immunogenic-
ity. FYB202 was approved in both Europe [26] 
and the USA [27] in September 2024 as a bio-
similar to reference ustekinumab based on 
extensive comparative analytical characteri-
zation data and proof of equivalence in clini-
cal performance. Using a totality of evidence 
approach, proof of therapeutic equivalence in 
this sensitive psoriasis population allows for 
extrapolation to other indications, with simi-
lar clinical performance of FYB202 and refer-
ence ustekinumab assumed across all approved 
indications.
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