Received: 14 June 2024 Accepted: 21 August 2024

DOI: 10.1002/ueg2.12682

REVIEW ARTICLE

UNITED EUROPEAN
GASTROENTEROLOGY @

ueg journal WILEY

Unlocking hope: The future of ustekinumab biosimilars in

Crohn's disease treatment

Ferdinando D’Amico® | Sarah Bencardino® | André Gongalves?® |

Mariangela Allocca® | Federica Furfaro! | Alessandra Zillit |
Tommaso Lorenzo Parigi® | Gionata Fiorino® | Laurent Peyrin-Biroule

Silvio Danese?

1Gastroenterology and Endoscopy, IRCCS Ospedale San Raffaele, Vita-Salute San Raffaele University, Milan, Italy

2Department of Gastroenterology, Unidade de Salude Local da Regido de Leiria, Leiria, Portugal

3Gastroentemlogy and Digestive Endoscopy, San Camillo-Forlanini Hospital, Rome, Italy

t4,5,6,7,8,9

“Department of Gastroenterology, Inserm NGERE U1256, University Hospital of Nancy, University of Lorraine, Vandoeuvre-lés-Nancy, France

SDepartment of Gastroenterology, Nancy University Hospital, Vandceuvre-lés-Nancy, France
SINFINY Institute, Nancy University Hospital, Vandceuvre-lés-Nancy, France

7FHU-CURE, Nancy University Hospital, Vandceuvre-lés-Nancy, France

8Groupe Hospitalier privé Ambroise paré - Hartmann, Paris IBD Center, Neuilly sur Seine, France

Division of Gastroenterology and Hepatology, McGill University Health Centre, Montreal, Quebec, Canada

Correspondence

Silvio Danese, Gastroenterology and Abstract

Endoscopy, IRCCS Ospedale San Raffaele, Biologic therapies have revolutionized Crohn's disease (CD) management, but their
Vita-Salute San Raffaele University, Via . o ) S ] )

Olgettina 60, Milan, Italy. high costs pose a significant barrier to access. Biosimilars can provide increased
Email: sdanese@hotmail.com access to treatment because of significant cost-savings. Ustekinumab is a biological

Funding information

Alvotech; STADA As the patent of the reference product (RP) is expiring, ustekinumab biosimilars

drug against interleukin 12-23 that is employed in treating moderate-to-severe CD.

have been developed and are currently becoming available for patients. Available
data demonstrate that ustekinumab biosimilars exhibit comparable efficacy, phar-
macokinetics, safety and immunogenicity as the RP. Ustekinumab biosimilars have
been approved for CD based on extrapolation and there is no real-world data
available yet for this indication. While biosimilars of ustekinumab promise cost
savings in treating moderate-to-severe CD, it is not yet known whether their
availability will change the treatment algorithm in CD. This review focuses on the
available data on ustekinumab biosimilars, focusing on their pros and cons for their

forthcoming role in treating moderate to severe CD.

Ferdinando D’Amico and Sarah Bencardino contributed equally to this paper.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Author(s). United European Gastroenterology Journal published by Wiley Periodicals LLC on behalf of United European Gastroenterology.

United European Gastroenterol J. 2024;1-15.

wileyonlinelibrary.com/journal/ueg2

1


https://doi.org/10.1002/ueg2.12682
https://orcid.org/0000-0001-7984-9522
https://orcid.org/0000-0001-5623-2968
https://orcid.org/0000-0003-2536-6618
https://orcid.org/0000-0001-7341-1351
mailto:sdanese@hotmail.com
https://orcid.org/0000-0001-7984-9522
https://orcid.org/0000-0001-5623-2968
https://orcid.org/0000-0003-2536-6618
https://orcid.org/0000-0001-7341-1351
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://onlinelibrary.wiley.com/journal/20506414

2 UNITED EUROPEAN GASTROENTEROLOGY JOURNAL
KEYWORDS
ABP 654, AVT04, BFI-751, Crohn disease, CT-P43, IBD, inflammatory bowel diseases,
originator, SB17, therapy

INTRODUCTION this review is to provide an overview of the available data on the

Crohn's disease (CD) is a chronic inflammatory bowel disease (IBD)
that can involve the entire gastrointestinal tract, extending from the
mouth to the anus.> CD is a progressive disorder potentially leading
to bowel damage defined as the occurrence of abscesses, fistulas, and
strictures, affecting the patients' quality of life.2 The implementation
of biological drugs has undeniably revolutionized the care of these
patients, leading to a substantial improvement in the disease's
course.? The existing therapeutic options for handling moderate to
severe CD encompass steroids, immunosuppressants (thiopurines
and methotrexate) and biological therapy such as TNFa inhibitors
(infliximab, adalimumab, and certolizumab), anti-integrins (vedo-
lizumab and natalizumab), and anti-interleukin 12-23 agent
ustekinumab.®

Other recently approved treatment options for CD therapy
include a selective interleukin 23 inhibitor (risankizumab)* and a
small molecule drug that inhibits JAK1 (upadacitinib).> However,
advanced therapies have also exerted a substantial economic influ-
ence on healthcare budgets, constituting the primary financial burden
associated with IBD management.® The biologics price competition
and innovation act of 2009 was established to encourage competition
and control costs in medicine by establishing an expedited regulatory
pathway for biological products highly similar to licensed biologics,
commonly known as biosimilars.” With the expiration of patents for
biological originators, numerous biosimilars are emerging? Bio-
similars have an amino acid chain identical to the reference biological
and exhibit a closely related biochemical activity.” Nevertheless,
owing to their intricate molecular structure, biologics and biosimilars
may exhibit slight molecular variations due to changes in raw mate-
rials and manufacturing conditions. In accordance with regulatory
requirements, robust evidence shows that biosimilars of TNFa in-
hibitors are clinically equivalent to the reference product (RP) with
consistent data of efficacy and safety.’® Ustekinumab (Stelara®) is a
monoclonal antibody composed of fully human immunoglobulin,
designed to inhibit the p40 subunit of both IL-12 and IL-23.1* It
received approval from the US. Food and Drug Administration
(FDA)*? and the European Medicines Agency (EMA) for treating
moderate-to-severe CD in 2016.%° It is administered intravenously
during the induction phase and there is a subcutaneous administra-
tion during the maintenance phase.® Ustekinumab can be used both
in patients naive to biologics and in patients who have already failed
biologics.2* However, it is still reserved for later stages of CD therapy
due to high cost issues (after failure of one or more TNFa inhibitor).
The arrival of more affordable ustekinumab biosimilars could lead to
a significant reduction in costs and facilitate the access to therapy,
shifting its use to earlier phases of the treatment pathway. The aim of

efficacy and safety of ustekinumab and its biosimilars for treating
moderate to severe CD, focusing on key challenges and opportunities

with the arrival of biosimilars.

EFFICACY OF USTEKINUMAB (REFERENCE
PRODUCT) IN CD

Data from randomized clinical trials

Several clinical trials have been conducted to support the efficacy
and safety of ustekinumab in CD. In a phase 2a, placebo-controlled
trial by Sandborn and colleagues, patients with CD were randomly
assigned to receive either placebo, subcutaneous ustekinumab at a
dose of 90 mg, or intravenous ustekinumab at a dose of 4.5 mg/kg.t®
Notably, a greater proportion of subjects in the intravenous group
achieved clinical response and clinical remission at week 6 compared
with those in the subcutaneous group (62.0% vs. 36.0% and 31.0% vs.
14.0%, respectively).*

In a phase 2b randomized and placebo-controlled study, the ef-
ficacy and safety of ustekinumab were assessed in patients with CD.
During the induction phase of the study, 526 patients were randomly
assigned to receive one of three different doses of intravenous
ustekinumab (1, 3, or 6 mg per kilogram of body weight) or placebo.'®
Subsequently, responders from the induction phase were randomly
assigned to receive either ustekinumab subcutaneously at a dose of
90 mg or placebo at weeks 8 and 16 for the maintenance study. The
percentage of patients achieving the primary endpoint of clinical
response (defined as a >100-point decrease from baseline in the
Crohn's Disease Activity Index [CDAI] score) at week 6 was signifi-
cantly higher in those treated with intravenous ustekinumab at a
dose of 6 mg/kg compared to the placebo group (39.7% vs. 23.5%,
p = 0.005). No significant disparity was observed with lower con-
centrations of ustekinumab. Likewise, a higher proportion of patients
achieved clinical response at week 22 with ustekinumab treatment
compared to placebo (69.4% vs. 42.5%, p < 0.001).1¢

Ustekinumab demonstrated efficacy in treating moderate-to-
severe CD in two phase 3, randomized, placebo-controlled induc-
tion trials (UNITI-1 and UNITI-2) and one phase 3, randomized,
placebo-controlled maintenance trial  (IM-UNITI).Y”  UNITI-1
comprised patients previously treated unsuccessfully with TNFa
inhibitors, whereas UNITI-2 recruited biologic-naive patients or
those not definitively categorized as primary or secondary non-
responders to anti-TNFa. Patients who completed the induction
studies were enrolled in the maintenance trial. In UNITI-1 and
UNITI-2, patients were randomized in a 1:1:1 ratio to receive a
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single intravenous infusion of either 130 mg of ustekinumab, a
weight-range-based dose of 6 mg/kg of body weight ustekinumab,
or placebo. Responders to ustekinumab induction at week 8 were
re-randomized in the maintenance trial to receive 90 mg of subcu-
taneous ustekinumab every 8 or 12 weeks or placebo. All patients
fulfilling the criteria for loss of response in the maintenance trial
underwent dose adjustment. The primary endpoint of both induction
trials was clinical response at week 6, defined as a CDAI score <150
or a decrease of at least 100 points from baseline. Clinical remission
at week 44 (CDAI score <150) was the primary endpoint in the
maintenance trial. A significantly greater proportion of patients
treated with intravenous ustekinumab at either 130 mg or 6 mg/kg
achieved the primary endpoint in the induction studies compared to
the placebo arm (34.3% and 33.7% vs. 21.5% in UNITI-1, p = 0.002
and p = 0.003, respectively; 51.7% and 55.5% vs. 28.7% in UNITI-2,
p < 0.001 for both comparisons). Patients who received intravenous
ustekinumab at a dose of 6 mg/kg exhibited numerically higher rates
of clinical response and clinical remission, along with higher serum
drug concentrations (6.4 ug per milliliter vs. 2.1 ug per milliliter in
UNITI-1 and 6.3 ug per milliliter vs. 2.0 pug per milliliter in UNITI-2)
compared to those treated with intravenous ustekinumab at a dose
of 130 mg at the end of the induction phase, thereby supporting the
use of this dosage regimen. Similarly, in the maintenance trial, a
significantly higher proportion of patients achieved clinical remission
with 90 mg subcutaneous ustekinumab administered every 8 or
12 weeks compared with placebo (53.1% and 48.8% vs. 35.9%,
p = 0.005 and p = 0.04, respectively). Notably, mean levels of C-
reactive protein and fecal calprotectin either remained stable or
decreased from baseline in a greater proportion of patients treated
with ustekinumab than those receiving placebo. These clinical and
biochemical improvements were evident as early as the third week
of ustekinumab initiation.”

Recently, the 5-year efficacy data of ustekinumab in CD were
reported from the IM-UNITI long-term extension (LTE) trial.X® All
patients who completed the maintenance study were eligible for the
LTE phase, with those receiving placebo discontinued and no dose
adjustments allowed. Of the 237 patients entering the LTE study,
approximately half (124/237; 52.3%) completed the 5-year follow-up.
At week 252, clinical remission rates were 28.7% for patients treated
with ustekinumab every 12 weeks and 34.4% for those treated every
8 weeks.

Additionally, the 48-week results of the STARDUST trial, a
phase 3b randomized trial, have been released.’’ This trial
compared the efficacy of ustekinumab in patients with CD who have
failed conventional therapy or one biological therapy, or both
stratified according to different management strategies (standard
care vs. treatment target). The primary endpoint of endoscopic
improvement at week 48 (>50% reduction in Simple Endoscopic
Score-CD [SES-CD] vs. baseline) was achieved in a similar propor-
tion of patients in both the treatment target group and the control
arm (38% vs. 30%, p > 0.05). Likewise, rates of corticosteroid-free
clinical remission did not differ between the study groups (56.4%
and 63.3%, p > 0.05).

Data from real-life studies

To date, SUSTAIN stands out as the largest study, involving 463
patients, assessing ustekinumab's effectiveness in real-world sce-
narios among CD patients.2® At week 16, a substantial percentage of
participants achieved clinical remission and clinical response (56.0%
and 70.0%, respectively) with over 80.0% probability of continuing
the drug after a year of therapy. Another noteworthy investigation is
the Initiative on Crohn and Colitis (ICC) Registry, a Dutch prospec-
tive registry tracking IBD patients initiating new treatments.?* This
registry followed 252 CD patients receiving ustekinumab for 2 years,
revealing that approximately a third (34.0%) attained clinical remis-
sion without steroid usage after this period, while one-fifth (21.5%)
achieved biochemical remission by week 104. Long-term real-world
efficacy findings of ustekinumab in CD were also documented in
the Spanish ENEIDA registry, encompassing over 400 CD patients
treated with ustekinumab.?? After 1 year, nearly two-thirds of pa-
tients with clinical disease activity at baseline (Harvey-Bradshaw
Index [HBI] >4) attained clinical remission (190 out of 295, 64%),
with approximately half showing normalization of fecal calprotectin
levels by week 52 (54.0%).

SAFETY OF USTEKINUMAB (REFERENCE PRODUCT)
IN CD

Data from randomized clinical trials

The safety profile is one of the main strengths of ustekinumab. In
UNITI-1, the incidence of AEs was consistent across the ustekinumab
130 mg, ustekinumab 6 mg/kg, and placebo groups (64.6%, 65.9%,
and 64.9%, respectively).?” Likewise, there was no significant differ-
ence in the occurrence of serious AEs (4.9%, 7.2%, and 6.1%,
respectively). In UNITI-2, patients treated with ustekinumab at the
same doses exhibited similar rates of AEs compared to those in the
placebo group (50.0%, 55.6%, and 54.3%, respectively) as well as
serious AEs (4.7%, 2.9%, and 5.8%, respectively). At the end of the
maintenance study, the occurrence of AEs and serious AEs was
comparable among patients receiving ustekinumab every 8 weeks,
ustekinumab every 12 weeks, or placebo (81.7%, 80.3%, and 83.5%
for AEs, and 9.9%, 12.1%, and 15.0% for serious AEs, respectively).*’
The most common AEs reported were arthralgia (at maximum of
16.7% with ustekinumab 90 mg every 12 weeks), headache (at
maximum of 12.2% with ustekinumab 90 mg every 8 weeks), naso-
pharyngitis (at maximum of 12.9% with ustekinumab 90 mg every
12 weeks), and exacerbations of CD (at maximum of 14.3% with
placebo during IM-UNITI). Notably, in the IM-UNITI LTE trial, the
incidence of safety events per 100 patient-years did not differ
significantly between the placebo and combined ustekinumab groups
for AEs (440.3 vs. 327.6), serious AEs (19.3 vs. 17.5), infections (99.8
vs. 93.8), and serious infections (3.9 vs. 3.4).1® Regarding malig-
nancies, the incidence per 100 patient-years was 1.70 in the placebo

group and 1.06 in the combined ustekinumab group, with a total of
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10 malignancies (excluding non-melanoma skin cancer) during the
study period.*®

Data from real-life studies

Safety data from real-life studies are consistent with those from the
clinical trials. In the ICC registry, a total of 81 possibly and 18
probably related AEs were observed during the study period.?! The
most frequent AEs included headache, skin reactions, and musculo-
skeletal complaints. Severe infections were reported in 13 patients
(with 53.8% concurrently treated with an immunosuppressant), and
malignancies were diagnosed in three cases (with two patients
concurrently treated with a thiopurine). Additionally, one unrelated
death was recorded. In the ENEIDA registry, AEs were observed in
only a small percentage of patients (14.7%) and primarily consisted of
bacterial infections (34.0%).22

DOSE ADJUSTMENT AND RE-INDUCTION

Several studies have been conducted in off-label areas to raise the
bar for ustekinumab treatment. A retrospective observational
multicenter study by GETECCU explored the effectiveness of re-
induction with intravenous ustekinumab in 53 patients who
initially responded well to ustekinumab but later experienced loss
of response (HBI >5).2° Surprisingly, about 43.4% of subjects
achieved clinical remission (HBI <4) at week 16 post re-induction,
with no observed infusion reactions or additional adverse events
(AEs). Fumery et al. investigated the efficacy of a modified

ustekinumab treatment regimen, administered every 4 weeks
instead of every 8 weeks, in patients who had lost response to the
latter.?* Within 2 months, approximately 61.0% achieved clinical
response, and 31.0% achieved clinical remission. After an average
follow-up of 8 months, the majority (61.0%) remained on usteki-
numab, and nearly half (49.0%) were in steroid-free clinical
remission.

OVERVIEW ON BIOSIMILARS OF USTEKINUMAB

The RP of ustekinumab was approved by the FDA on 25 September
2009*2 and by the European Medicines Agency EMA on 16 January
2009.23

FDA approved ABP 654 (Wezlana®), the first ustekinumab bio-
similar in November 2023.2° Like its RP, ustekinumab-auub has
received approval for adult patients experiencing moderate to severe
plaque psoriasis, who may require phototherapy or systemic therapy
along with active psoriatic arthritis, moderately to severely active
CD, and moderately to severely active UC. In pediatric populations,
the drug is utilized for subjects with moderate to severe plaque
psoriasis who are candidates for phototherapy or systemic therapy as
well as those with active psoriatic arthritis.?® In Europe, AVTO4
(Uzpruvo®) is the first biosimilar of ustekinumab approved by EMA
on January 2024 and by FDA in April 2024 for moderate to severe
plaque psoriasis, active psoriatic arthritis in adults and moderately to
severely active CD in adults.?”2®

Some of the additional ustekinumab biosimilars beyond ABP
654 and AVTO4 approved or in development are presented in
Table 1.

TABLE 1 Summary of biosimilars of ustekinumab approved or in development.

Product name Stage of development

ABP654 (Ustekinumab-auub,
Wezlana®)

with reference product??30-31

AVTO04 (Uzpruvo®)

Approved by FDA (November 2023)
Similarity in efficacy safety, tolerability, immunogenicity and pharmacokinetic features

Approved by EMA (January 2024) and FDA (April 2024)

Phase
Phase |l Il

Similarity in efficacy, safety, tolerability, immunogenicity, and pharmacokinetic features

with reference product®?°33

BAT2206

product??
CT-P43

with reference product®*
DMB-3115

difference in safety®®
FYB202

SB-17 (Pyzchiva®) Approved by EMA (April 2024)

Phase | and Phase Ill demonstrated similarity in efficacy safety, tolerability,

Equivalent efficacy, comparable pharmacokinetic, safety and immunogenicity profiles

Therapeutic equivalence with reference product and showed no statistically significant

Comparable efficacy with the reference produc

Similarity in pharmacokinetic, safety and immunogenicity characteristics with reference Q

t36

immunogenicity and pharmacokinetic features with reference product®”-38
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Pharmacokinetic features of ustekinumab biosimilars
(in healthy subjects)

Ustekinumab biosimilars have the same pharmacokinetic (PK) fea-
tures as their RPs.2?373%32 On the clinical level, this has been
demonstrated in a randomized double-blinded single-dose, 3-arm,
parallel-group in which 238 healthy subjects were randomized 1:1:1
and stratified by gender and ethnicity (Japanese vs. non-Japanese) to
receive a single 90 mg subcutaneous injection of ABP 654 or uste-
kinumab sourced from the United States (US) or ustekinumab
sourced from the European Union (EU).%? When comparing ABP 654
to ustekinumab US, ABP 654 to ustekinumab EU, and ustekinumab
US to ustekinumab EU, the point estimates and 90% confidence in-
tervals (Cls) of the geometric mean ratios were completely within the
specified margin of 0.8-1.25 for both primary pharmacokinetic (PK)
endpoints (AUCg_ins and Cinax) and the secondary PK endpoint of area
under the curve from time zero to last sampling time.® Regarding
AVTO4, data show PK similarity to ustekinumab RP.32 PK was eval-
uated in a randomized, double-blind, 3-arm, parallel study involving
298 healthy subjects. They were randomly assigned in a 1:1:1 ratio to
receive a single 45 mg dose of AVTO4, EU-UST, or US-UST. The
protein content of EU-UST was observed to deviate from the ex-
pected nominal value of 90 mg/ml. Following protein content
normalization, a statistical analysis was conducted to assess PK
similarity. The 90% Cls of the geometric mean ratios for both primary
parameters, Cax and AUCq_ i, were completely within the deter-
mined margins of 80% and 125% for each of the three comparisons.*2
This supports the demonstration of PK similarity between AVT04
and both EU-UST and US-UST.? Also, BAT2206, an ustekinumab
biosimilar developed by another company, has similar PK features to
reference molecule as demonstrated in a double-blinded, random-
ized, single-dose, parallel-group phase | clinical trial.?? In this study, a
total of 270 male individuals in good health were recruited and
randomly assigned to receive a single subcutaneous injection of
either BAT2206 or ustekinumab (licensed from US or Europe) at a
ratio of 1:1:1. The average serum concentration-time profiles for
both the BAT2206 and ustekinumab groups (Europe/US) displayed a
similar pattern.2’ Pharmacokinetic parameters such as Cpax, AUCo_t
(area under the plasma concentration-time curve over the dosing
interval), and AUCq_i»s (AUC from time zero to infinity) were com-
parable across all three treatment groups, with a median time to Cp,.x
observed at 6-7 days post-dosing. Similar values were also observed
for apparent clearance and the apparent volume of distribution. No
significant differences were observed in other PK parameters,
including AUCq_g72n, elimination half-life, the first-order rate con-
stant associated with the terminal portion of the curve, and apparent
clearance, between the two drugs (p > 0.05). Regarding the primary
PK parameters, Cnax and AUCq_jns, following a single subcutaneous
injection of either BAT2206 or Ustekinumab RP (sourced from EU or
USA, respectively), the 90% confidence intervals (Cls) for the ratios
of geometric means were confined within the range of 0.80-1.25,
indicating the bioequivalence between the two drugs.?? Similar re-

sults were obtained in a randomized double-blind single-dose phase |

study in which SB17, another ustekinumab biosimilar, was compared
with its RP.3” In this study, 201 healthy adult subjects were ran-
domized to receive 45 mg via subcutaneous injection of SB17, Eu-
ropean Union-sourced (EU-UST), or US-sourced UST (US-UST). All
90% Cls for the AUC;, s and Cp,ax ratios between groups fell within the
predefined bioequivalence margin of 0.8-1.25. The least square
geometric means ratios of AUC;,s and C.x were 0.99 and 0.90 for
SB17/EU-UST, 1.01 and 0.94 for SB17/US-UST, and 1.02 and 1.05 for
EU-UST/US-UST, respectively.®” Table 2 summarizes the pharmaco-
kinetic characteristics of the ustekinumab biosimilars compared
with RP.

Safety profile of ustekinumab biosimilars (in healthy
subjects)

Ustekinumab biosimilars have a safety profile comparable to their
RP.29:37:39:32 |y the previous cited study on BAT2206, the number of
treatment emergent adverse events (TEAEs) was comparable across
all three treatment groups (425 clinical TEAEs in 186 subjects: 70.0%
in the BAT2206 group, 70.8% in the ustekinumab RP EU group, and
66.7% in the ustekinumab RP US group).?? Regarding SB-17, the
percentage of individuals experiencing TEAEs was similar across
SB17, EU-UST RP, and US-UST RP groups (68.7%, 58.2%, and 65.7%
respectively).®” Safety data were consistent for ABP-654, considering
that adverse events were documented in 22 (28.2%) participants in
the ABP 654 group, 18 (22.8%) participants in the ustekinumab US
RP group, and 29 (36.3%) participants in the ustekinumab RP EU
group.®? In addition, there were no differences in safety between
AVTO04 and ustekinumab RP.3? Out of the 294 individuals treated
with ustekinumab, 203 (69.0%) reported at least one TEAE. The
incidence of participants encountering TEAEs was similar across all
treatment groups, with rates of 68.4% in the AVTO04 group, 67.7% in
the EU-UST RP group, and 71.1% in the US-UST RP group.? How-
ever, the US-UST RP group had a higher number of events (190
events) compared to the AVTO4 (151 events) and EU-UST RP (155
events) groups.>?

Immunogenicity of ustekinumab biosimilars (in
healthy subjects)

Beyond efficacy and safety, the assessment of immunogenicity is very
important in biosimilar trials to assure there is no clinical difference
compared to the RP. Results for immunogenic features were
consistent for APB-654.%7 In this study, blood samples for anti-drug
antibodies (ADAs) assessments were collected at pre-dose and on
days 11, 35, and 112. Particularly, 12 (15.4%), 30 (38.0%), and 29
(36.3%) participants tested positive for ADAs in the ABP-654, in the
ustekinumab US and in the ustekinumab EU treatment groups,
respectively.®* Two (2.6%), 10 (12.7%), and 6 (7.5%) participants
tested positive for neutralizing antibodies (NAbs) in the ustekinumab

US and in the ustekinumab EU treatment groups, respectively.>? The
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TABLE 2 Pharmacokinetic characteristics of ustekinumab biosimilars compared with reference products.
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Note: For BATT2206 data are shown as mean =+ standard deviation (% coefficient of variation), except Tmax Which is median (minimum-maximum). For SB17 and ABP654 data are shown as mean (Standard

deviation), except Tyax Which is median (minimum-maximum). For AVT04 data are shown as geometric mean (geometric mean coefficient of variation as a percent) except Tmax Which is median (minimum-

maximum).

Abbreviations: AUCq_;., area under the plasma concentration-time curve from time zero to infinity; AUCq_, area under the plasma concentration-time curve over the dosing interval; CL/F, apparent

clearance; Cihax, maximum plasma concentration; EU, European Union; h, hours; RP, reference product; t4,5, elimination half-life; T;,ax, time to maximum plasma concentration; US, United States; V,/F, apparent

volume of distribution a Cmax; A,, apparent terminal elimination rate constant.

immunogenicity characteristics of AVT04 were generally in line with
ustekinumab RP.32 Of note, in the AVTO4 groups, there were
numerically lower frequencies of ADAs and NAbs compared to the
EU-UST and US-UST treatment groups (ADAs at the end of the study
visit [at week 13]: 27.6% in AVTO04 group, 48.5% in the EU-UST
group, 45.4% in the US-UST group; NAbs at the end of the study
visit: 30.6% in AVTO4 group, 33.9% in the EU-UST group, 42.3% in
US-UST group).®? In a phase | study on BAT2206 in 54 healthy
subjects (20.1%), ADAs were detected (26.7% in BAT2206, 14.8%
reference ustekinumab [EU] and 18.9% in reference ustekinumab
[USA] groups).?? ADA tests were performed before drug adminis-
tration and on days 10, 15, 29, 57, 85, and 113. Conversely, similar
rates of positive NAbs were observed among all three groups (8.9%
in BAT2206, 5.7% in ustekinumab [EU], and 6.7% in ustekinumab
[USA]).2? Considering SB-17, the prevalence of individuals testing
positive for post-dose ADAs was similar (26.9% for SB17, 34.3% for
EU-UST, and 34.3% for USA-UST).®” Among those subjects with a
positive ADA result at day 99/end of the study, 53.8% (5 from SB17,
12 from EU-UST, and 11 from US-UST) were found to be positive for
NAbs.3” Blood samples for immunogenicity analysis were collected at
pre-dose and on day 29, 71, and 99.

EFFICACY AND SAFETY OF USTEKINUMAB
BIOSIMILARS IN OTHER IMMUNE-MEDIATED
INFLAMMATORY DISEASES

In November 2023, FDA approved the first ustekinumab biosimilar,
Wezlana® (ustekinumab-auub),?® for adults and children with severe
plaque psoriasis or active psoriatic arthritis, as well as for adults with
moderately to severely CD and UC. The indication for treating IBD
was approved through extrapolation based on the results of a phase
3 multicenter, double-blind, randomized study.*® Particularly, ac-
cording to the FDA and EMA position, when the drug's mechanism of
action is well understood and consistent across various indications,
clinical data from equivalence studies in a primary reference indica-
tion can be used to extrapolate efficacy and safety data to other
approved indications. This allows for the extension of the drug's use
without necessitating specific clinical trials for each indication.*°
Later, in January 2024, EMA granted marketing authorization to
Uzpruvo® as the first biosimilar to RP in Europe. This decision was
based on the totality of evidence (analytical, non-clinical and clinical
studies), including the phase 11l AVT04-GL-301 study, showcasing the
same efficacy, safety, tolerability, PK and immunogenicity of AVT04
and the RP in participants with moderate-to-severe chronic psoria-
sis.®3 This study was conducted in two phases: an initial assessment
of efficacy spanning from week 1 to week 15 followed by a long-term
evaluation of safety and efficacy from week 16 to week 52. Patients
received treatments at weeks 1, 4, 16, 28, and 40. A total of 581
patients were enrolled, with 544 completing the study. The patients
were randomized at a 1:2 ratio to receive AVT04 (n = 194) or RP
(n = 387), 45 mg (<100 kg) or 90 mg (>100 kg) subcutaneously. The

primary endpoint focused on analyzing the percentage improvement
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in Psoriasis Area and Severity Index (PASI) from baseline to week 12.
By week 16, patients in the biosimilar group showing at least a 50%
improvement in the PASI remained on AVTO04 treatment, while those
in the RP group were re-randomized 1:1 to either continue receiving
the RP or switch to AVTO04. Patients who were nonresponsive (<50%
improvement in PASI) at week 28 were not administered further
study treatment but were encouraged to complete the end of study
(EoS) assessments at week 52. In terms of results, both AVT04 and
the RP demonstrated significant improvement in the primary
endpoint of percent PASI score from baseline to week 12 (87.3% vs.
86.8%; Cl: —2.14%, 3.01%), complying with the pre-defined equiva-
lence margin of +10% set by the FDA criteria.*® Secondary end-
points, including achieving clear or almost clear in Physician's Global
Assessment responses, improvements in Dermatology Life Quality
Index and reduction in affected Body Surface Area, further rein-
forced the clinical similarity between the two products (78.4% vs.
80.5%; 12.5 vs. 11.4-point improvement; 26.02%-6.75% vs. 26.41%-
6.35%; in the AVTO4 vs. the RP).33 Moreover, the long-term efficacy
analysis until the end of study (week 52) demonstrated sustained
improvement in both primary and secondary endpoints, indicating
persistence of efficacy despite treatment switching of RP to AVT04.
Notably, no patients discontinued treatment at week 28 due to non-
response. Up to week 16, a total of 10 patients (5.2%) reported 13
treatment-related TEAEs in the AVT04 group and 37 patients (9.6%)
reported 39 treatment-related TEAEs in the RP group.>® Most TEAEs
were mild and no serious TEAEs were reported in the AVTO4 group.
The immunogenicity of both AVT04 and RP had no clinically signifi-
cant impact on their efficacy, safety, or pharmacokinetic profiles
throughout the study. Significantly, by week 16, 49 patients (25.4%)
in the AVTO4 group and 184 patients (48.2%) in the RP group
developed binding ADAs. Among these, 13 patients (26.5%) in the
AVTO04 group and 57 patients (31.0%) in the RP group had NAbs.2*

Another ustekinumab biosimilar (CT-P43) is on the horizon
supported by a double-blind, phase 3 randomized trial, where the
biosimilar exhibited comparable efficacy to the RP ustekinumab in
patients with moderate to severe plaque psoriasis.>* In this study, a
total of 509 patients participated in the treatment phase | (at week
0 and week 4), with 253 receiving the RP drug and 256 receiving CT-
P43. Drug administration occurred at both week O and week 4, with
dosages of 45 mg or 90 mg based on their baseline body weight
(<100 kg or >100 kg). In the treatment phase Il, patients were
randomly assigned to either continue with the RP drug, switch to CT-
P43, or maintain CT-P43 from week 16 to week 40. Drug dosage
adjustments were made at week 16 to accommodate any weight
changes. Efficacy in the primary endpoint results showed similar
improvements in PASI scores across treatment phases. At baseline,
the average PASI score was 21.51 in the CT-P43 group and 20.88 in
the ustekinumab reference group. By week 12, proportions of pa-
tients achieving PASI75 score were 86.05% for CT-P43 and 83.99%
for RP. According to the FDA recommended confidence interval for
biosimilarity, the average percentage improvements in PASI score at
week 12 were 77.93% for the CT-P43 group and 75.89% for the RP

group. Under the EMA recommended confidence interval for

biosimilarity, these figures were 78.26% and 77.33%, respectively. By
week 28, proportions of patients experiencing improvements in their
PASI scores were 92.55% in the continued RP group, 95.07% in the
continued CT-P43 group, and 92.86% in the switch group. Secondary
endpoints included changes in patients' Dermatology Life Quality
Index (DLQI) scores. At baseline, patients in the CT-P43 group had a
DLQI of 13.2, and those in the RP group had a DLQI of 11.9. By week
12, mean changes from baseline in DLQI scores were —9.7 and —8.5
for CT-P43 and the RP groups, respectively. At week 28, mean DLQI
score changes were —10.9, —8.8, and —9.4 for the continued CT-P43
group, continued RP group, and switched to CT-P43 group,
respectively.

Regarding immunogenicity, patients in the CT-P43 group had
lower positive ADA results compared with the RP in the initial treat-
ment phase (10.2% in CT-P43 vs. 17% in EU-UST RP).3* By week 28,
ADA-positive patients included 26 in the CT-P43 group, 21 in the
continued RP group, and 22 who switched to CT-P43. The incidence of
adverse events was similar between the groups (158/256 in CT-P43
and 110/253 in RP group during the treatment phase I; 57/253 in
the group of continued CT-P43, 38/125 in the group of continued RP
and 40/124 in the group of switched to CT-P43 during the treatment
phase Il) with no TEAE of hypersensitivity or malignancy. Infections
occurred with similar frequencies across groups (39/256 in CT-P43
and 35/254 in RP group during the first phase; 14/253 in the group
of continued CT-P43, 7/125 in the group of continued RP and 8/124 in
the group of switched to CT-P43 during the subsequent phase).

Patient characteristics of these studies are represented in
Table 3, while efficacy and safety data are summarized in Table 4.

A summary of the studies available on biosimilars of ustekinumab
is presented in Table 5.

Other ustekinumab biosimilar products are currently in various
stages of development, progressing through phase | and IlI clinical
trials** or awaiting approval. While Uzpruvo® has secured the first
approval for a ustekinumab biosimilar in Europe, at least three other
biosimilars are on the way to enter the market and increase access to
affordable treatment with ustekinumab. Among these, Dong-A ST's
DMB-3115°% and Fresenius Kabi and Formycon's FYB202%¢ have
had their marketing authorization applications accepted by the EMA
for the Stelara biosimilar.

DISCUSSION

Biological drugs have revolutionized the management of individuals
with IBD, but they have also had a significant economic impact on
healthcare budgets, representing the primary financial challenge in
IBD.>*? Biosimilars provide an opportunity to improve access to
ustekinumab within the constraints of the health care budget.
Various cost-analysis studies indicate that transitioning from RP to
biosimilars could yield substantial savings for the health care systems
by funding broader access to treatments.*>*44° In line with this, the
cost-effectiveness evaluations of previous biological treatments are

expected to be enhanced with the incorporation of biosimilar
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TABLE 3 Patient characteristics at baseline from ustekinumab biosimilar trials in other immune-mediated inflammatory diseases.

Baseline patient demographics and di

AVTO4

characteristics
Age (years), median (range)

Sex, n (%)

AVTO4 (N = 194)

CT-P43
RP (N = 387) CT-P43 (N =256) RP (N = 253)
410 (18-74) 40,0 (18-73) 410 (18-74) 410 (18-77)

Male 107 (55.2)

Female 87 (44.8)

Involved body surface area (%), mean (SD)

Time since plaque-type psoriasis diagnosis,

mean (SD)
PASI score, mean (SD)

sPGA score, mean (SD)

Moderate 132 (68.0)

193.4 months (139.9)

26.02 (13.2)

22.05 (8.1)

Severe 49 (25.3)

Very severe 13 (6.7)

Use of prior biologic approved for psoriasis

treatment, n (%)

Yes 15 (7.7)

No 179 (92.3)

Male 257 (66.4)
Female 130 (33.6)

201.0 months (136.5)

26.41 (12.3)

22.22 (7.5)

Moderate 241 (62.3)
Severe 117 (30.2) 166

Very severe 29 (7.5)

Yes 29 (7.5)

No 358 (92.5)

Male 161 (62.9)
Female 95 (37.1)

17.81 years (12.144)

26.1(14.2)

21.51 (7.939)
3.2 (0.37)

Yes 38 (14.8)

No 218 (85.2)

Male 173 (68.4)
Female 80 (31.6)

24.3 (13.2)

15.56 years (11.560)

20.88 (7.998)

3.2 (0.38)

Yes 44 (17.4)

No 209 (82.6)

Abbreviations: PASI, Psoriasis Area and Severity Index; RP, reference product; SD, standard deviation; sPGA, static Physician's Global Assessment.

TABLE 4 Efficacy and safety of ustekinumab biosimilars in other immune-mediated inflammatory diseases.

Efficacy Safety
ey A Secondary endpoint
Percent Area under the Proportion of Change from
improvement in effect curve for PASI patients achieving baseline mean in
PASI from baseline from baseline sPGA responses of Change from baseline percent BSA (%BSA) Serious
to week 12 (least  through week 12 clear (0) or almost mean in DLQI affected by chronic TEAE TEAE
square mean) (mean [SD]) clear (1) (%) scores (SD) PsO (SD) (%) (%)
AVT04 AVT04 87.3 620.26 (202.956) 78.4 at w12 —12.48 (7.141) at w12 -19.27 (12.377) 34.5 0 at
at wl2 at wlé
wlé
RP 86.8 633.19 (199.910) 80.5 at w12 —11.41 (7.928) at w12 -20.11 (13.436) 336 18
at wi2 at at wlé
wilé
CT- CT- 78.06 (FDA NA 85.5 at w12 —-9.7 (6.74) at w12 NA 37.1 1.6
P43 P43 protocol) at at w12
12
78.41 (EMA W
protocol)
RP 76.06 (FDA NA 79.4 at w12 —8.5 (6.67) at w12 NA 29.6 1.6
protocol) at at wi2
wil2
77.54 (EMA
protocol)

Abbreviations: BSA, body surface area; DLQI, Dermatology Life Quality Index; PASI, Psoriasis Area and Severity Index; PsO, plaque psoriasis; RP,
reference product; SD, standard deviation; sPGA, static Physician's Global Assessment; TEAE, treatment-emergent adverse events.

prices.*® Thus, ustekinumab biosimilars have become available as
alternative treatment options. Biosimilars are already a game-
changer in IBD treatment, being the first choice among TNF alpha
inhibitors in both biologic-naive patients and those previously

treated with the RP in several countries.*®*’

After the patent expiration of the RP, ustekinumab biosimilars
will be available. Besides the analytical assessment, ustekinumab
biosimilars have unveiled similar data in PK, efficacy, safety, and
immunogenicity compared to the RP.2%37:39:823334 Equivalent

immunogenicity of biosimilars is crucial for validating its biosimilarity
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as the presence of ADAs can diminish drug exposure potentially
impacting both efficacy and safety.*® Phase Il studies of ustekinumab
biosimilars have been conducted in psoriasis and the CD indication
has been granted in line with regulatory guidelines; the cumulative
experience with anti-TNF biosimilars (more immunogenic molecules
than ustekinumab) reinforces that there should be no concerns. It
should be noted that studies on biosimilars often begin with
dermatological indications due to the earlier approval and longer
availability of these drugs in dermatology. Furthermore, demon-
strating drug efficacy in dermatology primarily involves assessing
clinical outcomes, such as the disappearance of skin lesions. How-
ever, evaluating efficacy in IBD is more complex as it involves
endoscopic and transmural outcomes. However, real world data can
increase the confidence of gastroenterologists when adopting uste-
kinumab biosimilars to treat CD patients.

To date, there are several advanced drugs available but there is
no globally validated therapeutic algorithm for the treatment of pa-
tients with moderate to severe CD.® TNFa inhibitors are generally
considered the first-line therapy as they are safe and effective drugs
and biosimilars are available which make them accessible. Never-
theless, in the SEAVUE trial,*’ a randomized, double-blind, parallel-
group, active-comparator, phase 3b trial, ustekinumab and adalimu-
mab were equally effective and safe in CD patients. Specifically,
among the 386 adult CD patients enrolled, there was no significant
difference between the ustekinumab and adalimumab groups in the
occurrence of the primary endpoint (clinical remission = CDAI score
<150) at week 52 (65% vs. 61%, between-group difference 4%, 95%
Cl -6 to 14; p = 0.42), but there was better safety profile, tolerability
and treatment persistence for ustekinumab. Based on these data,
ustekinumab could emerge as a leading choice in CD. Given this
perspective, the presence of ustekinumab biosimilars could provide
significant cost-savings, which ideally could guarantee greater access
to treatment and modify the positioning of ustekinumab preferring it
as first-line given its ease of administration every 8 or 12 weeks.

Recently, the development of drugs that selectively inhibit
interleukin 23 has raised attention toward the choice of the best

I_______

i

BlOSlmllar of Ustekinumab

drug for the management of patients with IBD, that is, risanki-
zumab and mirikizumab. Even though the phase 3 SEQUENCE
trial demonstrated that treatment with risankizumab was superior
to ustekinumab in achieving endoscopic remission in patients with
CD already treated with TNF alpha inhibitors,® the double-
blinded VIVID-1 study®! did not reveal differences between mir-
ikizumab and ustekinumab in CD. For this reason, more head-to-
head trials are needed to define the positioning of selective IL-23
inhibitors in the treatment algorithm of moderate-to-severe CD.
On the other hand, the introduction of lower-cost ustekinumab
biosimilars has the potential to broaden access to this therapy for
patients with CD, allowing for its utilization in earlier stages.>?
Considering all aspects of efficacy and safety, as well as the sig-
nificant cost reductions, biosimilars of ustekinumab could be
considered as first-line therapy for patients with IBD requiring
advanced treatment. The comparable therapeutic benefits and
lower cost burden of biosimilars present a compelling case for
their use in clinical practice, potentially enhancing accessibility and
adherence to treatment regimens while maintaining clinical
outcomes.

Importantly, a special situation should be considered when
using biosimilars, such as the well-known nocebo effect. The
nocebo effect, arising from patient expectations and not from the
effect of the treatment itself, can adversely impact the effective-
ness of biosimilars, particularly when patients are uninformed
about their efficacy and safety.>® This phenomenon, prevalent
among IBD patients switching from the RP to the biosimilar, can
diminish quality of life and compromise treatment adherence, ulti-
mately impeding the potential cost-saving benefits of biosimilars.>*
A compassionate and empathetic approach to communication by a
multidisciplinary team including physician, nurse, psychologist, and
pharmacist plays a vital role in mitigating the nocebo effect,>>
enhancing awareness about biosimilars among both healthcare
providers and patients.’¢>”

Figure 1 represents an overview of the advantages and chal-
lenges of ustekinumab biosimilars.

* Cost saving

* Improved access to treatment

* Very low immunogenicity

* Subcutaneous maintenance therapy
* Favourable safety profile

* Potential nocebo effect

¢ Lack of data on IBD (extrapolated
evidence)

* Therapeutic positioning still to be
established

FIGURE 1 Strengths and challenges of biosimilars of ustekinumab. IBD, inflammatory bowel disease.
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CONCLUSIONS

Ustekinumab is effective and safe in the treatment of moderate-to-
severe CD, but its use is limited due to its high cost. The availability
of ustekinumab biosimilars could allow to overcome this limitation,
increasing access to therapies and changing drug positioning in the
therapeutic algorithm of CD. Real-world studies in the field of IBD are
warranted to confirm the long-term safety data of ustekinumab bio-
similars and support their widespread use in clinical practice.
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