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Abstract

Background: The POWER study (NCT03782376) evaluated efficacy and safety of a single ustekinumab intravenous (IV) reinduction dose versus
placebo under continued ustekinumab subcutaneous (SC) treatment in adult patients with moderately to severely active Crohn's disease who
demonstrated a secondary loss of response to ustekinumab every 8 weeks (q8w) maintenance therapy.

Methods: Patients were randomly assigned 1:1 at Week 0 to ustekinumab IV reinduction (ustekinumab ~6mg/kg and SC placebo) or continuous
maintenance (IV placebo and SC ustekinumab 90 mg g8w). Clinical and biomarker assessments occurred at Weeks 0, 8, 16, and 24 with optional
ileocolonoscopy atWeeks 0 and16. The primary endpoint was clinical response (>100-point decrease from baseline Crohn’s Disease Activity Index
[CDAI] score or CDAI <150) at Week 16. Safety events were analyzed through Week 36 and serum samples were collected for pharmacokinetic
analyses and anti-ustekinumab antibody detection.

Results: Overall, 215 patients were randomized: 108 to the IV reinduction group and 107 to the SC group. In the IV reinduction group, 49.1%
achieved clinical response at Week 16 versus 37.4% in the SC group (adjusted treatment difference 11.5% [95% Cl: —=1.5%, 24.5%; P=.089]).
Proportions of patients with endoscopic remission and improvement, normalization of inflammatory biomarkers, and improvement in IBDQ score
were greater in the IV reinduction group vs the SC group. No new safety signals were identified.

Conclusions: Although the primary endpoint of clinical response was not met at Week 16, ustekinumab IV reinduction showed numerical improve-
ments in objective endpoints including inflammatory biomarkers and endoscopic outcomes compared with SC maintenance therapy. Safety and
immunogenicity results were consistent with the established profile of ustekinumab.

Lay Summary

Some patients with Crohn’s disease who respond to biologic treatment may lose response over time. The POWER study evaluated the efficacy
and safety of receiving an additional intravenous dose of ustekinumab in patients who initially lost response to ustekinumab.
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Graphical abstract

Key Messages

What is already known?

Several biologic therapies, including ustekinumab, are approved
for the treatment of Crohn’s disease; however, patients may lose
response to biologics over time. Reinduction or dose interval
shortening have been shown to help some patients regain
response to these treatments.

What is new here?

POWER is the first randomized, placebo-controlled, double-blind
trial to assess the efficacy and safety of ustekinumab IV reinduc-
tion in patients with Crohn's disease who have a secondary loss
of response during ustekinumab SC maintenance therapy.

How can this study help patient care?

For certain patients with secondary loss of response, there
may be some benefit of ustekinumab IV reinduction; however,
this is not the standard treatment option.

Introduction

Patients with Crohn’s disease require long-term treatment.
However, some patients who initially respond to therapy may
lose response, requiring dose intensification or switching to
another agent."” With biologic treatment, some patients with
loss of response may receive reinduction or dose interval short-
ening, which can be effective in regaining response.'-*

For the anti-interleukin (IL)-12/IL-23 monoclonal antibody
ustekinumab, approved maintenance dosing regimens, includ-
ing recommendations for patients who lose response, vary by
region. In the European Union, patients who lose response
while receiving the recommended maintenance dose of subcu-
taneous (SC) ustekinumab 90 mg every 12 weeks (q12w) can
receive shortened dose intervals of every 8 weeks (q8w). In the
United States, the recommended maintenance dose interval is
q8w. However, label guidance is lacking for patients who lose
response while receiving 8w dosing.
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Several retrospective, observational, or open-label studies
evaluated the shortening of SC ustekinumab maintenance dose
intervals to every 6 weeks (q6w) or every 4 weeks (q4w) and/
or administering intravenous (IV) reinduction.>*'* However,
none of these studies were blinded or randomized. Accordingly,
robust data to determine the efficacy and safety of ustekinumab
dose intensification are lacking.

Pharmacokinetic simulations based on an established popu-
lation PK model in patients with Crohn’s disease'’ predicted
that a single IV reinduction dose of ustekinumab would provide
substantial exposure to suppress the inflammatory burden in
patients who lose response (Figure S1), thereby allowing them
to return to standard maintenance dosing. Therefore, we con-
ducted the POWER study to evaluate the efficacy and safety of
a single ustekinumab IV reinduction dose versus continuous
ustekinumab SC maintenance treatment in adult patients with
moderately to severely active Crohn's disease who demon-
strated a secondary loss of response to ustekinumab q8w main-
tenance treatment. Here we present the results of the POWER
study with efficacy results through Week 24 and safety results
through Week 36.

Methods

Study design

POWER was a multicenter, randomized, double-blind, place-
bo-controlled, 36-week, phase 3b study in adult patients (age
18 years or older) with moderately to severely active Crohn's
disease diagnosed for at least 3 months, who initially responded
to standard labeled ustekinumab induction therapy but subse-
quently lost response at any time after receiving at least 2 doses
of SC q8w ustekinumab maintenance therapy (Figure S2). Loss
of response was defined as a baseline Crohn’s Disease Activity
Index'® (CDAI) score of 2220 and <450 with at least one of
the following: elevated C-reactive protein (CRP; >3.0 mg/L),
elevated fecal calprotectin (fCal; >250 mg/kg), or endoscopy
performed <3 months before baseline with evidence of active
Crohn's disease (defined as one or more ulcerations in the ileum
and/or colon). The study was conducted in 70 centers in
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11 countries worldwide (Czech Republic, France, Germany,
Italy, South Korea, the Netherlands, Russia, Spain, Sweden,
the United Kingdom, and the United States). The study proto-
col was approved by the Institutional Review Board or Ethics
Committee at each participating investigative center.

Patients

Patients must have been receiving SC ustekinumab q8w main-
tenance therapy at enrollment. Patients were excluded from
the study for: use of IV ustekinumab after the initial induction
dose, gastrointestinal conditions that might require surgery or
might preclude the use of the CDAI to assess the response to
treatment, those with infections (including active tuberculosis)
or a history of cancer, and any known history of shortened
frequency of SC dose administration (<q8w) for a secondary
loss of response where the patient did not, in the opinion of
the treating physician, benefit from the dose interval shorten-
ing, had or suspected to have an abscess, any kind of bowel
resection within 6 months or any other intra-abdominal surgery
within 3 months before baseline, or a draining stoma or ostomy.

During the study, patients were permitted to receive oral
5-aminosalicylic acid compounds, the immunosuppressants
methotrexate (MTX), azathioprine (AZA), and 6-mercaptopu-
rine (6-MP), oral corticosteroids, and/or antibiotics for the
treatment of Crohn's disease, provided they were receiving a
stable dose for a protocol-specified period before baseline and
maintained stable doses throughout the study. Per protocol,
mandatory oral corticosteroids were tapered beginning at Week
8 in patients with a 70-point decrease from baseline in their
CDALI score. All patients provided written informed consent.
All authors approved the final manuscript.

Randomization and masking

Eligible patients were randomly assigned to either the usteki-
numab reinduction group (IV ustekinumab at a tiered weight-
based dose of approximately 6 mg/kg and SC placebo) or the
continuous maintenance group (IV placebo and SC usteki-
numab 90mg) at Week 0 in a 1:1 ratio by interactive web
response system using permuted block randomization stratified
at the study level by patients’ baseline CDAI score (<300 or
>300) and prior biologic failure (yes or no) at baseline. After
Week 0, both groups received SC ustekinumab 90 mg at Weeks
8 and 16, and at Week 24 all patients returned to standard of
care treatment (Figure S2).

Procedures

Efficacy assessments were collected at baseline (Week 0) and
at Weeks 8, 16, and 24 or at early termination. Assessments
included CDAI score and Patient Reported Outcome (PRO-2;
the CDAI components of the total number of liquid or very
soft stools and the abdominal pain score in the prior 7 days,
without weighting), inflammatory markers including serum
CRP and fCal, and Inflammatory Bowel Disease Questionnaire
(IBDQ) score (including IBDQ domains for bowel symptoms,
systemic symptoms, social function, and emotional outcomes,
with higher score indicating better outcomes). Endoscopic
assessment of the intestinal mucosa consisted of evaluation of
the presence or absence of mucosal ulcerations and the Simple
Endoscopic Score for Crohn’s Disease (SES-CD). After a pro-
tocol amendment during the study (Protocol Amendment 4),
endoscopy was not required, yet was made optional based

upon patient consent at baseline and Week 16. The ileocolo-
noscopy was video recorded and all video endoscopies were
assessed by a central facility that was blinded to the interven-
tion group. To assess safety, adverse events, serious adverse
events, infections, and serious infections, as well as changes in
clinical laboratory test results, were evaluated. Serum samples
were collected before and 60 minutes after study drug admin-
istration at baseline and before study drug administration at
Weeks 8, 16, and 24, or at early termination for pharmacoki-
netic analyses and detection of anti-ustekinumab antibodies.

Outcomes

The primary endpoint of this study was clinical response at
Week 16, defined as a>100-point reduction from the baseline
CDAI score or a CDAI score of <150 points. Major secondary
endpoints included clinical response at Week 8; clinical remis-
sion (defined as a CDAI score of <150 points) at Week 8 and
Week 16, and normalization of CRP (defined as CRP value
<3mg/L) and/or fCal (defined as <250 pg/g) concentrations at
Week 16, among patients with an elevated CRP (>3 mg/L) and/
or fCal (>250pg/g) at baseline.

Clinical response, clinical remission, and normalization of
CRP and/or fCal were also evaluated at Week 24. Change from
baseline in the unweighted PRO-2 score was evaluated at
Weeks 8, 16, and 24.

The proportion of patients with corticosteroid-free response
(defined as a CDAI score decrease =100 from baseline or a CDAI
score of <150 points and no steroid use for at least 30 days prior
to timepoint) at Week 24, the proportion of patients with cor-
ticosteroid-free response at Week 24 among patients who were
receiving corticosteroids at baseline, and the proportion of
patients with corticosteroid free remission (defined as a CDAI
score <150 among patients who were receiving corticosteroids
at baseline) at Week 24 were also evaluated.

Endoscopy endpoints at Week 16 included endoscopic
response (reduction of >50% from baseline in SES-CD or
SES-CD score <3), endoscopic remission (SES-CD score <3),
change from baseline in SES-CD score, and the proportion of
patients with a>25% improvement from baseline in SES-CD
score.

Health-related quality of life was evaluated using the change
from baseline in the IBDQ score (including IBDQ domains) at
Week 16 and the proportion of patients with IBDQ remission
(IBDQ score 2170) at Week 16.

Statistical analyses

Assuming a 60% clinical response rate at Week 16 in the usteki-
numab IV reinduction group and 40% in ustekinumab SC
maintenance group, it was determined that 100 patients per
treatment group would yield an overall power greater than
80%, at a significance level of 0.05 (2-sided, Mantel-Haenszel
test). We planned to randomize and treat approximately 200
patients.

Efficacy analyses for the primary and other endpoints were
provided for the full analysis set, defined as all randomized
patients. For the primary, secondary, and other efficacy end-
points, the proportions of patients who reached each endpoint
were compared between treatment groups using the two-sided
Cochran-Mantel-Haenszel y? test at a significance level of 0.035,
with adjustment for randomization stratification factors. Con-
tinuous variables were compared between treatment groups
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using an analysis of covariance on van der Waerden normal
scores with baseline value and randomization stratification
factors as covariates. Patients who had a prohibited Crohn’s
disease-related surgery, had prohibited concomitant medica-
tion changes, or discontinued study agent due to lack of efficacy
or due to an adverse event of worsening Crohn’s disease, were
deemed to have had treatment failure and to have not reached
dichotomous efficacy endpoints from the time the treatment
failure occurred.

For continuous efficacy endpoints, the baseline value was
carried forward from the time the treatment failure occurred.
Missing values were imputed as not having reached the end-
point for dichotomous outcomes or using the last observation
carried forward approach for continuous outcomes.

Safety analyses were performed for the full analysis popula-
tion who received at least 1 administration of study drug and
were analyzed according to the actual treatment received. This
study is registered with ClinicalTrials.gov (NCT03782376).

Role of funding source

The study funder was responsible for the study design; the
collection, analysis, and interpretation of data; the writing of
the report; and the decision to submit the paper for
publication.

Results

POWER was conducted at 70 centers between 15 January 2019
and 10 January 2023. A total of 215 patients were randomized,
108 patients were assigned and treated in the ustekinumab IV
reinduction group, and 107 were assigned and treated in the
ustekinumab SC maintenance group. A total of 12 patients
(n=6 in each group) who had previously benefited from dose
optimization (a SC maintenance interval <8weeks) were
included in the study. The median time (interquartile range)
since the last optimized dose was 47.60 (28.0, 72.0) weeks for
the IV reinduction group and 23.65 (23.1, 93.9) weeks for the
ustekinumab SC maintenance group. Through Week 16, 8
patients (7.4%) in the ustekinumab IV group and 15 patients
(14.0%) in the ustekinumab SC group discontinued the study.
At Week 36, 82 patients (75.9%) in the ustekinumab IV rein-
duction group and 77 patients (72.0%) in the ustekinumab SC
maintenance group completed the final follow-up (Figure S3).

Demographic characteristics were similar between treatment
groups; the overall mean age was 40.9years, and approxi-
mately 58% of patients were female (Table 1). Baseline Crohn’s
disease characteristics were generally reflective of a population
with moderate to severely active Crohn’s disease. Crohn’s dis-
ease medication history (corticosteroids and/or MTX/
AZA/6-MP) was balanced across treatment groups at baseline.
Overall, 63 (58.3%) and 62 (57.9%) patients had endoscopies
available at baseline in the ustekinumab IV reinduction group
and the ustekinumab SC maintenance group, respectively. Of
those, 4 patients in each group had SES-CD <3 at baseline and
were not included in the endoscopic endpoint analyses. Baseline
demographics and disease characteristics among patients with
endoscopy were similar to those of the overall population
(Table S2).

Overall, 49.1% of patients in the ustekinumab IV reinduction
group achieved clinical response at Week 16 compared with
37.4% in the ustekinumab SC maintenance group; absolute

Schreiber et al.

difference 11.5% (95% CI: -1.5%, 24.5%, P=.089; Figure 1A).
The primary endpoint was not met; therefore, all P-values for
the major secondary endpoints were considered nominal. Pro-
portions of patients in clinical response at Week 8 were slightly
greater in both groups than those at Week 16; proportions at
Week 24 were similar to those at Week 16 (Figure 1A).

Proportions of patients in clinical remission for each treat-
ment group were numerically higher in the IV group at all visits,
with a difference of almost 10% at Week 24 (all nominal P-val-
ues >.05; Figure 1B). At Weeks 8, 16, and 24, patients in the
ustekinumab IV reinduction group had numerically greater
change from baseline in the unweighted PRO-2 than patients
in the ustekinumab SC maintenance group at all visits (Table
S1). Mean and median changes from baseline in CDAI scores
(post hoc analysis) are summarized in Table S1.

Among patients with fCal concentrations >250 pg/g at base-
line, the proportions of patients with normalized fCal concen-
trations (£250 pg/g) at Week 8 were 17.8% in the ustekinumab
IV reinduction group and 9.3% in the ustekinumab SC main-
tenance group (Figure 2A). At Week 16, the proportion of
patients attaining normalized CRP increased to 28.8% in the
IV reinduction group and decreased to 8.0% in the SC main-
tenance group. At Week 24, these proportions became more
similar, with 19.2% in the IV reinduction group and 14.7% in
the SC maintenance group.

Among patients with CRP concentrations >3 mg/L at base-
line, the proportions of patients with normalized CRP
(£ 3 mg/L) evolved from 13.9% in the ustekinumab IV reinduc-
tion group and 18.7% in the ustekinumab SC maintenance
group at Week 8 to 16.5% and 10.7%, respectively, at Week 16,
and to 19.0% and 13.3%, respectively, at Week 24 (Figure 2B).

Among patients with elevated CRP and/or fCal concentra-
tions at baseline, 23.7% of patients in the ustekinumab IV
reinduction group and 22.3% ustekinumab SC maintenance
group had normalized CRP and/or fCal at Week 8. The pro-
portions of patients with normalized CRP and/or fCal decreased
in the ustekinumab SC maintenance group (14.9%) and
increased in the ustekinumab IV reinduction group (33.3%) at
Week 16, but proportions were more similar between groups
at Week 24 (21.3% and 26.9%, respectively; Figure 2C).

At Week 16, among patients with no prior history of inad-
equate response or intolerance to biologics before ustekinumab,
more patients in the ustekinumab IV reinduction group than
in the ustekinumab SC maintenance group achieved clinical
response (41.7% of patients in the IV reinduction group vs
12.5% in the SC maintenance group). Proportions of patients
in clinical response at Week 16 among patients with a history
of inadequate response or intolerance to just 1 prior biologic
before ustekinumab (63.6 % versus 40.5% for the ustekinumab
IV reinduction and SC maintenance group, respectively) were
numerically greater than those with 2 prior biologics in both
groups (51.4% versus 37.1%; Figure 3A). Among more refrac-
tory patients with a history of inadequate response or intoler-
ance to >3 prior biologics, more patients in the ustekinumab
SC maintenance group (40.7%) achieved clinical response at
Week 16 compared with those in the IV reinduction group
(32.1%). At Week 24, the proportions of patients who achieved
clinical response were similar in both treatment groups for
patients who had no history of biologics before ustekinumab
(25.0% and 25.0%, respectively), history of inadequate
response or intolerance to 1 previous biologic (54.1% and
54.5%), and history of inadequate response or intolerance to
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Table 1. Baseline demographics and disease characteristics (overall population).

Ustekinumab SC Ustekinumab IV Combined
maintenance reinduction

N 107 108 2158
Age, years

Mean (SD) 40.0 (13.07) 41.8 (13.63) 40.9 (13.36)
Sex

Female, 1 (%) 62 (57.9) 62 (57.4) 124 (57.7)
Age at diagnosis

Mean (SD) 25.9 (13.43) 27.2 (13.18) 26.5(13.29)
Crohn’s Disease duration, years

Mean (SD) 14.1 (10.14) 14.7 (10.84) 14.4 (10.48)
Involved GI areas, 7 (%)

Ileum only 28 (26.2) 29 (26.9) 57 (26.5)

Colon only 22 (20.6) 24 (22.2) 46 (21.4)

Ileum and colon 55(51.4) 55(50.9) 110 (51.2)

Proximal 13 (12.1) 20 (18.5) 33 (15.3)

Perianal 34 (31.8) 33 (30.6) 67 (31.2)
Patients with MTX/AZA/6-MP or corticosteroid use at baseline 39 (36.4) 30 (27.8) 69 (32.1)

Immunomodulators (MTX/AZA/6-MP) 19 (17.8) 16 (14.8) 35 (16.3)

Corticosteroids (including budesonide) 22 (20.6) 16 (14.8) 38(17.7)

Corticosteroids (excluding budesonide) 11 (10.3) 9 (8.3) 20 (9.3)
Patients with inadequate response to corticosteroids and MTX/ 40 (37.4) 46 (42.6) 86 (40.0)
AZA/6-MP
Patients with inadequate response to corticosteroids only 13 (12.1) 18 (16.7) 31 (14.4)
Patients with inadequate response to MTX/AZA/6-MP only 33 (30 26 (24.1) 59 (27.4)
History of inadequate response or intolerance to biologics
before ustekinumab,** 7 (%)

No history of inadequate response or intolerance (biologic 8 (7.5) 12 (11.1) 20 (9.3)
naive or experienced)

21 biologic (anti-TNF agent or vedolizumab) before 99 (92.5) 96 (88.9) 195 (90.7)
ustekinumab®®

22 biologics (21 anti-TNF agents + vedolizumab) before 62 (57.9) 63 (58.3) 125 (58.1)
ustekinumab®"

23 biologics (1 anti-TNF agent + vedolizumab before 27 (25.2) 28 (25.9) 55 (25.6)
ustekinumab®®

21 anti-TNF + vedolizumab© before ustekinumab™® 38 (35.5) 33 (30.6) 71 (33.0)
CDAI score

Mean (SD) 289.9 (55.84) 288.6 (55.47) 289.2 (55.53)
PRO-2 (without weighting)?

Median 47.0 47.0 NA

IQ range (35.0; 58.0) (35.0; 62.0)
CRP (mg/L)

Median 51 5.7 5.6

1Q range (2.6; 12.6) (2.5; 14.6) (2.6; 13.7)
fCal (mg/kg)

Median 706.0 449.5 515.0

1Q range (197.0; 1849.0) (169.5; 1448.0) (173.0; 1710.0)
IBDQ score® (32-224)

N 105 107 212

Mean (SD) 122.8 (33.45) 118.4 (27.89) 120.6 (30.77)
SES-CD score!

N 62 63 125

Mean (SD) 10.7 (7.31) 9.8 (7.01) 10.2 (7.15)
Endoscopy available at baseline,® 7 (%) 62 (57.9) 63 (58.3) 125 (58.1)

Abbreviations: 6-MP = 6-mercaptopurine; AZA = azathioprine; CDAI = Crohn’s Disease Activity Index; CRP = C-reactive protein; fCal = fecal calprotectin;
GI = gastrointestinal; IBDQ = Inflammatory Bowel Disease Questionnaire; IQ = interquartile; IV = intravenous; MTX = methotrexate; PRO-2 = Patient
Reported Outcome; SC = subcutaneous; SD = standard deviation; SES-CD = Simple Endoscopic Score for Crohn’s Disease; TNF = tumor necrosis factor.
Patients with a history inadequate response or intolerance to biologic treatment characterized by primary nonresponse, secondary nonresponse, or
intolerance.

*Anti-TNFs were adalimumab, infliximab, and certolizumab pegol.

Patients with inadequate response or intolerance to at least 2 mechanisms of action before receiving ustekinumab, regardless of the number of anti-TNFs.
4Sum of the number of stools and the abdominal pain scores in the previous 7 days.

“The IBDQ total scores were used, ranging from 32 to 224.

‘Endoscopy was an optional procedure during the study.

8Qverall, 4 patients in each group had SES-CD <3 at baseline and were not included in the endoscopic endpoint analyses.
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>3 previous biologics (33.3% and 32.1% for the SC and IV
groups, respectively). Among patients with a history of inade-
quate response or intolerance to 2 previous biologics, the pro-
portion of patients who achieved a clinical response was
numerically higher in the ustekinumab IV reinduction group
compared with the SC maintenance group (60.0% versus
31.4%, respectively; Figure 3B).

Among the patients who consented to endoscopy and had a
SES-CD score >3 at baseline, 20.3% of patients in the usteki-
numab IV reinduction group versus 10.3% of in the usteki-
numab SC maintenance group achieved endoscopic response at
Week 16, and 18.6% versus 5.2% achieved clinical remission
at Week 16, respectively (Figure 4). Similarly, 40.7% of patients
in the ustekinumab IV reinduction group and 15.5% of patients
in the ustekinumab SC maintenance group had 225% improve-
ment from baseline in SES-CD score at Week 16. Median (inter-
quartile range) change from baseline in SES-CD score at Week
16 was -1.0 (-4.0; 0.0) in the ustekinumab IV reinduction group
versus 0.0 (-1.0; 0.0) in the ustekinumab SC maintenance group.

At Week 16, the proportion of patients who achieved IBDQ
response (>16-point improvement from baseline IBDQ score) and
who achieved IBDQ remission (IBDQ score 2170) was numeri-
cally higher in the ustekinumab IV reinduction group compared
with the ustekinumab SC maintenance group (Figure 54).

Patients with a disease duration of <Syears, patients with
both ileum and colon involvement, patients with elevated base-
line CRP or fCal, patients with history of inadequate response
or intolerance to 1 previous biologic, and patients with a prior
perianal Crohn's disease-related surgery were more likely to
achieve clinical response at Week 16 with ustekinumab IV rein-
duction than ustekinumab SC maintenance (Figure S5).

Serum ustekinumab concentration data were obtained from
215 patients with 21 blood sample collected (ustekinumab IV
reinduction, 7=108; SC maintenance, 7=107). The baseline
median serum ustekinumab concentrations were similar for
both groups (1.30 pg/mL and 1.26 pg/mL, respectively, for IV
and SC groups). Following IV administration of ~6 mg/kg
ustekinumab, the median concentration post-dose increased to
105.6 pg/mL. In contrast, the median concentration in the
ustekinumab SC maintenance group was 1.5 pg/mL. During
the treatment period, the median pre-administration (steady-
state trough) ustekinumab concentrations were consistently
numerically higher in the IV reinduction group compared with
the SC maintenance group (Figure S6) remaining 2-fold higher
at Week 16 and becoming similar at Week 24. Ustekinumab
serum concentration at baseline did not predict clinical response
at Week 16. (Figure S7). A numerically greater proportion of
patients with ustekinumab serum trough levels >1.3 pg/mL
achieved endoscopic remission at Week 16 in the IV versus the
SC group (Figure S8A) and a numerically greater proportion
achieved endoscopic remission in the IV group versus the SC
group in all ustekinumab trough concentration quartiles at
Week 16 (Figure S8B). The incidence of ustekinumab anti-drug
antibodies through Week 24 was low; 2 (1.9%) patients in the
ustekinumab SC group and none in the ustekinumab IV rein-
duction group. Of the two patients with anti-drug antibodies,
one had anti-drug antibodies at baseline.

Through Week 36, the mean duration of safety follow-up
was 32.6 weeks in the ustekinumab IV reinduction group and
30.3 weeks in the ustekinumab SC maintenance group. Similar
proportions of patients reported treatment-emergent adverse
events through Week 36, 70.4% in the ustekinumab IV
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reinduction group and 72.9% in the ustekinumab SC mainte-
nance group (Table 2). The proportions of patients with treat-
ment-emergent serious adverse events (SAEs) through Week 36
were 8.3% in the ustekinumab IV reinduction group and
12.1% in the ustekinumab SC maintenance group, with no
COVID-19-related SAEs.

Infections were reported in 33.3% of the patients in the
ustekinumab IV reinduction group and in 29.9% of the patients
in the ustekinumab SC maintenance group, with serious infec-
tions reported in 2 patients (1.9%) in each treatment group.

The proportion of patients with adverse events leading to
discontinuation through Week 36 was similar between treat-
ment groups, 8.3% in the ustekinumab IV reinduction group
and 9.3% in the ustekinumab SC maintenance group. There
were no infusion reactions or allergic reactions to ustekinumab
reported in either of the patients with ustekinumab anti-drug
antibodies, including the one patient with anti-drug antibodies
at baseline.

No opportunistic infections were reported. Through Week
36, one malignancy (malignant melanoma) was reported in the
ustekinumab SC maintenance group. Through Week 36, one
death was reported in a 62-year-old man in the ustekinumab
IV reinduction group with a history of psoriasis, obesity, hyper-
tension, familial early coronary artery disease, and tobacco use.
The cause of death was listed as acute myocardial infarction
and was deemed unrelated to study treatment.

Discussion

Robust evidence is needed to inform physicians in the manage-
ment of patients who have a loss of response to Crohn's disease
treatments. For ustekinumab, dose intensification occurs in
usual clinical practice; however, the evidence supporting this
approach is limited to uncontrolled observational or retrospec-
tive studies.>® POWER is the first randomized, controlled,
double-blind trial to assess the efficacy and safety of usteki-
numab IV reinduction in patients with loss of response during
ustekinumab SC maintenance therapy.

The CDAI-based primary endpoint of the study at Week 16
was not met; the observed difference between the treatment
groups in the proportion of patients who were in CDAl-clinical
response was not statistically significant. The CDAI is a good
tool for assessing the efficacy of active treatment versus pla-
cebo,'” but may be inferior to objective markers when assessing
the efficacy of treatment optimization. Furthermore, the CDAI
is a subjective outcome, dominated by symptom-based items.
Also, this study was relatively underpowered to detect a subtle
clinical difference. In this regard, it is notable that many of the
objective secondary outcomes were consistent with a benefit
of IV reinduction. Symptomatic outcomes, which are important
to both patients and physicians, were greater in patients who
received IV reinduction compared with those who received SC
maintenance. Additionally, patients who received IV reinduc-
tion had clinically meaningful improvements in objective end-
points, including inflammatory biomarkers and endoscopic
outcomes.

Overall, the study population was highly refractory to treat-
ment, with a mean disease duration of 14.4 years, more than
half of patients having a history of an inadequate response or
intolerance to 2 or more biologics before receiving usteki-
numab, and only 9.3% of patients having no such history. The
treatment effect of ustekinumab reinduction was not consistent
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Figure 1. (A) Clinical response and (B) Clinical remission at Weeks 8, 16, and 24.°
Abbreviations: CD = Crohn's disease; CDAI = Crohn's Disease Activity Index; Cl = confidence interval; IV = intravenous; SC = subcutaneous;

UST = ustekinumab

The primary endpoint of the study was clinical response at Week 16. As the primary endpoint was not met, all p values for other comparisons between
treatment groups should be considered nominal. Clinical response is defined by CDAI < 150 or decrease of > 100 points from Week 0. Clinical remission

is defined as CDAI score < 150.

a2-sided Cochran-Mantel-Haenszel-chi-square test, stratified by baseline CDAI score (< 300 or > 300) and prior biologic failure status at baseline (yes or
no) at a significance level of 0.05; 95% ClI for adjusted treatment difference; the 95% Cls were based on the Wald statistic with Mantel-Haenszel weight.
bPatients who had insufficient data at the designated analysis timepoint or a prohibited CD-related surgery, prohibited concomitant medication changes,
or discontinued study agent due to lack of efficacy or due to an adverse event indicated to be of worsening CD prior to the designated analysis timepoint
were not considered to have achieved clinical response/remission (regardless of CDAI score).

for subgroups of patients based on history of inadequate
response or intolerance to biologics. Biologic-naive patients
and those with 1 or 2 prior biologics before ustekinumab
appeared to have a benefit from IV reinduction, as did patients
with a high inflammatory burden, whereas the improvement
with IV reinduction was most modest in patients with a history
of 3 or more prior biologics before ustekinumab. These results
should be interpreted carefully due to the small number of
patients. Given that this highly refractory subgroup comprised
one quarter of the overall study population, it is not surprising
that only an 11% benefit was observed for the ustekinumab

IV reinduction strategy relative to SC maintenance. These
results suggest that these more refractory patients may have
benefit in switching to an alternative therapy, although these
patients may be the least likely to respond to a new therapy.'®”
Interestingly, more than one third of patients were able to
regain response with continued 8w maintenance therapy and
the level of response after IV reinduction was similar at Week
24, demonstrating that patients were able to maintain response.
However, it is also noteworthy that patients with baseline char-
acteristics indicating greater Crohn's disease severity according
to objective measures, such as greater baseline CRP or fecal
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Figure 2. Normalization of (A) fCal and (B) CRP at Week 8, Week 16, and Week 24 among randomized patients with elevated levels at baseline.

(C) Normalization of CRP and/or fCal through Week 24 among randomized patients with elevated levels at baseline.

Abbreviations: CD = Crohn’s disease; CRP = C-reactive protein; fCal = fecal calprotectin; IV = intravenous; SC = subcutaneous; UST = ustekinumab
Normalized CRP was defined as a CRP < 3 mg/L and normalized fCal was defined as fCal < 250 pg/g. As the primary endpoint was not met, all p values
for other comparisons between treatment groups should be considered nominal.

2Patients who had insufficient data at the designated analysis timepoint or a prohibited CD-related surgery, prohibited concomitant medication changes,
or discontinued study agent due to lack of efficacy or due to an adverse event indicated to be of worsening CD prior to the designated analysis timepoint
were not considered to have achieved biomarker response.

"The confidence intervals were based on the Wald statistic with Mantel-Haenszel weight.
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Figure 3. Clinical response at (A) Week 16 and (B) Week 24 based on number of biologics with inadequate response or intolerance before starting

ustekinumab.*®

Abbreviations: CD = Crohn's disease; CDAI = Crohn’s Disease Activity Index; IV = intravenous; SC = subcutaneous; UST = ustekinumab

As the primary endpoint was not met, all p values for other comparisons between treatment groups should be considered nominal.

2Clinical response is defined by CDAI < 150 or decrease of > 100 points from Week 0.

bPatients who had insufficient data at the designated analysis timepoint or a prohibited CD-related surgery, prohibited concomitant medication changes,
or discontinued study agent due to lack of efficacy or due to an adverse event indicated to be of worsening CD prior to the designated analysis timepoint
were not considered to have achieved clinical response/remission (regardless of CDAI score).

°The confidence intervals were based on the Wald statistic with Mantel-Haenszel weight.

calprotectin levels, appeared to benefit more from ustekinumab
IV reinduction than those with lower disease severity.

Low baseline serum ustekinumab concentrations did not
seem to predict who would be more likely to respond to inten-
sified dosing, as would be expected with typical therapeutic
drug monitoring approaches. Almost half of patients had
baseline concentrations below 1.3 pg/mL, a level previously
shown to be associated with clinical efficacy.?’ Across biolog-
ics, studies have shown an association between drug levels
and efficacy;?**! however, it is not always clear if increased
levels are the causative factor versus simply an association
seen retrospectively. Notably, ustekinumab clearance has
been reported to be more strongly associated with efficacy

outcomes than trough concentrations.?>? This study provided
the ability to prospectively determine how baseline drug levels
might impact the likelihood that dose intensification would
provide benefit. If drug concentrations were deterministic, it
would be expected that patients with the lowest baseline
ustekinumab levels would be more likely to benefit from
increased exposure from the IV reinduction. However, in this
study, patients with lower baseline levels were not more likely
to respond to dose intensification with IV reinduction com-
pared with patients with higher baseline ustekinumab levels,
indicating that levels at the time of loss of response did not
predict who was more likely to respond to intensification with
IV reinduction.
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Figure 4. Endoscopic endpoints (>25% improvement in SES-CD; endoscopic response, or endoscopic remission) at Week 16.

Endoscopy was optional and available for a certain proportion of patients only. Abbreviations: IV, intravenous; SC, subcutaneous; SES-CD, Simple
Endoscopic Score for Crohn's Disease; UST, ustekinumab
As the primary endpoint was not met, all p values for other comparisons between treatment groups should be considered nominal.

aPatients who had a prohibited Crohn's disease-related surgery, had prohibited concomitant medication changes, or discontinued study agent due to lack
of efficacy or due to an adverse event indicated to be of worsening Crohn'’s disease prior to the designated analysis timepoint are considered not to be in
SES-CD improvement, endoscopic response, or remission, regardless of their SES-CD score.

®Patients who had insufficient data to calculate the SES-CD score at the designated analysis timepoint are considered not to be in SES-CD improvement.
°Endoscopic response is defined as a reduction in SES-CD score by 50% from baseline or SES-CD score < 3 or SES-CD = 0 for patients who enter the

study with an SES-CD = 3.

9Endoscopic remission is defined as an SES-CD score <3 or SES-CD = 0 for patients who enter the study with an SES-CD = 3.

Table 2. Treatment-emergent adverse events through Week 36; safety

analysis set.
Ustekinumab SC  Ustekinumab IV
maintenance reinduction
N 107 108
Duration of follow-up (weeks), 30.3 32.6
mean
Number of study agent 3.7 3.8
administrations, mean
Patients with 1 or more: n (%)
Adverse events (AEs) 78 (72.9) 76 (70.4)
COVID-19 related AEs 17 (15.9) 12 (11.1)
AFs leading to discontinua- 10 (9.3) 9 (8.3)
tion of study agent
Infusion-related® AEs 1(0.9) 1(0.9
Serious AEs (SAEs) 13 (12.1) 9(8.3
COVID-19 related SAEs 0 0
Infections 32 (29.9) 36 (33.3)
Serious infections 2(1.9) 2(1.9)
Injection site reactions 2(1.9) 2(1.9)
Malignancies 1(0.9) 0
Deaths® 0 1(0.9)

Infusion-related AEs and injection site reactions include all AEs/reactions
for both active and placebo treatments.
Abbreviations: AE = adverse event; IV = ustekinumab; SAE = serious

adverse event; SC = subcutaneous.

“Adverse events during or within 1 hour of a study agent infusion.
bAdverse events leading to death are based on adverse event outcome of

fatal.

Post-baseline, a positive exposure-response relationship was
observed in this study, as higher Week-16 ustekinumab serum

concentrations were associated with numerically greater pro-
portions of patients achieving endoscopic remission. This trend
was more apparent in patients who received ustekinumab IV
reinduction than SC maintenance.

In three previous real-world studies, patients showed benefit
from ustekinumab IV reinduction, with clinical remission rates
from 31% to 49%, although these studies were not blinded,
did not have a comparator without reinduction, and included
patients who had received varied maintenance dosing intervals
before and after IV reinduction.””'° In our study, the proportion
of patients in clinical remission after IV reinduction was 33.3%
at Week 16 and 37.0% at Week 24. The strength of our study
was the randomized, double-blind, placebo-controlled design
and consistent maintenance dosing prior to and after IV rein-
duction. In the prospective, randomized, double-blind, place-
bo-controlled REScUE study, low proportions of patients
(16%-17%) achieved the primary endpoint of steroid-free clin-
ical remission at Week 48 after a single IV re-induction with
ustekinumab.?* Of note, no appreciable difference between the
q8w maintenance group (16 %) and the g4w maintenance group
(17%) was observed. Differences between studies in patient
selection, endpoint definitions, and timing of analyses should
also be taken into consideration when interpreting the results.

There were some limitations to this study. First, the primary
endpoint was based upon the CDAIL, which has previously
noted limitations. Additionally, with a sample size of 200
patients, the study was designed to detect a 20% difference,
which was predicted based on subgroup data in previous stud-
ies. However, the study was relatively underpowered to detect
the actual treatment difference observed (11.5%). Objective
measures such as endoscopic or inflammatory biomarker out-
comes may be better for assessing the efficacy of dose
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intensification strategies in highly treatment-experienced
patient populations. However, in this trial, only 45% of
patients underwent baseline and Week-16 endoscopic assess-
ments, although the patients undergoing endoscopic assess-
ments had similar baseline characteristics as the complete study
population (Table S2), it is possible that these results may be
influenced by a potential selection bias of those patients con-
senting to the endoscopic assessment. Additionally, with the
final assessment at Week 24, it cannot be determined if patients
may need periodic IV reinduction and/or other modifications
such as gq4w maintenance to both enhance and maintain
response. Importantly, the study was conducted during the
COVID-19 pandemic, which may have limited the ability for
investigators to obtain endoscopic assessments.

In conclusion, while the primary endpoint of the study was
not met, some patients with secondary loss of response to
ustekinumab SC maintenance treatment who received usteki-
numab IV reinduction had some clinically meaningful improve-
ments in objective measures of disease activity, symptomatic
outcomes, and quality of life. Safety and immunogenicity
results were consistent with the established profile of usteki-
numab, demonstrating that ustekinumab IV reinduction may
be a safe and effective therapy for some patients who have lost
response to standard ustekinumab SC maintenance therapy.

Supplementary Data

Supplementary data is available at Inflammatory Bowel Dis-
eases online.
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