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Background: Mirikizumab, a p19-directed interleukin-23 monoclonal antibody, has demonstrated induction of clinical remission at week 12 with
maintenance through week 104 in patients with moderately-to-severely active ulcerative colitis (UC). Results are presented from the LUCENT-3
open-label extension study through week 152.

Methods: Of 868 LUCENT clinical trial program mirikizumab-treated induction patients, 544 were responders of whom 365 were rerandomized
to mirikizumab maintenance. Of these, 324 completed week 52 and 316 entered extension treatment (286 week 52 responders; 179 week
52 remitters). Efficacy and safety outcomes are reported for mirikizumab-treated LUCENT-3 participants, including biologic-failed patients, with
data for week 52 maintenance responders/remitters. Discontinuations or missing data were handled by nonresponder imputation, modified
nonresponder imputation (mNRI), and observed cases.

Results: Using mNRI, 81.6% of week 52 responders demonstrated clinical response at week 152. Week 152 remission rates for week 52
responders included clinical (56.1%), corticosteroid-free (CSF; 54.5%), endoscopic (61.0%), histologic-endoscopic mucosal remission (HEMR,;
52.6%), symptomatic (74.9%), and bowel urgency (BU; 58.6%). At week 152, 53.3% of week 52 responders achieved histologic-endoscopic
mucosal improvement (HEMI) and 74.3% achieved BU clinically meaningful improvement (CMI). Among week 52 remitters, 85.4% showed a
clinical response at week 152, with clinical (70.1%), CSF (68.9%), endoscopic (72.0%), HEMR (63.4%), symptomatic (81.4%), and BU (60.8%)
remission. At week 152, among week 52 remitters, 64.0% of patients achieved HEMI and 75.6% achieved BU CMI. Stool frequency, rectal
bleeding, BU, and abdominal pain score reductions from induction baseline to maintenance week 52 were sustained through week 152 for week
52 completers. Overall, in the safety population, 7.4% of patients reported severe adverse events (AEs); 5.3% discontinued treatment due to
AEs. AEs of special interest included opportunistic infection (1.8%), hepatic disorders (3.2%), cerebrocardiovascular events (1.5%), and malig-
nancy (0.3%). Patients with antidrug antibodies reduced over time from 23.6% in year 1 to 3.2% in year 3.

Conclusions: Symptomatic, clinical, endoscopic, histologic, and quality-of-life outcomes support long-term sustained benefit of mirikizumab
treatment up to 152 weeks in patients with UC, including biologic-failed patients, with no new safety concerns.

Clinical Trial Registry: ClinicalTrials.gov: NCT03518086; NCT03524092; NCT03519945.
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Long-term symptomatic, clinical response/remission, endoscopic, and histologic data from an open-label study of patients with moderately-to-
severely active ulcerative colitis demonstrate that 3-year continuous treatment with mirikizumab maintained clinical remission in most induction

clinical responders, regardless of previous biologic failure status.
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Key Messages

What is already known?

Mirikizumab, a p19-directed interleukin-23 monoclonal antibody,
is effective at 12 weeks of induction with maintenance through
52 and 104 weeks in patients with moderately-to-severely active
ulcerative colitis (UC).

What is new here?

Long-term treatment with mirikizumab up to 152 weeks is as-
sociated with sustained and durable effects on symptomatic,
clinical response/remission, endoscopic, histologic, and quality-
of-life outcomes in patients with and without previous biological
therapy failure.

How can this study help patient care?

This study provides long-term (3-year) data for mirikizumab,
informing benefit-risk decisions when prescribing this new bio-
logic to patients with moderately-to-severely active UC.

Introduction

Ulcerative colitis (UC) is a chronic inflammatory condi-
tion affecting the colon and rectum, causing recurring
symptoms that negatively impact patients’ quality of life.!
Treatment objectives include managing symptoms, inducing
response, and maintaining remission, with the ultimate aim
of endoscopic remission to minimize disease-related disa-
bility and enhance quality of life."> Despite the availability
of various medication classes, including corticosteroids,
immunosuppressants,  5-aminosalicylates,  sphingosine-1
phosphate modulators, Janus kinase inhibitors, and biologics,
patients with moderately-to-severely active UC often face lim-
ited treatment success.’

Up to one-third of patients do not exhibit an initial re-
sponse to treatment, and about 40% of those who initially re-
spond may later experience a loss of response.* Consequently,
despite the availability of numerous treatment avenues for in-
flammatory bowel disease (IBD), there persists a significant
gap in meeting the demand for novel therapeutic approaches
that provide and maintain efficacy.

Achieving optimal outcomes for all patients with UC re-
mains challenging,’” with many experiencing ongoing phys-
ical and psychological distress, sometimes necessitating
surgical intervention like restorative proctocolectomy.® Key
objectives to achieve the best possible long-term outcomes not
only include control of clinical symptoms but also mucosal
healing determined by histologic-endoscopic mucosal remis-
sion (HEMR).” Major unmet needs include corticosteroid-
free remission, bowel urgency (BU) remission, and overall
improvement in the quality of life.

Interleukin-23 (IL-23) plays a pivotal role in UC path-
ogenesis by promoting a specific Th17 cell-based immune

response.! Mirikizumab, an IL-23 specific blocker targeting
the p19 subunit, represents a novel therapeutic approach for
patients with UC, including those with UC refractory to con-
ventional treatments. Mirikizumab, a humanized monoclonal
antibody, is the first approved antibody therapy in its class
for UC. Previous studies have demonstrated the induction
and maintenance efficacy of mirikizumab in patients with
moderately-to-severely active UC.!%-12

Here, we present data from LUCENT-3, an ongoing
study assessing the long-term effectiveness and safety of
mirikizumab over 152 weeks of continuous treatment in UC
patients.

Methods
Study Oversight

All patients provided informed consent. The protocol,
amendments, and consent documentation were approved by
local ethical review boards. The study was registered at the
European Network of Centres for Pharmacoepidemiology
and Pharmacovigilance. The study was conducted in ac-
cordance with the Declaration of Helsinki and International
Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use guidelines, including
Good Clinical Practices and Good Pharmacoepidemiology
Practices.”® An independent data monitoring committee
monitored LUCENT-1, LUCENT-2, and LUCENT-3. The
trials were registered at Clinical Trials.gov: NCT03518086,
NCT03524092, and NCT035199435, respectively.

Study Design

The study design and treatment protocols of the 12-week
LUCENT-1 induction study, 40-week LUCENT-2 mainte-
nance study, and current LUCENT-3 long-term extension
study have been previously described.”'® LUCENT-3 is an
ongoing single-arm, open-label, phase 3, multicenter, long-
term extension study evaluating the efficacy and safety of
mirikizumab in patients with moderately-to-severely active
UC who participated in the LUCENT-1 induction study and
LUCENT-2 maintenance study (Supplementary Figure 1).
Efficacy and safety data from the first 52 weeks of LUCENT-3
(104 weeks of continuous treatment) have been previously
disclosed.” In LUCENT-1, patients received mirikizumab
300 mg intravenously (IV) at weeks 0,4, and 8. In LUCENT-2,
mirikizumab induction responders received 200 mg every 4
weeks subcutaneously from weeks 12 (week 0 of maintenance)
to 52. From week 12, induction nonresponders received ex-
tended induction with mirikizumab 300 mg IV at weeks 12,
16, and 20; extended induction responders received an ad-
ditional 200 mg mirikizumab every 4 weeks subcutaneously
from week 24 (week 12 of maintenance). Mirikizumab induc-
tion responders who experienced a loss of treatment response
received reinduction, with 3 doses of mirikizumab 300 mg IV
every 4 weeks, after which patients who demonstrated ben-
efit from therapy based on the investigator’s opinion were
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returned to 200 mg mirikizumab every 4 weeks subcutane-
ously by entering LUCENT-3 (reinduction responders). In
LUCENT-3, all patients received 200 mg mirikizumab every
4 weeks subcutaneously. Other patient cohorts included in
the LUCENT studies not currently discussed have been pre-
viously described.!*-!2 Examination of the extended induction
and loss of response cohorts for 3-year data will be examined
in a separate publication; the 2-year results are already
published.’

The key inclusion criterion for LUCENT-3 was patients from
the phase 3 maintenance study LUCENT-2 who completed the
week 52 (week 40 in LUCENT-2) visit on blinded subcuta-
neous therapy and, per investigator opinion, would benefit
from continuing treatment with mirikizumab in LUCENT-3.
Weeks are shown as cumulative; week 12 of LUCENT-2 is de-
fined as week 24 overall, such that week 40 in LUCENT-2 is
equivalent to 52 weeks of continuous treatment, and week 52
and week 100 in LUCENT-3 are equivalent to 104 weeks and
152 weeks, respectively, of continuous treatment.

Rescue treatment for loss of response could not be
administered until the patient received at least 12 weeks of
blinded maintenance therapy, and these patients rolled over
into LUCENT-3 directly after reinduction treatment. These
patients received 12 weeks of treatment in LUCENT-1 (induc-
tion), at least 12 weeks of treatment in LUCENT-2 (mainte-
nance), and 12 weeks of reinduction treatment in LUCENT-2,
constituting a minimum of 36 weeks of mirikizumab in
LUCENT-1 and LUCENT-2 before entering LUCENT-3.
Thus, loss of response rescue patients had at least 88 weeks
or at least 136 weeks of continuous treatment when assessed
at week 52 and week 100 of LUCENT-3, respectively.

Patient Groups

Of the modified intent-to-treat population (N = 1162), in the
LUCENT clinical program, 868 patients were randomized
to receive mirikizumab induction treatment in LUCENT-1.
Of these patients, 816 entered the LUCENT-2 maintenance
study: 544 entered as mirikizumab induction responders and
272 as mirikizumab induction nonresponders who at first re-
ceived extended induction treatment. Among the mirikizumab
induction responders, 365 were rerandomized to continue
mirikizumab treatment maintenance therapy, and 324
completed 52 weeks of treatment. Among the mirikizumab
induction nonresponders, 134 were delayed responders and
completed 52 weeks of treatment.

Among the LUCENT-2 week 52 completers that entered
into LUCENT-3 and were eligible for the LUCENT-3 database
lock at week 52 (104 weeks of continuous treatment), 266
mirikizumab induction responders were included in the week
104 analyses.” For the week 104 analyses, 50 mirikizumab
induction responders were not included because the pro-
tocol addendum allowing for interim database locks was not
approved in time at the associated study sites. Therefore, data
for these patients are included in the current analyses. Thus,
316 LUCENT-2 week 52 completers entered into LUCENT-3
and were eligible for the current LUCENT-3 database lock
and associated interim analyses at week 100 (152 weeks of
continuous treatment).

Several populations are relevant for the current analyses:

e Induction responders: LUCENT-1 induction week 12
mirikizumab induction responders at week 12 who con-
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tinued blinded mirikizumab treatment during LUCENT-2
maintenance and continued to LUCENT-3; main analysis
cohort (blinded maintenance completers);

® Maintenance remitters: Induction responders who were
subsequently clinical remitters in LUCENT-2 at week 40
(week 52 of continuous mirikizumab treatment);

® Maintenance responders: Induction responders who were
subsequently clinical responders in LUCENT-2 at week
40 (week 52 of continuous mirikizumab treatment);

e Modified intent-to-treat population: All patients who re-
ceived any study treatment during this study; excluding
patients impacted by an electronic clinical outcome as-
sessment transcription error in Poland and Turkey,'
regardless of whether the patient received the correct
treatment, or did not otherwise follow the protocol;

o Safety population: All patients who received any amount
of study treatment, regardless of whether the patient re-
ceived the correct treatment or did not otherwise follow
the protocol; and

¢ Induction baseline biologic-failed and not biologic-failed
subgroups were also analyzed:

® Biologic failed: Patients with a prior inadequate response,
loss of response, or intolerance to biologic therapy or
Janus kinase inhibitors (tofacitinib) as of LUCENT-1 in-
duction baseline; and

* Not biologic failed: Patients who did not meet the bio-
logic failed definition for whom, however, a conventional
therapy such as immunomodulators or corticosteroids
had failed as of LUCENT-1 induction baseline.

Not all patients met the responder or remitter definition at
their last visit assessment in LUCENT-2. Thus, the mainte-
nance responder and maintenance remitter subgroups are
considered subsets of the induction responder population
when moved into LUCENT-3. For patients included in the
LUCENT-3 analyses at week 100 (week 152 continuous
treatment), only 30 of 316 induction responders did not meet
the response criteria at LUCENT-2 week 40 (week 52 of con-
tinuous treatment).

No patients who received a placebo, whether directly from
LUCENT-2 or in the induction responder population ran-
domly assigned to receive a placebo in LUCENT-2, were in-
cluded in the analysis.

Outcome Measures

The primary endpoints and major secondary endpoints for
LUCENT-1 and LUCENT-2 have been previously reported.'?
Endpoints associated with the current analyses are as follows:

o Abdominal pain >30% improvement: >30% change
from baseline in the Abdominal Pain Numeric Rating
Scale (NRS) score in patients with Abdominal Pain NRS
score >3 at baseline;

e Abdominal pain severity: Change in the Abdominal Pain
NRS score from induction baseline;

o Alternate clinical remission: Stool frequency (SF) =0 or
SF = 1, rectal bleeding (RB) = 0, and endoscopic subscore
(ES) = 0 or 1 (excluding friability);

® BU clinically meaningful improvement (CMI): Decrease
from baseline in the Urgency NRS score > 3 in patients
with an Urgency NRS > 3 at induction baseline';

e BU remission: Urgency NRS = 0 or 1;
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® BU severity: Change in Urgency NRS score from induc-
tion baseline;

e Clinical remission: SF = 0 or 1 with >1-point decrease in
modified Mayo score (MMS) from baseline, RB = 0, and
ES =0 or 1 (excluding friability);

o Clinical response: >2-point and >30% decrease in the
MMS from baseline, RB=0 or 1, or RB > 1-point de-
crease from baseline;

e Corticosteroid-free remission: Clinical remission with no
corticosteroid use for >12 weeks;

® Endoscopic remission: ES = 0 or 1 (excluding friability);

e Histologic-endoscopic mucosal improvement (HEMI):
Geboes score < 3.1 and ES = 0 or 1 (excluding friability);
histologic improvement, defined using Geboes scoring
system with neutrophil infiltration in <5% of crypts, no
crypt destruction, and no erosions, ulcerations, or granu-
lation tissue;

e HEMR: Geboes score<2B.0 and ES=0 or 1 (ex-
cluding friability); histologic remission with resolution
of neutrophils, defined using Geboes scoring of <2B.0;
Geboes subscores of 0 for grades: 2B (lamina propria
neutrophils), 3 (neutrophils in epithelium), 4 (crypt de-
struction), and 5 (erosion or ulceration);

o Inflammatory Bowel Disease Questionnaire (IBDQ) re-
mission: IBDQ total score >170'3;

e [BDQ response: >16-point improvement from baseline'’;

e [IBDQ severity: Change in IBDQ total score and domain
scores (bowel symptoms, emotional function, social func-
tion, and systematic symptoms) from induction baseline;

e Rectal bleeding severity: Change in RB MMS subscore
from induction baseline;

e Stool frequency severity: Change in SF MMS subscore
from induction baseline; and

e Symptomatic remission: SF =0 or SF =1 with >1-point
decrease in MMS from baseline, RB = 0.

The baseline for the current analyses was defined as the in-
duction baseline from LUCENT-1.

Stool frequency and RB were measured as subscores from
the MMS. Based upon the MMS-based definitions of clinical
response and clinical remission used for the LUCENT clinical
development program, an SF of >1 on the 0-3 subscore and
an RB score of >1 on the 0-3 subscore were chosen to define
clinically meaningful changes from baseline.!® For abdominal
pain, in alignment with what has been designated for irri-
table bowel syndrome and previously for UC,!%!® a >3-point
change on the 0 to 10-point Abdominal Pain NRS or a 230%
change from baseline was chosen to denote a CMI.

For maintenance outcome analyses, only the patients who
met the endpoint at week 52 (week 40 LUCENT-2) were in-
cluded in the analyses to ascertain durable maintenance of
that endpoint from 52 to 152 weeks of treatment.

Antidrug Antibody Assessment

Venous blood samples were taken to assess antidrug antibodies
(ADAs) against mirikizumab at baseline of LUCENT-1
and approximately monthly through the LUCENT-1 and
LUCENT-2 studies and at weeks 12, 24, 52, 76, 100, 124,
and 148 in LUCENT-3. ADA were detected using a validated,
drug-tolerant up-front acid treatment affinity capture elu-
tion bridge electrochemiluminescence assay on a MesoScale
Discovery platform. The assay had a sensitivity of 3.0 ng/mL
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and drug tolerance of 229 ug/mL mirikizumab at 100 ng/
mL of ADA. All treated patients with a baseline ADA sample
and at least one postbaseline ADA sample were evaluated
for treatment-emergent ADA (ADA+). A participant was
considered ADA+ if either the participant had no ADA
detected at baseline and at least 1 postbaseline titer of 1:20
(twice the minimum required dilution of the assay) or greater
or had ADA detected at baseline and at least 1 postbaseline
titer of 4 times (2 dilutions) greater than the baseline titer.

Statistical Analyses

Endpoints are summarized using descriptive statistics.
Categorical efficacy endpoints are summarized using
proportions and confidence intervals. Where confidence
intervals are calculated, the Wilson Score method was used,'”-!®
unless otherwise specified. Continuous efficacy endpoints are
summarized using mean change from the LUCENT-1 study
induction baseline with standard deviation. The modified
intent-to-treat population at the indicated time point was
used to perform efficacy analyses. Safety summaries are pro-
vided for the safety population and include events or results
during week 52 to week 152 (weeks 0 to 100 of LUCENT-3)
of treatment.

Missing Data Handling

Approximately 25% of patients in the mITT population had
missing data at week 152 of LUCENT-3 due to early discon-
tinuation or being sporadically missing (missing at random).
For full details, see the Supplemental Content on Missing
Data Handling and the Importance of Data Interpretation
Based Upon Analytical Method for the previously published
LUCENT-3 week 52 (104 weeks of continuous treatment)
data.’

For symptom efficacy analyses, missing data were prima-
rily from patient diaries. Ten patients in the maintenance
responders had missing endoscopies and 40 patients dis-
continued early. Sporadic missingness is defined as missing
data needed to assess the endpoint due to reasons other
than treatment discontinuation, such as insufficient days
of diary data, or missing an endoscopy. For all patients
with sporadically missing observations before discontin-
uation, the last non-missing observation before the spo-
radically missing observation was carried forward to the
corresponding visit. The safety population for induction
responders includes individuals impacted by the electronic
clinical outcome assessment transcription error in Poland
and Turkey (N = 23).1°

Nonresponder imputation (NRI) was prespecified as the
primary approach to handle missing data for all categorical
or binary endpoints, and patients who discontinued treat-
ment or were missing endpoint assessments were treated as
nonresponders. NRI is a conservative analytical approach
and can be biased to show low remission/response rates.
For continuous efficacy variables over time, a mixed-effects
model for repeated measures was used to estimate the mean
change from baseline. The visit was the only additional vari-
able added to the model. For continuous measures at a single
time point, modified baseline observation carried forward
was applied in the case of missing data. For patients who
discontinued mirikizumab due to an adverse event (AE), the
baseline observation for the endpoint was carried forward to
the corresponding visit for all missing observations after the
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patient discontinued study treatment. For patients who dis-
continued mirikizumab for any other reason, the last non-
missing postbaseline observation before discontinuation was
carried forward to the corresponding visit for all missing
observations. Patients without at least 1 postbaseline obser-
vation were not included in the evaluation.

Observed case (OC) analyses were performed as secondary
analyses for categorical data, where patients with missing
data were not included and missing data were not imputed.
Observed case analyses can be biased to show high remission/
response rates.

As such, modified NRI (mNRI) was applied; mNRI includes
multiple imputation' and is a balance between NRI and
OC analyses because it counts treatment discontinuation as
nonresponse but addresses sporadic missing data. For mNRI,
for patients who discontinued treatment for any reason other
than commercial availability of mirikizumab or geopolitical
restrictions, NRI was used to impute the missing data. For
patients with sporadic missing data or discontinuing due
to commercial availability of mirikizumab or geopolitical
restrictions, multiple imputation was used. Multiple imputa-
tion uses logistic regression to make multiple predictions of
the missing values and obtains multiple estimations for each
of these predictions, providing an imputation value. The per-
centage of response and the confidence intervals are calcu-
lated using the Rubin rules' to combine multiple imputation
datasets. As multiple imputation uses multiple estimates, there
is no end result of the number of patients in the analyses,
but rather the estimated proportion responding using the
modeling.

Results

Baseline Demographics and Disease Characteristics

Baseline demographics for the induction responder popula-
tion, maintenance completers, maintenance responders, and
maintenance remitters were generally similar (Supplementary

Table 1).

Efficacy
Clinical endpoint outcomes

Using NRI, 71.6% of week 52 mirikizumab responders
(N =285) demonstrated clinical response at week 152
(Figure 1). Supplementary Figure 2 provides additional data
for week 52 mirikizumab responders and data for week
52 remitters (N =179). For corticosteroid-free remission
analyses, it is important to note that 33.6% of mirikizumab
responders were on corticosteroids at baseline; 21.3% were
on immunomodulators (Supplementary Table 1). Importantly,
97% (137/141) of LUCENT-2 week 52 responders who
achieved clinical remission in LUCENT-3 after 3 years of
treatment with mirikizumab were corticosteroid-free for at
least the previous 12 weeks; for week 52 remitters it was 98%
(106/108). Remission rates at week 152 for week 52 clinical
responders were 49.5% clinical, 48.1% corticosteroid-free,
59.1% endoscopic, 49.3% HEMR, 66.3% symptomatic, and
51.6% BU (Figures 1 and 2). Week 52 responders achieving
HEMI and BU CMI at week 152 were 50.3% and 65.4%,
respectively (Figure 2). Biologic-failed and not biologic-
failed subgroup data were generally similar, with differences
of 10% to 16% depending upon the endpoint (Figure 3;
Supplementary Figure 2).

Efficacy and Safety of Mirikizumab

Using mNRI, among week 52 mirikizumab responders,
81.6% demonstrated clinical response, and 56.1%
demonstrated clinical remission at week 152 (Figure 1). For
week 52 mirikizumab remitters, 85.4% demonstrated clinical
response, and 70.1% demonstrated clinical remission at week
152 (Figure 1). Figures 2 and 3 show efficacy endpoint data
for week 52 mirikizumab responders and remitters, providing
endpoint outcomes for NRI, mNRI, and OC analyses.

Maintenance of outcomes

Figure 1 shows durable maintenance at week 152 (LUCENT-3)
for clinical response (responders at week 52) and clinical re-
mission (remitters at week 52) using NRI, mNRI, and OC
methods. Using mNRI, 81.6% of patients maintained clin-
ical response, and 70.1% maintained clinical remission.
Supplementary Figure 3 shows that 69.6% of patients
maintained symptomatic remission, 62.8% maintained
HEMR, and 66.9% maintained BU remission. For mNRI at
week 152 (LUCENT-3), 81.6% of patients maintained clinical
response, and 70.1% maintained clinical remission. Biologic-
failed and not biologic-failed patients had generally similar
results to the overall population as shown in Supplementary
Figure 4, which shows NRI data.

Symptom Scores OverTime

Patients treated with mirikizumab for 52 weeks (LUCENT-2,
week 40) who continued mirikizumab treatment in
LUCENT-3 for an additional 100 weeks demonstrated a
sustained CMI in symptom score reduction for BU, SF, RB
(Figure 4), and abdominal pain (Supplementary Figure 5)
from induction baseline (LUCENT-1, week 0 on continuous
treatment) through week 152 of LUCENT-3. Supplementary
Figure 5 provides a change from baseline in abdominal pain
for weeks 104 through 152 in LUCENT-3, as the data were
not available for LUCENT-1 and LUCENT-2.

A change from a baseline of >3 on the Urgency NRS 0 to
10 scale is a CMIL* and mirikizumab responders had a >3
change that was maintained through week 152. Mirikizumab
responders had a change of >1 for both SF and RB that was
maintained through week 152, suggesting maintained clini-
cally meaningful symptom control.

Clinical Endpoint Scores OverTime

Figure 5 provides remission rates at weeks 12, 52, 104, and
152 for symptomatic remission, clinical response, clinical re-
mission, and endoscopic remission to demonstrate sustained
efficacy over time. Supplementary Figure 6 shows the propor-
tion of patients achieving >30% improvement in abdominal
pain from LUCENT-1 week 0 through LUCENT-3 week 152.
Supplementary Figure 7 shows BU remission rates over time.
These data demonstrate the maintenance of effect over time.

Quality-of-Life Outcomes

Using NRI, least squares mean improvements from the in-
duction baseline in IBDQ total and domain scores were
sustained at week 152, with LUCENT-2 clinical responders
or remitters achieving over a 59-point improvement in the
IBDQ total score (Supplementary Figure 8). Improvements
in IBDQ scores were seen across all IBDQ domains: bowel
symptoms, emotional function, social function, and systemic
symptoms. IBDQ response at week 152 was seen in over
78.0% of patients and was comparable across biologic failure
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Figure 1. LUCENT-3 rates at 152 weeks of continuous treatment in LUCENT-2 week 52 responders and remitters for (A) alternate clinical remission,

(B) endoscopic remission, (C) clinical response, (D) clinical remission, (E) symptomatic remission, and (F) corticosteroid-free remission (nonresponder
imputation [NRI], modified NRI [mNRI], observed case [OC]). The modified intention-to-treat population was used with NRI, mNRI, and OC methods for
missing data. Responders: >30% and 2-point decrease from baseline in the composite clinical endpoint of the sum of endoscopic subscore (ES), stool
frequency (SF) subscore, and rectal bleeding (RB) subscore, and RB of 0 or 1, or a >1-point decrease from baseline. Remitters: modified Mayo score
(MMS) SF of 0 or SF of 1 with a >1-point decrease from baseline; RB of 0; and ES of 0 or 1. Symptomatic remission: SF of 0 or SF of 1 with a >1-point
decrease in MMS from baseline; and RB of 0. Corticosteroid-free remission: clinical remission with no corticosteroid use for >12 weeks. Alternate

clinical remission: SF of 0 or 1; RB of 0; and ES of 0 or 1 (excluding friability). Endoscopic remission: ES of 0 or 1 (excluding friability). Abbreviations: Cl,
confidence interval.
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Figure 2. LUCENT-3 rates at 152 weeks of continuous treatment in LUCENT-2 week 52 responders and remitters for (A) histologic-endoscopic mucosal
improvement (HEMI), (B) histologic-endoscopic mucosal remission (HEMR), (C) bowel urgency (BU) clinically meaningful improvement (CMI), and (D)
BU remission (nonresponder imputation [NRI], modified NRI [mNRI], observed case [OCI). The modified intention-to-treat population was used with
NRI, mNRI, and OC methods for missing data. Responders: >30% and 2-point decrease from baseline in the composite clinical endpoint of the sum

of endoscopic subscore (ES), stool frequency (SF) subscore, and rectal bleeding (RB) subscore, and RB of 0 or 1, or a >1-point decrease from baseline.
Remitters: modified Mayo score (MMS) SF of 0 or SF of 1 with a >1-point decrease from baseline; RB of 0; and ES of 0 or 1. Bowel urgency remission:
Urgency Numeric Rating Scale (NRS) score of 0 or 1. CMI: change from baseline in Urgency NRS score > 3 in patients with Urgency NRS score > 3

at induction baseline. HEMI: Geboes score < 3.1 and ES of 0 or 1 (excluding friability). HEMR: Geboes score < 2B.0 and ES of 0 or 1 (excluding

friability). Abbreviations: CI, confidence interval.

status subgroups. IBDQ remission rates in clinical responders
(76.9%) and clinical remitters (79.3%) were sustained in
patients regardless of whether they were in the biologic-failed
or not biologic-failed subgroups.

Using NRI, among the 286 patients with clinical response
at 52 weeks, 223 (78%) achieved IBDQ response, and 220
(76.9%) patients achieved IBDQ remission at week 152.
Of the 179 patients with clinical remission at week 52, 142
(79.3%) achieved IBDQ response and IBDQ remission at
week 152.

Antidrug Antibodies

The impact of ADA+ was evaluated over the entire course
of the LUCENT clinical trial program: LUCENT-1 induction
(weeks 0-12), LUCENT-2 maintenance (weeks 12-52), and
LUCENT-3 extension (weeks 52-152).

For the first 52 weeks of treatment, 23.6% (90/382) of
mirikizumab-treated patients had ADA+, and 8.9% (34/382)

had ADA+ titers >1:160. Less than 2% (6/360) of patients
treated with mirikizumab had antibody titer >1:160 associ-
ated with lower trough mirikizumab concentrations (<0.511
pg/mL, Sth percentile) and a reduced clinical response, which
was defined as clinical response observed at Week 12 but not
observed at week 52.

During LUCENT-3 extension treatment, 2/312 (0.6%) de-
veloped ADA after not having had ADA during the induction
and maintenance treatment periods. Figure 6 demonstrates
that patients with ADA+ generally had titers reach a max-
imum during their initial 52 weeks of treatment followed by
a decrease through the remainder of the clinical program such
that they had low titers or undetected ADA during their third
year of treatment. During the third year, only 3.4% (10/293)
of patients had ADA+ and only 1.0% (3/293) with an ADA+
>1:160 titer.

Supplementary Table 2 shows the proportion of patients
achieving various efficacy endpoints at week 152 by ADA+


http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izae253#supplementary-data
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Figure 3. LUCENT-3 rates at 152 weeks of continuous treatment in LUCENT-2 week 52 responders and remitters by biologic-failed and not biologic-
failed treatment status for (A) clinical response, (B) clinical remission, (C) symptomatic remission, and (D) histologic-endoscopic mucosal remission
(HEMR; nonresponder imputation). The modified intention-to-treat population was used with nonresponder imputation methods for missing data.
Responders: >30% and 2-point decrease from baseline in the composite clinical endpoint of the sum of endoscopic subscore (ES), stool frequency
(SF) subscore, and rectal bleeding (RB) subscore, and RB of 0 or 1, or a >1-point decrease from baseline. Remitters: modified Mayo score (MMS) SF of
0 or SF of 1 with a >1-point decrease from baseline; RB of 0; and ES of 0 or 1. Biologic failed refers to patients with prior inadequate response, loss of
response, or intolerance to biologic therapy or Janus kinase inhibitors (tofacitinib) at LUCENT-1 induction baseline. Not biologic failed refers to patients
not meeting the biologic-failed definition at LUCENT-1 induction baseline. Symptomatic remission: SF of 0 or SF of 1 with a >1-point decrease in MMS
from baseline; and RB of 0. HEMR: Geboes score < 2B.0 and ES of 0 or 1 (excluding friability). Abbreviations: Cl, confidence interval.

and ADA- subgroups compared to the overall population
using both mNRI and OC methodology to assess efficacy for
both the LUCENT-2 week 52 responders and LUCENT-2
week 52 blinded maintenance completers. The percentage of
patients achieving symptomatic remission, clinical response,
clinical remission, or endoscopic remission was similar for
all patients, ADA+ evaluable patients, ADA- patients, ADA+
patients, and patients with ADA+ maximum titer >1:160, with
the exception of clinical remission for patients with ADA+
maximum titer >1:160 who had ~10% lower percentage than
other subgroups. The ADA+ maximum titer >1:160 subgroup
is less than 10% of the population, and amongst them, only a
small percentage of patients drives the subgroup’s lower rate
such that this affects <1% of the LUCENT-3 patients.

Safety
Adverse events

For the 0 to 100-week period of LUCENT-3 (week 52 to week
154 continuous mirikizumab treatment), Table 1 provides the

incidence of treatment-emergent AEs for the safety popula-
tion (see Patient Groups for population definitions). Severe
treatment-emergent AEs were reported in 7.4% of patients
with 8.8% experiencing serious AEs, and 5.3% discontinuing
treatment due to an AE. The most common treatment-
emergent AEs were COVID-19 and UC. There was 1 (0.3%)
death due to thrombotic thrombocytopenic purpura on day
463 of the study.

AEs of special interest included opportunistic infection
(1.8%), cerebrocardiovascular events (1.5%), and malignancy
(0.3%; Table 1). For the 100-week period of LUCENT-3
in the induction responder safety population, 11 (3.2%)
patients reported hepatic disorders, with 3 (0.9%) patients
having elevated alanine aminotransferase >3x the upper
limit of normal, 4 (1.2%) patients having elevated aspartate
transaminase (>3x the upper limit of normal), and 6 (1.8%)
patients having elevated total bilirubin (>2x the upper limit of
normal). No patients had liver enzymes that were 5x or 10x
the upper limit of normal except 1 patient who had elevated
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Figure 4. Change from induction baseline in UC symptoms by visit through week 152 of continuous mirikizumab treatment in the modified intention-to-
treat (mITT) population (LUCENT-1), mirikizumab induction responders (LUCENT-2), and maintenance completers (LUCENT-3, open-label) for (A) bowel
urgency, (B) stool frequency, and (C) rectal bleeding (RB; mixed-effects model for repeated measures [MMRM]). The mITT population was used with
MMRM to estimate the least squares mean (LSM) change from baseline. The LUCENT program is 3 separate studies with different study designs, and
patients flow from one study to the next; thus, the patient population is changing across studies: LUCENT-1 (mITT), LUCENT-2 (mirikizumab induction
responders), LUCENT-3 (mirikizumab maintenance completers). See Figure 1 for patient flow and the current examined population that follows
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Figure 5. Remission rates at weeks 12, 52, 104, and 152 for (A) symptomatic remission, (B) clinical response, (C) clinical remission, and (D) endoscopic
remission in the modified intention-to-treat (mITT) population (overall efficacy population; LUCENT-1), mirikizumab induction responders (LUCENT-2;
nonresponder imputation [NRI]), and LUCENT-2 maintenance responders (LUCENT-3; modified NRI [mNRI]). *Based upon study designs, after induction,
responders are being followed over time; thus, the population changes and the week (W) 152 percentages are based on the noted population not the
original LUCENT-1 baseline population. Missing data are not a factor for LUCENT-1 and LUCENT-2, and mNRI data for these studies are not available;
thus, NRI data are shown. For LUCENT-3, to address missingness and allow for better overtime comparison, mNRI data are shown. *Database

lock (DBL)-1 and DBL-2 are interim DBLs with differences in the number of patients included due to some study sites not being included for DBL-1.
SLUCENT-1 MIRI induction responders rerandomized to MIRI or PBO (MIRI withdrawal). ‘Responder population (n = 285) of LUCENT-2 MIRI blinded
maintenance completers population (n = 316). ¢Cl for LUCENT-1. ¢Cl for LUCENT-2 and LUCENT-3. Symptomatic remission: stool frequency (SF) of 0 or
SF of 1 with >1-point decrease in modified Mayo score (MMS) from baseline; and rectal bleeding (RB) of 0. Endoscopic remission: endoscopic subscore
(ES) of 0 or 1 (excluding friability). Clinical response: >30% and 2-point decrease from baseline in the composite clinical endpoint of the sum of ES, SF
and RB subscores, and RB of 0 or 1, or a >1-point decrease from baseline. Clinical remission: MMS SF of 0 or SF of 1 with a >1-point decrease from
baseline; RB of 0; and ES of 0 or 1. Endoscopic remission: ES of 0 or 1 (excluding friability). Treatment comparison was made with the Cochran-Mantel-
Haenszel test adjusted for stratification factors. Abbreviations: Cl, confidence interval; IV, intravenous; MIRI, mirikizumab; N, number of patients in the
analysis population; PBO, placebo; Q4W, every 4 weeks; SC, subcutaneous.

aspartate transaminase >5x the upper limit of normal, nor did 152 weeks, with no association found between ADA+ and hy-
any patients meet Hy’s law criteria.?! For treatment-emergent persensitivity or injection site reaction.
AEs, 0.9% (3/339) of patients reported rash.

Immunogenicity Discussion

There was no identified clinically significant effect of ADA+ In the maturing UC clinical landscape, treatment targets now
on the safety of mirikizumab over the treatment duration of  include goals beyond endoscopic improvement and control

mirikizumab induction responders through the LUCENT clinical program. The Urgency Numeric Rating Scale (0- to 10-point severity scale with 0 denoting
no urgency and 10 denoting the worst possible urgency, with a >3-point decrease considered a CMI),?° modified Mayo score (MMS) stool frequency
subscore (0 to 3 score; 0 = normal; 1 = 1-2 stools more than normal; 2 = 3-4 stools more than normal; 3 = >5 stools more than normal), and MMS RB
subscore (0-3 score; 0 = normal; 1 = streaks of blood with stool less than half the time; 2 = obvious blood with stool most of the time; 3 = blood alone
passed) measure changes in the respective symptom from the induction baseline. LSM was reported for each treatment group except for week 0 of
maintenance (¥; week 12). Abbreviations: CMI, clinically meaningful improvement; IV, intravenous; MIRI, mirikizumab; SC, subcutaneous; W, week.
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Figure 6. Incidence of ADA+ events in evaluable patients over time. Year
1 (weeks 0 to 52); year 2 (weeks 52 to 104); year 3 (weeks 104 to 152).
Abbreviations: ADA, antidrug antibody; N, denominator, number of ADA+
evaluable patients for each time point.

of SF and RB. Targets now include BU?? and histological im-
provement or remission.?®?*?* Gaps in treatment care exist
for many patients with UC whose treatment efficacy is
not maintained over time; approximately 40% of patients
who respond to treatment subsequently lose response.*
LUCENT-3 is one of the first long-term extension studies in
UC to provide data for endpoints such as clinical response,
clinical remission, HEMI, HEMR, and endoscopic remission
as long-term extension studies of other therapeutics generally
only included symptom-driven clinical response or remission
definitions and safety data.

Consistent with the 104-week data,’ the current 152-week
data suggest that mirikizumab provides sustained long-term
efficacy for patients who initially respond to treatment.
Findings were consistent across a broad panel of endpoints
examined over 3 years of treatment. These data suggest
that mirikizumab treatment is effective in improving pa-
tient symptoms as well as endoscopic and histologic mu-
cosal healing that results in improved patient quality of life.
Mirikizumab was effective long-term in both biologic-naive
and previously biologic-failed patients.

Compared with the overall population, a lower proportion
of patients in the biologic-failed subgroup met the endpoint
criteria. When examining the maintenance of effect over time,
small decreases from weeks 104 to 152 also appear greater
for the biologic-failed group. This is not unexpected, as the
biologic-failed subgroup appears to be a more refractory pop-
ulation.!® The small decreases are influenced by the smaller
number of patients in the biologic-failed subgroup and the im-
putation method rather than the overall change in maintenance
of efficacy. For the maintenance responders’ clinical response
using NRI as an example (Figure 3), 71.6% (204/285) of the
overall blinded maintenance responders and 60.4% (55/91) of
the biologic-failed subgroup had a response at week 152. For
the week 104 analyses, the corresponding rates were 74.5%
for the total population and 68.5% for the biologic-failed
subgroup.’ The difference in denominators between the total
population and the biologic-failed subgroup is 194 patients,
where a change in N of 2 equates to 0.7% for the overall pop-
ulation and 2.2% for the biologic-failed subgroup. Treatment
discontinuations are a large driving factor in determining
nonresponse and the associated decreases in endpoint mainte-
nance. During the 2 years of the LUCENT-3 long-term exten-
sion, there were 47 total treatment discontinuations: efficacy
11 (23% of discontinuations); AE 15 (32%); lost to follow-
up or withdrawal by subject for other reasons 21 (45%).

Efficacy and Safety of Mirikizumab

Table 1. LUCENT-3 AEs.

Overall induction
responder safety population

Outcome

Mirikizumab 200 mg Q4W

SC (N = 339)
TEAEs®, 1 (%) 250 (73.7)

Mild 111 (32.7)

Moderate 114 (33.6)

Severe 25 (7.4)

SAEs, n (%) 30 (8.8)
Most Common TEAEs¢, 1 (%)

COVID-19 76 (22.4)

Colitis ulcerative 54 (15.9)

Arthralgia 21 (6.2)

Nasopharyngitis 28 (8.3)

Headache 26 (7.7)

Pyrexia 20 (5.9)

Diarrhea 15 (4.4)

Gastroenteritis 15 (4.4)

Upper respiratory tract infection 15 (4.4)

Abdominal pain 14 (4.1)

Fatigue 10 (3.2)

AEs of Special Interest, 7 (%)

Infections: all 144 (42.5)
Serious 8 (2.4)
Opportunistic? 6 (1.8)

Cerebrocardiovascular events® 5(1.5)

Major adverse cardiac events (MACE) 1(0.3)

Malignanciesf 1(0.3)

Depression 3(0.9)

Suicide/self-injury® 1(0.3)

Hepatic 11 (3.2)

Immediate hypersensitivity reactions® 4(1.2)

Injection site reactions 19 (5.6)

Death, 7 (%) 1(0.3)
Discontinuation due to AE, 7 (%) 18 (5.3)

Abbreviations: AE, adverse events; N, number of patients with at least
one sample collected for clinical lab evaluation; Q4W, every 4 weeks;
SAE, serious adverse events; SC, subcutaneous; TEAE, treatment-emergent
adverse events.

“The safety population was used for AE assessments and includes
participants from Poland and Turkey affected by the electronic clinical
outcome assessment error in LUCENT-1 and LUCENT-2, as well as
patients on blinded mirikizumab at the end of LUCENT-2 who were not in
remission or response and who are not included in the efficacy analysis.
bPatients with multiple occurrences of the same event are counted under
the highest severity.

‘TEAESs affecting 23% of patients.

dOpportunistic infections: narrow, 72 (%): 6 (1.8). Breakdown: herpes
zoster, 7 (%): 4 (1.2); esophageal candidiasis, 7 (%): 2 (0.6); oral
candidiasis, 7 (%): 1 (0.3).

“Major adverse cardiac event, 7 (%): 1 (0.3), determined by the
investigator as not related to mirikizumab.

fOngoing metastatic thyroid cancer.

sSuicide attempt, determined by the investigator as not related to
mirikizumab.

"Hypersensitivity reactions (narrow) included: allergic sinusitis, 7z (%):

1 (0.3%); eczema, 11 (%): 1 (0.3); injection site hypersensitivity, 77 (%): 1
(0.3); injection site urticaria, 7 (%): 1 (0.3).

iInjection site reactions: injection site pain, 7 (%): 10 (2.9); injection site
reaction, 7 (%): 8 (2.4); injection site erythema, 7 (%): 4 (1.2); injection
site hypersensitivity, 77 (%): 1 (0.3); injection site pruritus, 72 (%): 1 (0.3);
injection site urticaria, 7 (%): 1 (0.3).

IReasons, 72 (%): 1 (0.3) dermatitis, 9 (2.7) colitis ulcerative, 1 (0.3)
haematochezia, 1 (0.3) meningitis.
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Long-term efficacy and safety data have been disclosed for
vedolizumab,an a4f37-integrin inhibitor,?* and for ustekinumab,
an IL-12 and IL-23p40 inhibitor,? both approved for the treat-
ment of UC. However, no full-study long-term extension en-
doscopy data have been collected for these compounds. In
contrast, endoscopy and histology clinical data have been re-
ported for mirikizumab, including endoscopy-based response
and remission endpoints, as well as HEMI and HEMR. In
mirikizumab responders, early histological and endoscopic ef-
ficacy is sustained long-term (3 years), which may be important
because it is associated with better UC outcomes.?”

Patients with UC frequently consider it more important to
control BU than SF or RB.?#?° BU was currently assessed with
the Urgency NRS which is validated to assess BU severity im-
provement over time as opposed to a simple yes versus no
identification.'*3%3! Mirikizumab demonstrated sustained res-
olution of BU, which is associated with better UC outcomes.?”

Anti-tumor necrosis factor (TNF)-o biologics such as
adalimumab or infliximab are often the first-line treat-
ment for moderate-to-severe UC?%; however, some primary
responders experience secondary loss of response with anti-
TNF agents.? Mirikizumab maintained long-term efficacy for
induction responders, which is likely tied to its ability to de-
crease the expression of transcripts associated with resistance
to anti-TNF agents.*3435

Safety findings were consistent with findings from the
LUCENT-1 and LUCENT-2 studies.!”® Consistent with
mirikizumab 2-year continuous treatment evaluations,’ the
current data do not suggest an issue with clinically mean-
ingful long-term hepatic AEs. Infection and malignancy rates
do not indicate a profound systemic immune suppression.
COVID-19 was the most commonly observed AE, which is
consistent with the fact that this study was held during the
COVID-19 pandemic.

Understanding ADAs is important because ADA+ can lead
to diminished efficacy for patients over time. For example,
a loss of response due to the development of ADA+ is seen
annually in approximately 20% of patients with IBD re-
ceiving anti-TNF therapy*® and up to 50% of patients stop
therapy after an initial clinical response either due to sec-
ondary loss of response or a serious AE.> In general, ADA+
could potentially lead to safety issues not directly related
to the therapeutic mechanism of action, such as anaphy-
laxis, cytokine release syndrome, infusion reaction, or cross-
reactivity.’® For mirikizumab, <2% of patients developed an
ADA+ titer >1:160 that was accompanied by a lower blood
concentration of the drug and reduced efficacy during the
first 52 weeks of treatment. The incidence of ADA+ as well
as ADA+ titer 21:160 diminished over time from weeks 52 to
152. Outcomes for patients with ADA+ were comparable to
the overall population, even for patients with higher titer. No
safety concerns were observed. These data suggest that ADA+
is not significant in affecting 3-year mirikizumab treatment
outcomes. Of note, pharmacokinetic exposure-response data
through week 52 show that mirikizumab exposure (pg/mL)
plotted against change in the MMS demonstrates such a wide
spread that the range of response was broad at both low and
high drug blood concentrations.’® The pharmacokinetic data
along with the current ADA+ data show that ADAs do not
drive treatment outcomes.

Future analyses from the ongoing open-label extension
LUCENT-3 study will provide robust long-term 4-year data.
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Limitations

Limitations of LUCENT-3 have been previously described, in-
cluding the open-label study design and focus on only the in-
duction responder population due to the LUCENT program
having a responder randomization methodology, where only
patients who responded during induction were rerandomized
for maintenance.” Because of this study design, induction
failures were not included in long-term maintenance analyses
such that response proportions reported were lower than they
would be if the entire baseline population had been included.

Participation of Black or African American patients was
limited (4/316, 1.3% of maintenance completers); thus, the
results cannot be fully generalizable.

Conclusion

These data support the long-term benefit of continuous
mirikizumab treatment for 152 weeks on symptomatic, clin-
ical, endoscopic, and histologic endpoints, for both biologic-
naive and biologic-failed patients. No new safety signals were
identified, and the discontinuation rate due to AEs was 5.3%.

Supplementary Data

Supplementary data is available at Inflammatory Bowel
Diseases online.
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