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Background:  Bowel urgency is commonly experienced by patients with ulcerative colitis (UC) and is associated with reduced health-related 
quality of life (QoL). Mirikizumab, a humanized monoclonal antibody directed against the p19 subunit of IL-23, significantly reduced bowel ur-
gency in a double-blind, randomized, placebo-controlled Phase 2 clinical trial in patients with moderate-to-severe UC (NCT02589665).
Methods:  All patients (N = 249) reported symptoms including absence or presence of bowel urgency. Absence of urgency was defined as no 
urgency for the 3 consecutive days prior to each scheduled visit. Missing urgency data were imputed as present. After 12 weeks of induction 
treatment, patients who achieved clinical response continued maintenance mirikizumab treatment through Week 52. We assessed the relation-
ship of urgency with QoL, clinical outcomes, and inflammatory biomarkers at Weeks 12 and 52.
Results:  Patients with absence of urgency demonstrated significantly greater improvement in Inflammatory Bowel Disease Questionnaire 
(IBDQ) scores even after adjusting for rectal bleeding (RB) and stool frequency (SF), significantly higher rates of all clinical outcomes at Weeks 
12 and 52, and a greater decrease in inflammatory biomarkers C-reactive protein and fecal calprotectin compared to those with presence of 
urgency. Absence of urgency at Week 12 was associated with improved IBDQ scores at Week 52, while Week 12 RB or SF status was not.
Conclusions:  Absence of urgency is strongly associated with improvement in QoL as well as clinical measures of UC disease activity. These 
findings suggest urgency may be a useful surrogate marker of disease activity and an important treatment target for UC.

Lay Summary 
A study of mirikizumab in patients with ulcerative colitis found that absence of bowel urgency (sudden and immediate need to have a bowel 
movement) is associated with improved quality of life, improved clinical outcomes, and decreased levels of inflammatory biomarkers.
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Introduction
Ulcerative colitis (UC) is a chronic inflammatory disease of the 
colon and rectum, with mucosal inflammation leading to typ-
ical symptoms of diarrhea, rectal bleeding (RB), and bowel ur-
gency.1 While patients often experience all of these concurrently, 
bowel urgency is a distinct and highly disruptive symptom that 
is frequently overlooked by healthcare providers2–5 or conflated 
with stool frequency (SF) or diarrhea. SF refers specifically to 
the number of trips to the bathroom that involve the passage 
of stool, mucus, and/or blood over a given period of time6 and 
diarrhea refers to loose, watery stools.6,7 Bowel urgency, on the 
other hand, refers to the sudden and immediate need to have a 
bowel movement.8,9 The conflation of these terms can lead to 

confusion on the part of both healthcare providers and patients, 
and mask the impact of bowel urgency on patients with UC.

More than 75%–90% of patients with UC report 
experiencing bowel urgency.2,9–11 Up to half of patients with 
UC report at least 1 instance of bowel urgency per day.2,12 
Patients report that bowel urgency is an important symptom 
of UC, distinct from SF and RB.13 In fact, in a recent survey 
which included both patients and healthcare providers, bowel 
urgency was ranked most relevant among a list of attributes 
for inflammatory bowel disease (IBD) treatment decisions,14 
and patients with UC consider bowel urgency to be a more 
relevant and important symptom than RB or SF.14,15 The 
mechanism(s) underlying bowel urgency have not been fully 
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elucidated; however, bowel urgency has been associated 
with chronic inflammation, which causes changes in smooth 
muscle tone, hypersensitivity, and increased contractile 
responses in the rectum, as well as the development of sub-
mucosal fibrosis.16,17 Despite the prevalence of bowel urgency 
and its importance to patients with UC, there is a dearth of 
information on the relationship of this symptom to quality of 
life (QoL) and clinical outcomes, and bowel urgency has not 
been an outcome typically included in clinical trials.

Mirikizumab (LY3074828) is a humanized immunoglob-
ulin G4 (IgG4)–variant monoclonal antibody that specifi-
cally binds to the p19 subunit of IL-23, and thus does not 
target IL-12, which shares a common p40 subunit with IL-23. 
Mirikizumab has demonstrated clinical efficacy in psoriasis,18 
Crohn’s disease,19 and UC,20,21 and was shown to significantly 
reduce the presence of bowel urgency in patients with UC.22 
We examined the relationship between bowel urgency with 
QoL, clinical outcomes, and inflammatory biomarkers in a 
Phase 2 trial of mirikizumab in patients with moderately to 
severely active UC (NCT02589665).

Methods
Study Design and Participants
Urgency was assessed as part of a multicenter, randomized, 
double-blind, parallel-arm, placebo-controlled trial which 
has been reported previously20 (see Supplementary Figure 1 
for study design and Supplementary Figure 2 for CONSORT 
diagram). The trial was conducted at 75 sites in 14 coun-
tries. Patients were enrolled from January 2016 to September 
2017. A complete list of inclusion and exclusion criteria can 
be found in the Supplementary Methods.

This study was compliant with the International Conference 
on Harmonization (ICH) guideline on good clinical practice. 
All informed consent forms and protocols were approved by 
appropriate ethical review boards prior to initiation of the 
study. All patients gave written informed consent prior to re-
ceiving study drug.

Procedures
Patients reported daily symptoms in an electronic diary, in-
cluding patient-assessed bowel urgency status (absence or 
presence of bowel urgency).

Induction treatment consisted of 50, 200, or 600 mg of 
mirikizumab or PBO administered IV in a 1:1:1:1 ratio at 
Weeks 0, 4, and 8. At Week 12, patients receiving mirikizumab 
who achieved clinical response (a decrease in 9-point mod-
ified Mayo score [RB, SF, and endoscopy] inclusive of ≥2 
points and ≥35% from baseline with either a decrease of RB 
subscore of ≥1 or an RB subscore of 0 or 1) were eligible to 
enter the maintenance period, where they were re-randomized 
to receive mirikizumab 200 mg subcutaneously (SC) every 4 
weeks (Q4W) or every 12 weeks (Q12W). To maintain the 
blindedness of the study, patients who received PBO in the 
induction period and achieved clinical response at Week 12 
continued to receive PBO SC Q4W in a treat-through study 
design.

Outcomes
The primary outcome measure for this supplementary study 
was patient-reported bowel urgency status. Absence of urgency 
at baseline, Week 12, and Week 52 was defined as reporting no 

bowel urgency for the 3 consecutive days prior to each sched-
uled visit as recorded in a daily diary, regardless of bowel 
urgency status at baseline. If a patient did not report their ur-
gency status for all 3 days prior to a visit date, their urgency 
status was considered missing. There were 7 patients (2.8%) 
with missing urgency data at Week 12, and 5 patients (4.7%) 
with missing urgency data at Week 52. These patients were  
imputed using nonresponder imputation (NRI), or as having 
presence of bowel urgency in our analyses.

Other outcome measures examined in this manuscript 
included clinical remission (Mayo subscores of 0 for RB, 0 
or 1 with 1 point decrease from baseline for SF, and 0 or 1 
for centrally read endoscopy); clinical response (a decrease 
in the 9-point modified Mayo subscore [RB, SF, and endos-
copy] inclusive of ≥2 points and ≥35% from baseline with 
either a decrease of RB subscore of ≥1 or an RB subscore of 
0 or 1); endoscopic remission (Mayo endoscopic subscore 
of 0); endoscopic healing (endoscopic subscore of 0 or 1); 
the Inflammatory Bowel Disease Questionnaire (IBDQ); 
36-Item Short Form Health Survey version 2 (SF-36), fecal 
calprotectin (fCLP), and C-reactive protein (CRP). SF re-
mission and RB remission outcomes were derived from 
their respective component of the clinical remission defi-
nition. Symptomatic response and remission are comprised 
of the RB and SF components of clinical response and re-
mission, respectively. See Supplement for a brief descrip-
tion of the Mayo score, its components, and the grading 
scheme.

The IBDQ is a 32-item patient-reported questionnaire that 
measures 4 aspects of subjects’ lives: symptoms directly re-
lated to the primary bowel disturbance, systemic symptoms, 
emotional function, and social function.23 A total IBDQ score 
of ≥170 points was defined as the threshold for IBDQ re-
mission in the study, with the Minimal Clinically Important 
Difference (MCID) defined as an improvement of ≥16 points 
in the total IBDQ score.24

The SF-36 is a 36-item patient-reported measure 
designed to be a short, multipurpose assessment of health 
in the domains of physical functioning, role-physical, role-
emotional, bodily pain, vitality, social functioning, mental 
health, and general health.25,26 The 2 overarching components 
of mental well-being and physical well-being are captured by 
the Mental and Physical Component Summary scores (MCS 
and PCS, respectively). A ≥5-point improvement was defined 
as the MCID for SF-36 PCS and MCS scores in this study. The 
SF-36 has demonstrated validity and reliability when used in 
UC patients.25,27,28

Statistical Analysis
The intention-to-treat (ITT) population, which includes all 
randomized patients, was used to assess outcomes in the in-
duction period through Week 12 regardless of bowel urgency 
status at baseline. For maintenance period analyses through 
Week 52, the analysis population consisted of a subset of the 
ITT population who demonstrated clinical response at Week 
12 and were re-randomized to one of the 2 maintenance 
mirikizumab arms or continued on to subcutaneous placebo. 
All analyses were conducted by pooling together patients in 
the ITT population across treatment groups induction period 
analyses, and patients in the ITT population that experienced 
clinical response at Week 12 for the maintenance period 
analyses.
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Multivariable linear regression models were used to as-
sess the association between bowel urgency status and 
change from baseline on QoL measures (total IBDQ and 
domain scores, SF-36 PCS and MCS) at Week 12, while 
adjusting for RB and SF severity. Each model included the 
baseline value of the QoL measure, bowel urgency status at 
Week 12, the Mayo SF subscore at Week 12, and the Mayo 
RB subscore at Week 12. Type III tests for the least squares 
means were used for statistical comparisons between ur-
gency status groups at Week 12. In addition, the Type III 
coefficient of partial determination was estimated for each 
term in the model to compare the relative importance of 
each factor toward improvement in the QoL variables. A 
similar model using the Week 52 urgency status, RB score, 
and SF score was used to assess the association between 
urgency status and change from baseline on QoL measures 
at Week 52. Modified baseline observation carried forward 
(mBOCF) was used to impute missing QoL values and 
Mayo score components: for patients discontinuing due 
to an adverse event, the baseline observation was carried 
forward to the corresponding endpoint for evaluation. 
For patients discontinuing for any other reason, the last 
nonmissing postbaseline observation before discontinua-
tion was carried forward to the corresponding endpoint for 
evaluation.

Separate multivariable linear regression models were used 
to evaluate whether urgency status, SF, or RB at Week 12 
were predictors of longer-term improvement on the IBDQ 
and SF-36 at Week 52. These models included change from 
baseline on the Week 52 QoL measures as the dependent var-
iable and included the baseline value of the QoL measure, 
urgency status at Week 12, Mayo SF subscore at Week 12, 
and Mayo RB subscore at Week 12 as independent variables.

Analysis of covariance (ANCOVA) models were used to 
compare the change from baseline on inflammatory biomarkers 
(CRP and fCLP) between bowel urgency status groups at Weeks 
12 and 52. Each model included the baseline value of the in-
flammatory biomarker, urgency status (at Week 12 or 52), geo-
graphic region, prior biologic experience, age, and gender. Type 
III tests for the least squares means were used for statistical 
comparisons between urgency status groups. mBOCF was used 
to impute missing inflammatory biomarker values.

Logistic regression models were used to assess the associa-
tion between achieving clinical remission, response, endoscopic 
healing, SF remission, and RB remission with urgency status 
at Weeks 12 and 52. Each logistic regression model included 
the clinical outcome as the dependent variable and included 
urgency status (at Week 12 or 52), geographic region, prior 
biologic experience, age, and gender as independent variables. 
NRI was used to impute missing clinical outcome variables.

To further assess the association between achieving ab-
sence of urgency and improvement in other symptoms (SF 
and RB), we compared the time to symptomatic remission 
and response between patients with and without absence of 
urgency at baseline and Weeks 4, 8, and 12 using Kaplan–
Meier curves and log-rank tests.

This study is registered with ClinicalTrials.gov, number 
NCT02589665.

Role of Funding Source
The funder of the study was involved in the study design, data 
collection, data analysis, and data interpretation. The study 

funder provided funding for writing support and editorial as-
sistance with manuscript preparation.

Data Sharing Statement
Lilly provides access to all individual participant data col-
lected during the trial, after anonymization, with the excep-
tion of pharmacokinetic or genetic data. Data are available 
to request 6 months after the indication studied has been 
approved in the United States and EU and after primary pub-
lication acceptance, whichever is later. No expiration date of 
data requests is currently set once data are made available. 
Access is provided after a proposal has been approved by an 
independent review committee identified for this purpose and 
after receipt of a signed data sharing agreement. Data and 
documents, including the study protocol, statistical analysis 
plan, clinical study report, blank or annotated case report 
forms, will be provided in a secure data sharing environment. 
For details on submitting a request, see the instructions pro-
vided at www.vivli.org.

Results
Baseline Demographics and Disease Characteristics
Baseline (BL) demographics and disease characteristics were 
examined across bowel urgency status at Weeks 12 and 52 
and included all patients regardless of urgency status at 
baseline. Bowel urgency was absent in 27/249 (10.8%) of 
patients at baseline. In general, baseline characteristics, in-
cluding Mayo score components of SF, RB, and endoscopy, 
were similar in patients with both absence and presence of 
urgency at Weeks 12 and 52. Patients who reported absence 
of urgency at Week 12 had lower mean disease duration (ab-
sence of urgency 6.9 ± 5.7 years, presence of urgency 9.0 ± 
9.1 years, P = .04), higher mean baseline SF-36 PCS (absence 
of urgency 43.9 ± 6.8, presence of urgency 40.8 ± 7.3, P = 
.001) and total IBDQ scores (absence of urgency 133.6 ± 
33.7, presence of urgency 121.5 ± 30.2, P = .004) and were 
less likely to report urgency at baseline (absence of urgency: 
79% urgency at BL, presence of urgency: 95% urgency at 
BL, P = .0001) compared to those reporting urgency at Week 
12. Those who achieved absence of urgency at Week 52 had 
lower mean weight (absence of urgency 71.3 ± 16.6 kg, pres-
ence of urgency 78.7 ± 18.5 kg, P = .04) and higher mean 
total IBDQ scores (absence of urgency 128.9 ± 30.3, pres-
ence of urgency 115.7 ± 28.0, P = .03) at baseline compared 
to those with urgency at Week 52 (Table 1).

Associations Between Urgency Status and 
Improvement in IBDQ
Improvement on the total IBDQ score was significantly 
greater in patients who achieved absence of urgency at 
Week 12 compared to those who still had urgency. A 
similar pattern was observed for the 4 IBDQ subscores, 
which corresponded to percent changes from BL (% ΔBL) 
that were more than 2 times greater in patients who re-
ported absence of urgency compared to patients who re-
ported presence of urgency (Supplementary Figure 3). These 
differences in IBDQ improvement were highly significant 
between bowel urgency status groups despite adjusting for 
RB and SF, which suggests that bowel urgency is an inde-
pendent symptom significantly associated with IBD-related 
QoL (Table 2).
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Associations Between Urgency Status and 
Improvement in SF-36
The improvement in the SF-36 PCS and MCS was nu-
merically greater between patients achieving absence of 
bowel urgency at Weeks 12 and 52 compared to patients 
still experiencing urgency after adjusting for SF and RB. 
However, the difference was only statistically significant 
between urgency status groups for the Week 52 SF-36 PCS 
(Table 2).

Relative Association Between Urgency, RB, and SF 
Toward Improvement in QoL at Week 12
Coefficients of partial determination (partial R2) using Type 
III sum of squares were calculated from the same ANCOVA 
model as shown in Table 2 to compare the relative impor-
tance of urgency, RB, and SF toward improvement in IBDQ 
and SF-36 scores at Week 12 (Figure 1). As expected, BL 
total IBDQ score had the highest relative importance toward 
explaining improvement on the total IBDQ score at Week 
12. Although no symptoms closely correlated with IBDQ 
at Week 12, the magnitude of correlation was strongest 
with RB, followed by absence of bowel urgency, and then 
SF. This suggests that bowel urgency was as important of 
a symptom, if not more so, in explaining improvements in 
IBDQ as SF.

Predictiveness of Urgency, RB, and SF at Week 12 
Toward QoL Improvement at Week 52
When comparing whether urgency status, RB, or SF at Week 
12 were predictive of improvement in IBDQ at Week 52 in a 
multiple regression model, Week 12 urgency status was seen 
to be the only predictor significantly associated with the total 
IBDQ score (P = .016) as well as every IBDQ domain score 
except the bowel symptoms domain (P = .055) (Table 3). SF 
and RB at Week 12 were not seen to be significant predictors 
of improvement of the total IBDQ score or any domain score 
at Week 52. After adjusting for the other predictors in the 
model, all 3 symptom variables at Week 12 were seen to not 
be significant predictors for improvement on the SF-36 PCS 
and MCS at Week 52.

Associations Between Bowel Urgency and 
Inflammatory Biomarkers
At Week 12, patients who reported absence of urgency had 
significantly greater ΔBL in both CRP and fCLP compared 
to patients who reported presence of urgency (CRP: absence 
of urgency −7.34 ± 1.57; presence of urgency −3.06 ± 1.49,  
P = .025; fCLP: absence of urgency −1614.07 ± 415.54; pres-
ence of urgency −109.24 ± 388.35, P = .003). At Week 52, 
although there was no statistically significant difference in 
ΔBL in CRP or fCLP between patients reporting absence or 

Table 1. Baseline demographics and disease characteristics by bowel urgency status at Weeks 12 and 52.

Mean (SD) unless otherwise noted Week 12 bowel urgency status Week 52 bowel urgency status

Bowel urgency absent
N = 91

Bowel urgency present
N = 158

Bowel urgency absent
N = 66

Bowel urgency present
N = 40

Age, years 41.1 (13.3) 43.4 (14.2) 39.6 (12.8) 41.6 (15.0)

Weight, kg 73.7 (16.7) 75.7 (16.7) 71.3 (16.6)* 78.7 (18.5)

Disease duration, years 6.9 (5.7)* 9.0 (9.1) 8.3 (6.8) 6.9 (6.6)

Prior biologic use, n (%) 46 (51) 107 (68) 32 (48) 22 (55)

Concomitant therapies, n (%)

  5-ASA 66 (73) 118 (75) 54 (82) 31 (78)

  Corticosteroids 44 (48) 78 (49) 28 (42) 20 (50)

  Thiopurines 23 (25) 46 (29) 20 (30) 9 (23)

Bowel urgency at BL, n (%) 72 (79)* 150 (95) 59 (89) 36 (90)

Mayo score, n (%)

  6–8 45 (50) 59 (38) 25 (38) 20 (50)

  9–12 45 (50) 98 (62) 41 (62) 20 (50)

Mayo SF subscore 2.2 (0.8) 2.5 (0.7) 2.4 (0.8) 2.3 (0.8)

Mayo RB subscore 1.4 (0.9) 1.4 (0.8) 1.6 (0.8) 1.4 (0.8)

Mayo endoscopic subscore 2.7 (0.5) 2.8 (0.4) 2.7 (0.5) 2.7 (0.5)

SF-36

  Physical Component Score 43.9 (6.8)* 40.8 (7.3) 42.5 (8.3) 40.7 (6.9)

  Mental Component Score 40.4 (10.1) 38.7 (10.7) 39.7 (9.6) 36.8 (10.1)

IBDQ total score 133.6 (33.7)* 121.5 (30.2) 128.9 (30.3)* 115.7 (28.0)

CRP, mg/L, median (range) 3.3 (0.1–164.0) 5.1 (0.1–77.1) 3.3 (0.1–84.9) 6.7 (0.1–164.0)

fCLP, mg/kg, median (range) 1700.5 (15.0–31 680) 1442.0 (15.0–22 742) 1576.0 (15.0–31 680) 1773.0 (99.0–10 241)

Baseline demographics and disease characteristics at Week 0, grouped by urgency status at Week 12 or 52. Abbreviations: ASA, aminosalicylic acid; BL, 
baseline; CRP, C-reactive protein; fCLP, fecal calprotectin; IBDQ, Inflammatory Bowel Disease Questionnaire; RB, rectal bleeding; SF, stool frequency; 
SF-36, Medical Outcomes Study 36-Item Short Form Health Survey Version 2 Standard.
*P < .05 compared to those with presence of urgency at Week 12 or 52.
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presence of urgency, levels of CRP and fCLP continued to 
decrease from Weeks 12 to 52 (Figure 2 and Supplementary 
Table 1).

Associations Between Bowel Urgency and Clinical 
Outcomes: Week 12
At Week 12, patients who reported absence of urgency had 
significantly higher rates of achieving all clinical outcomes 
examined compared to those reporting presence of urgency 

(Table 4) (clinical remission: 22/91 [24.2%] of patients with 
absence of urgency vs 12/158 [7.6%] in those with presence 
of urgency [P = .0019]; clinical response: 64/91 [70.3%] 
of patients with absence of urgency vs 42/158 [26.6%] in 
those with presence of urgency [P < .0001]; SF remission: 
62/91 [68.1%] of patients with absence of urgency vs 48/158 
[30.4%] in those with presence of urgency [P < .0001]; RB 
remission: 74/91 [81.3%] of patients with absence of ur-
gency vs 57/158 [36.1%] in those with presence of urgency 
[P < .0001]; endoscopic healing: 29/91 [31.9%] of patients 
with absence of urgency vs 17/158 [10.8%] in those with 
presence of urgency [P = .0004]). Among patients who ex-
perienced SF remission or RB remission at Week 12, 44% 
still experienced urgency. The proportion was lower (35%) 
among patients who achieved clinical remission, and 37% 
among patients who achieved endoscopic healing at Week 
12. This suggests that while urgency is associated with reso-
lution of symptoms and endoscopic healing, existing clinical 
assessments do not holistically capture a patient’s experience 
of bowel urgency.

Associations Between Bowel Urgency and Clinical 
Outcomes: Week 52
Similarly, patients achieving absence of urgency at Week 52 
had significantly higher rates of improvement in all clinical 
outcomes examined at Week 52 (Table 4) (clinical remis-
sion: 35/66 [53.0%] of patients with absence of urgency, 
5/40 [12.5%] in those with presence of urgency [P < .0001]; 
clinical response: 62/66 [93.9%] of patients with absence of 

Table 2. Improvement in quality of life measures by bowel urgency status, adjusted for rectal bleeding and stool frequency, at Weeks 12 and 52.

Week 12

Bowel urgency absent
N = 91

Bowel urgency present
N = 156

Difference in LSM ΔBL
(95% CI)

P

LSM ΔBL (SE)

  IBDQ total score 25.3 (4.6) 11.3 (3.9) 14.0 (5.9, 22.1) <.001

  IBDQ bowel symptoms 10.0 (1.4) 5.0 (1.2) 4.9 (2.6, 7.3) <.001

  IBDQ emotional function 8.3 (2.1) 3.7 (1.7) 4.6 (1.1, 8.2) .011

  IBDQ social function 3.2 (1.0) 0.8 (0.8) 2.4 (0.6, 4.2) .008

  IBDQ systemic symptoms 3.8 (0.8) 2.1 (0.7) 1.7 (0.3, 3.2) .019

  SF-36 MCS 3.2 (1.6) 1.1 (1.3) 2.2 (−0.6, 4.9) .118

  SF-36 PCS 4.6 (1.0) 3.2 (0.9) 1.3 (−0.4, 3.1) .142

Week 52

Bowel urgency absent
N = 66

Bowel urgency present
N = 40

Difference in LSM ΔBL
(95% CI)

P

LSM ΔBL (SE)

  IBDQ total score 43.5 (8.3) 28.0 (7.7) 15.5 (5.0, 25.9) .004

  IBDQ bowel symptoms 16.0 (2.4) 10.9 (2.2) 5.2 (2.2, 8.1) <.001

  IBDQ emotional function 12.5 (3.7) 8.6 (3.4) 3.9 (−0.7, 8.5) .096

  IBDQ social function 7.5 (1.8) 4.8 (1.7) 2.7 (0.3, 5.0) .025

  IBDQ systemic symptoms 6.7 (1.6) 3.3 (1.5) 3.4 (1.4, 5.4) .001

  SF-36 MCS 3.7 (3.4) 2.8 (3.2) 0.9 (−3.3, 5.2) .668

  SF-36 PCS 8.3 (2.0) 5.4 (1.9) 2.9 (0.3, 5.5) .026

Abbreviations: ΔBL, change from baseline (Week 0); CI, confidence interval; IBDQ, Inflammatory Bowel Disease Questionnaire; LSM, least squares mean; 
MCS, Mental Component Summary; PCS, Physical Component Summary; SF-36, Medical Outcomes Study 36-Item Short Form Health Survey Version 2 
Standard.

Figure 1. Relative importance of urgency status or Mayo subscores to 
variation in IBDQ measures at Week 12. Partial R2 values were calculated 
from an ANCOVA model that includes bowel urgency, rectal bleeding, 
or stool frequency status, to compare the proportion of variation in QoL 
gained from the addition of each symptom into the model. Brighter 
green indicates a stronger contribution while red indicates a weaker 
contribution. Abbreviations: ANCOVA, analysis of covariance; BL, 
baseline; IBDQ, Inflammatory Bowel Disease Questionnaire; QoL, quality 
of life; RB, rectal bleeding; SF, stool frequency; W12, Week 12.

http://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otac016#supplementary-data
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urgency, 19/40 [47.5%] in those with presence of urgency  
[P < .0001]; SF remission: 60/66 [90.9%] of patients with 
absence of urgency, 16/40 [40.0%] in those with presence of 
urgency [P < .0001]; RB remission: 59/66 [89.4%] of patients 
with absence of urgency, 22/40 [55.0%] in those with presence 
of urgency [P = .0004]; endoscopic healing: 40/66 [60.6%] of 
patients with absence of urgency, 11/40 [27.5%] in those with 
presence of urgency [P = .0005]). At Week 52, the proportion 
of patients in clinical remission who still experienced urgency 
decreased to 5%, while those with endoscopic healing who 
still experienced urgency decreased to 22%, and those with 
SF or RB remission who experienced urgency fell to 21% and 
27%, respectively.

Association Between Bowel Urgency and Time to 
Symptomatic Response or Remission
Kaplan–Meier curves for time to symptomatic remission by 
urgency status at different visit weeks showed that patients 
who reported absence of urgency at baseline, or achieved 
absence of urgency at Weeks 4, 8, or 12 had a faster time 
to symptomatic remission than patients who reported 
experiencing bowel urgency at those time points (Figure 
3A). Likewise, patients who achieved absence of urgency 
at Weeks 4, 8, or 12 had a faster time to symptomatic re-
sponse (Figure 3B) than those who reported presence of 
urgency.

Discussion
In this analysis of the results of a Phase 2 study of mirikizumab 
in patients with UC, we show that the absence of bowel ur-
gency is associated with improved QoL measures, decreased 
levels of inflammatory biomarkers, and improved clinical 
outcomes. The associations remained strong between ur-
gency status and the IBDQ total and domain scores, even 
after adjusting for SF and RB, which suggests bowel urgency 
is independently associated with QoL. Independent associa-
tion with bowel urgency was not the case for SF-36, however, 
most likely because SF-36 is a generic health QoL survey25 
and thus may not directly address bowel urgency, while IBDQ 
is specific for IBD. Among the IBDQ subcategories, absence 
of urgency correlated most strongly with improved bowel 
symptoms at Week 12, followed by improved social function, 
while at Week 52 absence of urgency correlated most strongly 
with improved bowel symptoms followed by improved sys-
temic symptoms. Absence of urgency was strongly associated 
with achieving all clinical outcomes that were measured at 
Weeks 12 and 52. At Week 52, of the patients in clinical re-
mission, only 5% reported presence of urgency.

Absence of urgency was strongly associated with reduced 
levels of both CRP and fCLP after 12 weeks of induction 
treatment with mirikizumab, suggesting a reduction in colonic 
inflammation associated with absence of urgency. Among 
patients who were induction responders, levels of biomarkers 
continued to decrease in patients with both presence and ab-
sence of urgency through Week 52, demonstrating that in the 
Week 12 responder population, inflammation decreases over 
time regardless of the presence of urgency, but a greater initial 
decrease is associated with absence of urgency. This suggests 
that bowel urgency in the maintenance phase may be asso-
ciated with factors other than inflammation, such as altered 
neuromuscular function or psychological factors. The unpre-
dictable and uncontrollable nature of bowel urgency can re-
sult in a great deal of anxiety, panic, and stress for patients 
with UC,3,29–31 and there may be a connection between anxiety 
and bowel urgency (eg, urgency related “post-traumatic stress 
disorder”) independent of inflammation.

Patients who reported absence of urgency at Week 12 had 
significantly shorter disease duration and higher baseline total 
IBDQ scores compared to those reporting presence of ur-
gency at Week 12, as well as a greater proportion of absence 
of urgency at baseline. Neither disease duration nor presence 
of bowel urgency at baseline was significantly different be-
tween patients who reported absence of urgency at Week 52 
and those who did not. Thus, disease duration and higher 
QoL as measured by the IBDQ may be an early indicator 
of rapid treatment-induced resolution of bowel urgency, but 
not necessarily of long-term response. Interestingly, disease 
activity, as measured by Mayo score components, was not 
significantly different at baseline in patients with or without 
urgency. Given the relatively small sample size of a Phase 2 
trial and the post hoc nature of the analyses, the association 
of these baseline characteristics with resolution of bowel ur-
gency would need to be explored further in a larger Phase 3 
trial.

The presence of bowel urgency has previously been re-
ported to have significant impact on patient QoL, limiting 
participation in physical and social activities, impinging on 
the ability to travel to and from work, and causing significant 
stress, anxiety, feelings of social isolation, and stigma.2,3,31–35 

Table 3. Predictiveness of urgency, RB, and SF at Week 12 toward QoL 
improvement at Week 52.

Parameter Estimate (SE) t-Statistic P

IBDQ total score

  Baseline value −0.69 (0.09) −8.03 <.001

  Week 12 SF score 2.83 (3.91) 0.72 .472

  Week 12 absence of urgency −13.72 (5.57) −2.46 .016

  Week 12 RB score 7.65 (9.02) 0.85 .398

IBDQ systemic symptoms

  Baseline value −0.74 (0.09) −8.04 <.001

  Week 12 SF score 0.65 (0.71) 0.92 .362

  Week 12 absence of urgency −2.55 (1.01) −2.54 .013

  Week 12 RB score 2.24 (1.63) 1.38 .172

IBDQ social function

  Baseline value −0.76 (0.08) −9.73 <.001

  Week 12 SF score 0.10 (0.83) 0.12 .901

  Week 12 absence of urgency −2.93 (1.19) −2.47 .015

  Week 12 RB score 1.17 (1.90) 0.62 .539

IBDQ emotional function

  Baseline value −0.50 (0.08) −6.45 <.001

  Week 12 SF score 2.99 (1.53) 1.96 .053

  Week 12 absence of urgency −4.79 (2.17) −2.21 .029

  Week 12 RB score 2.14 (3.52) 0.61 .545

IBDQ bowel symptoms

  Baseline value −0.87 (0.09) −9.96 <.001

  Week 12 SF score −1.03 (1.29) −0.8 .427

  Week 12 absence of urgency −3.55 (1.83) −1.95 .055

  Week 12 RB score 0.24 (3.05) 0.08 .939

Abbreviations: IBDQ, Inflammatory Bowel Disease Questionnaire; RB, 
rectal bleeding; SF, stool frequency.
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Figure 2. Change from baseline CRP or fCLP in patients with or without bowel urgency. Mean change from baseline ± SE of CRP and fCLP at Week 
12 (A and B) and Week 52 (C and D) in patients with presence of urgency or absence of urgency at those time points. Abbreviations: CRP, C-reactive 
protein; fCLP, fecal calprotectin.

Table 4. Clinical outcome measures by bowel urgency status at Weeks 12 and 52.

All values, n (%) Week 12

Bowel urgency absent
N = 91

Bowel urgency present
N = 158

Pa Adjusted odds ratio
(95% CI)

Clinical remissionb 22 (24.2) 12 (7.6) .0019 3.6 (1.6, 8.0)

Clinical responsec 64 (70.3) 42 (26.6) <.0001 6.3 (3.4, 11.6)

Mayo stool frequency remissiond 62 (68.1) 48 (30.4) <.0001 4.6 (2.6, 8.2)

Mayo rectal bleeding remissione 74 (81.3) 57 (36.1) <.0001 7.2 (3.8, 13.7)

Mayo endoscopic healingf 29 (31.9) 17 (10.8) .0004 3.6 (1.8, 7.2)

Week 52

Bowel urgency absent Bowel urgency present P Adjusted odds ratio

N = 66 N = 40

Clinical remission 35 (53.0) 5 (12.5) <.0001 10.7 (3.3, 35.0)

Clinical response 62 (93.9) 19 (47.5) <.0001 24.0 (6.2, 92.5)

Mayo stool frequency remission 60 (90.9) 16 (40.0) <.0001 19.8 (5.7, 68.1)

Mayo rectal bleeding remission 59 (89.4) 22 (55.0) .0004 6.6 (2.3, 18.6)

Mayo endoscopic remission 40 (60.6) 11 (27.5) .0005 5.6 (2.1, 14.7)

Abbreviations: CI, confidence interval; RB, rectal bleeding; SF, stool frequency.
aFrom logistic regression model for remissions or responses, adjusted by urgency status, age, sex, geographic region and prior biologic experience. Missing 
values for the clinical outcome and absence of urgency were imputed using nonresponder imputation.
bClinical remission: RB Mayo subscore of 0, SF Mayo subscore of 0 or 1 with a ≥1 point decrease from baseline, and Mayo endoscopic subscore of 0 or 1.
cClinical response: a decrease in the 9-point Mayo subscores (comprising the subscores of rectal bleeding, stool frequency and the endoscopic findings) 
inclusive of ≥2 points and ≥35% from baseline with either a decrease of rectal bleeding subscore of ≥1 or rectal bleeding subscore of 0 or 1.
dStool frequency remission: Mayo SF = 0 or 1 with a ≥1 point decrease from baseline.
eRectal bleeding remission: Mayo RB = 0.
fEndoscopic healing: Mayo endoscopy = 0 or 1.
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Our findings that all IBDQ domain scores were significantly 
improved in patients with absence of urgency compared to 
those with presence of urgency, even after adjusting for disease 

activity, are in agreement with and further support these prior 
studies, demonstrating the strong impact that bowel ur-
gency has on QoL in patients with UC and suggesting that 

Figure 3. Time to symptomatic response and remission in patients with or without bowel urgency. Kaplan–Meier analyses demonstrate how time to 
achieving symptomatic remission (RB = 0, SF = 0 or 1; A) or symptomatic response (≥35% decrease from baseline with either an RB decrease of ≥1 
or RB = 0 or 1; B) changes as patients achieve absence of urgency (blue line) at baseline or Weeks 4, 8, and 12. Abbreviations: RB, rectal bleeding; SF, 
stool frequency.
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lack of bowel urgency may be used as a rough surrogate for 
QoL measures. Furthermore, absence of urgency at Week 12 
was significantly associated with and independently predic-
tive of improvements in IBDQ at Week 52 (Figure 1) after 
adjusting for Week 12 disease activity and baseline IBDQ. 
Our findings here are in agreement with the recent publica-
tion by Ghosh et al, which found that improvements in bowel 
urgency symptoms were associated with IBDQ score, changes 
in biomarkers, and most clinical outcomes in a Phase 2 trial 
of upadacitinib.36 This highlights the importance of urgency 
in the UC disease state regardless of the mechanism of inter-
vention, as similar results were observed after treatment with 
both a p19-directed anti-IL-23 antibody and a Janus kinase 
inhibitor.

The percentage of patients achieving a given clinical out-
come was strongly associated with absence of urgency in 
patients for all clinical outcomes that were assessed. Because 
clinical outcomes included SF and RB, obtained from the 
Mayo score, adjustments for these disease activity components 
were not made when examining the association between ur-
gency status and clinical outcomes derived from the Mayo 
score. A number of patients with clinical remission or endo-
scopic healing (and thus no RB and normal SF) still experi-
enced bowel urgency however, suggesting that while urgency 
is associated with clinical outcomes, it was not completely 
captured using standard methods to assess disease activity. 
Our results show that, in agreement with previous studies,3 
more than 40% of those patients who have normal SF or a 
lack of RB still experience urgency after 12 weeks of treat-
ment, affirming the vital importance of including the presence 
of bowel urgency in assessments of disease activity. Moreover, 
our analyses show that earlier resolution of bowel urgency is 
associated with shorter time to symptomatic response and re-
mission (Figure 3). Given the association of urgency improve-
ment with rapid treatment response as well as with changes 
in inflammatory markers, bowel urgency could potentially be 
used by clinicians along with RB and SF as surrogate markers 
to guide communication to patients about expected rapidity 
of treatment response, as has been suggested previously by 
Higgins et al.37

Limitations of this study include the binary nature (present/
absent) of the measurement of bowel urgency which, sim-
ilar to the study by Ghosh et al,36 does not allow assessment 
of changes in severity of bowel urgency if the symptom is 
still present. Additionally, bowel urgency associations were 
analyzed post hoc, urgency status was not an inclusion cri-
terion for the trial, and the Phase 2 study had a relatively 
small sample size, especially during the maintenance period. 
Bowel urgency has been relatively neglected as a symptom 
and is not a component of commonly used clinical scoring 
systems, such as the Mayo Clinic Score. Despite these limi-
tations, the absence of urgency achieved in patients with UC 
after mirikizumab treatment22 is strongly associated with 
improved outcomes across the board.

The small proportion of patients without urgency at base-
line in this study limited our ability to assess the association 
between change in urgency status (improvement, worsening, 
persistent urgency, or persistent lack of urgency) and other 
endpoints. As such, we were limited to examining associations 
between bowel urgency status at the end of the induction and 
maintenance phases with improvement on the other endpoints. 
These associations for change in bowel urgency remain an 

area to be explored in future work; the larger population of 
our ongoing Phase 3 trial will allow us the statistical power 
to make these types of comparisons, along with the use of 
the recently developed Urgency Numeric Rating Scale which 
enables the assessment of bowel urgency severity.13

While there remains a communication gap between health-
care providers and patients regarding bowel urgency, this 
study, in addition to others, has reinforced the importance of 
bowel urgency from a clinical perspective.2–5,35 Because of the 
importance of bowel urgency to patients, recommendations 
have been made to include bowel urgency in the clinical as-
sessment of IBD patients and considered for inclusion in treat-
ment plans.5,38 Recent American College of Gastroenterology 
(ACG) Guidelines1 have stated that initial treatment of UC 
should focus on restoration of normal SF and control of 
the primary symptoms of bleeding and urgency. The strong 
associations we observed between bowel urgency status and 
both QoL and clinical outcomes support the importance of 
evaluating bowel urgency in a clinical setting, and the inclu-
sion of resolution of bowel urgency as an independent treat-
ment goal for patients with UC.

Supplementary Data
Supplementary data is available at Crohn’s and Colitis 360 
online.
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