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Abstract

Background: Budesonide multimatrix (MMX) system has
been approved for the induction of remission in patients
with active, mild to moderate ulcerative colitis (UC), and of-
fers potential safety benefits over more commonly utilized
corticosteroid therapies. Objectives: In a real-world setting
we aimed to evaluate the proportion of UC patients treated
with budesonide MMX who had an inadequate clinical re-
sponse, defined as requiring transition to prednisone, and to
identify any predictors of inadequate response. Methods:
We performed a single-center retrospective cohort study
evaluating adult patients with UC, =18 years of age, who
were treated with budesonide MMX. We used bivariate and
multivariable analyses to identify predictors of inadequate
response to budesonide MMX. Results: Ninety-six patients
were treated with budesonide MMX. Before initiation of
budesonide MMX 55, 35, and 8% were on aminosalicylate,
immunomodulator, and/or biologic therapy or no therapy
for UCrespectively. While 54% (52/96) of patients responded
to budesonide MMX, 46% (44/96) required a transition to

prednisone. Patients who required transition to prednisone
were more likely to be male (39 vs. 19%, p = 0.035) and
younger at the time of diagnosis (median age 23.5 vs. 29.0
years, p = 0.034). Age <29 years at diagnosis (adjusted OR
3.10,95% ClI 1.21-7.95) and male sex (adjusted OR 2.96, 95%
Cl 1.12-7.77) but not concomitant therapy with biologics
and/or immunomodulators or disease extent were associ-
ated with increased odds of requiring transition to predni-
sone. Conclusions: Budesonide MMX is effective in more
than half of patients with mild-to-moderate UC. Predictors of
budesonide non-response and need to transition to predni-
sone include male sex and younger age at diagnosis.

© 2019 S. Karger AG, Basel

Introduction

Budesonide multimatrix (MMX) system has been ap-
proved for the induction of remission in patients with ac-
tive, mild-to-moderate ulcerative colitis (UC) [1]. Previ-
ously limited to rectal preparations, oral formulations of
budesonide have been introduced in recent years.
Budesonide MMX is an orally active, second-generation
corticosteroid designed to deliver active drug throughout
the colon.
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Budesonide MMX has been demonstrated in clinical
trials as more effective than placebo in inducing remis-
sion in patients with active, mild-to-moderate UC [2].
When first approved as a therapy for UC, budesonide
MMX offered a novel mechanism of action as it deliv-
ered budesonide throughout the colon [3], previously a
limitation of prior formulations of budesonide.
Budesonide MMX also offers the benefit of nearly 90%
first-pass metabolism in the liver to metabolites with
minimal or no corticosteroid activity [4], providing po-
tential safety benefits over the more commonly used cor-
ticosteroid therapies such as prednisone [5], which can
have significant adverse effects such as changes in blood
glucose, bone metabolism, sleep disorder, and mood
changes [6, 7]. This may make budesonide MMX a desir-
able alternative to corticosteroids, as patients with UC
identify the side effect profile and symptom relief as the
most important attributes to consider when selecting a
UC therapy [8]. Additionally, recent guidelines from the
American College of Gastroenterology have identified
several clinical scenarios where the use of budesonide
MMX is appropriate if not favorable in the care of pa-
tients with UC [9].

In a pooled analysis from 2 phase 3 studies, oral
budesonide MMX 9 mg per day was associated with sig-
nificant improvements in a combined clinical and endo-
scopic remission rate when compared to placebo [10].
Budesonide MMX has also demonstrated efficacy in pa-
tients’ refractory to oral mesalamine therapy [11]. Addi-
tionally, a Cochrane review showed comparable rates of
serious adverse events when comparing budesonide
MMX and placebo [12]. Budesonide MMX has also been
reported to be cost effective for the second-line treatment
of mild to moderate UC when compared to comparators
[13]. Despite these findings, in a recent network meta-
analysis, budesonide MMX was not more effective than
combined oral and rectal aminosalicylate therapy or high
dose mesalazine, and demonstrated inferior tolerability
[14].

We realize that patients treated in real-world settings
are often not the same as those enrolled in clinical trials,
as previously demonstrated in other tertiary care inflam-
matory bowel disease (IBD) clinics [15]. Additionally, in
daily practice, efforts to minimize systemic steroid expo-
sure and patient preferences drive treatment decisions
[16]. To better understand the utility of budesonide MMX
in patients with UC, we aimed to evaluate the real-world
efficacy of budesonide MMX in the treatment of patients
with active, mild-to-moderate UC in our tertiary care
multidisciplinary IBD center. In this population, we
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aimed to evaluate the rate of inadequate clinical response,
defined as requiring transition to prednisone therapy,
and to identify any predictors of inadequate response.

Methods

Patient Population

We performed a retrospective cohort study, examining adult
patients with mild-to-moderate UC, 218 years of age, who were
treated with budesonide MMX. All patients were treated within
the University of North Carolina (UNC) Hospitals system. Pa-
tients were identified for inclusion into the study using Interna-
tional Classification of Diseases 9th and 10th Clinical Modification
coding (556.xx and K51.xx) and the Informatics for Integrating
Biology and the Bedside (i2b2) platform through the Carolina Data
Warehouse for Health. The i2b2 platform was developed by the
i2b2 Center, a National Institutes of Health (NIH) funded Nation-
al Center for Biomedical Computing based at Partners HealthCare
System in Boston, Massachusetts [17, 18]. Patients were eligible for
inclusion based on the following criteria: (i) age 218 years of age,
(if) an existing diagnosis of UC, (iii) prior treatment with
budesonide MMX between January 1, 2013 and December 31,
2017 (iv) treatment in the outpatient clinic. Patients with Crohn’s
disease or those receiving other formulations of budesonide were
excluded from these analyses.

Definition of Cohorts

Patients were grouped into 2 cohorts based on their response
to budesonide MMX. Those patients requiring transition to pred-
nisone rescue therapy were defined as having an inadequate clini-
cal response to budesonide MMX, given the failure of budesonide
MMX and need to transition to another active steroid therapy. All
other patients who did not require immediate transition to pred-
nisone were defined as responders to budesonide MMX therapy.

Definition of Covariates

Our primary aim in this study was to evaluate the rate of pa-
tients with UC treated with budesonide MMX who ultimately re-
quired transition to prednisone therapy due to inadequate re-
sponse. Additionally, we aimed to identify any potential predictors
of inadequate response. To identify predictors, we analyzed both
demographic and clinical factors that could potentially be related
to inadequate response to budesonide MMX, including age at the
time of treatment, age at the time of diagnosis, sex, body mass in-
dex, race, disease extent, tobacco use, and therapy prior to the ini-
tiation of budesonide MMX and concomitant therapy at the time
of budesonide. Where available, the Mayo endoscopic sub-score
prior to and after treatment with budesonide MMX was also ana-
lyzed [19, 20].

Statistical Analysis

Continuous variables are presented using means and SDs, and
compared using Student ¢ tests and Wilcoxon-rank-sum testing
where appropriate. Proportions are used to express categorical
variables, which were analyzed using Fisher exact and chi-square
testing. Potential predictors of inadequate response to budesonide
MMX (and the need for transition to prednisone) were evaluated
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using univariable and multivariable logistic regression to adjust
for confounders. In multivariable logistic regression models, all
variables included were selected a priori given their suspected rel-
evance to potential response to budesonide MMX. Additionally,
given our suspicion of the role that concomitant therapies may
play in the efficacy of budesonide MMX, we performed secondary
analyses excluding patients on concomitant biologic therapies at
the time of budesonide MMX initiation. Given that this was a
real-world analysis, patients with disease limited to the rectum
were included in the analyses; however, a secondary analysis was
performed excluding these patients. A two-tailed p value of 0.05
was chosen as the threshold for statistical significance for all tests.
Unadjusted and adjusted ORs and 95% Cls are presented. All
analyses were performed using SAS (version 9.4) statistical soft-
ware (SAS Institute, Cary, NC, USA). The study protocol was ap-
proved by the Institutional Review Board at the UNC at Chapel
Hill.

Results

A total of 96 patients with UC were treated with
budesonide MMX between January 1, 2013 and Decem-
ber 31, 2017. Before the initiation of budesonide MMX,
the majority of patients were on aminosalicylate thera-
py (53/96; 55%). Of the remaining patients 18, 17, and
8% were on immunomodulator monotherapy, biologic
monotherapy or combination therapy (anti-TNF
[10/96] and vedolizumab [6/96]) or no UC-related
therapy respectively. Of the 96 patients, 44 (46%) re-
quired transition to prednisone, with 18 (19%) requir-
ing transition to prednisone within 4 weeks of initiation
of budesonide MMX. The median age of the population
was 38.0 years (interquartile range [IQR] 28-53.5),
while the median duration of disease was 12.0 years
(IQR 6-16) prior to initiation of budesonide MMX. The
population was 28% male and 79% of patients had nev-
er smoked. When evaluating the indication for
budesonide MMX, 14% of patients initiated budesonide
MMX due to prior side effects of prednisone, while 86%
initiated budesonide MMX in an effort to prevent side
effects of prednisone.

When comparing the baseline demographic and clini-
cal characteristics of those patients who required transi-
tion to prednisone to those patients who responded to
budesonide MMX, patients who required transition to
prednisone were significantly more likely to be male (39
vs. 19%, p =0.035; Table 1, Fig. 1). Patients requiring tran-
sition to prednisone were also more likely to be younger
at the time of diagnosis (median age 23.5 vs. 29, p = 0.034;
Fig. 1), and were more likely to be of white race (91 vs.
77%, p = 0.032 across all groups). When comparing pa-
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tients of white race with those patients of all other racial
groups, there was no significant difference noted (p =
0.067). There were no significant differences when com-
paring concomitant therapy at the time of budesonide
MMX initiation.

A subset of patients had endoscopic data available pri-
or to induction with budesonide MMX and following
treatment. Among 34 patients who underwent colonos-
copy prior to initiation of budesonide MMX therapy,
there was no significant difference when comparing Mayo
endoscopic sub-scores among patients who required tran-
sitioned to prednisone and those that did not (p = 0.511).
Similarly, there was no difference in endoscopic outcomes
among 28 patients after treatment with budesonide MMX
when comparing those patients requiring transition to
prednisone and those who did not, p = 0.601).

Male sex was associated with increased odds of requir-
ing transition to prednisone in both the unadjusted anal-
ysis (OR 2.64, 95% CI 1.06-6.63) and in the multivariable
analysis after adjusting for confounders (OR 2.96, 95%
CI 1.12-7.77; Table 2). Age <29 years at diagnosis was
also associated with increased odds of requiring transi-
tion to prednisone in both unadjusted (OR 2.47, 95% CI
1.05-5.82) and adjusted (OR 3.10, 95% CI 1.21-7.95)
analyses. In a secondary analysis excluding those patients
with any exposure to biologics (either prior to budesonide
MMX or concomitant with initiation, n = 17), male sex
(adjusted OR 2.73, 95% CI 1.04-7.17) and age <29 years
at diagnosis (adjusted OR 3.03, 95% CI 1.19-7.71) were
associated with increased odds of requiring transition to
prednisone, after adjusting for disease extent. Similarly,
when prior therapy utilization was added to the multi-
variable analysis, male sex and younger age at diagnosis
remained significant predictors (online suppl. Table 1; for
all online suppl. material, see www.karger.com/
do0i/10.1159/000501004). Additionally, when excluding
the 7 patients with disease limited to the rectum (Mon-
treal Classification of disease extent, proctitis), there was
no difference in the multivariable analysis (data not
shown). When comparing response to budesonide be-
tween those patients with exposure to prednisone in the
preceding 12 months and those without recent predni-
sone use, there was no statistically significant difference
in failure of budesonide (40 vs. 51%, p = 0.309).

The median duration of follow-up for the entire co-
hort was 59 days (IQR 28-208). The median duration of
budesonide MMX therapy was significantly shorter
among patients who required transition to prednisone
when compared to those patients who did not (43.5 vs. 83
days, p = 0.003). Among the 44 patients with a lack of re-
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Table 1. Baseline demographic and clinical characteristics of patients with UC treated with budesonide MMX system

No transition to Transition to p value
Prednisone (n = 52) Prednisone (n = 44)
n % n %
Gender, male 10 19 17 39 0.035
Race 0.032
White, non-Hispanic 40 77 40 91
Black, non-Hispanic 9 17 1 2
Hispanic 3 6 1 2
Asian 0 0 2 5
Age at diagnosis, median IQR 29 20-44 235 18-31 0.034
Disease duration, median IQR 10 6-14 13 7-17 0.290
BMI at time of budesonide MMX initiation, median IQR 23.9 21.8-28.7 24.9 22.6-28.4 0.514
Indication for budesonide MMX 0.731
Prior adverse effects with prednisone 8 16 5 12
Prevent adverse effects of prednisone 19 39 15 36
Other/unknown 22 45 22 52
Disease extent 0.752
Proctitis 4 8 3 7
Left-sided colitis 22 42 22 50
Extensive colitis 26 50 19 43
Tobacco use 0.403
Never smoker 41 79 35 80
Former smoker 10 19 6 14
Current smoker 1 2 3 7
Therapy prior to budesonide MMX 0.784
None 5 10 3 7
Aminosalicylate 28 56 25 57
Immunomodulator monotherapy 10 20 7 16
Biologic® 7 14 9 20
Mayo endoscopy subscore prior to budesonide MMX initiation® 0.511
Mayo 0 1 4 0 0
Mayo 1 9 39 2 18
Mayo 2 12 52 8 72
Mayo 3 1 4 1 9
Mayo endoscopy subscore after treatment with budesonide MMX¢ 0.601
Mayo 0 1 17 1 5
Mayo 1 1 17 3 14
Mayo 2 3 50 9 41
Mayo 3 1 17 9 41
Concomitant therapy at the time of budesonide MMX initiation 0.942
None 7 13 5 11
Aminosalicylate 25 48 21 48
Biologic and/or immunomodulator 20 38 18 41
Hospitalization after budesonide MMX initiation 2 4 4 9 0.408

2 Biologic therapy defined as monotherapy with infliximab, adalimumab, golimumab, vedolizumab or any of these agents in
combination with an immunomodulator.

b Mayo endoscopy subscore available for 34 patients prior to initiation (23 patients with no transition to prednisone, 11 patients with
transition).

¢ Mayo endoscopy subscore available for 28 patients after initiation (6 patients with no transition to prednisone, 22 patients with
transition).

MMX, multimatrix; IQR, interquartile range; BMI, body mass index; UC, ulcerative colitis.
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Table 2. Odds of requiring transition to prednisone therapy after budesonide MMX initiation, among patients

with UC, unadjusted and adjusted analyses

Unadjusted OR
(95% CI)

Adjusted OR*
(95% CI)

Gender, male
Age at diagnosis, years
<29

2.64 (1.06-6.63)

2.47 (1.05-5.82)

2.96 (1.12-7.77)

3.10 (1.21-7.95)

>29

Disease extent
Proctitis
Left-sided colitis
Extensive/pancolitis

Reference Reference

0.75 (0.15-3.75)
Reference
0.73 (0.32-1.69)

0.55 (0.10-3.03)
Reference
0.60 (0.24-1.49)

Concomitant therapy at budesonide MMX initiation

No therapy
Aminosalicylate
Biologic and/or immunomodulator

0.85 (0.24-3.08)
Reference
1.07 (0.45-2.54)

0.61 (0.15-2.49)
Reference
0.88 (0.35-2.25)

* All variables listed above were included in the final multivariable analysis.

MMX, multimatrix; UC, ulcerative colitis.
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sponse to budesonide MMX, 23% were initiated on a
prednisone dose of 30 mg daily, while 53% were initiated
on a dose of 40 mg daily. The remaining 14% were initi-
ated on a dose of 60-75 mg daily. Of the patients who re-
quired transition to prednisone 62% achieved clinical re-
sponse. When comparing those patients who subse-
quently responded to prednisone (n = 26) to those who
did not (n = 16), patients with no treatment with predni-
sone in the prior 12 months were numerically more like-
ly to respond to prednisone after a lack of response to
budesonide MMX (70 vs. 33%, p = 0.063). Among those
patients who did not require transition to prednisone, 5
(10%) patients were initiated on a new anti-TNF therapy,
4 (8%) were initiated on vedolizumab, and 6 (12%) were
initiated on a new immunomodulator therapy. There
were no significant differences in therapy initiated during

Budesonide MMX in Real-World Patients
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the study period when comparing those patients who re-
quired transition to prednisone and those who did not
(online suppl. Table 2).

Discussion

In a retrospective cohort study of patients with mild-
to-moderate UC treated with budesonide MMX, over
45% of patients initiated on budesonide MMX therapy
ultimately required transition to prednisone due to inad-
equate response. Following transition to prednisone, the
majority of these patients achieved clinical response. In
this tertiary care center population, male patients and
those patients with younger age at diagnosis were more
likely to require transition to prednisone when compared
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to patients who achieved adequate response to budesonide
MMX. There were no differences in outcomes when eval-
uating UC-specific therapies prior to the initiation of
budesonide MMX or when evaluating concomitant ther-
apies at the time of budesonide MMX initiation. To our
knowledge, this is the first real-world assessment of the
efficacy of budesonide MMX initiated in an outpatient
setting among patients with mild-to-moderate UC.

We used transition to prednisone as an indicator of
inadequate clinical response to budesonide. Given the
retrospective design of our study, this provided a defini-
tive end-point for assessing the budesonide response
rather than relying on the retrospective review of non-
uniform provider impression. Patients were generally
transitioned to prednisone because of inadequate im-
provement in clinical symptoms. As such, defining an in-
adequate response to budesonide based on an ultimate
transition to prednisone provided an indirect measure of
similar factors that are included in definitions of remis-
sion in other studies of budesonide for UC [10, 11]. In our
study, 54% of patients did not require transition to pred-
nisone, suggesting an adequate response to budesonide.
While this is a notably higher rate of response when com-
pared to a meta-analysis of 3 studies showing a remission
rate of 15% in patients treated with budesonide MMX
[12], these trials used a stringent definition of remission
that required both adequate clinical and endoscopic re-
sponses. Requiring both clinical and endoscopic response
rather than either finding alone may account for the dif-
ference in findings.

UC poses a significant burden to health care resources.
Studies have estimated that the direct medical costs of UC
were USD 2.7 billion [21], with health insurer and patient
out-of pocket expenditures between USD 390 and 920
million [22]. With the incidence of UC increasing and the
highest incidence of diagnosis occurring in the second to
fourth generations of life [23], this disease may continue
to have substantial economic impact. Budesonide MMX
has also been reported to be cost effective for the second-
line treatment of mild to moderate UC when compared
to comparators [13]. Given the growing potential impact
of UC on the healthcare system, it is prudent to identify
predictive factors of budesonide MMX efficacy to further
determine its place within treatment paradigms for US.

When assessing factors that may predict inadequate
response to budesonide, there was a statistically signifi-
cant association between male sex and transition to pred-
nisone. This is in contrast to the findings of a pooled-
analysis of 2 phase-3 studies that males and females had
comparable rates or remission (17.7 and 17.6%, respec-
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tively) [10]. Following transition to prednisone there was
no significant difference in clinical response when com-
paring male and female patients (data not shown). One
potential explanation for these findings is a difference in
compliance with UC therapies that has been demonstrat-
ed between male and female patients [24]. Given the as-
sociation of prednisone with weight gain, facial hair, and
other systemic effects [25, 26], female patients may have
also preferred continued therapy with budesonide as op-
posed to transition to prednisone; however, we could not
explore these potential explanations further.

We also demonstrated a statistically significant in-
crease in the odds of requiring transition to prednisone
among patients with a younger age at diagnosis. This may
indicate a more aggressive presentation [27] or potential-
ly an increased risk for complications [28]. Although
more patients of white race required transition to predni-
sone after induction with budesonide MMX, the popula-
tion of non-white patients was underpowered to further
evaluate these differences. Additionally, although a prior
Cochrane review has suggested that left-sided disease is
possibly a predictor of response to budesonide MMX
[12], we did not demonstrate a significant association be-
tween disease extent and a need for transition to predni-
sone. Given the associations demonstrated in our popula-
tion, these factors may require consideration by physi-
cians when prescribing in the future.

Wedid notdetectanegative association for budesonide
MMX response and the concomitant use of biologics. The
most recent guidelines for the treatment of patients with
UCreference the positioning of budesonide MMX among
patients with mild or moderate UC [9, 29]; however, in
18% of patients in this real-world cohort, budesonide
MMX was initiated in patients with prior or concomitant
biologic exposure. When patients with concomitant use
of biologics were excluded from the multivariable analy-
ses, the response patterns to budesonide MMX were sim-
ilar to those of the overall population. Although the use
of budesonide MMX among patients concomitantly
treated with biologics is somewhat higher than we might
have anticipated, this is a real-world cohort of patients
with UC, and is reflective of how budesonide MMX is be-
ing utilized in clinical practice for the treatment of pa-
tients with UC.

Determining the role of budesonide within treatment
paradigms for UC is an evolving discussion [14, 30].
There was no significant association between previous or
current therapies and transition to prednisone, including
patients on prior biologics or who previously required
prednisone. Our findings are consistent with studies that
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have demonstrated the efficacy of budesonide for mesa-
lamine-refractory UC [10]. Additionally, there was no
significant difference the initiation of new therapies, in-
cluding biologic therapies, when comparing patients who
remained on budesonide MMX and those requiring tran-
sition to prednisone.

Our study had multiple strengths, including the use of
a hard outcome of transition to prednisone to define in-
adequate response to budesonide MMX in an effort to
avoid assessing more subjective definitions of clinical re-
sponse retrospectively. However, our study does have
limitations. Despite defining a transition to prednisone as
our primary outcome, our study remains a retrospective
analysis of the efficacy of budesonide MMX. In those pa-
tients requiring transition to prednisone, the dosage of
prednisone after transition was not uniform. Although
the medication patterns prior to and concomitant with
budesonide MMX induction were not predictive of re-
sponse to budesonide MMX, this was a tertiary care mul-
tidisciplinary IBD center population. Additionally, al-
though multiple significant predictors of inadequate re-
sponse to budesonide MMX were identified, this remains
a relatively small population limiting the number of pre-
dictors that could be included in the final multivariable
models. Disease assessment by endoscopy prior to the ini-
tiation of budesonide was available in a minority of pa-
tients, which may reflect the choice to use budesonide
MMX in a population of patients with a disease course
that was predicted to be relatively mild at the time of ini-
tiation.

In conclusion, in a retrospective analysis of patients
with mild to moderate UC treated as outpatients at a ter-
tiary care referral IBD center, over 45% of patients treated
with budesonide MMX required transition to prednisone
therapy. Although budesonide MMX is effective for more
than half of the patients with mild-to- moderate UC, po-
tential limitations of efficacy may be considered among
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