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Abstract: Budesonide MMX is a low bioavailability corticosteroid oral once-daily formula-
tion, which has a controlled rate of release throughout the colon, thanks to the multimatrix
(MMX) formulation. It has been available for a decade in the USA and Europe for the
induction of remission in patients with active, mild to moderate ulcerative colitis, particularly
for those not responsive to mesalamine. The efficacy of budesonide MMX in this setting has
been assessed by registrative randomized controlled trials showing a higher rate of clinical
and endoscopic remission at 8 weeks compared with placebo, mostly in patients with
proctosigmoiditis and left-side colitis. Since it is available in our therapeutic armamentarium,
a few studies have confirmed the effectiveness of budesonide MMX also in real-life, high-
lighting the high rate of clinical response and remission and the high safety profile. In the
present review, we summarise clinical trials and real-life results of budesonide MMX,
assessing its use and predictors of response and non-response in real-life.
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Introduction
Ulcerative colitis (UC) is a chronic inflammatory bowel disease characterised by
flares mainly presenting with diarrhoea, rectal bleeding and urgency, alternating
with periods of remission. The main goal of therapy is treating the active disease to
achieve clinical and endoscopic remission, and maintain long-term remission.'
The treatment of active ulcerative colitis is generally guided by the severity,
extension and pattern of the disease, which includes relapse frequency, disease course,
response to previous medications and extraintestinal manifestations. Conventional
corticosteroids and biologics (anti-TNF alpha, vedolizumab, ustekinumab and tofaci-
tinib) are currently available therapies for the induction of clinical remission, in
particular for severe and refractory active UC. However, for mild-to-moderate (defined
as Ulcerative Colitis Disease Activity Index-UCDAI score 4-10) relapses of the
disease, when S-aminosalicylic acid (5-ASA) treatment is not sufficient to achieve
clinical remission, low-bioavailability corticosteroid formulations are now available.?
In this case, locally acting corticosteroids with low bioavailability and little
systemic absorption, such as budesonide and beclomethasone, may be a valid
alternative to systemic corticosteroids and biologics.> A number of randomised
clinical trials and real-life studies have shown the efficacy, effectiveness and safety
of budesonide MMX in inducing remission in mild-to-moderate UC.
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This narrative review aims to summarize the evidence
about the efficacy, effectiveness and safety of budesonide
MMX, where efficacy is the performance of an intervention
under ideal and controlled circumstances such as rando-
mised controlled studies (RCTs), whereas effectiveness
refers to its performance under “real-world” conditions.

We systematically searched the PubMed and Embase
bibliographic databases for all articles published up to
December 2020 combining the terms “Budesonide” and
“Ulcerative colitis”. We found 291 articles, 51 were perti-
nent (clinical trials, systematic reviews and metanalysis)
and 14, specifically about budesonide MMX, were consid-
ered for this review.

Budesonide MMX: Pharmacological

Features

Budesonide is a synthetic glucocorticosteroid similar to
prednisolone but with 15 times greater affinity for the
glucocorticoid receptor and higher topical activity.
Moreover, it has lower bioavailability due to high first-
pass liver metabolism (90%), which means less hypotha-
lamic-pituitary-adrenal axis suppression and fewer side-
effects compared to prednisolone.

Budesonide is currently available in different oral
formulations:* 1) controlled ileocolonic-release formula-
tion (CIR) characterized by PH and time-dependent
release, 2) pH dependent-release formulation, 3) multima-
trix (MMX) formulation.

While ileal-release and pH-dependent-release formula-
tions are released in terminal ileum and ascending colon
and are mainly used for induction of remission of mild-to-
moderate Crohn’s disease, budesonide MMX is the for-
mulation approved for the treatment of mild-to-moderate
UC.” Capsules are composed by lipophilic and hydrophilic
excipients enclosed within a gastro-resistant pH-dependent
coating. This pharmaceutical formulation enables homo-
geneous distribution of the active drug along the colonic
segments, particularly distal ones. In fact, it avoids the
release until the tablet is exposed at a pH >7, which is
reached in the terminal ileum, so that the active drug plays
its therapeutic role directly on the colonic mucosa.
Pharmacokinetic studies showed that the mean absorption
of budesonide MMX in the region between ascending and
descending colon was 95.5%, with drug detected in the
mucosa between 4 and 24 hours post-dose,” showing how
MMX technology enables the drug to reach exactly its
target. Another advantage of this formulation is the single

daily dose, which increases the patient’s adherence to the
therapy.* Moreover, the dose is the same for all the treat-
ment and does not need to be reduced.

Budesonide MMX - Randomised
Controlled Studies
Efficacy

The primary endpoint of all RCTs performed so far, was
the assessment of efficacy and safety of budesonide MMX
for induction of remission of mild-to-moderate UC,
namely the clinical and endoscopic remission after 8
weeks of treatment.

Among those, CORE (Colonic Release Budesonide)
I by Sandborn et al® and CORE II by Travis et al,” were
two identically designed randomized trials comparing
budesonide MMX 9 mg and 6 mg with mesalamine 2.4
g and placebo (CORE I) or with budesonide CIR 9 mg and
placebo (CORE II), respectively. In both studies, the treat-
ment schedule was 8 weeks and the primary endpoint was
clinical and endoscopic remission at week 8, defined as
UCDALI score <1 with score of 0 of rectal bleeding and
stool frequency, no mucosal friability on colonoscopy and
reduction of >1 point in endoscopic index score from
baseline.” In both studies clinical and endoscopic remis-
sion was achieved in a significantly greater percentage of
patients receiving budesonide MMX compared with pla-
cebo (17.9% vs 7.4%, p = 0.0143 in CORE I, 17.4% vs
4.5%, p = 0.005 in CORE II) (Table 1).

In particular, in CORE 1I° this difference remained
statistically significant after adjusting for age, sex and
geographic region. This benefit was significantly higher
for left-sided colitis (31.3% vs 5.9%, p = 0.0076) and
numerically higher for proctosigmoiditis. However, for
extensive disease no significant differences in clinical
and endoscopic remission rate were observed.

The secondary endpoints of CORE I study, namely
clinical and endoscopic improvement of patients, showed
that the rates of clinical improvement at week 8 among
patients given 9 mg or 6 mg budesonide MMX, or mesa-
lamine, were 33.3%, 30.6% and 33.9% respectively, com-
pared with 24.8% for placebo (P: n.s.) (Table 1) and that
the rates of endoscopic improvement at week 8 among
patients given 9 mg or 6 mg budesonide MMX or mesa-
lamine were 41.5%, 35.5% and 33.1% respectively, com-
pared with 33.1% for placebo (P: n.s.).

In CORE II” clinical and endoscopic remission rates
with budesonide MMX 9 mg for left-sided disease were
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Table | Main Features and Results of Clinical Studies of Budesonide (BUD) MMX 9 mg, Compared with Placebo, at Week 8 in
Ulcerative Colitis (Intention to Treat Analysis)

Author, Year | Study Design Number of Clinical Clinical Side Effects
Patients Improvement Remission

Sandborn, RCT 123 vs 121 33.3% vs 24.8% 17.9% vs 7.4% 28.3% vs

2012° BUD 9 mg vs placebo 26.4%§

Travis, 20147 RCT 109 vs 129 42.2% vs 33.7% 23.9% vs 11.2% 55.5% vs
BUD 9 mg vs placebo 17.4% vs 4.5%* 44.2%

Rubin 2017° RCT 230 vs 228 47.0% vs 39.0%§ 24.3% vs 22.8%§ 31.8% vs
BUD 9 mg vs placebo 13.0% vs 7.5%* 27.1%§

D’Haens Prospective multicentre study 18 vs 18 47.6% vs 33.3%% n.a. n.a.

2010'7 BUD 9 mg vs placebo

Danese, 2016'> | Prospective multicentre observational 326 60.1% 51.8% 17.5%
study

Maconi, 2019'* | Retrospective study, multicentre study | 89 52.4% 50% 30.5%

Fellerman, Prospective multicentre observational 6l 60.7% 47.5% 39.3%

2020'¢ study

Notes: RCT, randomised clinical trial. *Clinical remission plus endoscopic remission. SNot significant. *Clinical remission at 4 weeks.

Abbreviations: n.a., not available.

significantly higher than the placebo (17.7% vs 5.8%, p =
0.03), while in the extensive disease group the combined
remission rate with budesonide MMX was numerically
(Table 1).
Moreover, significantly more patients achieved histologi-

higher but not statistically significant
cal healing and complete symptom resolution with bude-
sonide MMX 9 mg compared to the placebo.

In a pooled analysis of CORE I and CORE II per-
formed by Sandborn et al,® patients treated with budeso-
nide MMX 9 mg were 3 times more likely to achieve
clinical and endoscopic remission compared to placebo
(OR 3.3, 95% CI 1.7-6.4). In this study, budesonide
MMX 9 mg was significantly more efficacious than pla-
cebo in various subgroups, including males, females,
patients aged <60 years, patients with and without prior
5-ASA use, patients with mild and moderate disease activ-
ity, patients with left-sided colitis and proctosigmoiditis.

Efficacy and safety of budesonide MMX in patients
with mild-to-moderate UC on concomitant therapy with
mesalamine >2.4 g/day were assessed in a randomized,
double-blind, placebo controlled, multicenter trial by
Rubin et al.’ In this study, 510 adults with mild-to-
moderate UC were treated with budesonide MMX 9 mg
or placebo for 8 weeks, continuing baseline treatment with
mesalamine. Combined clinical and endoscopic remission
at week 8 was reached in a significantly greater percentage

in patients receiving budesonide MMX compared with
placebo (13% vs 7.5%, p = 0.049) while clinical remission
rate was similar in both groups (24.3% vs 22.8%, p =
0.70). More patients treated with budesonide MMX vs
placebo reached endoscopic remission (20% vs 12.3%,
p = 0.02) and histological healing (27% vs 17.5%,
p = 0.02).

These data are in keeping with a Cochrane review.'’
Pooled data from the described RCTs,%”* which included
a total of 900 patients, showed that budesonide MMX
9 mg daily was twice as effective as the placebo for
induction of combined clinical and endoscopic remission
at 8 weeks (RR 2.25; 95% CI 1.50 to 3.39). A subgroup
analysis based on disease location suggested that budeso-
nide provided the most benefit in patients with left sided
colitis (RR 2.98, 95% CI 1.56 to 5.67) compared to those
with pancolitis (RR 2.42, 95% CI 0.61 to 9.56).

Safety

Thanks to its local effect and low systemic bioavailability,
budesonide MMX is generally well tolerated. The most
common treatment-emergent adverse events (AE) in
CORE 1° and CORE II" were, in frequency order, UC
relapse (11.8% and 14.6% vs 9.6% in placebo groups),
headache (4.5% and 4.7% vs 4.1% in placebo group) and
nausea. In both studies, the number of patients with severe
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AEs and leading to discontinuation of treatment was similar
across all the treatment groups. In particular, in CORE I the
percentage of patients with severe AEs was highest in the
placebo group (12.4%) compared to the budesonide MMX
9 mg group (6.3%), budesonide MMX 6 mg group (9.5%)
and Asacol group (5.5%). In Rubin’s study’ the safety of
budesonide MMX was confirmed also when combined with
mesalamine, with a total of AEs in 31.8% and 27.1% of
patients receiving budesonide MMX or placebo (the most
common AE was UC relapse in both groups).

As for the potential specific glucocorticoids side-effects
of these trials (in frequency order: mood changes, sleep
changes, insomnia, moon face, striae rubrae, flushing, fluid
retention, acne, hirsutism), these occurred in similar percen-
tage across all study groups, and the mean morning cortisol
values remained within the normal limits in all the treatment
groups.®”?

A pooled safety data analysis'' of randomised, double
blind, placebo controlled trials and of an open-label study,
confirmed that budesonide MMX showed a good compliance
(>80%) and a percentage of AEs similar to that of placebo,
with an incidence of potential glucocorticoid-related adverse
effects <10%, without any apparent dose-related effect.

These data are in keeping with those of a systematic
review and metanalysis (31 trials and 5689 patients),
which assessed the safety of systemic and low-
bioavailability steroids in inflammatory bowel disease.
This study highlighted the good safety profile of budeso-
nide MMX, with significantly fewer corticosteroid-related
AEs than oral systemic corticosteroids (OR 0.25, 95% CI
0.13 to 0.49) or beclomethasone (OR 0.35, 95% CI 0.13 to
1.00), and with fewer, although not significantly, AEs than
budesonide (OR 0.64, 95% CI 0.37 to 1.11)."?

Budesonide MMX - Real-Life
Studies

Effectiveness

The real-life studies on budesonide MMX have confirmed
the benefit on symptoms in active mild-to-moderate UC,
already observed in the randomised controlled studies,
showing in addition an improvement in quality of life.

A real-life multicentre observational prospective cohort
study conducted in Europe and Canada assessed budeso-
nide MMX effectiveness in induction of remission of
mild-to-moderate UC as in monotherapy or as add-on
therapy to 5-ASA'? (Table 1). The primary endpoint of
this study was the clinical benefit of the therapy, defined as

improvement >3 points in UCDAI score at the end of
induction treatment and was reached by 60.1% of patients.
Secondary endpoints were clinical remission (UCDAI
score <l), symptoms resolution, percentage of patients
with full symptoms resolution (absence of rectal bleeding
normalization of bowel habit and no urgency), time to
symptoms resolution, change in health-related quality of
life, and objective signs of inflammation, such as percen-
tage of patients with endoscopic healing and faecal cal-
protectin within the normal range. Clinical remission was
achieved in 51.8% of patients, symptoms resolutions and
full symptoms resolution in 63.2% and 45.1% of patients,
and the median time to symptoms resolution was 30 days.
Improvement in quality of life (assessed by Short
Inflammatory Bowel Disease Questionnaire, SIBDQ) was
observed in all the cohort of patients, particularly in those
in whom budesonide MMX was added to mesalazine as
a late add-on (11 points) or early add-on (14 points), and
less in those it was prescribed as monotherapy (7 points).
Unfortunately, no objective signs of inflammation can be
given because of lack of data in this cohort of patients.
Rectal bleeding and Physicians’s Global Assessment at
baseline visit, high compliance to treatment were indepen-
dently associated with a higher probability of achieving
clinical benefit at multivariable analysis.

Effectiveness of budesonide MMX in real life practice
was assessed by another Italian multicentre retrospective
cohort study."* In this study 82 patients with mild-to-
moderate UC were treated with budesonide MMX for 8
weeks (with or without concomitant therapy with 5-ASA,
immunosuppressant or biologics). The primary endpoints of
this study, namely the clinical remission after 2 months
(defined as Partial Mayo Clinic Score of 0—1 with rectal
bleeding sub-score 0) and clinical response (reduction of
Partial Mayo Score >3 points and >30% compared with
baseline), were achieved in 50% and 52.4% of patients,
respectively (Table 1). Most responder patients had proctitis
or left-side colitis, were not receiving biologic or immuno-
suppressant therapy, and were affected by a mild disease.

In particular, the study showed a low adherence and
compliance to budesonide MMX therapy as three patients
did not start therapy and 25% of patients discontinued
treatment before completing the schedule, most likely
because of the quick improvement of symptoms. In this
study, the predictors of clinical response to budesonide
MMX have been assessed by univariate and multivariate
binary logistic regression, which identified concomitant
therapy with biologics and immunosuppressants and
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degree of disease activity as independent predictors of
non-response. Moreover, clinical remission was achieved
in 75% of patients with mild disease, limited to left-sided
colitis or proctitis who had never been treated with biolo-
gics or immunosuppressants, while age, sex, comorbid-
ities, duration of UC, use of topical therapy and
indication of budesonide MMX were not associated with
achieving the primary outcome.

In another real life study, Greenberg et al'® focused at
identifying predictors of inadequate response to budeso-
nide MMX in patients with UC. This retrospective study
enrolled 96 patients with mild-to-moderate UC treated
with budesonide MMX with or without 5-ASA, immuno-
modulators or biologic therapy. The failure of treatment,
defined as step-up to prednisone as a rescue therapy due to
the inadequate clinical response to budesonide MMX,
occurred in 46% of patients and was significantly more
frequent in male sex and younger age (<29 years old) at
diagnosis. On the contrary, previous or current therapies
(including biologics), Mayo score at baseline and disease
extent were not predictors of failure of therapy.

Furthermore, TOPICAL-1'® is another multicentre
study, which assessed efficacy and safety of budesonide
MMX in 61 patients with mesalamine refractory UC. The
patients were treated with budesonide MMX 9 mg for 8
weeks after discontinuing mesalamine, followed by 2
weeks of treatment on alternate days. Primary endpoint
was clinical remission at week 8 (Clinical Activity Index
<4, bowel movements <18 per week, absence of rectal
bleeding) and secondary endpoints were clinical, endo-
scopic and histological features at week 8. Clinical remis-
in 47.5% (95% CI
34.6-60.7%), and bowel movements and bloody stool

sion was achieved patients
frequency significantly decreased (from 32.5 to 22.9 per
week and from 17.1 to 8.1 per week, respectively). Rates
of mucosal healing, endoscopic remission and histological
54% and 36%,

and endoscopic mucosal

remission were 58%, respectively.

Histological healing was
achieved by 34% of patients.

For completeness, in a prospective multicenter study,
D’Haens et al investigated 36 patients with active, left-
sided UC (activity index (CAI) <14) who were treated
once daily for 4 weeks with Budesonide-MMX® 9 mg
tablets or placebo followed by an additional 4-week period
with Budesonide-MMX®. The primary end-point, namely
the remission and/or CAI reduction by 50% after 4 weeks,
was achieved by 47.1% of the patients on Budesonide-
MMX® and by 33.3% of patients on placebo, with

a significant CAI reduction only with Budesonide
(p<0.0001) not with placebo (p = 0.1)."7

Safety

Budesonide MMX is well tolerated, as shown by RCTs
and real life studies. In a previous study, we'* reported 8
significant adverse effects (facial hirsutism, constipation
and tenesmus, hypertensive crisis, iatrogenic Cushing’s
syndrome, headache, acne and insomnia) in 6 of 82
patients (7.3%), but only 3 so severe to discontinue treat-
ment. In Danese et al study,'> 24% of patients reported at
least one adverse effect, mainly the ineffectiveness of
treatment (12%), and no major systemic steroids side
effects were observed.

In TOPICAL-1 study'® 39.3% of patients experienced
adverse events during the 8 weeks of budesonide MMX
treatment, and 13.1% discontinued the treatment. The most
common adverse events were flares of UC (13.1%), head-
ache (6.6%) and respiratory tract infections (3.3%). Fewer
patients experienced adverse events during follow-up, sug-
gesting that tapering the dose of budesonide MMX may be
associated with a favourable safety profile. Mean cortisol
levels remained stable within the normal range during the
treatment and follow-up phase.

Topical Budesonide

UC patients complain of symptoms, such as urgency,
tenesmus, incontinence and rectal bleeding, which are
frequently related to distal inflammation, and up to 60%
of patients have a disease confined to the rectum or distal
colon. As a consequence, topical therapies are important
adjunctive treatments in UC.

The topical mesalazine, either as enema, foam or sup-
positories, is the mainstay treatment for mild to moder-
ately active proctitis, left-sided or distal colitis, but also
corticosteroid treatments such as beclomethasone dipro-
pionate and more recently budesonide have been intro-
duced for these indications.

Topical budesonide formulations have been proved
very effective in treating active distal forms of UC. The
latest systematic review and meta-analysis of randomized
placebo-controlled trials, which included 3 randomized
placebo-controlled trials and 711 patients with mild-to-
moderate distal UC, showed that budesonide foam was
significantly superior to placebo for the induction of clin-
ical remission (95% CI: 1.41, 2.37) and endoscopic
improvement (95% CI: 1.23, 1.68), and eliminating rectal
bleeding at week 2 (95% CI: 1.50, 2.66), week 4 (95% CI:
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1.42, 2.12), and week 6 (95% CI: 1.45, 2.14)."® A more
recent pooled analysis of two clinical Japanese studies,
including 291 patients, showed that at week 6, budesonide
foam provided a significantly greater achievement rate
than placebo of elimination of rectal bleeding (65.5% vs
36.8%), clinical remission (44.5% vs 17.9%) and complete
mucosal healing (39.5% vs 4.3%)."” Other randomised
studies showed that it has a similar efficacy to that of
rectal mesalazine.***'

So far, among the different budesonide topical formu-
lations, the budesonide foam seems to be preferrable
because of optimised drug spread and retention,
a standardized delivery and a wider acceptance by patients
compared with enema.?>**> Budesonide suppositories have
also been shown as an effective alternative therapy to
mesalamine for topical treatment of proctitis. A recent
multicenter randomised study showed that 4 mg budeso-
nide suppositories provided proportions of patients with
deep, clinical, and endoscopic remission, as well as muco-

sal healing, comparable to that of 1 g mesalazine.?’

Conclusions

The current evidences show efficacy and effectiveness in
a short term (8 weeks), but leave some questions still
unanswered, particularly regarding the position on
treatment.

It is clear that the main indication of budesonide treat-
ment is mild to moderate UC. However, it could be ques-
tionable if this should be used as first choice instead of
high dose mesalamine, as suggested in randomised studies
CORE I and CORE II®’ or as an add-on to mesalazine (or
biologics and immunosuppressants) in refractory patients,
as suggested in the Rubin’s study” and in most real-life
studies.'* '® The results of these studies showed that both
clinical contexts are appropriate indications for budesonide
MMX treatment, with clinical benefit in most patients
treated, ranging from 33% to 47% in randomised trials,
and in more than half of patients (52-61%) in real-life
(Table 1).

In particular, a consensus meeting about the i-Support
Therapy—Access to Rapid Treatment (iSTART) approach
in patients with mild-to-moderate UC that experienced
a flare during therapy with 5-ASA recommended the use
of oral budesonide MMX as soon as possible, with
a strong agreement of 81.8% of the participants.**

Moreover, data emerging from these studies showed that
there are specific features, such as left-sided colitis and
proctosigmoiditis,®® rectal bleeding and an overall good

Physicians’ Global Assessment,'® that represent predictors
of response to treatment. On the contrary, factors such male
sex, young age and more severe disease, characterised by
extensive colitis, high degree of disease activity and treat-
ment with immunosuppressants or biologics, may suggest
less chance of benefit from the treatment (Table 2). These
data could help to choose a better “personalized” treatment.

Currently, in the era of evidence based clinical practice,
we are strongly recommended to follow the clinical
Therefore, Budesonide MMX is mainly
used in UC patients with mild to moderate ulcerative

guidelines.?

colitis in whom mesalazine induction therapy fails or is
not tolerated, in order to avoid treatment with systemic
corticosteroids. However, the presence in these patients of
predictors of poor efficacy such as extensive colitis, higher
disease activity, concomitant immunosuppressive thera-
pies, allows us to also consider alternative and newer

therapies such as biologics or JAK inhibitors.

Finally, the long-term outcome of budesonide MMX
after induction treatment remains to be investigated. Given
the high safety profile, and absence of steroid related side
effects, it could be hypothesized to prolong treatment after
4 months as a maintenance therapy, at least up to 6 months
or up to achieve a stable remission of the disease to
guarantee a better outcome after withdrawal of therapy.
This is what happened in our real-life study,'* and still
happens in some patients in our clinical practice, particu-
larly when treatment is effective and well tolerated, and
safe alternative medical treatments are missing. Additional
studies are needed to further investigate these aspects.

Table 2 Predictors of Response and Non-Response to
Budesonide MMX Therapy

Predictors of Predictors of Non-Response

Response

Left-sided colitis[6] Extensive colitis[6,7]

Rectal bleeding[13] Concomitant therapy with biologics and

immunosoppressants[ 4]

Physicians’ Global Degree of disease activity[14]

Assessment[ 3]

Compliance to Male sex[15]

treatment[|3]

Age < 29[15]
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