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Abstract
MMX® mesalazine - is an enteric formulation of 5-ASA with Multi Matrix technology for delayed and prolonged 
administration of high doses of mesalazine throughout the colon. Clinical trials have demonstrated its clinical 
and endoscopic efficacy for inducing remission. At doses of 2.4g to 4.8 g/day (2-4 tablets in a single daily dose) 
the rate of clinical remission from was 29.2%, and the rate of endoscopic remission was 41.2 % after 8 weeks 
of treatment. The clinical rate of remission for patients who received placebos was 9% and the endoscopic 
rate was 22.2 %. This efficacy of this formulation for inducing remission in left-sided colitis has been shown 
to be similar to topical treatment (60% clinical remission after 8 weeks of administration of MMX mesalazine 
compared to 50% with topical treatment. Although rates of remission induction therapy are similar to those 
obtained with conventional mesalazine trials, this trial of MMX mesalazine used the more stringent criteria of 
endoscopic improvement. 88.9% of patients treated with 2.4 g/day in a single dose without recurrence after 
12 months. The safety profile is similar to those of standard mesalazines. The MMX formulation is a promising 
treatment for patients with UC because data efficiency and dosage convenience may improve compliance.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory disease 
of the colon and rectum. It is characterized by a diffuse 
superficial inflammation of the lining of the colon which 
usually starts above the anal margin and extends proximally 
and continuously (1, 2). Lesions are most commonly loca-
ted in the rectum, sigmoid colon and the left colon, but can 
also affect the entire colon (3). The underlying etiology is 
unknown, but both genetic and environmental factors have 
been implicated (3).  

UC’s most frequent forms of presentation - proctitis, 
proctosigmoiditis, and left colitis - account for 60% to 80% 
of new cases (1). Typical symptoms include rectal blee-
ding and diarrhea which are often accompanied by other 
symptoms such as abdominal pain or tenesmus (2). UC 

is characterized by remissions and relapses. In a period 
of one year, 50% of UC patients present relapses (1). 
Furthermore, the disease persists for a long time in patients 
with extensive UC, and this prolonged evolution is a risk 
factor for developing colon cancer (1). The risk increases 
0.5% to 1% per year in cases that last more than 8-10 years 
(2). This explains the crucial importance of maintenance 
therapy once remission is obtained.

The incidence of UC varies from 0.5 to 24.5 cases per 
100,000 individuals per year worldwide (1). Although this 
incidence is higher in the developed countries of Europe 
and North America (2-12 new cases per 100,000 peo-
ple per year) (2, 3), recent studies indicate a progressive 
increase parallel to industrialization in Eastern Europe, 
Latin America and Asia (1). It is estimated that prevalence 
is 70-200 cases per 100,000 in the United States (2). There 
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are about 250,000-500,000 people with UC whose care is 
estimated to cost USD 192 million a year for hospitaliza-
tion and USD 138 million a year for medication (4).

Following clinical practice guidelines (5), the first-line 
pharmacological choice for treatment and maintenance of 
remission for mild to moderate UC is mesalazine (5-ami-
nosalicylic acid, 5-ASA) or its derivatives. They are gene-
rally administered as prodrugs (1). These treatments are 
administered orally, topically, or in combination. Their 
effectiveness has been clearly demonstrated (2, 6, 7).

Given that the disease affects only the large intestine, 
and taking into account the local effect, formulations for 
rectal administration have been developed in addition 
to the various oral formulations. Rectal administration 
aims to prevent gastric and ileal absorption so that greater 
quantities of the drug reach the colon (8-10). In long-term 
treatment, rectal presentations or multiple dose oral for-
mulations may pose difficulties for compliance. These cir-
cumstances and the influence of other factors (patient age, 
socioeconomic status, etc.) (11) can have negative conse-
quences for disease control (14).

MMX MESALAZINE PHARMACOKINETICS

The oral formulation of mesalazine, based on MultiMatrix 
technology (MMX®, registered trademark of Cosmo 
Technologies Ltd., Wicklow, Ireland and MMX Multi Matrix 
System®, registered trademark of Cosmo S.p.A., Milan, 
Italy) is designed to achieve sustained and prolonged drug 
release thus enabling administration of a high dose once a 
day (2-4 tablets, 1.2 g / tablet) (3).

MMX mesalazine, under the brand name Lialda® (regis-
tered trademark of Giuliani International Ltd., Dublin, 
Ireland) was approved for treatment of UC remission by 
the Food and Drug Administration (FDA) of the United 
States in January 2007. In most European countries it is 
marketed under the name Mezavant® (1) (registered trade-
mark of Giuliani International Ltd., Dublin, Ireland) where 
it is used to induce remission of UC and for maintenance 
treatment. The Spanish Agency for Medicines and Health 
Products (AEMPS - Agencia Española de Medicamentos y 
Productos Sanitarios) stated that this product is a medical 
innovation of therapeutic interest in February 2009 (12).

MMX-mesalazine is presented in an enteric coated tablet 
with a film containing two polymers (Eudragit S and L). 
There is a double polymeric matrix system inside contai-
ning drug microparticles embedded in the lipophilic matrix 
which when intermixed with hydrophilic matrix delay and 
prolong administration.

The film disintegrates only at pH ≥ 7 which typically 
occurs in the terminal ileum (Figure 1) (13). As the coa-
ting breaks down, the hydrophilic matrix interacts with the 

gastrointestinal contents, absorbs water, and swells to form 
a viscous gelatinous mass. This delays diffusion of the drug 
contained in the core to the luminal space of the colon. The 
lipophilic matrix delays infiltration of intestinal liquid into 
the tablet core which prolongs the release of the drug (1). 
Consequently the mesalazine is released more slowly and 
gradually and is distributed more evenly throughout the 
colon than in other oral preparations (3, 4).

Figure 1. Structure of MMX mesalazine tablet (14). The polymeric 
film’s (Eudragit S and L) gastro-resistance depends on pH. It is 
designed to dissolve at a pH above 7. The multi-matrix consists of a 
hydrophilic excipient, which interacts with the intestinal fluid to form 
a viscous gel that slows the release of 5-ASA, and a lipophilic matrix 
which is interspersed with hydrophilic excipient and creates a partially 
hydrophobic environment. 

The hypothesis regarding this release of medicine 
throughout the colon is supported by several in vitro and 
in vivo studies. Tenjarla et al. (14) used an in vitro model 
of the gastrointestinal system to simulate the physiological 
conditions of the human digestive tract when fasting and 
after food intake. Less than 1% of the medicine was relea-
sed anterior to the colon in the simulated stomach and 
small intestine was while in the simulated colon it reached 
78.0% postprandially and 68.5% under fasting conditions. 
Considerable amounts of medicine were released over a 
period of 8-18 hours (49.6 mg/hour under postprandial 
conditions, and 40.7 mg/h under conditions of fasting). In 
studies of 5-ASA transit and release in the gastrointestinal 
tract in healthy volunteers using scintigraphic techniques, 
Brunner et al. (15) observed that erosion of the tablet 
began after 6.9±1.1 hours in the ascending or transverse 
colon and that the radiotracer spread evenly throughout 
the colon to its distal portion. The average absorption was 
19.9% in the small intestine and ileum and 80.1% in the 
colon. Maximum concentrations of 5-ASA in the blood 
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Prantera et al. (21) reported the results of a randomi-
zed double-blind, double-dummy study conducted with 
79 patients who had mild to moderate left UC (clinical 
activity index, CAI ≥ 6). Doses of 1.2 g MMX mesalazine 
were administered three times a day. In addition, adminis-
tration of a placebo enema was compared with an enema 
of 4g of 5-ASA (plus one placebo tablet) for 8 weeks. 
Patients with proctitis (<15 cm long) were excluded. The 
primary endpoint was clinical remission (CAI score ≤ 4) 
at 4 weeks. The proportion of patients who achieved clini-
cal remission was similar for both treatments: with MMX 
mesalazine 57.5% achieved remission after four weeks and 
60.0% achieved remission after eight weeks, whereas with 
5-ASA enemas 68.4% achieved remission after four weeks 
and 50.0% achieved remission after eight weeks (Figure 2). 
Both treatments significantly reduced the CAI score after 
four weeks (4.3 and 3.9 points) and 8 weeks (5.7 and 4.9 
points) (Table 1). Endoscopic remission was observed at 8 
weeks in 45.0% of patients treated with MMX mesalazine, 
but only in 36.8% of those treated with enemas. Both groups 
showed statistically significant improvements in endosco-
pic index (EI ≤ 2) (Figure 2). In this study, the histological 
remission rate was 15.0% in the MMX mesalazine group 
versus 8% in the group treated with enemas. Treatment 
adherence was 97.0% and 87.5%, respectively. MMX mesa-
lazine was well-tolerated. There were no serious or unex-
pected adverse events. At least one adverse event in 15.0% 
of the patients treated with MMX mesalazine and in 28.0% 
of those treated with enemas were recorded. There was a 
single case of treatment discontinuation due to adverse 
events in the group treated with enemas. In phase III, 
two eight-week, multicenter, randomized, parallel group, 

occurred after 8-12 hours, coinciding with passage through 
the transverse and descending colon. In another study, 
also using scintigraphic techniques in healthy volunteers, 
Brunner et al. (16) evaluated gastrointestinal transit and 
release sites of 5-ASA formulations in tablets and granules 
(Salofalk®). With both formulations, the time the medica-
tion took to reach the ileocecal valve was shorter, and the 
maximum concentrations of 5-ASA in blood occurred after 
3 or 4 hours had elapsed, coinciding with the passage of 
the drug through this region. In other words, this occurred 
much earlier than it did in the MMX mesalazine study. 
Radioactive labeling has been used to compare MMX 
mesalazine with the pH-dependent delayed-release Asacol® 
formulation. As measured by the marker, disintegration of 
the tablet started after an average of 4.75 hours with MMX 
mesalazine and after an average of 6.16 hours with Asacol®. 
However, complete disintegration was recorded at 17.37 
hours with MMX mesalazine and at 7.27 with Asacol® (17-
19). These findings indicate that MMX mesalazine releases 
5-ASA in a delayed manner throughout the colon, while 
the pH-dependent slow release preparation releases the 
medicine mainly in the ascending colon.

Pharmacokinetic studies in healthy volunteers with mul-
tiple 2.4 and 4.8g doses of MMX mesalazine administered 
with food indicate that the total absorption of the admi-
nistered dose is about 24% (20) which indicates that the 
formulation has a primarily local effect.

Safety and efficacy in inducing remission 

Several clinical trials have been conducted to evaluate the 
efficacy and safety of MMX mesalazine (Table 1).
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Figure 2. A. Clinical remission. B. Changes in the endoscopic index of MMX mesalazine (Mezavant) 1.2 g/8 hours versus an enema of 4 g/day of 
mesalazine (Asacol) (21). 
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Tabla 1. Características principales de los ensayos clínicos (EC) realizados con mesalazina-MMX.

Author, 
references

Design Number of patients (n) Remission/response P
Total Mesalazine 

MMX
Placebo/control

Induction
Prantera et 
al. (21)

Multi-center, randomized
double blind, double simulation

79 40 39 Asacol® Clinical remission (CAI ≤ 4)* in both groups with respect to baseline
Endoscopic remission in both groups with respect to baseline
Histological remission in both groups with respect to baseline 

< 0.05
< 0.05
< 0.05

D’Haens et 
al. (29)

Phase II, Multi-center, randomized
double blind, parallel groups
Dosage

36 36 0 Clinical and endoscopic remission (UCDAI ≤ 1)**
1.2 g/d 0%
2.4 g/d 31%
2.4 g/d 18%

Without significant differences 
between dosages

Lichtenstein 
et al. (22)

Phase III, Multicenter,
randomized,
double blind, parallel groups 

262 177 85 Clinical and endoscopic remission (UCDAI ≤ 1)**
Mesalazine MMX 2.4 g/d 2 v/d: 34.1%
Mesalazine MMX 4.8 g/d: 29.2
Placebo: 12.9%

< 0.01 compared to placebo

Kamm et al. 
(23)

Phase III, randomized,
double blind, parallel groups, double simulation

343 169 86 placebo + 86 
Asacol®

Clinical and endoscopic remission (UCDAI ≤ 1)**
Mesalazine MMX 2.4 g/d: 40.5%
Mesalazine MMX 4.8 g/d: 41.2%
Asacol®: 32.6%
Placebo: 22.1%

 
0.01 compared to placebo
0.07 compared to placebo
N.S compared to placebo

Sandborn et 
al. (30)

Data from two 8 week, double blind studies 
controlled with placebos combined (22, 23)

517 346 171 Clinical and endoscopic remission (UCDAI ≤ 1)**
Mesalazine MMX 2.4 g/d: 37.2%
Mesalazine MMX 4.8 g/day: 35.1%
Placebo: 17.5%

 
< 0.001 compared to placebo
< 0.001 compared to placebo

Kamm et al. 
(24)*

Extended treatment with MMX in patients with active 
light or moderate UC who did not achieve complete 
remission in the two studies of Phase III (22, 23)

304 304 0 Clinical and endoscopic remission (UCDAI ≤ 1)**
Mesalazine MMX 2.4 g/12 h: 59.5%

Maintenance
Kamm et al. 
(26)

Multi-center,
randomized,
open

451 451 0 Clinical and endoscopic remission (UCDAI ≤ 1)**
Mesalazine MMX 2.4 g/d 1 v/d: 64.4%
Mesalazine MMX 2.4 g/day 2 v/d: 68.5%

Without recurrences
Mesalazine MMX 2.4 g/day 1 v/d: 88.1%
Mesalazine MMX 2.4 g/day 2 v/d: 92.2%

Prantera et 
al. (28)

Multi-center,
randomized, parallel groups, double blind

331 162 169 Asacol® Maintenance of clinical remission**
Mesalazine MMX 2.4 g/day 1 v/d: 68.0%
Asacol®: 65.9%

Maintenance of clinical and endoscopic remission 
Mesalazine MMX 2.4 g/day 1 v/d: 60.9%
Asacol®: 61.7%

0.05

N.S

* CAI: Index of clinical activity; ** Clinical and endoscopic remission (UCDAI ≤ 1): defind as a modified index of activity of ulcerative colitis ≤ 1, a score of 0 for rectal hemorrhaging and frequency 
of stools and a reduction of ≥ 1 points in the sigmoidoscope. (NS: Not significant).
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double-blind, double-dummy studies of MMX mesalazine 
which evaluated clinical and endoscopic remission were 
published. The first (22) used a control group which recei-
ved placebos. From the sample of 280 patients with mild 
to moderate UC parallel groups were formed. For 8 weeks, 
one group received 1.2 g of MMX mesalazine twice a day 
(n = 93), another group received 4.8 g/day in a single dose 
(n = 94), and the control group received placebos (n = 93). 
The primary endpoint was the percentage of patients with 
clinical and endoscopic remission. A strict index was used 
to define remission: a modified UC-DAI score of less than 
or equal to 1. A score of 0 was assigned to cases of rectal 
bleeding and frequent stools, and the score was reduced by 
at least 1 point compared to the baseline of the sigmoidos-
copy score. Patients whose mucosa showed any degree of 
friability received sigmoidoscopic scores greater than or 
equal to, so they were not considered to have reached the 
primary endpoint. Remission was achieved with a signifi-
cantly higher frequency (p<0.01) among patients treated 
with 1.2 g MMX mesalazine twice a day or 4.8 g/day of 
MMX mesalazine in a single daily dose than in the placebo 
group (Table 1, Figure 3). Both MMX mesalazine dosages 
were generally well tolerated with no clinically significant 
observed differences in safety with placebos. 223 adverse 
events occurred in 129 patients; most of them of mild to 
moderate intensity. Only 7 patients experienced a total of 8 
serious adverse events.

The second study (23) was a double-dummy, placebo-
controlled trial with an active ingredient used for as com-
parison (delayed release mesalazine without MMX techno-

logy: Asacol®). The study included 343 patients with mild 
to moderate UC. MMX mesalazine dosages studied were 
2.4 g/day (n=86) and 4.8 g/day both in single daily doses 
(n=85). 2.4g/day of Asacol® was administered in three daily 
doses of 0.8g (n=86). A placebo control group (n=86) was 
also used. The therapy was continued for 8 weeks. As in the 
previous study, the main purpose was to evaluate clinical 
and endoscopic remission. Although 22.1% of placebo 
patients achieved remission, significantly higher percenta-
ges of the other groups achieved remission. In the group 
that received 2.4 g/d of MMX mesalazine 40.5% achieved 
remission (OR 2.4, p = 0.01) and in the group that recei-
ved 4.8 g/d, 41.2% achieved remission (OR 2.5, p = 0.007) 
(Figure 3). All active treatments were well tolerated, with 
no observable differences among groups. A total of 72 
patients experienced 115 adverse events during the study, 
and 5 experienced a total of 8 serious adverse events. Only 
four patients discontinued the study due to adverse events 
(two in the placebo group, one from the 2.4 g group and 
one from the Asacol® group) (23).

In a pooled analysis of both phase III studies, serious 
adverse events were more common with placebos (6.1%) 
than with 2.4 or 4.8 g of MMX mesalazine (1.1% and 2.2%, 
respectively). The most frequent adverse events observed 
with active ingredients were headaches and flatulence (3).

Despite treatment efficacy (Table 1), it should be noted 
that many patients with UC do not achieve remission after 
8 weeks of treatment with mesalazine and often receive 
corticosteroids or immunosuppressants. Kamm et al. (24) 
conducted an extended open multicenter study in which 
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Figure 3. A. Efficacy of MMX mesalazine for inducing remission from the study of Lichtenstein et al (22).  B. Study of Kamm et al. compared with 
the placebo group (*) (23).  
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with two daily doses) in 18 patients (3.9%). Most of these 
events consisted of digestive problems (9 patients). 76 
adverse events in 47 patients (10.2%) were considered to 
be related to treatment, with no significant differences bet-
ween groups. Treatment was discontinued due to adverse 
events in 21 patients (4.9%) treated with a daily dose and 
10 (4.3%) with two daily doses (11). Differences between 
groups were not observed during the time until treatment 
was discontinued. In spite of the long period of treatment, 
compliance was very good: a total of 442 patients (96.3%) 
consumed 80% or more of prescribed medication, with 
no significant differences between the two dosage regi-
mens (30). Efficacy of maintenance treatment, which was 
a secondary endpoint of this trial was also very positive 
(population for analysis of efficacy, n = 451) (30) After 12 
months, 64.4% of patients treated with a daily dose (2.4 g / 
day) and 68.5% with two daily doses (1.2 g/12h) had clini-
cal and endoscopic remission. At the same time, 88.9% and 
93.2% of subjects in each of these groups were not with-
drawn due to recurrence, which was defined as absence of 
needing to increase the MMX mesalazine dose or adminis-
ter other treatments, including surgery (Figure 4). Hanauer 
et al. (31) conducted a pooled analysis of data concerning 
induction and maintenance of remission in patients from 
the two randomized, placebo-controlled phase III trials 
and from the previously mentioned maintenance study 
treated with MMX mesalazine in doses of 2.4g or 4.8g 
per day (excluding patients treated with placebo or with 
a formulation without MMX in randomized and placebo-
controlled phase III trials). Recurrence during mainte-
nance is also defined as the need for alternative medication 
or surgery due to an exacerbation of UC. Overall, 63.6% 
(220/346) of patients achieved remission after 8 or 16 
weeks of treatment. 218 of these 220 patients were added 
to maintenance therapy for 12 months, and at the end of 
the study 89.9% of them (196/218) had not withdrawn 
due to recurrence. Altogether, 56.6% of patients with mild- 
moderate UC (196/346) who began treatment with MMX 
mesalazine achieved complete remission (clinical and 
endoscopic) without additional medication, remission was 
maintained for 12 months without exacerbations requiring 
alternative treatment. The adverse event profile at all used 
doses was similar to that observed in the placebo groups of 
the original studies.

There are few direct comparative data of other MMX 
mesalazine formulations of 5-ASA referring to maintenance 
treatment. Prantera et al. (32) published a multicenter, ran-
domized, double-blind, parallel group, in 331 patients with 
left UC in maintenance therapy for 12 months with MMX 
mesalazine 2.4 g/day in a single dose study, or Asacol® 2.4 g/
day in two divided doses. All patients had been in remission 
for at least one month before the test and had undergone 

patients who had not achieved remission after 8 weeks 
of treatment with 2.4g/day MMX mesalazine, 4.8g/day 
MMX mesalazine, 2.4 g/day Asacol® or from placebos in 
both phase III trials were combined. All of these patients 
received the same treatment of 2.4 g/12 hours MMX 
mesalazine for 8 an week extension of the original stu-
dies. The main goal was clinical and endoscopic remission 
defined in the same way as in the original studies. 59.5% 
of 304 patients with mild to moderate UC in the study 
achieved complete remission after the additional treatment 
period. This percentage did not depend on the previously 
received treatment (mesalazine formulations or placebo). 
MMX mesalazine was well-tolerated 156 adverse events 
were observed in 72/312 patients (23.1%). There were 60 
treatment-related adverse events in 27/312 patients (8.7%) 
and nine serious adverse events of which one (pancreatitis) 
was considered to be related to treatment.

Sandborn et al. (25) presented results of the acute exten-
sion phase study which evaluated the time until disap-
pearance of symptoms, defined as the first day without 
rectal bleeding and with normal stool frequency. 181/304 
patients achieved remission of symptoms. The median time 
until resolution of symptoms was 15 days.

These clinical trials which were methodologically 
rigorous and which included clinical and endoscopic 
assessment criteria confirm the efficacy and safety of MMX 
mesalazine as a treatment for inducing remission of UC in 
8 weeks. Data from the open extension study indicates that 
continuous treatment may be useful to induce a response 
in patients who do not achieve remission during the initial 
treatment period.

Efficacy and safety in maintenance treatment

Maintenance treatment with MMX mesalazine in mild-to-
moderate colitis has been investigated in a randomized open, 
multicenter trial involving 459 patients. Remission was 
strictly defined according to clinical and endoscopic criteria 
as described above. Patients had presented mild to mode-
rate exacerbation of UC (30). All patients came from one of 
the two randomized studies of acute treatment for 8 weeks 
(n=246) or from the extension study of 8 additional weeks 
with 4.8g/day MMX mesalazine (n=213). Patients were 
randomized to receive maintenance therapy for 12 months 
with 2.4g/day MMX mesalazine in a single dose (two tablets 
of 1.2 g) or two doses (one tablet of 1.2 g twice a day). The 
primary endpoint was safety and tolerability, assessed on the 
basis of adverse events and time until withdrawal.

Treatment was generally well tolerated. A total of 174 
of the 459 patients (37.9%) had 384 adverse events. Most 
were mild to moderate in severity. Twenty-two serious 
adverse events occurred (10 with the single dose and 12 



47Pharmacokinetics: efficacy and safety of MMX mesalamine formulation for treating ulcerative colitis

safety of MMX mesalazine to achieve remission in patients 
with mild to moderate UC. One of the studies indicated 
that its effectiveness may be similar to the topical treatment 
for induction of remission in left colitis. Its role in the 
treatment of proctitis has not been defined. Furthermore, 
data obtained showed an acceptable safety and efficacy 
profile as a maintenance therapy for prevention of new exa-
cerbations of the disease. Efficacy data and its daily admi-
nistration in both remission and maintenance treatment, 
make MMX mesalazine a promising pharmacological 
option in ulcerative colitis.
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