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Novel Formulations and Dosing Strategies

for 5-ASA

A Summary of Selected Recent Worldwide Literature

hronic and uncontrolled intestinal inflamma-

tion are hallmark symptoms of inflammatory

bowel disease (IBD). IBD directly affects nearly
1 million Americans, approximately half of whom are
diagnosed with ulcerative colitis (UC) and half with
Crohn’s disease.”? Although the pathogenesis of IBD
is not well understood, it is thought that IBD-related
inflammation occurs when a genetically or environmen-
tally compromised individual experiences an abnormal
immune response to normal intestinal flora.>* This abnor-
mal immune response results in the chronic inflamma-
tion and symptoms associated with IBD.

UC and Crohn’s disease are clinically distinct
entities, differentiated according to their respective
symptoms, in addition to anatomical and histological
characteristics that are specific to each disease. The most
frequently presenting symptom in UC patients is rectal
bleeding.> Other clinical presentations may be shared
between the two diseases, and are not exclusively used
to diagnose UC or Crohn’s disease. These symptoms
include diarrhea, presence of mucous in the stool, fecal
urgency, weight loss, and the extraintestinal symptoms
associated with chronic inflammation such as fever and
a general sense of malaise.

Anatomically, UC is differentiated from Crohn’s
disease by determining the extent of colonic involvement
as well as its characterization as an inflammatory disorder
of the mucosa, whereas Crohn’s is understood to include
transmural involvement of the entire organ. UC inflam-
mation is restricted to the colon, and does not extend into
the small intestine or other parts of the gastrointestinal
tract. UC is further categorized according to the location
of the disease within the colon.® Approximately 30% of
UC cases are classified as pancolitis, inflammation of the
entire colon. Left-sided colitis, including the rectum,
sigmoid, and descending colon, comprises 40% of UC
diagnoses. The remaining 30% of UC cases are classified
as proctitis, in which inflammation is confined to the
rectum or rectosigmoid region. Another hallmark of UC
intestinal inflammation is that it occurs continuously
along the intestinal lining.” Conversely, the intestinal

inflammation associated with Crohn’s disease displays
a characteristic “skip” pattern along the colonic wall.
During endoscopy, samples of intestinal tissue may also
be removed for later histologic analysis in order to help
confirm a UC diagnosis. The inflammatory ulcerations
typically caused by UC are superficial, penetrating only
the surface of the mucosal wall.

UC severity is evaluated according to symptom
presentation. The majority of UC cases are identified as
mild-to-moderate in intensity; however, many patients
experience acute and severe inflammatory flares, which
may require hospitalization.® Guidelines from the Ameri-
can College of Gastroenterology are utilized to diagnose
the degree of UC disease severity.” Mild disease is defined
by the occurrence of up to four bloody stools per day,
with no other presentation of symptoms. Moderate UC is
characterized by four to six bloody stools daily and mini-
mal symptomatic toxicity. When patients experience over
six bloody stools per day, in addition to associated symp-
toms of systemic inflammation that include fever, tachy-
cardia, and anemia, a diagnosis of severe UC is made. The
most severe form of UC is described as fulminant, and
is characterized by more than ten bloody stools per day,
continuous bleeding, abdominal tenderness, and a dilated
colon. Patients with severe and fulminant UC typically
have other complications, including fever, weight loss,
and increased levels of inflammatory markers, including
C-reactive protein (CRP). Often, the severe blood loss
experienced by patients with severe and fulminant UC
requires blood transfusion.

There are currently no curative therapies for UC.
The goal of treatment is to achieve and maintain long-
term remission. For mild and moderate cases of UC, oral
or topical 5-aminosalicylic acid (5-ASA, mesalamine) is
considered to be the first line of therapy.’® If the patient
exhibits a clinical response to the 5-ASA agent, it is
continued in order to achieve and maintain remission."!
5-ASA therapies act topically and their success is depen-
dent on the ability to achieve high concentrations of drug
within the lumen of the colon. This allows maximal and
prolonged exposure of the inflamed intestinal mucosa to
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the 5-ASA compound. Because free 5-ASA is absorbed
across the gastric and intestinal epithelium, allowing it
to enter the systemic circulation and be excreted by the
urine, most 5-ASA formulations are designed to limit
release of the drug prior to reaching the colon.!?

Each 5-ASA formulation has been designed with
specific pharmacokinetic properties, which are engi-
neered to provide maximal topical exposure of active
drug to the area of inflammation."”” Some 5-ASA for-
mulations are encapsulated with an enteric coating
that breaks down at the elevated pH level of 7, as
found in the colon. These pH-dependent, delayed-
release formulations of 5-ASA are commonly referred
to as delayed-release mesalamine. Limitations associ-
ated with pH-dependent delayed-release mesalamine
formulations include the large number of pills that they
may require daily, as well as differences in intestinal pH
both within and among patients, which can affect their
consistent release.!®!” Several additional formulation
strategies have been developed in order to release the
5-ASA compound more consistently and effectively in
the colon. 5-ASA has been formulated linked to a carrier
compound with an azo bond (balsalazide, sulfasalazine,
olsalazine); cleavage of the azo bond only occurs when
it is exposed to bacterial azoreductase enzymes in the
intestine, freeing the active 5-ASA moiety. 5-ASA has also
been coated with ethylcellulose for moisture-dependent
release throughout the intestinal tract as controlled-release
mesalamine, available as both tablets and capsules.

The newest formulations of 5-ASA combine pH-
dependent coating with other technologies. The MMX
mesalamine formulation releases a gel suspension at
a pH of 7, which expands to gradually release 5-ASA
throughout the colon.

Extended-release mesalamine granules are released
in the colon ata pH of 6. Upon release, the granules swell
to delay transit through the colon and provide gradual,
extended release of 5-ASA throughout the colonic lumen.
The delayed and gradual release of these formulations
allows for optimal concentration in the colon, sustained
exposure, and a smaller daily pill burden.

The following sections describe several publications
which focus on the use of 5-ASA in the treatment of UC.
These publications include multiple clinical studies that
have evaluated different 5-ASA formulations across many
regions, including Eastern and Western Europe, and
North, Central, and South America.

MMX Mesalamine

Kamm and colleagues evaluated MMX mesalamine, one
of the 5-ASA formulation that is both pH-dependent
and time-dependent.'® Prior to this study, two phase III

clinical trials had established that MMX mesalamine
was effective in the induction of both clinical and endo-
scopic remission of mild-to-moderate UC. In the first
trial, patients were randomized to receive either MMX
mesalamine (2.4 g/day twice daily or 4.8 g/day once
daily) or placebo.!” At the conclusion of the 8-week study,
significantly more patients receiving MMX mesalamine
achieved clinical and endoscopic remission compared
with placebo (34.1% and 29.2% versus 12.9%, respec-
tively, P<.01). In the second trial, two doses of MMX
mesalamine (2.4 g/day or 4.8 g/day) were compared
with a conventional dose of delayed-release mesalamine
(2.4 g/day divided into three doses) or placebo.'® Impor-
tantly, this study showed that although both doses of
MMX mesalamine induced significantly superior rates of
clinical and endoscopic remission compared with placebo
(40.5% and 41.2% versus 22.1%, respectively, P=.01 and
P=.007), delayed-release mesalamine did not (32.6%).
While both of these studies showed MMX mesalamine
was effective in the induction of UC remission, neither
study directly addressed the safety and efficacy of MMX
mesalamine as long-term maintenance therapy.

This was a multi-center, open-label trial of 459
patients with mild-to-moderate UC. Nearly all patients
had achieved remission through a previous induction
trial with MMX mesalamine, described above, although
some patients (n=89) who did not achieve strictly defined
remission were allowed into this study at their doctor’s

17.18 Patients were recruited from 101 centers

discretion.
spread across 19 countries from Eastern and Western
Europe and the United States. The study was performed
between November 2003 and March 2006. Although all
459 patients were evaluable for safety, 8 patients were
excluded from an efficacy analysis due to lack of compli-
ance. All patients were randomized to receive 2.4 g/day
MMX mesalamine, administered either as a single (once
daily) or divided (twice daily) dose. Patients were followed
over a l-year period, and evaluated through clinic visits
at months 1, 3, 6, 9, and 12. At each clinical evalua-
tion, patients underwent a physical examination, blood
and urine analysis, symptoms assessment, and adverse
event review. At the time of final clinical assessment, a
sigmoidoscopy was performed and a Physician’s Global
Assessment (PGA) score was determined. The primary
study objective was to assess the long-term safety and
tolerability of each of these MMX mesalamine doses.

At study entry, similar proportions of patients in each
dosage group were in clinical and endoscopic remission
(78.1% for the once daily group and 82.3% for the twice
daily group; Figure 1). At the 12-month completion of the
study, there was again no significant difference between
treatment groups in the proportion of patients who were
in clinical and endoscopic remission (64.4% and 68.5%,
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Figure 1. Remission rates at month 0 and month 12 in

the efficacy population, following treatment with MMX
mesalamine 2.4 g/day given once daily or twice daily.

Adapted from Kamm et al.'®

respectively). Similar proportions of patients did not
experience disease relapse in the once-daily and twice-
daily dosage group (88.9% versus 93.2%, respectively).

At the time of entry into this maintenance study, the
majority of patients in either the once-daily or twice-daily
dosage group had a normal mucosal appearance (66.2%
versus 58.6%, respectively), indicated by a sigmoidoscopy
score of 0. The remaining patients had a sigmoidoscopy
score of 1 (33.8% versus 41.4%, respectively). These
sigmoidoscopy scores were largely maintained at month
12. Additionally, the proportion of patients with a
sigmoidoscopy score of 0 or 1 was not significantly differ-
ent between the once-daily or twice-daily group (78.6%
versus 78.5%, respectively).

When compared to the intent-to-treat population
as a whole, the 89 patients who had not met the strict
definition of remission prior to entering this maintenance
trial showed a lower 12-month remission rate. However,
this remission rate was not significantly different between
the dosing groups (52.1% for once daily versus 51.2% for
twice daily).

A total of 384 adverse events were reported in 174
(37.9%) patients. There was no significant difference in
the proportion of patients reporting an adverse event

FORMULATIONS AND DOSING STRATEGIES FOR 5-ASA

between the once-daily and twice-daily dosage groups
(39.1% versus 36.8%). Most of these adverse events were
categorized as mild or moderate in intensity, and the num-
ber and types of each event were similar between dosage
groups. The most frequent adverse events reported were
related to gastrointestinal symptoms. A total of 22 serious
adverse events, most frequently gastrointestinal disorders,
were recorded in 18 (3.9%) patients. However, only one
of these was considered to be possibly or probably related
to receiving the study treatment.

The study investigators concluded that both doses of
MMX mesalamine were safe and effective as UC main-
tenance therapy. Importantly, once-daily dosing was not
associated with significant decreases in the rate of clinical
or endoscopic remission. Because patient compliance
often improves with decreased frequency of medication
needed during the day, the once-daily administration of
MMX mesalamine is a promising strategy for long-term
maintenance of UC remission."

Granulated Mesalamine Formulations

In a separate report, Marakhouski and colleagues per-
formed a randomized trial to compare the efficacy of
granulated mesalamine with standard delayed-release
mesalamine tablets.”” This was a double-blind random-
ized study of 233 patients with mild-to-moderate active
UC. Patients were randomized to receive 5-ASA either in
microgranule (n=115) or tablet (n=118) form. The 5-ASA
was initially administered as a dose of 0.5 g three times
daily, as this dose has been shown in numerous studies
to achieve adequate mucosal 5-ASA concentrations and a
satisfactory remission rate. However, after approximately
2 weeks, patients had the option of dose-escalating up to
3 g daily in the event of insufficient response to the initial
dosage. This option was allowed in light of the results of
several clinical trials showing higher 5-ASA dosages led to
increases in efficacy.?® Patients continued 5-ASA therapy
for 56 + 7 days.

A total of 233 patients with mild-to-moderate active
UC were recruited to this study. Patients were recruited
from 21 centers located across four countries. A clinical
evaluation was performed at baseline and 2, 4, 6, and 8
weeks following study initiation.

After approximately 3 weeks, a similar proportion of
patients in both the granule group and the tablet group
achieved remission (47% versus 42%, respectively;
Figure 2). More patients achieved remission after
undergoing dose escalation; however, there was still no
significant difference between the granule or tablet treat-
ment groups (67% versus 68%, respectively). The non-
inferiority of the mesalamine granules compared with
the tablets was thus determined to be significant.
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Patients (%)

Response after initial dose
of 1.5 g mesalamine/day
after about 3 weeks

Total response with
1.5-3.0 g mesalamine/day
after 8 weeks

Figure 2. Rates of complete remission in patients with mild
to moderately active ulcerative colitis after an initial dose of
1.5 g granulated mesalamine/day and after dose escalation to
3.0 g/day in patients who did not adequately respond to the
initial dose.

Adapted with permission from Marakhouski et al."’

Patients in both the granule and tablet groups exhib-
ited a similar time to first response (23.5 versus 25.6 days,
respectively), a similar rate of endoscopic improvement
(84.3% versus 86.4%, respectively), and a similar rate of
histological improvement (54.6% versus 57.1%, respec-
tively). Between the two study arms, there was no differ-
ence in the proportion of patients exhibiting therapeutic
success (80.0% versus 77.8%, respectively) or therapeutic
benefit (97.1% versus 96.8%, respectively) after patients
were assessed using the PGA.

A similar proportion of patients in both the granule
and the tablet groups had to undergo dose escalation (39%
versus 45%, respectively). However, the higher dose did
produce significantly greater decreases in the UC clinical
activity index (CAI) compared to the mean CAI prior to
dose escalation (P<.0001), regardless of treatment arm.

The CAI score at baseline (<8 versus >8) and the
presence of extraintestinal UC manifestations at base-
line (none versus 21 symptom) may have impacted the
response rate, according to a subgroup analysis. In this
analysis, patients with more mild disease activity and no
extraintestinal manifestations exhibited the highest rates
of response.

The safety profiles of the two 5-ASA delivery systems
were also comparable. A similar proportion of patients
in the granule group compared with the tablet group
experienced 1 or more adverse event (32% versus 36%)

or 1 or more potential adverse drug reaction (13% versus
9%). Treatment was discontinued in 5 patients overall
(1 patient in the granule group and 4 patients in the tablet
group). Reasons for treatment discontinuation included
worsening of UC disease (n=2), erythematous rash (n=1),
hives (n=1), and nausea (n=1). Two patients in the 5-ASA
tablet group experienced a serious adverse event each,
both due to worsening of the underlying UC disease.

The non-inferiority of mesalamine granules com-
pared with tablets, as demonstrated in this study, showed
that the granulated formulation successfully treated
mild-to-moderate UC. The granulated mesalamine was
well tolerated, even when dose-escalated. Therefore, this
formulation is a safe and effective alternative for induc-
tion of response and remission in patients with UC.

In a second study of this 5-ASA formulation, Kruis
and colleagues compared once daily dosing of mesalamine
granules with a conventional three-times daily dosing.?
This was a randomized, double-blind, multicenter study
that was conducted in 54 centers across 13 countries. The
study had a sequential adaptive design, meaning the first
interim analysis was planned after 200 intent-to-treat
participants had completed the trial. The total planned
patient recruitment was 320 patients. All UC medications
other than the study drug were stopped at baseline.

A total of 381 UC patients were randomized 1:1 to
two treatment arms, receiving either once daily or three
times daily dosing of the mesalamine granules. A double-
dummy design was used to maintain double-blind sta-
tus. For example, patients in the once daily group took
3 g mesalamine in the morning, and 1 g placebo each at
noon and at night, while patients in the three times daily
group administered 1 g mesalamine plus 2 g placebo in
the morning, and 1 g mesalamine each at noon and at
night. The study treatment duration was 8 weeks, during
which clinical visits occurred every 2 weeks. In addition
to normal clinical assessment, clinic visits at baseline and
8 weeks included both endoscopy and histology evalu-
ations as well. No significant differences were observed
in the baseline characteristics of the treatment groups in
these patients.

The primary study endpoint was the proportion of
patients who achieved clinical remission, defined as a CAI
of 4 or lower, at the end of the study. Secondary study
endpoints were also assessed, including clinical improve-
ment (21 point decrease in CAI from baseline), and
endoscopic remission, assessed as an endoscopic index
(EI) score of less than 4.

Among the intent-to-treat population, 79.1% and
75.7% achieved clinical remission in the once daily and
three times daily treatment groups, respectively. Because
the rate of clinical remission was so similar between the
treatment arms, the study authors concluded the two
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treatment regimens were non-inferior (P<.0001). The
time course and mean change from baseline of the CAI
score also did not differ significantly between treatment
arms over the study period (Figure 3).

Although neither gender nor disease duration
(<5 years versus >5 years) significantly affected the rate of
clinical remission between the treatment groups, baseline
severity did show some importance. Within the once
daily treatment arm, significantly more patients with mild
disease at baseline achieved clinical remission compared
to patients with moderate disease (85% versus 69%,
respectively, P=.0067). Additionally, significantly more
patients in the once-daily arm with distal disease achieved
remission compared to those with proximal disease (86%
versus 72%, respectively, P=.0247), suggesting the disease
location was also important. However, previous mainte-
nance therapy with 5-ASA had no affect on the rate of
achieving clinical remission in this study.

Secondary endpoints did not differ significantly
between the treatment arms. Patients in the once daily
and three times daily arms showed a similar median time
to first symptom resolution (12 versus 16 days). These
patients also showed similar rates of endoscopic remission
(71% versus 70%) and histologic remission (35% versus
41%). When surveyed, the vast majority of patients
(82%) stated they would prefer a once daily dosing regi-
men, whereas 2% preferred a three times daily regimen
and 15% claimed no preference.

A similar percentage of patients in each treatment
arm experienced a treatment-emergent adverse event
(29% and 32% for once daily and three times daily,
respectively). The most frequently reported adverse
events were headache, UC disease worsening, and naso-

pharyngitis, and most were mild or moderate in inten-
sity. Severe intensity adverse events occurred in 7 and
3 patients in the once daily and three times daily arms,
respectively; the most common adverse event of severe
intensity was worsening of UC. No serious adverse event
that occurred was thought to be related to study drug.

Because of the non-inferiority of the once daily
schedule of granulated mesalamine determined in this
study, the investigators concluded that this more conve-
nient schedule was a safe and effective alternative for the
administration of this 5-ASA formulation. Therefore, the
once daily regimen was found to be a viable alternative for
clinicians to prescribe in order to increase patient adher-
ence to 5-ASA medication.

In a third study evaluating the granulated formula-
tion of mesalamine, Kruis and colleagues conducted a
randomized, double-blind trial with two goals.? First, they
sought to determine the optimal dosage of mesalamine
for the induction of remission of mild-to-moderate dis-
ease. Second, they evaluated the efficacy and safety of
granulated mesalamine. This was a multi-center study
which recruited participants from several sites across Aus-
tria, Germany, Hungary, and Israel. Only patients with
mild-to-moderate UC, defined as a CAI of between 6-12
and an endoscopic index of 4 or greater, were included.
Patients had to have had a UC flare with at least 1 previ-
ous episode or persistent bloody diarrhea within 14 days
of study entry.

A total of 321 patients were randomized to separate
treatment arms in which they received a different dose
of granulated mesalamine: either 0.5 g three times daily
(1.5 g daily), 1.0 g three times daily (3.0 g daily), or
1.5 g three times daily (4.5 g daily). No concurrent UC
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medication was allowed throughout the study period.
The treatment period continued over 8 weeks, during
which patients underwent clinic evaluations at baseline
and every 2 weeks thereafter. The efficacy of treatment
was evaluated by calculating the CAI at each clinical
evaluation. The primary study endpoint was to determine
the number of patients who achieved clinical remission
over the 8 week period, defined as a CAI of 4 or less.
Secondary efficacy endpoints included endoscopic remis-
sion, histologic improvement, clinical improvement, life
quality index, and PGA.

The proportion of patients achieving clinical
remission was 50%, 66%, and 55% in the 1.5 g daily,
3.0 g daily, and 4.5 g daily treatment arms, respectively
(Figure 4). Although the difference between the 4.5 g
daily and the 1.5 g daily groups was not statistically
significant, the difference between the 3.0 g daily and
1.5 g daily groups did reach statistical significance
(P=.014). Similarly, more patients in the 3.0 g daily
group exhibited clinical improvement compared with
the lowest or highest dosage groups. The number of
patients experiencing clinical improvement, defined
as either a CAI of 4 or less or achieving a 3 point or
greater decrease in CAI from baseline, in the 1.5 g daily,
3.0 g daily, and 4.5 g daily groups was 64%, 75%, and
66%, respectively.

Among patients achieving remission, the mean time
to the first response, calculated as the time interval bet-
ween the first dose of study medication and the first point
at which a CAI of 4 or less was assessed, was similar among
the 1.5 g daily, 3.0 g daily, and 4.5 g daily treatment arms
(27.5, 26.5, and 21.5 days, respectively).

A subgroup analysis found that both disease sever-
ity and disease duration significantly affected clinical
response to therapy. A significantly superior rate of remis-
sion was noted in patients with milder disease, defined
as a CAI of 8 or less at baseline, compared with patients
with more severe (CAI >8) disease (62% versus 49%,
P=.016). Patients with a longer disease history (>5 years)
also exhibited a significantly superior rate of remission
compared with patients with a shorter (<5 years) disease
history (64% versus 51%, P=.019). The highest rates of
remission occurred in patients with proctosigmoiditis,
compared with left-sided or pancolitis; however, this dif-
ference did not achieve statistical significance.

The 3.0 g daily group exhibited a superior rate of
endoscopic improvement compared with the lowest and
highest doses (53%, 84%, 70% for 1.5 g daily, 3.0 g
daily, and 4.5 g daily treatment groups; <.0001 for com-
parison between 1.5 g and 3.0 g daily groups; P=NS for
comparison between 3.0 g and 4.5 g daily groups). The
proportion of patients experiencing histological improve-
ment was generally lower, and no significant differences
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Figure 4. Proportion of patients achieving clinical remission

with three different doses of granulated mesalamine.

Adapted from Kruis et al.?

were noted among the treatment groups (42%, 56%, and
63% for 1.5 g daily, 3.0 g daily, and 4.5 g daily groups,
respectively). The life quality index improved among all
three treatment groups.

A total of 14 serious adverse events occurred in
12 patients over the study; 7 of these events were hospi-
talizations due to progression of UC disease. The study
medication was discontinued due to adverse events in
27 patients, most frequently (n=19) because of worsening
of UC or UC-related symptoms. A similar proportion
of patients reported 1 or more adverse event among the
three treatment groups (63%, 61%, and 58% inthe 1.5 g
daily, 3.0 g daily, and 4.5 g daily, respectively). The most
frequent adverse event reported overall was headache.

Previously, both a dose-response relationship and
a superiority of high-dose treatment were observed for
5-ASA.2"*% Interestingly, this study did not find either
to occur with the doses of granulated mesalamine used.
The study authors therefore recommended that the
lowest effective dose be used, and in the event of lack
of response to this dose, alternative treatment strategies
be attempted.

Study of Simulated Mesalamine Release

Because 5-ASA is locally active within the intestinal
tract, its release profile is a dominant factor in determin-
ing adequate local bioavailability, and thus efficacy. In
order to approximate the changing environment of the
gastrointestinal tract, Schellekens and colleagues devel-
oped a novel dissolution method termed the gastroin-
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Table 1. Release Rates During Release rate (mg/min per phase)
Different Phases of Mesalamine 8 perp
Administration (Standardized I II I v
Dose of 500 mg) Granulated mesalamine tablet 0.0 4.3 0.8 0.0
Adapted from Schellekens et al.26 Granulated mesalamine sachet 0.1 1.2 2.5 0.4
Delayed-release mesalamine 0.0 3.3 2.2 0.2
Controlled-release mesalamine tablet 2.1 0.5 0.6 0.1
Controlled-release mesalamine sachet 2.8 0.6 0.6 0.2

testinal simulation system (GISS).?® The GISS allowed
these researchers to vary four key parameters—transit
time, pH, osmolality, and agitation—important for the
release of 5-ASA compounds throughout the intestine.
They then used the GISS to evaluate the release kinet-
ics of several modified-release 5-ASA formulations,
including granulated mesalamine tablets, granulated
mesalamine sachets, delayed-release mesalamine, con-
trolled-release mesalamine tablets, and controlled-release
mesalamine sachet.

During the GISS test, each 5-ASA agent was exposed
to four dissolution phases meant to simulate four consecu-
tive phases of the gastrointestinal tract. The GISS began
with a simulation of the stomach for 2 hours, followed by
2-hour exposure in a simulation of the jejunum, 0.5 hour
exposure to an environment simulating the distal ileum,
and culminating in a 1.5-hour exposure to a simulation
of the proximal colon. Biorelevant media were used to
achieve each phase specification. A switch solution was
applied at the end of each phase to adjust the environ-
ment, including both pH and osmolality, to the required
composition of the subsequent phase. The release profile of
each 5-ASA agent was then determined throughout each
phase in the GISS by spectrophotometrically measuring
the concentration of the compound. The rate of 5-ASA
release was calculated as the amount of agent released in
each phase divided by the residence time.

Overall, the investigators found that the release
profile of each 5-ASA agent corresponded to the tech-
nological formulation applied to that agent (Table
1). Agents with a pH-sensitive coating, including
granulated mesalamine tablets and sachets, and delayed-
release mesalamine, did not release any 5-ASA in the
low pH simulated stomach phase. Conversely, both
time-delayed formulations of 5-ASA, the controlled-
release tablets and controlled-release sachets, released up
to 70% 5-ASA during the 2-hour stomach simulation.
5-ASA release by controlled-release mesalamine in the
simulated stomach phase occurred at a rate 3 to 5 times
faster than that observed in the simulated small and large
intestine phases. The authors concluded that the amount

of 5-ASA that was released from the controlled-release
sachets and tablets was related to the gastric transit time
and the amount of time spent exposed to the simulated
stomach environment. The majority of 5-ASA was
released from the controlled-release formulation before
the simulated colon was ever reached.

Schellekens and colleagues further used the GISS
to determine the in vitro colon selectivity of each 5-ASA
agent, expressed as the colon released percentage of the
total quantity released (CRP-TQR). This was calculated
as the amount of 5-ASA released during the fourth phase
of the GISS as a percentage of the total release of 5-ASA
during all four GISS phases. The authors concluded that
the in vitro colon selectivity for all of the evaluated 5-ASA
formulations was poor. The CRP-TQR was as low as 0%
for the granulated mesalamine tablet. The controlled-
release tablet and sachet, as well as delayed-release tablets,
exhibited similar CRP-TQR (3.3%, 4.7%, and 3.8%,
respectively). The granulated mesalamine sachet had the
highest CRP-TQR, 14.8%, but this was still considered
by the investigators to be relatively low. The authors con-
cluded that the data from this study corroborated previ-
ously published studies which showed the colon selectivity
of these agents was relatively low.??

Based on the results of this study, the authors con-
cluded that in the setting of inflammation limited to
the distal parts of the colon, the granulated mesalamine
sachet was the optimal formulation to allow the most 5-
ASA agent to reach the site of inflammation. In the event
of inflammation occurring in the more proximal portions
of the intestine, the authors determined that granulated
mesalamine tablets or delayed-release mesalamine tablets
were the preferred formulation of 5-ASA, as they exhibit
low release in the stomach but rapid and substantial
release in the proximal intestine.

Cost Effectiveness of High-Dose Mesalamine

The phase IIT trials ASCEND I and ASCEND II
together showed that doubling the dose of delayed-release
mesalamine significantly improved its efficacy in mod-
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erate UC without an increase in adverse events.”?’ A
pooled analysis of these two trials found that 72% of
patients who received 4.8 g/day delayed-release mesa-
lamine exhibited a treatment response, compared with
only 58% of patients who received 2.4 g/day, a statisti-
cally significant difference (P<.05).*' Although these
results clearly demonstrate the improved clinical efficacy
of increased delayed-release mesalamine dosage, there
are few data on the cost-effectiveness of this treatment.
Buckland and colleagues sought to evaluate the cost-
effectiveness of the high-dose delayed-release mesalamine
used in these studies (4.8 g/day of 800 mg delayed-
release mesalamine) compared with the conventional
delayed-release mesalamine dose (2.4 g/day of 400 mg)
in the treatment of moderate UC.?*

The authors generated a decision tree analytical
model, which incorporated treatment algorithms from
both the British Society of Gastroenterology guidelines
and published treatment regimens.'** This decision tree
model allowed the study investigators to evaluate each
treatment by incorporating the probabilities of an event
occurring based on a course of treatment. A hypothetical
cohort of 1,000 patients entered this decision tree model
by receiving either high-dose or standard-dose delayed-
release mesalamine. These patients could experience
either treatment success, denoted by either a remission
or a partial response, or a treatment failure. In order to
achieve remission, the hypothetical patients progressed
down different treatment arms of the decision tree.
Patients who did not require further drug treatment were
assumed to receive maintenance 5-ASA treatment. To
determine the cost-effectiveness of therapy, the decision
tree model considered both drug costs as well as costs
of other resources associated with either high-dose or
standard-dose delayed-release mesalamine. A cost-utility
analysis was generated by mapping the clinical benefit
achieved over the duration of the decision tree model
with quality-of-life data. A 12-week time period was
used to generate the cost-effectiveness analysis, as it was
assumed this time period could successfully capture all
of the treatment-associated costs and health benefits
after a single moderately severe UC flare.

Base-case analysis of the 12-week treatment modal-
ity showed an average cost savings of £93 ($137) per
patient treated with high-dose mesalamine (average of
$3,526 per patient receiving high-dose mesalamine com-
pared with $3,663 per patient receiving standard dose
mesalamine). Patients receiving high-dose mesalamine
experienced 0.0016 more QALYs compared with those
receiving standard-dose mesalamine. Therefore, high-
dose mesalamine was found to be superior in both
improving the amount of QALYs as well as yielding less
cost. The authors further showed that 72% of all simula-

tions found high-dose mesalamine to be cost-effective
when considering the commonly used threshold of
£30,000 ($44,400)/QALY.

Importantly, the higher treatment success of high-
dose versus standard-dose mesalamine projected by
the decision tree model (72% versus 58%, respectively,
P<.05) predicted that 10% fewer patients would require
surgery (9% versus 10%, respectively) and 9% fewer
patients would require hospitalization while receiving
intensive IV steroid or cyclosporine therapy (20% versus
22%, respectively).
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Commentary

Cary R. Lichtenstein, MD

Center for Inflammatory Bowel Diseases
University of Pennsylvania School of Medicine

Recent studies from the European literature have des-
cribed several novel approaches to research in optimizing
strategies for 5-ASA therapy in UC. The studies summa-
rized herewith examine a range of endpoints and treat-
ment scenarios that add to our understanding of novel
mesalamine formulations and dosing strategies, as they
relate to clinical, histologic, and endoscopic response and
remission. Cost-effectiveness data and gastrointestinal
simulation models provide further reinforcement of effi-
cacy findings as well as provocative data for discussion and
future research.

Kamm and associates conducted a multicenter, open-
label trial of over 450 patients to evaluate the efficacy
of the MMX mesalamine formulation in inducing and
further maintaining remission of mild-to-moderate UC.
This trial was unique in its examination of both response
and maintenance endpoints in a single cohort of patients.
The authors showed that patients who received 2.4 g of
MMX mesalamine, given as either a single daily dose or
a divided dose of 1.2 g twice daily, were able to achieve
and maintain remission effectively. The once-daily dose
was non-inferior to the twice-daily regimen, demonstrat-
ing that it is a viable strategy for maintenance, with the
potential to improve adherence among patients receiving
long-term treatment. This study was designed to be open-
labeled, making it somewhat less rigorous than a blinded,
placebo-controlled trial. However, the multinational,
multicenter nature of the trial makes for greater generaliz-
ability in terms of what is seen in actual clinical practice,
as opposed to more stringently designed trials that have
been conducted in the past.

Marakhouski and colleagues compared the novel
granulated mesalamine formulation to standard delayed-
release mesalamine in a double-blind, randomized, non-
inferiority trial of patients with mild to moderately active
UC. Although the initial dosing regimen for the granulated
formulation was somewhat low (0.5 g, tid), there was an
option to escalate to a total of 3 g daily after 2 weeks, in
patients without adequate response. This design is relevant
to clinical practice as patients often start at a lower dose
and then escalate to achieve efficacy, as has been seen in

marketing surveys assessing gastroenterologists’ practices
in use of mesalamine for patient treatment.

At 3 weeks, findings of both safety and efficacy
were similar in the two groups, thus demonstrating the
noninferiority of the granulated formulation versus the
delayed release, which is generally considered the indus-
try standard.

The first study by Kruis and colleagues considered a
once-daily strategy of dosing 3 g of the novel granulated
mesalamine versus the same dose divided into a thrice-
daily regimen. All patients received active therapy or
placebo three times a day to blind them to the treatment
arms and were evaluated via office visit every 2 weeks.
Histology was taken at baseline and at 8 weeks. No initial
difference was seen between the two groups in the pri-
mary and secondary endpoints of clinical and endoscopic
remission, respectively. This was once again a noninferior-
ity study where the endpoint was achieved successfully,
demonstrating both efficacy and safety of the once-daily
strategy for granulated mesalamine, similar to that seen in
earlier studies of MMX.

The second study by Kruis was a dose finding study
to determine the optimal thrice-daily regimen for the
induction of UC remission in active disease. Patients
received three-times-daily doses of 0.5 g, 1.0 g, or 1.5 ¢
for a total of 1.5 g, 3.0 g, or 4.5 g daily. No other
medication was permitted over the 8-week study period,
in which the investigators monitored the number of
patients achieving remission.

Results were somewhat unexpected in that the rate
of remission seen with the lowest dose (1.5 g daily) did
not reach statistical significance versus the highest dose
(4.5 g daily). However, the 3 g daily dose did show
significant clinical benefit versus the other two doses.
This is somewhat atypical for mesalamine formulations.
Other studies, such as the ASCEND studies of delayed-
release mesalamine, have looked at only two doses (2.4 g
vs 4.8 g daily), and have seen no significant benefit from
the higher dose in all comers. However, in ASCEND,
secondary analyses considering disease severity, disease
duration, and history of prior medication revealed these
to be mitigating factors affecting response to the higher
dose and a dose-response was seen in these harder-
to-treat patients. Thus, these findings with granulated
mesalamine suggest a dose-response as would be seen in
the standard fashion when comparing 1.5 g and 3 g. The
4.5 g dose may provide a saturable, maximal dose effect,
over which there is no clinical benefit. This is a new con-
cept that requires direct testing through the definition of
subgroups with more refractory disease and longer dis-
ease duration and multivariate logistic regression analysis
to see how the different doses affect these populations.
Based on the current study, we should assume that 1.5 g
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is too low a dose for induction of remission and that 3 g
daily is the reasonable dose to try initially. Further study
may ultimately show a place for 4.5 g daily in specific
patients with more difficult-to-treat disease.

The study by Schellekens and associates helps to
explain the variable dissolution among mesalamine for-
mulations as well as among doses of a single formulation.
As an example, patients have observed whole delayed-
release mesalamine capsules in their stools. Explanations
for this phenomenon range from variable pH in the ileum
to differing pH in patients with active colitis to variability
in the coating of the capsules themselves. By simulating
transit in the different parts of the gastrointestinal tract,
these authors demonstrate the theoretical release of drug
as it would occur in healthy individuals. My concern with
this article is that it takes what is essentially an in vitro
study and attempts to apply it clinically. pH levels, as well
as motility, differ among patients with IBD and should
be factored in this analysis. Although this study provides
an interesting first step, further investigation should be
undertaken via scintigraphy to track the release and tran-
sit of mesalamine as should stool sampling via unprepped
colonoscopy, in order to take this concept from bench to
bedside in applicable patients.

Buckland and colleagues noted the results of the
phase III ASCEND I and ASCEND 1I trials and applied
them to show that doubling the dose of delayed-release
mesalamine, from 2.4 g to 4.8 g, significantly improves

FORMULATIONS AND DOSING STRATEGIES FOR 5-ASA

overall efficacy in patients with moderate disease, with-
out imparting a higher rate of adverse events. Utilizing
a decision-tree model based on recommendations from
British guidelines and treatment algorithms, they created
a hypothetical cohort of 1,000 patients to receive either
high-dose (4.8 g) or standard-dose (2.4 g) mesalamine.
Based on 12 weeks of treatment, they found a cost sav-
ing via quality of life years for patients taking high-dose
mesalamine, compared to the standard dose.

The comparison made in this study assumes that
all patients with moderate disease take the high-dose
mesalamine or that they all take the standard dose of
delayed-release mesalamine. Further study of patient
subsets in ASCEND I and II, as well as the further
findings of ASCEND III, address the question of what
patients with moderate disease derive the most benefit
from increased dosing. Based on these findings, clini-
cians do not use the high dose in all of their patients
with moderate disease. It may be that an even greater
cost benefit than is seen here could be realized if patients
with a long history of disease or who are refractory
to other medications are selected for comparison. If
this study were modeled as such, these patients would
account for a much greater cost savings. Patients with
moderate UC who are still steroid-naive and who have
disease confined to the left side of the colon may not
benefit from the higher dose and are far less likely to
realize benefit, in terms of either cost or efficacy.

Gastroenterology & Hepatology Volume 4, Issue 12, Supplement 28 December 2008

13



Notes




Novel Formulations and Dosing Strategies for 5-ASA

CME Post-Test: Circle the correct answer for each question below.

1. Which of the following is NOT a strategy used to 6. In a randomized study by Kruis and colleagues,
alter the pharmacological properties of 5-ASA?  _________ of patients receiving a once daily
dose of granulated mesalamine achieved clinical
a. Azo-bond with a carrier molecule remission.
b. pH-dependent release
c. Time-dependent release a. 52.4%
d. Pegylated 5-ASA b. 68.3%
c. 70.4%
d. 79.1%
2. Which of the following is an example of a 5-ASA
molecule with both pH-dependent and time-
dependent release properties? 7. A separate randomized trial by Kruis and
colleagues founda _____ dose of
a. Delayed-release mesalamine granulated mesalamine produced the highest rate
b. Controlled-release mesalamine of clinical improvement and remission.
c. Olsalazine .
d. MMX mesalamine tablets a I.Sgdal.ly
b. 3.0 g daily
c. 4.2 g daily
3. In a clinical study conducted by Kamm and d. 4.5 g daily
colleagues, a once-daily administration of
2.4 g/day MMX mesalamine resulted in ________
compared with twice-daily MMX. 8. Which of the following was NOT a parameter
that could be varied in the GISS developed by
a. a similar rate of clinical and endoscopic remission Schellekens and colleagues?

b. asignificantly higher rate of clinical and endo-
scopic remission

c. asignificantly lower rate of clinical and endoscopic
remission

d. asignificantly higher rate of adverse events

a. Transit time
b. pH
c. Osmolality

d. Bacterial concentration

9. Using the GISS, Schellekens and colleagues

4. A randomized trial by Marakhouski and colleagues ;
found that the controlled-release formulations of

showed that mesalamine granules were

compared with mesalamine tablets. mesalamine released up to____% of 5-ASA in the
stomach.
a. significantly more effective for induction of a 45
remission
b. non-inferior for induction of remission b. 55
c. significantly less effective for induction of c. 60
remission d. 70
d. significantly less effective for maintenance of
remission 10. Buckland and colleagues found that __________

was cost-effective in 72% of the simulations

they performed.
5. In the trial by Marakhouski and colleagues, P

__________ of patients achieved remission in the 2. MMX mesalamine
group treated with granulated mesalamine. b. granulated mesalamine
2 35% c. low-dose mesalamine
b. 38% d. high-dose mesalamine

c. 47%
d. 52%
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