Drugs 2000 Apr 59 (4): 929-956
ADIS DRUG EVALUATION 0012-6667/00/0004-0929/525.00/0

© Adis International Limited. All rights reserved.

Prolonged-Release Mesalazine!

A Review of its Therapeutic Potential in Ulcerative Colitis and
Crohn’s Disease

Delyth Clemett and Anthony Markham

Adis International Limited, Auckland, New Zealand

Various sections of the manuscript reviewed by:

V.A. Botoman, Department of Gastroenterology, Cleveland Clinic, Fort Lauderdale, Florida, USA; P.D. Layer,
Department of Internal Medicine, Israelitic Hospital, Hamburg, Germany; Y.R. Mahida, Division of
Gastroenterology, University Hospital, Nottingham, UK; N.A. Punchard, Department of Biology and Health
Science, University of Luton, Luton, UK; S.N. Rasmussen, Department of Medical Gastroenterology, Hvidovre
University Hospital, Copenhagen, Denmark; M. Robinson, University of Oklahoma College of Medicine,
Oklahoma City, Oklahoma, USA; B.N. Singh, Department of Industrial Pharmacy, St John’s University, New
York, New York, USA; J.W. Singleton, Division of Gastroenterology & Hepatology, University of Colorado
Health Sciences Center, Denver, Colorado, USA.

Data Selection

Sources: Medical literature published in any language since 1983 on Mesalazine, identified using AdisBase (a proprietary database of Adis
International, Auckland, New Zealand) and Medline. Additional references were identified from the reference lists of published articles.
Bibliographical information, including contributory unpublished data, was also requested from the company developing the drug.

Search strategy: AdisBase search terms were ‘Mesalazine’ or ‘Mesalamine’ or ‘5-ASA’ and (‘Inflammatory-bowel-disorders’ or ‘Proctitis’)
and (‘slow-release’ or ‘prolonged-release’). Medline search terms were ‘Mesalazine’ or ‘Mesalamine’ or ‘5-ASA’ and (‘Inflammatory-bowel-
diseases’ or ‘Crohn-disease’ or ‘Ulcerative-colitis’ or ‘Proctitis’) and ‘slow-release’. Searches were last updated 20 Mar 2000.

Selection: Studies in patients with ulcerative colitis or Crohn’s disease who received oral prolonged-release mesalazine (Pentasa®). Inclusion
of studies was based mainly on the methods section of the trials. When available, large, well controlled trials with appropriate statistical
methodology were preferred. Relevant pharmacodynamic and pharmacokinetic data are also included.

Index terms: Mesalazine, mesalamine, Pentasa®, ulcerative colitis, Crohn’s disease, pharmacodynamics, pharmacokinetics, therapeutic
use.

Contents

SUMMANY L 930
1. Infroduction . . . . . 933
1.1 Mesalazine Delivery Formulations . . . . . . . . . . . e 933

2. Mode of Action . . . . . . . 934
2.1. Lipid Mediators . . . . . . . 934
2.1.1 Lipoxygenase and Cyclo-Oxygenase Products . . . . . . ... . . ... ... ... ... 934

2.1.2 Platelet-Activating Factor . . . . . . . . 935

22 Cytokines . . . . . 936
2.2.1 IFNy-and TNFa-Induced Effects . . . . . . . . . . . . . 936

222 Interleukins . . . . . . 936

2.3 Reactive OXygen SpEeCies . . . . . . v v v v v i 936

3. Pharmacokinetic Properties . . . . . . . . 937
3.1 Local Mesalazine Disposition . . . . . . . . . . . 937
3.1.1 Patientswith Diarrhoea . . . . . . . . . . . . 938

1 Also known as mesalamine in the US.



930 Clemett & Markham
3.1.2 Pdatfients with lleorectal Anastomosis . . . . . . . .. . .. . ... 939
3.2 Systemic Mesalazine Disposition . . . . . . . . 939
3.2.1 Absorption . . . 939
3.2.2 Distribution . . . . .. 939
3.2.3 Metabolism and Elimination . . . . . . . . . .. e 939
4. Therapeutic Efficacy . . . . . . . o 940
4.1 Ulcerative Colitis . . . . . . . o e 940
4.1.1 Active Disedse . . . . . . . 941
4,12 Maintenance of Remission . . . . . . . . . . 941
42 Crohn’'sDISEasSe . . . . . v v v v 942
42,1 Active DIsease . . . . . . . 943
422 Maintenance of Remission . . . . . . . . . e 944
4.2.3 Glucocorticoid Withdrawal . . . . . . . . .. . e 946
4.3 Studiesin Children . . . . . . . e 946
4.4 Effectson Quality of Life . . . . . . . . . 946
5. Tolerability . . . . . . e 947
5.1 RenadlToxiCity . . . . . . o 948
5.2 Sulfasalazine Infolerance . . . . . . e e 949
6. Dosage and Administration . . . . . . . 949
7. Place of Prolonged-Release Mesalazine in the Management of Ulcerative Colitis
and Crohn’sDISease . . . . . . . . 950
Summary
Abstract Prolonged-release mesalazine (Pentasa®?) consists of ethylcellulose-coated

microgranules from which mesalazine (known in the US as mesalamine) is re-
leased in the small and large intestine in a diffusion-dependent manner.

Dose-dependent improvements in clinical and endoscopic parameters have
been reported with prolonged-release mesalazine 2 and 4 g/day in clinical trials
in patients with mild to moderately active ulcerative colitis. Induction of clinical
and endoscopic remission was achieved in more patientsreceiving adaily dosage
of 4 g/day than in those receiving placebo.

In patients with ulcerative colitisin remission, prolonged-rel ease mesalazine
is effective in reducing the rate of relapse. Higher dosages tend to be more effec-
tive, and a 12-month remission rate of 64% has been reported for patients treated
with a 4g daily dosage of this formulation. Comparative data indicate that pro-
longed-rel ease mesal azine has similar efficacy in maintaining remission to molar
equivalent doses of sulfasalazine.

Datafrom a study in patients with mild to moderately active Crohn’s disease
indicates that higher dosages (4 g/day) of prolonged-rel ease mesal azine are more
effective than placebo in reducing disease activity. After 16 weeks' treatment,
64% of patients receiving a 4 g/day dosage experienced clinical improvement
and 43% attained remission. In studiesof patientsin remission of Crohn’sdisease,
theformulation appearsto be more effectivein preventing relapsein patientswith
isolated small bowel disease than in those with colonic involvement.

Thetolerability profile of oral prolonged-release mesalazineis similar to that
of placebo and theincidence of adverse events does not appear to be dose-rel ated.
Nausea/vomiting, diarrhoea, abdominal pain and dyspepsia occur most frequent-

2 Useof trade namesis for product identification purposes only and does not imply endorsement.

0 Adis International Limited. All rights reserved.
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ly, although their incidence is low. Reports of nephrotoxicity during prolonged-
release mesal azine treatment are rare.

Conclusions: Oral prolonged-release mesalazineis effective for maintenance
and induction of remission of mild to moderately active colitis, both in patients
with distal disease and in those with pancolitis. The formulation has similar effi-
cacy to that of equimolar concentrations of sulfasalazine. Prolonged-rel ease mes-
alazine also appears to be effective in the treatment of Crohn’'s disease, and
maintenance therapy is of particular value in patients with isolated small bowel
involvement. Evidence suggests that higher dosages (3 to 4 g/day) of prolonged-
release mesalazine have additional therapeutic benefits over lower dosages in
patients with inflammatory bowel disease without increasing the incidence of
adverse events.

Mode of Action The mechanism by which mesalazine exerts its therapeutic actions remains
elusve. However, numerous in vitro studies have indicated modulatory actions of
mesa azine on the lipid mediators, cytokines and reactive oxygen species involved
in the nonspecific inflammation and tissue damage characteristic of ulcerative
colitis and Crohn’s disease.

In vitro studies have consistently demonstrated inhibitory effects of mesalaz-
ine on leukotriene (LT)B4 synthesis and release from biopsy specimens from
individuals with normal colons and from patients with inflammatory bowel dis-
ease. Although mesal azine had conflicting effectson prostaglandin (PG)Ez levels,
higher concentrations appeared to considerably reduce PGE2 production in co-
lonic mucosa from patients with ulcerative colitis. Mesalazine also appears to
reduceinvitro levels of LTC4, 5-hydroxyeicosatetraenoic acid (HETE), 11-, 12-,
15-HETE, PGD2 and platel et-activating factor.

Inaddition to inhibiting interferon (IFN)-y binding, mesal azine reduced | FNy-
induced cell permeability and expression of the HLA-DR product of the major
histocompatibility complex in colonic epithelial cell lines. Recent evidence sug-
gests that mesalazine reverses the antiproliferative effects of tumour necrosis
factor- (TNF)a andinhibits TNFa signalling eventsinintestinal cells. Mesalazine
may also reduce interleukin (IL)-1/1( and IL-2 production.

Mesalazine reduced production of reactive oxygen species and protected
against oxidant-induced tissue injury in several in vitro models.

Pharmacokinetic Entry of water into prol onged-rel ease mesal azine mi crogranul es creates acon-
Properties centration gradient down which mesalazine diffuses, liberating active drug through-
out the small bowel and colon.

Prolonged-rel ease mesalazine acts topically in the affected bowel lumen. In
volunteers, 18 to 20% of the administered dose was delivered to the jejunoileal
segment as sol ubilised drug, whilecumulative colonic delivery was82% (approx-
imately 75% as intact microgranules) during the first 7 hours after drug admin-
istration. Food intake, local pH and diarrhoeal states do not appear to substantially
affect the disposition of mesalazine from the prol onged-rel ease formulation.

Mesalazine is primarily metabolised by acetylation in the gut wall and liver,
forming acetyl mesalazine. After oral administration, up to 53% of the adminis-
tered dose is excreted in the urine as mesalazine plus acetyl mesalazine. Faecal
excretion accounts for 40% of the administered dose (14 to 19% as unchanged
mesal azine, although exact levels of acetylated and nonacetylated mesalazinein
different colonic segments are not known).

0 Adis International Limited. All rights reserved. Drugs 2000 Apr; 59 (4)
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Therapeutic Efficacy Prolonged-rel ease mesalazine at dosages up to 4 g/day has been investigated
for the maintenance of remission and treatment of mild to moderately active
ulcerative colitis and Crohn’s disease. Higher doses of prolonged-rel ease mesal-
azine (3to 4 g/day) were generally more effective than low doses (1.5 to 2 g/day)
for treatment of acute exacerbations and for maintenance of disease remission.

At dosages of 2 or 4 g/day, the formulation improved clinical and endoscopic
findings in patients with active ulcerative colitis, and success of treatment was
independent of disease location. At adosage of 1.5 g/day, the prolonged-release
formulation was as effective as sulfasalazine 3 g/day in improving clinical and
endoscopic parameters.

The estimated 1-year remission rate in patients with quiescent ulcerative co-
litis receiving prolonged-rel ease mesalazine 1.5 g/day was similar to that with
sulfasalazine 3 g/day (54 vs 46%). A 4g daily dosage of the mesal azine formula-
tion was more effective than placebo in preventing endoscopic and clinical re-
lapse (1-year remission rates 64 vs 38%).

Low dosages (<2 g/day) of prolonged-release mesalazine had no significant
benefits over placebo in patients with mild to moderately active Crohn’'s disease.
However, the formul ation showed benefits compared with placebo at a dosage of
4 g/day in 1 study. In another study, prolonged-rel ease mesalazine 4 g/day pro-
duced improvement, but was not statistically better than placebo. In addition to
increasing the percentage of patients in remission, or experiencing therapeutic
benefit, prolonged-rel ease mesal azine reduced the time to remission and the per-
centage of treatment failures, compared with placebo. In another study, 16-week
remission rates were significantly higher in patients receiving oral budesonide 9
mg/day thaninthosetreated with a4g daily dosage of prol onged-rel ease mesal az-
ine (62 vs 36%).

During prolonged-rel ease mesal azine treatment for maintenance of remission
of Crohn’s disease, dosages of <2 g/day were not consistently effective in pro-
ducing benefits over placebo. However, significantly lower relapse rates were
reported in patientstreated with a 3g daily dosage than in those receiving placebo
over a48-week period. In a noncomparative study of up to 30 months' duration,
dosages of <4 g/day (median 3.7 g/day) were effective in maintaining 72% of
patients continuously in remission over a 1-year period. Prolonged-rel ease mes-
alazine showed particular benefit in reducing the rate of relapse in patients with
isolated ileal disease. Endoscopic recurrence rates after 1 year in patients with a
recent surgical resection of the affected bowel were significantly lower in those
receiving prolonged-rel ease mesalazine 3 g/day than in placebo recipients.

Improvements in disease status have been reported in children (aged 9 to 18
years) receiving prolonged-rel ease mesalazine (22 to 53 mg/kg/day) for thetreat-
ment of active Crohn’s disease.

Tolerability There is no evidence of a dose relationship in the adverse events profile of
prolonged-release mesalazine and the tolerability profile is similar to that of
placebo. The most common adverse events considered related to treatment with the
mesal azine formul ation at dosages up to 4 g/day were nauseaand/or vomiting, head-
ache, abdominal pain, diarrhoeaand dyspepsia. Treatment-rel ated adverse events
necessitating study withdrawal occurred less commonly in patients receiving a
4g daily dosage of prolonged-rel ease mesalazine than in those receiving placebo.

Although nephrotoxicity has been associated with the use of other mesalaz-
ine-containing preparations, impaired renal function does not appear to be asso-

0 Adis International Limited. All rights reserved. Drugs 2000 Apr; 59 (4)
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Dosage and
Administration

ciated with use of the prolonged-release formulation. However, as with other
mesal azi ne preparations, precautionary monitoring of serum creatininelevelshas
been advocated.

Prolonged-rel ease mesal azine appears to be well tolerated in patientsintoler-
ant of sulfasalazine. In patients who had experienced infertility as a result of
sulfasalazine treatment, sperm quality was improved or normalised after switch-
ing to prolonged-rel ease mesal azine treatment.

Oral prolonged-rel ease mesalazine at dosages up to 4 g/day is indicated for
theinduction of remission and treatment of mild to moderate ulcerative colitisin
adults. For patients with quiescent disease, the recommended starting dosage is
1.5 g/day in 2 or 3 divided doses. However, evidence from clinical trials of
dosages up to 4 g/day indicates a dose-dependent increase in efficacy.

No US or UK dosage recommendations are available for the use of prolonged-
release mesalazine in the management of Crohn’s disease. However, indiv-
idualised dosage of up to 4 g/day in divided dosesis generally recommended for
the treatment of active disease and maintenance of remission in other countries.

Prolonged-rel ease mesal azi ne should not be used in patients with known sen-
sitivity to salicylates or in those with severe renal and/or liver impairment, and
is not recommended for use in children. The formulation should be used with
caution during pregnancy.

933

1. Infroduction

Sulfasalazine has been successfully used for
acute and maintenance treatment of inflammatory
bowel diseases (IBD, encompassing ul cerative co-
litis and Crohn’s disease) for many years. How-
ever, itsuseisfregquently associated with the occur-
rence of adverse events which may be dose- or
treatment-limiting in 15 to 20% of patients.] A
study of the therapeutic properties of sulfasalazine
and its constituents [mesal azine (5-amino salicylic
acid, 5-ASA) and sulfapyriding] indicated that mes-
alazineisthetherapeutically active component, while
sulfapyridine acts as an inert carrier molecule to
facilitate delivery to the colon.l? This discovery,
coupled with the implication of sulfapyridine in
most of the adverse events associated with sulfa-
salazine treatment, ! led to the devel opment of mes-
alazine as a pure therapeutic entity.

1.1 Mesalazine Delivery Formulations

Mesalazine(fig. 1) isbelieved to exert itseffects
viatopical actionsin the gut lumen. However, oral-
ly administered unconjugated mesalazine is exten-
sively absorbed from the proximal small bowel [

0 Adis International Limited. All rights reserved.

and alternative oral dosage formulations have been
developed to facilitate the delivery of mesalazine
to moredistal sitesof inflammation (tablel). These
include microgranules of mesalazine coated with a
semipermeabl e ethyl cellulose membrane (Pentasa®),
mesal azi ne encased within a pH-dependent acrylic
resin (pH-dependent delayed-rel ease preparations:
Salofalk®, Claversal®, Mesasal®, Asacol®), or con-
jugation of mesalazine via an azo bond to an inert
carrier (balsalazide) or to another mesalazine mol-
ecule (olsalazine). In each casethe propertiesof the
delivery system dictate the site of mesalazine re-
lease. Aswith sulfasalazine, therel ease of mesal az-
ine from the azo-bound prodrugs is dependent on
azoreductase activity by intestinal bacteriathat re-
sidein the colon. Resin-coated preparations are re-
sistant to low intestinal pH, but dissolve once ex-
posed to the higher pHs encountered in more distal

COOH

H,N OH
Fig. 1. Structural formula of mesalazine.

Drugs 2000 Apr; 59 (4)
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Table I. Properties of oral non-sulfa mesalazine-containing formulations!®

Generic name Trade name Formulation

Mechanism of release Site of release

Coated preparations

Mesalazine Pentasa® Individual microgranules of
mesalazine coated with an
ethylcellulose membrane

Salofalk® Eudragit® L 1002 resin
Claversal®

Mesasal®

Asacol® Eudragit® SP resin

Azo-bound prodrugs

Balsalazide Colazide® Conjugation of mesalazine to
an inert carrier molecule®
Olsalazine Dipentum® Mesalazine dimer

Diffusion-dependent prolonged release
through a semipermeable membrane

Duodenum, jejunum,
ileum, colon

pH-dependent delayed release (=6) lleum, colon

pH-dependent delayed release (27) Terminal ileum, colon

Colonic bacterial azoreduction Colon

Colonic bacterial azoreduction Colon

a Eudragit® L 100 = methacrylic acid:methyl methacrylic acid 1:2.
b Eudragit® S = methacrylic acid:methyl methacrylic acid 1:1.
¢ 4-aminobenzoyl-B-alanine.

regions of the gastrointestinal tract. In contrast, re-
lease of mesalazine from ethylcellul ose-coated mic-
rogranules is diffusion-dependent and begins im-
mediately following ingestion (sections 3 and 3.1).

This review focuses on the properties and clin-
ical effects of the ethylcellulose-coated microgranule
preparation (Pentasa®), referred to as prolonged-
rel ease mesal azine, which allows continuousdeliv-
ery of mesalazine throughout the small bowel and
colon.

2. Mode of Action

The pathogenesis of IBD and hence the mecha-
nism by which mesal azine exertsitstherapeutic ef-
fectsin this disease remain elusive. However, lipid
mediators [leukotrienes (LT), prostaglandins (PG),
platel et-activating factor (PAF)], cytokines [includ-
inginterleukins(IL), interferon-(IFN)yand tumour
necrosis factor-(TNF)a] and reactive oxygen spe-
cies have been implicated in the nonspecific inflam-
mation and tissue damage characteristic of IBD.[9-11]
The modulation of these molecules by mesalazine
may underliethe therapeutic effects of the drug.[12-17]

Numerousin vitro studies have investigated the
effects of mesalazine on inflammatory processesin
colonic epithelial cell lines or biopsy specimens
from patients with active ulcerative colitis or with

0 Adis International Limited. All rights reserved.

normal colons. Additional studies were conducted
using peripheral blood cells isolated from healthy
volunteers. The findings of these studies are sum-
marised in tablel.

2.1. Lipid Mediators

2.1.1 Lipoxygenase and
Cyclo-Oxygenase Products

Products of the lipoxygenase pathway of ara-
chidonic acid metabolism [including LTB4, 5-
hydroxyeicosatetraenoic acid (5-HETE) and 11-,
12- and 15-HETE] exhibit leucocyte chemotactic
properties and may increase vascular permeability.
These mediators and other eicosanoids such as
PGD, and PGE; are thought to be important in-
flammatory agents in 1BD.[1218.21.28] | TB, is par-
ticularly implicated, and elevated level s of thisme-
diator have been reported in colonic tissue from
patients with ulcerative colitis.[1%20.29 Moreover,
rectal dialysatelevelsof LTB4 have been positively
correlated with disease activity in ulcerative coli-
tis.[30]

Invitro studiesin colonic biopsy specimensand
mononuclear |eucocytes have consistently demons-
trated inhibitory effects of mesalazine on the synthe-
sisand release of LTB, (table 11).[1218.19 Moreover,
treatment of active colitis with a single mesalazine

Drugs 2000 Apr; 59 (4)
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enema (1g) reduced elevated LTB, levels towards
normal in patients responding to therapy.!30
Dataregarding the effects of mesalazine on PGE;
levelsare conflicting. Mesalazinedid not affect PGE,
levels in specimens of normal colonic mucosa?
and had no effect on stimulated PGE; rel ease from
rectal biopsies from patients with ulcerative coli-
tis.[19 However, in astudy of patientswith ulcera-
tive colitis treated with mesalazine (administered
as a single 1g enema), PGE; levels were reduced
towards normal in rectal dialysates.[3% In another
study in colonic epithelial cells from patients with

active ulcerative colitis, mesalazine inhibited PGE,
production by up to 70%.[2%!

Inhibitory effects of mesalazineonthesynthesis
and/or release of LTC,,[20 5-HETE and 11-,12-,15-
HETE,!18 and PGD,[21] have aso been demon-
strated (tableI1).

2.1.2 Platelet-Activating Factor

The membrane phospholipid-derived mediator
PAFisaninducer of gastrointestinal mucosal dam-
age in animal models3l and elevated tissue levels
have been demonstrated in colonic mucosafrom pa
tients with ulcerative colitig?23233 and Crohn's dis-

Table Il. In vitro effects of mesalazine in human colonic epithelium? and peripheral blood cells

Mediator Variable Cell type or tissue Mesalazine Observed effect Reference
concentration (mmol/L) (% inhibition)

Lipid mediators

LTB4 Synthesis MNL 10 44 Horn et al.[t8]
Synthesis Biopsy specimens® 0.1 30° Schmidt et al.l1
Release Biopsy specimens? 1.3 28 Gertner et al.l*%]

LTCq Synthesis Biopsy specimens? 1.635 32¢ Eliakim et al.[?%

5-HETE Synthesis PML 10 75 Horn et al.[18l

11-, 12-, 15-HETE Synthesis PML 10 83 Horn et al.[18l

PGE> Synthesis Biopsy specimens? 1.635, 3.27 42,71 Eliakim et al.l20!
Release Biopsy specimens? 1.3 No effect Gertner et al.19]

PGD> Release Mast cells 0.01to1 60° Fox et al.l?t]

PAF Release Biopsy specimens® 0.05, 0.1 49, 100 Capasso et al.'3
Release Biopsy specimens? 0.025t0 0.1 97¢ Rachmilewitz et al.[??

Cytokines

IL-1 Synthesis Monocytes 0.00065 23 Bruin et al.[?%]
Release Biopsy specimens? 0.65 52 Rachmilewitz et al.l*4]

IL-1B Levels Biopsy specimens' 0.065 to 0.65 62¢ Mahida et al.l24]

IL-2 Synthesis Monocytes 0.625 92 Stevens et al.?d

IL-6 Synthesis Monocytes 0.625 No effect Bruin et al.[!
Release Monocytes 0.625 No effect Mazlam et al.l2®]

Reactive oxygen species

ONOO- Levels T84 cells 0.65 68 to 71° Sandoval et al.l*”]

HOCI Levels Neutrophils 0.0510 0.2 100¢ Dallegri et al.?”]

Oae - Levels PML 0.0110 0.2 >50° Gionchetti et al.ol

a Cultured human colonic epithelial cell lines (T84) and biopsy specimens from individuals with normal colons or with inflammatory bowel

disease.

From individuals with normal colons.

Calculated values.

From patients with ulcerative colitis.
Concentration-dependent; maximum effect reported.
From patients with inflammatory bowel disease.

- ®O QO O T

HETE = hydroxyeicosatetraenoic acid; HOCI = hyperchlorous acid; IL = interleukin; LT = leukotriene; MNL = mononuclear leucocyte; Oz* —
= superoxide anion; ONOO™ = peroxynitrite anion; PAF = platelet activating factor; PG = prostaglandin; PML = polymorphonuclear leucocyte.

0 Adis International Limited. All rights reserved.
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ease.[34 Moreover, increased in vivo production of
PAF has been correlated with local injury and in-
flammation in ulcerative colitis. In mucosal samples
from individuals with normal colons and from pa-
tientswith ulcerative colitis, mesal azine at concen-
trations up to 0.1 mmol/L almost completely inhib-
ited release of PAF (table I1).[13.22]

2.2 Cytokines

2.2.1 IFNy- and TNFa-Induced Effects

The HLA-DR product of the major histocom-
patibility complex isinvolved in antigen presenta-
tionto T lymphocytes and is expressed primarily on
cellsof theimmune system.[153537] |n contrast to nor-
mal colon, gastrointestinal epithelial cellsin active
IBD express HLA-DR.[341] |n vitro, expression of
HLA-DR canbeinducedinintestinal epithelial cell
lines by the inflammatory cytokine | FNy.[15:35-37]

In ahuman colonic carcinomacell line (HT29),
mesal azine 10 mmol/L significantly (p < 0.005) re-
duced IFNy-induced HLA-DR expression (29 vs
62% in control cells).l3% Theinhibitory effects of
IFNy on HT29:19acell permeability were partially
attenuated by basolateral application of mesalazine
50 pumol/L.[13 Additionally, the inhibitory effects
of mesalazine on 125]-IFNy binding to HT29 cells
suggests that this agent may act by impairing IFNy
binding to itsreceptor in colonic epithelial cells.!38)

Recent evidence has indicated that mesalazine
reverses the antiproliferative effects of TNFa and
inhibits TNFa signalling eventsin intestinal cells.
The effects of TNFa on the activity of mitogen-
activated protein (MAP) kinase and nuclear factor
(NF)-kB wereinhibited by mesalazine at aconcen-
tration of 20 mmol/L in amurine colonic cell line.[42

2.2.2 Interleukins

Human colonic IL-13 levels are elevated in bi-
opsy specimens of inflamed mucosa from patients
with active IBD.[?4 In vitro studies have demon-
strated that mesal azine decreases the content, syn-
thesis and release of IL-1/1f3 in colonic epithelia
cells (table 11).114.23.24] |nhibitory effects of mesa-
lazineon I L-2 production have al so been reported, 2]
although mesal azine does not appear to affect IL-6
levels.[23.26]

0 Adis International Limited. All rights reserved.

In addition to the actions of IL-1/13 and other
chemotactic agents, infiltration of leucocytes into
theinflamed mucosais dependent on expression of
leucocyte cell surface adhesion molecules that bind
to receptors on the vascular endothelium.[19 Ex-
pression of the cluster of differentiation (CD)11b
and CD18 glycoprotein constituents of the Leu-
CAM family of leucocyte adhesion molecules is
increased in the presence of TNFa.[“3] TNFa-
induced CD11b expression was completely inhib-
ited in the presence of mesalazine 1 mmol/L, and was
reduced by 64% at a concentration of 0.1 mmol/L.
Up-regulation of CD18 was significantly (p < 0.01)
inhibited by the higher concentration of mesalaz-
ine. These results suggest that mesal azine may pre-
vent the leucocyte adhesion and migration into
gastrointestinal parenchymal tissue that is charac-
teristic of IBD.[*

2.3 Reactive Oxygen Species

Evidence from experimental and clinical stu-
dies indicates that chronic gastrointestinal in-
flammation is associated with enhanced levels of
reactive oxygen species derived from leucocytic in-
filtrates into the mucosa.l*44% These reactive mol-
ecules are capable of causing oxidising effects and
tissue injury,[1% and the protective effects of mes-
alazine have been suggested to involvefreeradical
scavenging and prevention of oxidant-induced tis-
sue damage_[16,17,27,46,47]

In addition to reducing in vitro levels of peroxy-
nitrite anions (ONOQ™), hyperchlorousacid (HOCI),
superoxideanions (O,") and hydroxyl radicals (ta-
ble 11),116.17.27.46] mesalazine has powerful anti-
oxidant effectd 48l and protectsagainst tissueinjury.
In colonic epithdlial cdl lines, mesdazine 0.05to 0.2
mmol/L inhibited peroxynitrite-induced apoptosis
and protected against the increase in cell perme-
ability induced by ONOO~ anions. Neutrophil
(HOCI)-induced cytolysis of B lymphoblasts was
almost completely inhibited by mesalazine 20
mmol/L.[21 Additionally, mesalazine concentra-
tion dependently inhibited the peroxidation of red
blood cell membranelipidsby up to 65% of control
values.[4]

Drugs 2000 Apr; 59 (4)
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3. Pharmacokinetic Properties

As mesalazine is believed to act topically, suf-
ficient delivery of active drug to the affected site
isan important determinant of therapeutic efficacy,
whileits systemic absorption profile may influence
tolerability.

Unmodified oral mesalazineisrapidly absorbed
from the small bowel; hence high concentrations
of unprotected drug do not reach the colon.!8 To
ensure delivery to the affected mucosa, prolonged-
release ethylcellulose-coated microgranules (0.7 to
1mm in diameter) of mesalazine have been devel-
oped. This oral prolonged-release mesalazine for-
mulation (Pentasa®) is availablein 3 dosage forms
(tablets, capsules and free microgranulesin sachets),
the availability of which differs between countries.
Most pharmacokinetic studies have been perform-
ed using the original tablet form, although single
studies have investigated the local bioavailability
of mesalazine from prolonged-rel ease capsules!
or sachets.[50]

When dispersed in gastric juices, prolonged-
release mesalazine microgranules (ingested directly
from sachets or following disintegration of tablet or
capsuleforms) behave asaliquid and passthrough
the pylorus into the small intestine. Ethylcell-
ulose is largely undigested during gastrointestinal
transit and thus acts as a semi permeable membrane.
Absorption of water through this ethylcellulose
membrane initiates dissolution of the drug, form-
ing aconcentration gradient between theinsideand
the outside of the microgranule, down which
mesal azine diffusesat aconstant rate. Thus, release
of mesalazine is diffusion-dependent!>3 and, in
contrast to that of resin-coated mesalazine formu-
lations (table 1), islargely unaffected by pH.[5253]

3.1 Local Mesalazine Disposition

Disintegration of radiolabelled prolonged-
rel ease mesal azine tabl ets (250mg) occurred in the
stomach of volunteers (n = 9) and tablets were
completely dispersed within 20 minutes after ad-
ministration. Radioactivity was undetectablein the
stomach of al individuals by the 2.5-hour time-

0 Adis International Limited. All rights reserved.

point. Microgranules were present in the small in-
testine of 8 volunteers (4 of whom also had micro-
granules remaining in the stomach) 60 minutes af -
ter ingestion. Microgranules reached the
ascending, transverse and descending colon by 2.5
to 4.5 hours, 4 to 10 hours and 24 hours, respec-
tively, in 8 of 9 volunteers.lsl A similar pattern of
intestinal distribution of microgranules was ob-
served after administration of prolonged-release
mesal azine 250mg to patients with Crohn's dis-
ease.l® Gastrointestinal transit of the prolonged-
rel ease formulation was unaffected by the presence
of food.[6:5%] |n contrast, the gastric residence time
of pH-dependent delayed-rel ease mesalazine (As-
acol®) was prolonged when administered in thefed
state (median values 3.2 vs 0.6 hoursin the fasted
state).[5%]

A crossover study in volunteers (n = 8) com-
pared the gastrointestinal spread of a single dose
of oral prolonged-rel ease mesal azine administered
as tablets (2 x 0.50) or as a sachet (1g unit dose).
Gastric emptying properties and small bowel tran-
sit time were similar for both dosage forms.[5%

Measurement of small intestinal lumina aspi-
rates from volunteers given prolonged-release
mesalazine indicated that 18 to 20% of the admin-
istered dose (0.59) was delivered to the jejunocileal
segment as solubilised mesalazine (7 to 8%) or its
principal [therapeutically inert (see section 3.2.3)]
metabolite acetyl mesalazine (11 to 12%) during
the first 7 hours after drug administration (fig. 2).
Cumulative colonic delivery of mesalazine was
82% of the administered dose, comprising solu-
bilised mesalazine that passed the ileal measure-
ment site (7%) and intact microgranules (approxi-
mately 75%).[56]

Delivery of mesalazineto the proximal colon by
the prolonged-release formulation has been esti-
mated from mesalazine concentrations in stomal
effluents. In 6 ileostomy patients (with intact small
intestines), 45 to 86% (mean 65%) of asingle dose
of prolonged-release mesalazine (0.5g) was de-
tected in stomal effluents, most being excreted
within 8 hoursafter ingestion. Approximately 19%

Drugs 2000 Apr; 59 (4)



Clemett & Markham

938
167 O Mesalazine
144 [ [0 Acetyl mesalazine
8 121 —
o
s 10
S 61
©
g 41
2
0

Duodenum Jejunum lleum Urinary

excretion

Fig. 2. Small intestinal disposition and urinary excretion of
solubilised mesalazine. Mean cumulative delivery to the small
intestine and urinary excretion of solubilised mesalazine and
acetyl mesalazine from a single dose of prolonged-release
mesalazine (2 x 0.25g tablets) during 7 hours postdose in 6
volunteers.[56]

of the ingested dose was retai ned as microgranules
in the ileostomy fluid.[52

Following 6 days' administration of prolonged-
release mesalazine 2 g/day to 12 volunteers and 8
ileostomy patients, faecal recovery of mesalazine
accounted for 27% and 49%, respectively, of the
daily dose. A small percentage was accounted for
by free mesalazine or intact microgranules (4% and
10 to 12%, respectively), with the remainder (20%
and 30% of the administered dose) accounted for
by acetyl mesalazine. Recovery of acetyl mesalaz-
ine was generally higher in patients treated with
prolonged-rel ease mesal azine than in those receiv-
ing pH-dependent delayed-rel ease mesal azine for-
mulations (Asacol® or Claversal®, both 2 g/day).
These findings are indicative of a slow release of
drug throughout the small and large intestine from
the prolonged-rel ease formul ation.[57]

A single study in 24 volunteers has investigated
the local bioavailability of mesalazine from the
capsule form of prolonged-release mesalazine. Af-
ter asingle 1g dose, at least 91% of the adminis-
tered drug was released within the gut, and hence
waslocally available. Based on faecal elimination,
40% of the capsule dose was unabsorbed (9% re-
mained formulation bound), indicating efficient
delivery of mesalazine throughout the gastrointes-
tinal tract.[*9]

0 Adis International Limited. All rights reserved.

Concentrations of mesalazinein faecal water in-
creased dose-dependently after administration of
the prolonged-rel ease formulation. Mesalazine con-
centrations in faecal water samples were 9.2, 19.0
and 24.4 mmol/L, respectively, in volunteers (n =
13) receiving oral prolonged-release mesalazine 2,
4 or 6 g/day for 7 days. Acetyl mesalazine concen-
trations (27 to 29 mmol/L, approximate values
from graph) were unaffected by dose. Concentra-
tions of both mesalazine and acetyl mesalazine
were significantly (p < 0.01) higher after adminis-
tration of prolonged-release mesalazine (at any
dose) than after oral olsalazine 2 g/day.!58]

3.1.1 Patients with Diarrhoea

Theoretically, diarrhoea and hence accelerated
intestinal transit time, may affect the delivery of
mesal azine to the intestinal mucosa. However, sys-
temic absorption of prolonged-release mesalazine
wasrelatively unaltered by laxative-induced accel -
erated intestinal transit. In a study of 7 volunteers
with normal (mean 24 hours) and accelerated
(mean 5 hours) intestinal transit times, total recov-
ery of drug after oral administration of prolonged-
release mesalazine 1.5 g/day for 14 dayswas rela-
tively unchanged (87 vs 81% of administered
dose).[5 However, under accelerated conditions,
urinary excretion of mesalazine plus acetyl
mesal azine was reduced (23% compared with 34%
under normal conditions) and faecal excretion of
solubilised mesalazine (17 vs 12%) and mesalazine
retained in microgranules (12 vs 4%) was slightly
increased. Almost complete release of mesalazine
from microgranules occurred during normal intes-
tinal transit, while approximately 88% was releas-
ed under accelerated conditions.[>9

After 7 days’ ora administration of prolonged-
release mesalazine 1.5 g/day in 20 patientswith IBD,
faecal excretion of mesalazine was higher in the 10
patients with diarrhoea (=4 bowel movements per
day, 29%) than in those without diarrhoea (<3
bowel movements per day, 16%). However, the
percentage of drug present in faeces as acetyl
mesal azine was unaffected by the presence of diar-
rhoea. Similarly, urinary excretion of mesalazine
and acetyl mesalazine was not affected by acceler-
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ated intestinal transit.[®0 These data suggest that
the disposition of mesalazine is not substantially
influenced by accelerated intestinal transit, and
they support the prolonged-release formulation as
an acceptable source of mesalazine in diarrhoea
states.

3.1.2 Patients with lleorectal Anastomosis

Some patients requiring surgery for colonic
IBD may undergo ileorectal anastomosis. In this
condition of altered gastrointestinal anatomy, de-
livery of mesalazine for the treatment of residual
lesions may be altered. However, in astudy of drug
disposition following 1 week’s treatment with pro-
longed-rel ease mesalazine 1.5 g/day in 9 patients
with an ileorectal anastomosis, mesal azine was ef -
fectively delivered to the gastrointestinal lumen.
Based on faeca and urinary excretion, at least 47%
of the administered dose was available at the target
area 61l

3.2 Systemic Mesalazine Disposition

3.2.1 Absorption

After a single oral dose of prolonged-release
mesalazine 250mg to volunteers, the median lag
time (t1a) to thefirst detectable plasma concentra-
tion of mesalazine was 45 minutes (range 15 to
150). A maximum plasma concentration (Cpax) Of
0.6 umol/L (range 0.4 to 1.4) was recorded 240
minutes (tmax; 90 to 300) after dose administration.
Corresponding values for acetyl mesal azine were:
tiag 22 minutes (15 to 45), Cinax 2.9 pmol/L (1.6 to
3.4) and tma 105 minutes (60 to 300).152 The
plasma concentration-time profile following asin-
gle oral dose of prolonged-release mesalazine 1g
to healthy volunteers was consistent with a contin-
uous release of drug throughout the gastrointesti-
nal tract. Plasma concentrations peaked at 0.53
mg/L 4 hours after administration, declined rapidly
t00.03 mg/L at 12 hours, then remained fairly con-
stant over the next 24 hours before resuming the
final decline, becoming undetectable 60 hours af -
ter administration. The area under the plasma con-
centration-time curve (AUC) for mesalazine was
4.37 mg/L - h. The plasmaconcentration-time pro-
file of acetyl mesalazinefollowed asimilar pattern

0 Adis International Limited. All rights reserved.

to that of mesalazine, and had a Cp Of 1.33 mg/L
and an AUC of 24.23 mg/L - h.[*9 Results of a 7-
day study in healthy volunteers suggest a dose-de-
pendent increase in systemic mesalazine absorp-
tion: mean steady-state plasma concentrations of
mesalazinewere 3.4, 7.7 and 12.4 umol/L after oral
prolonged-rel ease mesalazine 2, 4 and 6 g/day, re-
spectively, and corresponding acetyl mesalazine
concentrations were 7.2, 21.7 and 16.0 pmol/L .[58]
After 6 days' treatment with a 2g daily dosage
of mesalazine-containing preparation, plasmacon-
centrations of both mesal azine and acetyl mesal az-
ine were significantly lower in volunteers receiv-
ing prolonged-rel ease mesal azine (Pentasa®) than
in those receiving pH-dependent delayed-release
preparations (Asacol® and Claversal®).l571 A sim-
ilar trend towards lower serum concentrations in
volunteers receiving the prolonged-rel ease prepa-
rationthaninthosetreated with A sacol® wasreport-
ed in another study.!53 Serum levels of mesalazine
and acetyl mesal azine were consistently higher fol -
lowing administration of prolonged-rel ease mesal -
azine than after equimolar doses of the azo-bound
formulations ol salazine and sulfasal azine.[63.64]

3.2.2 Distribution

Little is known about the distribution of pro-
longed-release mesalazine. In 9 pregnant women
with IBD who were receiving prolonged-release
mesalazine 0.5 to 3 g/day, low concentrations (ap-
proximate values from graph) of mesalazine and
acetyl mesalazinewere measured in maternal (<0.5
and <7.5 umol/L) and fetal plasma(<0.25 and <18
pmol/L). In 2 patients, low concentrations of mesa-
lazine were detected in breast milk. Mean acetyl
mesal azine concentrations in breast milk were 4.4
to 47.5 pmol/L .[6%!

3.2.3 Metabolism and Elimination

Mesalazine is primarily metabolised by acety-
lation in the gut wall and the liver, forming the
therapeutically inert metabolite acetyl mesalazine.
Both the parent compound and the metabolite are
excreted in the urine.[%¢! After asingle oral admin-
istration of prolonged-release mesalazine 0.25¢g in
6 volunteers, the apparent mean elimination half-
life of acetyl mesalazine was 802 minutes (range
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608 to 993). Determination of theterminal half-life
of mesalazine was not possible because of low
plasma concentrations.[62)

After oral administration of prolonged-release
mesalazine 1.5 to 4 g/day to volunteers, excretion of
unchanged mesalazine accounted for 8 to 12% of the
daily dose. Total urinary excretion of mesalazine
plus acetyl mesalazine was 29 to 53%.[5257.58] |n
volunteers, rena clearance of acetyl mesal azine was
12 L/h (201 ml/min) at steady state.[52 |n a 7-day
study of 15 patients with ulcerative colitis, daily
urinary excretion of mesalazine and acetyl mesa-
lazine was higher with prolonged-rel ease mesal az-
ine (1.5 g/day) and pH-dependent delayed-release
mesalazine (Asacol ®, 1.2 g/day) than with ol sal az-
ine (1 g/day).[®3]

Involunteers, faecal recovery of mesalazineand
acetyl mesalazine accounted for 40% of the dose
after a single administration of prolonged-release
mesalazine 1g and after 6 days' treatment with a
1.5g daily dosage. Acetyl mesalazine (26 to 27%)
accounted for a higher percentage of faecal salicy-
lates than did the unchanged parent compound (14

to 19%).14952 Released and nonreleased mesalaz-
ine represented approximately equal proportions of
faecal mesd azine recovery.[49571 Higher faecal recov-
ery of released mesalazine and acetyl mesalazine
was found after 6 days’ treatment with prolonged-
release mesal azine (Pentasa®; 4.4% and 20.1%, re-
spectively) than after Claversal® treatment (3.2%
and 10.7%). There was no difference in the faeca
excretion pattern between Pentasa® and Asacol®
treatment.[57]

4. Therapeutic Efficacy

4.1 Ulcerative Colitis

Aminosalicylates such as mesalazine and sul-
fasalazine arethe agents of choicefor thetreatment
of mild to moderately active ulcerative colitis and
for prevention of relapse.[57-69 |n the absence of a
universally accepted measure of disease activity,
treatment efficacy (indicating improvement and/or
remission) in the reviewed studies was generally
assessed using clinical and endoscopicindices (see
tables 111 and V).

Table Ill. Randomised double-blind multicentre studies of oral once daily prolonged-release mesalazine (MES) in the treatment of mild to

moderate active ulcerative colitis

Reference Duration Dosage (g/day) Clinical Endoscopic index? Efficacy
[no. of patients improvement® at  paseline change at
enrolled] end-point (% of endpoint

patients)

MES capsules

Hanauer et al.[") 8wk MES 1[92] 45%¢ 9.9 -3.4 MES 2,4 > PL
MES 2 [97] 57*¢ 10.2 -4.3*
MES 4 [95] 59%¢ 10.3 -5.0*
PL [90] 36° 10.3 -25

MES tablets

Munakata et al."1] 4wk MES 1.5 [48] 63 NR -2.49 MES = SUL
SUL 3[52] 624 NR -2.84

a Clinical symptoms were evaluated by physician assessments, conducted according to a 5-"? or 6-point!’!] scale. With the exception of
the inclusion of an additional component (complete relief) in 1 study!” the scales were identical (marked, moderate or slight improve-

ment, no change or worsening).

b Endoscopic findings were graded according to a 15-point index score [composed of five 0- to 3-point (0 = normal; 1 = slight/mild; 2 =
moderate; 3 = severe) categories]. In one study," variables were erythema, friability, granularity/ulceration, mucopus and appear-
ance of mucosal vascular pattern. In the other study,[72] erosion, bleeding, contact bleeding, redness and oedema were assessed.

¢ Improvement defined as complete relief or marked improvement.

d Marked or moderate improvement.

NR = not reported; PL = placebo; SUL = sulfasalazine; = indicates similar efficacy to comparator; > indicates significantly greater efficacy

than comparator; * p < 0.05 vs PL.

0 Adis International Limited. All rights reserved.
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4.1.1 Active Disease

Data regarding the efficacy of prolonged-re-
|ease mesal azine as treatment for active ulcerative
colitis are limited. Results from an 8-week dose-
ranging placebo comparison!” and a4-week com-
parison with sulfasal azinel " show theformulation
to be effectivein thisindication according to symp-
tomatic (physician assessment) and endoscopic
measures (table I11). These studies enrolled adults
(age >16 or >18 years) with mild to moderately
active ulcerative colitis. Disease was left-sided in
35%I71 and 69%(79 of patients. Prolonged-release
mesal azine was administered 3 times daily at var-
ious fixed dosages (1.571 and 1, 2 or 4179 g/day).

Prolonged-rel ease mesalazine reduced endo-
scopic index scoresversusbaselinein both studies,
although neither presented statistical analysis of
this result. The effects of prolonged-rel ease mesa-
lazine 1.5 g/day on this parameter were similar to
those of sulfasalazine 3 g/day.["] The prolonged-
rel ease formulation, at adosage of 2 or 4 g/day (but
not 1 g/day) improved endoscopic findings to a
significantly greater extent than placebo.[’¥ The
dose-response relationship seen with prolonged-
release mesalazine in this study was statistically
significant (p = 0.011).

According to physician assessments, prolonged-
rel ease mesal azine was al so effectivein improving
clinical symptoms in a significantly (p < 0.05)
dose-dependent manner (table 111). Moreover, dis-
ease|ocation did not affect the responseto therapy.
In patients with pancolitis, 61, 52 and 32% of ac-
tive- (2 or 4 g/day) or placebo-treated patients, re-
spectively, were successfully treated in comparison
with 55, 62 and 37% of patients with distal dis-
ease_[70]

Stringent criteriawere used to assess theinduc-
tion of remission (as distinct from clinical im-
provement) by prolonged-release mesalazine.
Compared with placebo, the 4 g/day dosage was
significantly (p < 0.05) more effective in inducing
clinical and endoscopic remission, while the 2
g/day dosage was effective for the endoscopic pa-
rameter (fig. 3).1701 Prolonged-release mesalazine
tablets (1.5 g/day) were also as effective as sul-

0 Adis International Limited. All rights reserved.

607 O Placebo
O MES 1 g/day
50 - O MES 2 g/day .

B MES 4 g/day

ey
o
1

Remission (% of patients)
w
o
1

Clinical symptoms Endoscopy

Fig. 3. Effect of oral prolonged-release mesalazine (MES) cap-
sules in patients with mild to moderately active ulcerative colitis.
Atotal of 374 patients were treated with MES 1, 2 or 4 g/day or
placebo in a randomised double-blind study of 8 weeks’ dura-
tion. Clinical symptoms were evaluated using the 6-point Phy-
sicians’ Global Assessment scale (complete relief; marked,
moderate or mild improvement; no change or worsening of
symptoms). Clinical remission was defined as complete relief of
symptoms. Endoscopic findings were graded according to a 15-
point index score composed of five 3-point (0 = normal; 1 = mild;
2 = moderate; 3 = severe) categories (erythema, friability, gran-
ularity/ulceration, mucopus, appearance of the mucosal vascu-
lar pattern). Remission was defined as a score of <5 (maximum
possible score 15 points).[% * p < 0.05 vs placebo.

fasalazine (3 g/day) in 109 patients with ulcerative
colitis. Improvements in clinical (62 vs 63%) and
endoscopic (79 vs 71%) findings were similar in
patients treated with the mesalazine formulation
and sulfasalazine, respectively.["1]

A recent study (published as an abstract) com-
pared the efficacy of daily 4g administration of
prolonged-release mesalazine in tablet or granule
formin 147 patientswith mild to moderately active
ulcerative colitis. Both dosage forms were effec-
tive in improving clinical and endoscopic parame-
ters, and there were no differences in efficacy be-
tween treatment groups.[’

4.1.2 Maintenance of Remission

Three randomised double-blind multicentre 12-
month trials have investigated the efficacy of pro-
longed-release mesalazine (317374 or 47 times
daily) in the maintenance of remission of ulcera-
tive colitis. One study!(?! was placebo-controlled,
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Table IV. Randomised double-blind placebo-controlled 12-month trials of prolonged-release mesalazine (MES) in the maintenance of
remission of ulcerative colitis

Reference Dosage form Dosage (g/day) No. of patients Remission rate? at Efficacy
evaluated end-point (% of
patients)

Miner et al.["3] Capsule MES 4 103 640 MES > PL
PL 102 38P

Fockens et al.[3] Tablet MES 1.5 72 50° MES 3=MES 1.5
MES 3 69 67¢

Mulder et al.l™4] Tablet MES 1.5 41 544 MES = SUL
SUL3 31 469

1-year remission rates estimated from life table analysis.

b Recurrence was defined as an endoscopic index of 25 and/or a mean of 25 trips to the toilet or rectal bleeding for 3 of 7 continuous
days. The 15-point endoscopic scale was composed of five 0 to 3 point (0 = normal; 1 = mild; 2 = moderate; 3 = severe) categories
(erythema, friability, granularity/ulceration, mucopus and appearance of mucosal vascular pattern).

¢ Clinical (spontaneous blood loss, mucoid discharge, faecal consistency, stool frequency) and endoscopic (colour, vascular pattern, friabil-
ity, granularity, appearance of rectal valves, distensibility, ulceration, spontaneous bleeding, mucopurulent exudate) symptoms were
scored using a 3-grade scale (0, 1 and 2, according to increasing severity) to a maximum of 8 and 18 points, respectively. Scores of
=2 for clinical and endoscopic symptoms were considered to denote exacerbation of ulcerative colitis.

d Endoscopic variables (mucosal colour, vessel pattern, granularity, presence of valves, distension, polypoid structures, ulcers, spontane-
ous haemorrhage, mucopurulent covering, friability) were scored as normal, mild, moderate, severe or very severe. Histological ap-
pearance was scored as normal, little, medium, severe inflammation, or in remission based on oedema and haemorrhage in the
mucosa/submucosa, cellular infiltrate and crypt architecture. The method of clinical evaluation was not specified. Patients were consid-
ered to have experienced relapse if all the variables (clinical, endoscopic, histological) were not considered normal or in remission.

PL = placebo; SUL = sulfasalazine; = indicates similar efficacy to comparator; > indicates significantly greater efficacy than comparator; * p

<0.001 vs PL.

1 wasdose ranging,[”® and the third compared pro-
longed-release mesalazine with sulfasalazine.[™
Thesestudiesinvolved 72 to 205 patients, of whom
70 to 84% (calculated values) had disease limited
to below the splenic flexure. Recurrence of disease
was assessed using symptomatic and endoscopic
parameters, although the rating scales and param-
eters used differed in each study (table 1V). All stu-
dies used life table analysis to estimate 1-year re-
mission rates.

Prolonged-rel ease mesalazine capsules (4 g/day)
showed greater benefits than placebo in maintain-
ing remission.[”® Moreover, treatment response
was unaffected by disease location. At the study
end-point, 63% of patientsin the active group with
left-sided disease were in remission, compared
with 67% of patients with pancolitis. Remission
rates were 41% and 31%, respectively, in placebo-
treated patients.[”® A 1.5 g/day dosage of the mes-
alazine formulation was as effective as sulfasal az-
ine 3 g/day in maintaining remission.[”4 Although
prolonged-rel ease mesalazine 3 g/day appeared to

0 Adis International Limited. All rights reserved.

increase the estimated 1-year remission rate com-
pared witha1.5g daily dosagein another study, this
difference was not statistically significant (p =
0.057).[73

4.2 Crohn’s Disease

Mild to moderately active Crohn’sdiseaseis gen-
erally treated with oral aminosalicylates (eg. mes-
dazine or sulfasalazine) or glucocorticoids although
antibiotics may also be effective. Mesalazine also
provides benefits in maintaining remission in pa-
tients responding to acute intervention, and in pre-
venting relapses after surgical resection.[67.76]

Inclinical trials, the severity of disease activity,
and thus the efficacy of the intervention, may be
quantified using the Crohn’s Disease Activity In-
dex (CDAI). This index integrates clinica vari-
ables (stool frequency, abdominal pain ratings,
well-being scale ratings, use of loperamide or co-
deine to control diarrhoea, body weight, haema-
tocrit, presence of abdominal masses) together
with symptoms and complications during the 7
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days before visit, to give asingle score of disease
activity.[8] Scores can range from 0 to 700 points;
mild to moderate disease activity isindicated by a
score of 150 to 400 points, while <150 points has
been interpreted as disease in remission.

4.2.1 Active Disease

Threelargetrials (1 noncomparative, 2 placebo-
controlled) have investigated the efficacy of pro-
longed-release mesalazine 1 to 4 g/day (2 and 4
g/day in 1 study!”™) inimproving the symptoms of
mild to moderately active Crohn’s disease.[’7-79
Two further studies were conducted with active
comparator treatments.[89.811 Patients were gener-
ally aged =18 years athough patients 213 years
were included in the noncomparative study. The
percentage of patients with isolated ilea disease
ranged from 35 to 58%. The range of CDAI scores
for inclusion was 150 (200 pointsin 1 study!81) to
30018 or 40007881 points (upper limit not speci-
fied in one study!™).

Effects of Dosage

Prolonged-rel ease mesal azine capsul es at ados-
age of 4 g/day were significantly (p < 0.01) more
effective than placebo in reducing disease activity
(table V). Although the 1 and 2 g/day dosages did
not produce significant improvements compared
with placebo, asignificant (p < 0.001) dose-response
relationship was apparent acrossthe 4 groups. At the
highest dosage, compared with placebo, prolonged-
release mesalazine significantly reduced the time
to remission (defined as a >50-point decrease in

CDAI combined with afinal visit CDAI of <151)
and the percentage of treatment failures (11 vs
35%), while increasing the percentage of patients
in remission (43 vs 18%) or showing atherapeutic
benefit (64 vs 40%) at the final visit (fig. 4). Treat-
ment effects were not statistically different from
placebo in the 1 and 2 g/day dosage groups. How-
ever, the 4-dose trend achieved significance (p <
0.05) for all 3 parameters.!7]

These results are supported by those of along
term noncomparative study of up to 30 (median 14)
months’ duration. Prolonged-release mesalazine
capsules at dosages <4 g/day (mean 3.7 g/day at
baseline and 3.4 g/day at the study end) induced
remission in 42% of patients at their fina study
visit.[”® In another 16-week study in 232 patients
(reported in a letter), although dosages of 2 and 4
g/day tended to reduce CDAI scores, improve-
ments were not significantly different from pla-
cebo treatment.[77] In smaller studies, prolonged-
release mesalazine administered at 1.5 g/day in
tablet form did not demonstrate benefits over pla-
cebo during 6- or 16-week treatment periods.[8283]

Comparisons with Active Treatment

In a 16-week multicentre (n = 25) double-blind
study involving 182 patients, slow-release
budesonide 9 mg/day was more effective than pro-
longed-release mesalazine 4 g/day. Remission
rates were higher in the budesonide group than in
the prolonged-release mesalazine group at study
end (62 vs 36% p < 0.001). Additionally, the me-
dian time to remission was shorter in budesonide-

Table V. Efficacy of prolonged-release mesalazine (MES) capsules in mild to moderately active® Crohn’s disease

Reference Study design [duration] Dosage (g/day) No. of patients CDAI Efficacy
evaluated baseline change at
end-point
Singleton et al.l’  db, pc, mc, pg [16wk] MES 1 75 271 -8 MES 4 > PL
MES 2 75 265 -29
MES 4 80 260 —72*
PL 80 278 -21
Hanauer et al.l’/¥  nc, mc [<30mo] MES <4P 289 269 77 v

a Mild to moderate disease defined as CDAI within the range 150 to 400.
b Some patients were receiving prednisone at baseline and concomitant treatment was allowed during the study period.

CDAI = Crohn’s Disease Activity Index; db = double-blind; mc = multicentre; nc = noncomparative; pc = placebo-controlled; pg = parallel
group; PL placebo; > indicates significantly greater efficacy than placebo; v indicates effective; * p < 0.01 vs PL.

0 Adis International Limited. All rights reserved.
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Fig. 4. Effect of oral prolonged-release mesalazine (MES) cap-
sules in patients with mild to moderately active Crohn’s disease.
Patients were randomised to receive MES 1 (n = 75), 2 (n = 75)
or 4 (n = 80) g/day or placebo (n = 80) for 16 weeks.[® Remis-
sion was defined as a >50-point decrease in the Crohn’s Dis-
ease Activity Index (CDAI) with a final score of <151; therapeutic
benefit was defined as >50-point reduction in CDAI; treatment
failure was evaluated by defined criteria which varied according
to the time the patient remained in the study. Significant (p <
0.05) 4-dose trends were reported for each variable. * p < 0.005
vs placebo.

treated patients than in those receiving prolonged-
rel ease mesalazine (28 vs 84 days; p < 0.05).[81
The efficacy of twice daily prolonged-release
mesalazine tablets (4 g/day) was compared with
that of ciprofloxacin 1 g/day in a small nonblind
study involving 40 patients (although cipro-
floxacin is not an accepted or approved monother-
apy for Crohn’sdisease). After 6 weeks' treatment,
both agents were effective in inducing remission
(55% of prolonged-release mesalazine-treated pa-
tients, vs 56% in the ciprofloxacin group). How-
ever, the authors acknowledged the small size and
methodological limitations of this study.[8%

4.2.2 Maintenance of Remission

Six placebo-controlled studies and 1 noncom-
parativetrial wereconducted in patientswith Crohn’s
diseasein remission. Study entry criteriawere high-
ly variable, being based on CDAI scores,[79.8485]
duration of remissionl8+83 or number of exacerba-
tions during adefined time period.[8¢ Patientswith
surgically induced remission were specifically en-
rolled in 2 studies.!87:88] Generally, patients on con-
comitant glucocorticoid trestment were excluded, & -

0 Adis International Limited. All rights reserved.

though some patients received prednisone during
the noncomparative study.[”¥ Most studies re-
ported clinical outcome in terms of relapse rates,
although in 2 studies the outcome measure was the
percentage of patients who remained in remis-
sion.[7985 While relapse was usually defined by
CDAI scores, criteriavaried considerably between
studies (table V1).

Noncomparative Study

During <30 months' treatment with prolonged-
rel ease mesal azine capsul es (<4 g/day), 79% of pa-
tientsin remission at baseline were in remission at
their final visit. Moreover, 72% of patients were
maintained continuously in remission from base-
line to 1 year. Although 29% of patients also re-
ceived prednisone during the study period, con-
comitant treatment did not influence the time to
relapse, accordingto life-tableanalysis. In thissub-
group, prolonged-release mesalazine treatment
was associated with a reduction in the mean pre-
dnisone dose from 20 to 15 mg/day.[79

Placebo-Controlled Studies

The results of placebo-controlled studies of the
efficacy of various dosages (1.5 to 4 g/day) of pro-
longed-rel ease mesal azinein the maintenance ther-
apy for Crohn’s disease are variable (table V1). Of
the 6 trials conducted, only 2 demonstrated overal
statistically significant clinical benefits of pro-
longed-release mesalazine compared with pla-
cebo.[8486]

Although overall benefits compared with pla-
cebo were not reported in a4-month study involv-
ing 44 patients considered to be at elevated risk of
relapse, there was a trend towards favourable ef-
fects of active treatment in patients with isolated
ileal disease. In this subgroup, 30% of patients re-
ceiving prolonged-release mesalazine relapsed
within 4 months, compared with 67% of placebo-
treated patients.[83]

In another study, patientswere stratified at entry
asbeing at presumed high or low risk of relapse (<3
months or >3 months of remission, respectively).
Demographic variablesweregenerally comparable
between strata, although the proportion of patients
who had previously undergone abdominal surgery
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Table VI. Randomised double-blind placebo-controlled multicentre studies?® of the efficacy of once daily oral prolonged-release mesalazine

(MES) in the maintenance of remission® of Crohn’s disease

Total number of patients.

Reference Duration MES dosage Dosage (g/day) Clinical outcome at end-point (% of Efficacy
form [no. of patients patients)

evaluated] remission rate relapse rate

Bondesen et al.[8%¢ 12-18mo Tablet MES 1.5 [101] 294 MES = PL
PL[101] 294

Gendre et al.[84 2y Tablet MES 2 [113] 45¢ goxef MES > PL
PL[81] 29¢ 718f

Brignola et al.[®%] 4mo Tablet MES 2 [22] 509 MES = PL"
PL[22] 599

Sutherland et al.[8¢1¢ 48wk Capsule MES 3 [246] 31% MES > PL
PL 46!

Hanauer et al.["%k <30mo Capsule MES <4 [120] 791 v

Post-resection patients

Brignola et al.l®"] 12mo Tablet MES 3 [43] 729 169 MES = PL'
PL[42] 799 23¢9

Lochs et al.[88] 18mo Tablet MES 4 [152] 25M MES = PL"
PL[166] 31"

a One study had an noncomparative design,/”® and 1 study was conducted in a single centre. 8]

b Remission defined as a Crohn’s Disease Activity Index (CDAI) <150. In 2 studies, patients were enrolled on the basis of recent (within

10 days!®® or 1 month!®7)) resective surgery.

c Abstract.

d Relapse defined as a worsening of clinical symptoms (bowel frequency and/or abdominal pain).

e Subgroup of patients at high risk of relapse.

f Relapse defined as CDAI >250, or between 150 and 250 but over baseline by >50 points, confirmed 2 weeks later.

g Relapse defined as an increase in CDAI by >100 and a CDAI above 150 for >2 weeks.

h A marked improvement compared with PL was found in the subgroup of patients with isolated ileal disease.

i

j Relapse defined as CDAI >150 and a 60-point increase over baseline.

k Some patients received concomitant treatment with prednisone.

I Asignificant (p < 0.002) improvement was reported in the endoscopic relapse rate for patients treated with prolonged-release mesalazine

compared with those receiving PL.

m Relapse defined as a single increase in CDAI above 250 or a CDAI score of 200 to 250 for 2 consecutive weeks.
n Asignificant (p < 0.05) improvement compared with PL was found in patients with isolated small bowel disease.

PL = placebo; = =indicatessimilar efficacy to comparator; > indicates significantly greater efficacy than comparator; > indicates significantly
greater efficacy than comparator in endoscopic parameters but similar efficacy in clinical parameters; v indicates effective; * p <0.05, ** p <

0.005 vs PL.

for Crohn’s disease was considerably higher in the
low risk stratum. Inthisgroup, thecumulativelike-
lihood of relapsewassimilar for active and placebo
groups (47 vs42%). However, in highrisk patients,
the cumulative likelihood of relapse was lower in
prolonged-rel ease mesal azine-treated patientsthan
in those receiving placebo.[84

Neither of the 2 studies that exclusively en-
rolled patients who had undergone resective sur-
gery demonstrated overall benefits for prolonged-

0 Adis International Limited. All rights reserved.

release mesalazine over placebo in preventing re-
lapse as determined by CDAI scores.[87:88] How-
ever, therate of severe endoscopic recurrence (de-
fined as diffuse aphthous ileitis with diffusely
inflamed mucosa, or diffuse inflammation with
large ulcers, nodules and/or narrowing) in al pa
tients after 1 year was 14% in patients receiving
prolonged-release mesalazine tablets (3 g/day),
compared with 50% in those receiving placebo (p
< 0.002).1871 In another study, active treatment (4
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g/day) significantly reduced therate of relapse (de-
termined by CDAI scores) compared with placebo,
in patients with isolated small bowel disease (22%
vs 40%; p = 0.02).[88]

4.2.3 Glucocorticoid Withdrawal

The efficacy of mesalazine in reducing gluco-
corticoid dependence and delaying relapse after
glucocorticoid discontinuation hasal so beeninves-
tigated. A total of 150 patients with active Crohn’s
disease (CDAI >200) were treated with oral pre-
dnisolone 1 mg/kg/day for 3 to 7 weeks. Patients
in remission (n = 129) were subsequently ran-
domised to receive tablets of prolonged-release
mesalazine 4 g/day or placebo, administered until
discontinuation of glucocorticoid treatment and for
1 year thereafter.[%0 The prednisolone dose wasta-
pered in steps of 10mg per 10 days to a dosage of
0.5 mg/kg/day, and subsequently in steps of 5mg
per 10 days until complete discontinuation.
Glucocorticoid withdrawal was facilitated in 74%
and 58% (p = 0.054) of patients receiving pro-
longed-release mesalazine and placebo, respec-
tively. At the study end, more patientsin the placebo
group were unable to discontinue prednisolone
treatment than those in the prolonged-release
mesalazine group (30% vs 12%; p < 0.05). In the
year after prednisolone withdrawal, the actuaria
rel apse rates were 64% and 62% in the placebo and
active groups, respectively. Likewise, there was no
difference between groups in time to relapse. The
investigators noted that after adjustment for prog-
nostic factors (high CDAI at weaning, white blood
cell count >9 x 109L at weaning, use of mesalazine
in the month before preinclusion), the relative risk
(RR) of relapse appeared to be lower in the pro-
longed-rel ease mesal azine group (RR 2, 95% con-
fidence intervals 1.0 to 3.8; p <0.05).1%%

4.3 Studies in Children

A noncomparative pilot study evaluated the use
of prolonged-release mesalazine (mean dosage
30.6 mg/kg/day, range 21.8 to 53.8) in children
(mean age 14.1 years, range 10.5 to 18.5) with ac-
tive Crohn’s disease (Harvey index =4). The mean
treatment duration was 8.1 (range 2 to 15) weeks.

0 Adis International Limited. All rights reserved.

6 of the 12 patients experienced improvements in
disease status assessed using the Harvey index and
5 remained clinically unchanged. An additional 6
patients with disease in remission (Harvey index
0.6 £ 0.8) received prolonged-release mesalazine
as maintenance therapy. Of these, 4 remained in
remission during the course of treatment.[91

In a randomised double-blind placebo-control-
led crossover study of 20 weeks' duration (2 x 8
week treatment periods separated by a 4-week
washout), 14 patients (mean age 13.8 years, range
9.31t016.1) with active Crohn’s disease were treat-
ed with oral prolonged-rel ease mesalazine at ados-
age of 50 mg/kg/day (maximum 3 g/day). 6 pa-
tients completed the protocol: 1 patient with an
intra-abdominal abcess was withdrawn before ini-
tiation of study medication and 1 deteriorated dur-
ing the washout period and refused the second
study treatment, the remainder withdrew because
of lack of efficacy (3 and 2 patients receiving pla-
cebo and active treatment, respectively, in phase 1;
2 in the washout period). Improvements in the
CDAI and the van Hees index of disease activity
were observed during treatment with prolonged-re-
| ease mesal azine but not placebo. Evaluation using
the Lloyd-Still and Harvey indices did not indicate
improvements with either treatment.[91]

4.4 Effects on Quality of Life

The effects of treatment on patients’ quality of
life have been addressed in 2 randomised placebo-
controlled studies of prolonged-release mesalazine
1, 2 and 4 g/day. Patients with active ulcerative
colitig¥d (n = 375) and Crohn’s diseasd®? (n = 310)
were enrolled in 8- and 16-week studies, respec-
tively. 7 function-based parameters (sleep, sexual
relations, outdoor activities, social activities, in-
door activities, work/occupation, hobbies/recre-
ation) wereeval uated using a10cm visual analogue
scale (0 = no effect, 10 = effect ‘as bad as it could
be') at baseline and at the study end.[%

Compared with placebo treatment, significant
(p < 0.05) improvements from baseline were ob-
served in all 7 parameters in patients with ulcera-
tive colitis receiving dosages of 2 and 4 g/day.[%2
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Similarly, all parameters were significantly im-
proved compared with placebo treatment in patients
with Crohn’s disease receiving prolonged-release
mesalazine 4 g/day. Only hobbies/recreation was
significantly improved at the 2g daily dosage, al-
though the 4-dosetrend was significant for all vari-
ables.[®]

5. Tolerability

In an 8-week randomised trial of prolonged-
release mesalazine 1, 2 and 4 g/day or placebo in
patients (n = 314) with ulcerative colitis, 16% of
patients receiving active drug experienced treat-
ment-related adverse events, compared with 22%
of patientsin the placebo group. No dose-response
relationship was observed (fig. 5). The most com-
monly occurring treatment-rel ated adverse events
are shown in figure 6. In total, 5%, 9% and 7% of
patientsin the 1, 2 and 4 g/day dosage groups dis-
continued therapy because of treatment-related or
unrelated events, compared with 12% of placebo-
treated patients. The most common treatment-
limiting adverse events were diarrhoea, abdominal
pain, fever and melagna.l’®

These results are similar to those reported in a
16-week dose-ranging study of prolonged-release
mesalazinein 310 patientswith active Crohn’sdis-
ease. In total, 21%, 31% and 27% of patients re-
ceiving prolonged-release mesalazine 1, 2 and 4
g/day experienced adverse events, compared with
19% in the placebo group. Treatment-related ad-
verse events occurred in 26% of patients receiving
active drug versus 19% of patients receiving pla-
cebo, but were not thought to be dose-related. The
most common adverse events considered to be re-
lated to prolonged-release mesalazine treatment
were nausea and/or vomiting (7.4 vs 3.7% in the
placebo group), headache (5.2 vs 3.7%) and ab-
dominal pain (4.3 vs 5.0%). Fewer patients (12%)
receiving the highest dosage (4 g/day) withdrew
from treatment because of adverse events than in
the 1 (24%) or 2 g/day (19%) and placebo groups
(19%).1781

Oral prolonged-release mesalazine was gener-
ally well tolerated during long term therapy and

0 Adis International Limited. All rights reserved.
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Fig. 5. Dose relationships in treatment-related adverse events
(AEs) and efficacy of prolonged-release mesalazine (MES) cap-
sules. Patients with mild to moderately active ulcerative colitis
were randomised to receive oral MES 1 (n = 92), 2 (n = 97) or
4 g/day (n = 95) or placebo (n = 90) for 8 weeks.[™®! Efficacy was
defined as an improvement in symptoms at end-point, com-
pared with baseline. The dose-response relationship in efficacy
was significant (p <0.05). * p=0.02; ** p =0.0002; *** p < 0.0001
vs placebo.

treatment-rel ated adverse events occurred no more
frequently than in patientsreceiving placebo. Most
treatment-related events occurred early in therapy
(within 9 to 14 weeks of treatment initiation) and
were infrequently reported with long term use.[7>79
In a 12-month study involving 205 patients with
ulcerative colitis, adverse events necessitating
withdrawal occurred in 14% and 33% (2% and 6%
considered to be treatment-related) of patients re-
ceiving prolonged-release mesalazine 4 g/day and
placebo, respectively. Treatment-related adverse
events (most commonly nausea 2.9%, abdominal
pain 1.9% and dyspepsia 1.9%) were experienced
in 6.8% of patients receiving prolonged-release
mesalazine. In contrast, 11.8% of patients in the
placebo group experienced adverse events related
to therapy.[’® In a noncomparative study in 467
patients with Crohn’s disease who received pro-
longed-rel ease mesal azine at dosages up to 4 g/day
for amedian of 14 months, 12% of patientsdiscon-
tinued because of treatment-related adverse events,
of which the most commonly reported were diar-
rhoea (4.3%), abdominal pain (3.6%) and dyspep-
sia (3.1%).179

Published case reports have described isolated
episodes of pancytopenia, hair loss, pneumonitis,
pancreatitis, pruritus and exacerbation of ulcera-
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Fig. 6. Tolerability of prolonged-release mesalazine (MES) capsules. Patients with mild to moderately active ulcerative colitis were
randomised to receive oral MES 1 (n = 92), 2 (n = 97) or 4 g/day (n = 95) or placebo (n = 90) for 8 weeks.[® Data for the three MES
dosage groups are presented collectively. Treatment-related adverse events reported in 21% of patients in either (MES or placebo)

treatment group are shown.

tive colitis associated with prolonged-rel ease mes-
alazine treatment.[9-191] |n a pharmacovigilance
study in France, concerning patients treated with
oral prolonged-release mesaazine, 51 and 79 ad-
verse events were reported to the manufacturer, re-
spectively, in 2 years of surveillance. Each year
represented more than 7.7 or 8.7 million days of
treatment, and the gross incidence of adverse
events was 6.6 or 9.0 per million treatment days.
Overall, 44% of events were judged to be possibly
or probably related to prolonged-rel ease mesal az-
inetreatment. Theseincluded pancreatitis (n = 14),
pericarditis’'myocarditis (8), elevated liver en-
zymes (7), leucopenia (5), diarrhoea (5), thrombo-
cytopenia (2), allergic events (2) and renal insuffi-
ciency (2).1102

Prolonged-release mesalazine was well toler-
ated in the limited number of published studiesin-
volving treatment of paediatric patients. Diffuse,
mild hair loss, which resolved within 1 week of
stopping treatment, was reported by 1 patient.[91]

In astudy involving 123 pregnanciesin women
treated with oral prolonged-release mesalazine,
84% of babies were born at term. Abnormalities
(ectopic pregnancy, spontaneous abortion, fetal
death, premature delivery, congenital malforma-
tion, lethal oxalosia) were reported in 16 women,

0 Adis International Limited. All rights reserved.

8 receiving low (3 g/day) and 8 receiving high (=3
g/day) dose treatment. None of these events were
considered to be related to prolonged-release
mesalazine.[193] Another pharmacovigilance study
indicated that low doses of prolonged-release
mesalazine (<2 g/day) do not influence the fate of
pregnancy.!193 Cessation of treatment with mesa-
lazine-containing preparations during pregnancy
did not appear to affect outcome in women (n = 30)
with IBD. The outcome of pregnancy was normal
in 75% of patients who stopped treatment, com-
pared with 73% in those who did not.[104]

5.1 Renal Toxicity

Episodes of nephrotoxicity have been associ-
ated with the use of aminosalicylates, including
sulfasalazine, olsalazine and mesalazine-containing
preparations.[105106] Although renal dysfunction
has been reported to occur in up to 1% of patients
receiving pH-dependent delayed-rel ease mesal az-
ine (Asacol®),[1071 there have been few reports of
nephrotoxicity during treatment with the prolonged-
release formulation. Only 1 episode of impaired
renal function has been described in the published
accounts of clinical trials of prolonged-release
mesalazine reported in this review (involving

Drugs 2000 Apr; 59 (4)



Prolonged-Release Mesalazine: A Review

949

>2600 patients with IBD; tables I11 to VI). This
patient was enrolled in a study of maintenance
treatment for ulcerative colitis and subsequently
left the trial because of an endoscopically con-
firmed exacerbation of disease activity. Thepatient
continued treatment with prolonged-release
mesalazine 1.5 g/day, and at the 3-month follow-up
wasfound to have el evated serum creatininelevels.
Renal biopsy revealed an interstitial nephritis,
most probably treatment-related, which improved
on discontinuation of prolonged-rel ease mesal az-
ine.l8l No other evidence of clinically significant
changes in serum creatinine or blood urea and ni-
trogen levels has been reported in clinical trials of
prolonged-rel ease mesal azine.[”>7884 However, 4
additional casereportsof renal toxicity (3 episodes
of interstitial nephritis,[108-110] 1 case of rena in-
sufficiency in uteroll]) associated with pro-
longed-release mesal azine treatment have been
identified (see section 6).

5.2 Sulfasalazine Intfolerance

A 12-month study (published as a letter) was
conducted in 71 sulfasalazine-intolerant patients
with ulcerative colitis or Crohn’'s disease to deter-
mine whether these patients were able to tolerate
treatment with other aminosalicylates. 96% of pa-
tients had no recognisable adverse events during
prolonged-release mesalazine (1.5 g/day) treat-
ment.12 |n along term study of prolonged-rel ease
mesal azine (<4 g/day) astreatment for Crohn’sdis-
ease, 224 of 470 patients had documented intoler-
ance of sulfasalazine at entry. Most of these pa-
tients were able to take the prolonged-release
preparation without evidence of hypersensitivity
or intolerance. The overall occurrence rate for
events indicative of aminosalicylate intolerance
were similar in patients with (4.5%) and without
(2.8%) previous intolerance.[79

Inanother study, therewasno evidence of cross-
sensitivity between prolonged-release mesalazine
and sulfasalazine. In 73 patientswith ul cerative co-
litis who had previous sulfasalazine alergy, 6.8%
receiving prolonged-release mesalazine (1 to 4
g/day) experienced hypersensitivity reactions

0 Adis International Limited. All rights reserved.

(rash, pruritus and/or fever), compared with 5.9%
of placebo-treated patients, during the 8-week
study period. Overall, treatment-related adverse
events were experienced by 19% and 26% of pa-
tients with previous sulfasalazine intolerance, in
active and placebo groups, respectively.[70

The impairment of male fertility by sulfasalaz-
ine is well documented, and is due mainly to the
sulfapyridine moiety.[113114] |n 6 patients who had
experienced infertility as a result of sulfasalazine
treatment, sperm quality returned to normal in 5
patients and was improved in the remaining indi-
vidual during 12 months' treatment with pro-
longed-release mesalazine 1.5 g/day.[*12 Signifi-
cant improvements in sperm motility after 3
months’ treatment with the prolonged-rel ease for-
mulation were also reported in men (n = 8) who
switched from sulfasalazine therapy.!13 Another
study involved 11 patients with IBD in remission
for at least 6 months who had been taking sul-
fasalazine 3 to 6 g/day maintenance therapy for a
mean of 7.7 years (range 1 to 22). Patients were
switched to prolonged-release mesalazine (1.5
g/day) treatment after a 2-week washout period.
During sulfasalazine treatment 8 patients had oli-
gospermia [mean sperm count was 1.138 + 0.998
x 107/ml (normal range 4 x 107/ml to 2 x 108/ml)],
amean of 42% of sperm heads were morphologi-
caly normal, 20% of spermatozoa exhibited mo-
tility, and only 2 patients had normal sperm motil-
ity. Improvements were reported in all these
variables after replacement of treatment. Four
months after starting prolonged-release mesalaz-
ine treatment, only 2 patients had oligospermia,
and sperm count increased to 4.18 + 2.91 x 107/ml
(p < 0.01 vs baseline). Moreover, 56% of sperm
heads were morphologically normal (p < 0.02),
44% of sperm were motile (p < 0.02) and motility
was normal in 7 patients.[116]

6. Dosage and Administration

Oral prolonged-release mesalazine is available
as capsules (250mg) in the US, and in tablet form
(250 and 500mg) in other countriesin whichitsuse
isindicated. Sachetsof prol onged-rel ease mesal az-
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ine microgranules (1g unit dose) are available in
some European countries. In order to sustain exter-
nal pressure, the ethylcellulose microgranules in
the sachet form also contain microcrystalline cel-
lulose. Consequently, these microgranules do not
‘collapse’ and may be visibly excreted in the fae-
ces, despite the fact that practically no mesalazine
isretained (section 3).

Oral prolonged-release mesalazine is indicated
for the induction of remission and treatment of mild
to moderately active ulcerative colitis. Individ-
ualised dosages are recommended, to a maximum
of 4 g/day in divided doses,![117118] and evidence
from clinical trials indicates a dose-dependent in-
crease in efficacy (section 4.1.1). For the mainte-
nance of remission of colitis, the recommended
starting dosage is 1.5 g/day in 2 or 3 divided
doses.[118 Inthe US and UK, no dosage recommen-
dations are available for the use of oral prolonged-
release mesalazine in patients with Crohn’s dis-
ease. In other countries, individualised dosage of
up to 4 g/day in divided doses is generally recom-
mended for the treatment of active disease and for
maintenance of remission (manufacturer’s data on
file).

Rare cases of renal dysfunction have been report-
ed with prolonged-release mesalazine treatment
(section 5.1) and administration should proceed
with caution in patients with renal impairment.
Monitoring of renal function (serum creatininelev-
els) should be performed regularly, especially dur-
ing the initial phase of treatment.[1%€] The use of
prolonged-rel ease mesalazine is contraindicated in
patients with severe renal and/or liver impairment
and in those with known sensitivity to salicylates,
and is not recommended for use in children.[117.118]

M esal azine from prolonged-release mesalazine
preparations crosses the placenta but fetal concen-
trations are lower than in maternal plasma (section
3.2.2). Negligible amounts of mesalazine are ex-
cretedinto breast milk.[%%] Low dosesof prolonged-
rel ease mesalazine (<2 g/day) do not influence the
fate of pregnancy, and higher doses do not appear
to pose a risk to the fetus.[102103] However, pro-
longed-release mesalazine should be used with
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caution in pregnancy and lactation and only if the
potential benefit outweighs the possible hazards.

7. Place of Prolonged-Release
Mesalazine in the Management of
Ulcerative Colitis and Crohn’s Disease

IBD encompasses a number of chronic, relaps-
ing gastrointestinal inflammatory disorders, of
which ulcerative colitis and Crohn's disease are
classical examples. The incidence rates of these
diseasesvary by geographic region, and in Western
Europe and the US range from 5 to 18 per 100 000
individuals for ulcerative colitis, and 1 to 10 per
100 000 individuals for Crohn’s disease.['19 Both
diseases share an unpredictable clinical course
characterised by periods of exacerbation and remis-
sion and may have symptoms in common, making
differential diagnosis difficult in some cases.[120!

Crohn’s disease is characterised by transmural,
mainly submucosal, inflammation whichisdiscon-
tinuous in nature and often associated with epithe-
lioid granulomas. While any part of the gastroin-
testinal tract may be affected, inflammation is
localised in theileum, colon and perianal regionin
most patients. In contrast to the segmental, trans-
mural inflammation of Crohn’s disease, ulcerative
colitisis primarily a mucosal disease in which in-
flammation extends proximally from therectumin
a continuous manner, and may affect the entire co-
lon. Most patients with ulcerative colitis have dis-
tal colonicinvolvement, with 40 to 50% experienc-
ing proctosigmoiditisand 30 to 40% with | eft-sided
disease. Approximately 10% of patients have
pancolitis. In practice, ulcerative colitis is distin-
guished by its anatomic extent: distal disease is
limited to below the splenic flexure and may be
treated by rectal formulations, while extensive dis-
ease extends more proximally and requires oral
therapy.[68]

In accordance with the unknown aetiology of
IBD, treatment is aimed at reducing or eliminating
symptoms (inducing remission) and preventing ep-
isodes of relapse. In patients with ulcerative colitis
who fail to respond to intensive medical manage-
ment, colectomy is indicated. Whereas this proce-
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dureiscurativein ulcerativecoalitis, surgical resec-
tion of the small or large intestine is associated
with a high rate of recurrence in patients with
Crohn’s disease. In patients with ileal resection,
recurrence rates of 50 to 75% have been reported
over a5-year period, compared with 10 to 30% in
patients with no small bowel involvement. Addi-
tional medical management isindicated in the case
of recurrence.[121]

Sulfasalazine, a conjugate of mesalazine and
sulfapyridine, iswell established for the oral treat-
ment of IBD, athough its use is associated with
frequent adverse events which occur in 10 to 40%
of patients.[122l However, the implication of sulfa-
pyridine in the genesis of sulfasalazine-associated
adverse eventd3l and theidentification of mesalaz-
ineasthe activemoiety!? highlighted the | atter agent
as having therapeutic potential. In view of the ex-
tensive absorption of unconjugated mesalazine from
the upper gastrointestinal tract,[48] alternative oral
formulations have been developed to improve
mesalazine delivery to more distal sites of inflam-
mation. The mesalazine prodrugs balsalazide and
olsalazine rely on bacterial azoreductase activity for
the release of the active compound and are effective
only in colonic disease, while the delayed-release
preparations are dependent on local ileal/colonic
pH for liberation of mesalazine. In contrast to the
site-dependent release profiles of these formula-
tions, the prolonged-release mesalazine formula-
tion reviewed in this article ensures a constant de-
livery of mesalazine throughout the gastrointestinal
tract (duodenum to colon).[56:59.123] The efficient
release of mesalazine in the small bowel may be
particularly desirable in Crohn’s disease, and the
continued delivery of active drug in diarrhoeal
states or under conditions of accelerated intestinal
transit suggests additional therapeutic benefits of
prolonged-rel ease mesal azine.

In patientswith mild to moderately active ulcer-
ative colitis, oral prolonged-release mesalazine at
dosages of =2 g/day is effective in achieving ther-
apeutic benefits over an 8-week treatment period.
At these dosages, the formulation was effective in
inducing clinical and endoscopic remissionin 29%
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and 44 to 48% of patients, respectively, compared
with 12% and 31% of patients receiving placebo.
Successful treatment of clinical signs and symp-
toms occurred in 59% of patients at a dosage of 4
g/day. Therapeutic benefits were independent of
disease location. While improvements were dose-
dependent, there was no related increase in fre-
guency of treatment-related adverse events.[?
Prolonged-release mesalazine has similar clinical
efficacy to sulfasalazine, but is associated with an
improved tolerability profile.l”1]

The chronic relapsing nature of IBD demands
maintenance therapy to prolong the period of re-
mission or to delay the onset of an acute exacerba-
tion of the inflammatory process. In keeping with
its effects in active disease, prolonged-release
mesalazine is more effective than placebo, and has
comparabl e efficacy to sulfasalazine, in preventing
relapse in patients in remission of ulcerative coli-
tis. Estimated 1-year remission rates for pro-
longed-release mesalazine range from 50 to 54%
at adosage of 1.5 g/day, in comparison with 46%
in patients receiving equimolar (3 g/day) dosages
of sulfasalazine. When treated with higher dosages
of prolonged-release mesalazine (3 and 4 g/day),
approximately two-thirds of patientsremain in re-
mission at 1 year.[73-75]

Previous studies have indicated that sulfasalaz-
ine has therapeutic effects in Crohn’s disease, be-
ing effective in patients with colonic involvement
but not for disease limited to the small intes-
tine.[124 Consequently, medical therapy has been
unsatisfactory for many patientswithileal Crohn’s
disease. Initial studies using low dose prolonged-
release mesalazine did not support a therapeutic
role in active Crohn's disease.[8283] However, at a
higher dosage (4 g/day), the formulation is more
effective than placebo in inducing remission.
Overadl, 43% of patientswerein remission after 16
weeks' treatment and 64% of patients experienced
therapeutic benefit (compared with 18% and 40%,
respectively, for placebo-treated patients). Effects
were independent of disease location.[78] A limited
number of studies have demonstrated therapeutic
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benefits of prolonged-release mesalazine in chil-
dren with active Crohn'’s disease.

Although oral glucocorticoids may be used in
the management of Crohn’s disease, the high inci-
dence of treatment-related adverse events (occur-
ring in >50% of patients on high dose therapy and
approximately one-third of those receiving main-
tenance doses12]) precludes long term treatment,
and glucocorticoid reduction or withdrawal isoften
associated with symptomatic relapse. In patients
with prednisolone-induced remission, addition of
prolonged-release mesalazine (4 g/day) to the
treatment regimen facilitated withdrawal from
glucocorticoid therapy in 74%,[9 suggesting that
this formulation of mesalazine has promise as a
glucocorticoid-sparing agent.[79:90]

Prevention of symptomatic relapse, which oc-
cursin 40 to 70% of patients over a 2-year period,
is a mgjor issue in the long term management of
Crohn’s disease. Although no comparative studies
of mesalazine preparations have been published, a
recent meta-analysis involving >2000 patients in
15 randomised controlled trials of several formula-
tions suggests that mesal azine reduces the risk of
symptomatic relapse in patients with quiescent
Crohn’s disease. In particular, patients with ilea
disease and those with prolonged disease duration
or surgically induced remission were found to ex-
perience treatment benefits.[128] In accordance,
overall results in studies of prolonged-release
mesalazine with mixed patient populations have
been inconclusive. Clinical relapse rates with dos-
ages of 1.5to 4 g/day ranged from 16 to 55% (com-
pared with 23 to 71% with placebo) intrialsof 4to
30 months' duration. However, theformulation has
demonstrated considerable benefits over placebo
inreducing therelapseratein patientswithisolated
small bowel disease, particularly when adminis-
tered at higher dosages (4 g/day).[8588]

Although surgical resectionisoftenindicatedin
patientswith Crohn’sdisease,[121] the reappearance
of endoscopic lesions is well documented.[127.128]
Inastudy involving patientswith recent resections,
prolonged-release mesalazine 4 g/day reduced the
rate of recurrence and severity of endoscopic le-
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sions during a 12-month period.[8”1 Consequently,
the formulation may have the potential to improve
the clinical course of Crohn’s disease by delaying
the appearance of inflammatory lesions.

Prolonged-release mesalazine is generally well
tolerated by patients with IBD, and the incidence
of treatment-related adverse events is similar to
that reported during placebo treatment. Thereisno
evidence of a dose relationship in the adverse
events profile. In contrast to observations with
other mesalazine-containing preparations,[105107]
nephrotoxicity does not appear to be an issue with
the prolonged-release formulation. Nevertheless,
precautionary monitoring of serum cregatinine lev-
els has been advocated in patients receiving
mesal azine-containing preparations.[106.107  A]-
though adverse events associated with sulfasalaz-
ine are dose- or treatment-limiting in 15 to 20% of
treated patients,!! a prior history of intolerance to
sulfasalazine does not appear to predispose pa-
tients to adverse reactions to prolonged-release
mesalazine. During long term studies (12 to 30
months), fewer than 5% of sulfasalazine-intolerant
patients experienced adverse events related to pro-
longed-rel ease mesal azine treatment.[70.1121 More-
over, patients with infertility associated with sul-
fasalazine treatment experienced improvementsin
sperm quality after switching to prolonged-release
mesal azi ne_[112.115.116]

For maintenance treatment of ulcerative colitis
and Crohn’s disease (in countries in which thisis
indicated) the recommended dose of oral pro-
longed-release mesalazine is 1.5 g/day. However,
treatment guidelines indicate that dosages of
mesal azine up to 4 g/day may be used in ulcerative
colitid®8 and that dosages above 3 g/day may be
required to prevent relapse in Crohn’s disease.[76]
Results from clinical trials with this formulation
appear to support this. Higher dosages (3 to 4 g/day)
tended to be more effective in prolonging remis-
sion than 1.5 g/day, although conclusive informa-
tion from dose-ranging studies is not available.
However, clear dose-response relationships for
treatment benefits were observed in active dis-
ease.[70.78] Asprolonged-release mesalazineiswell
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tolerated and adverse events do not appear to be
dose-related, higher dosages such as those com-
monly used in active disease may provide addi-
tional benefits in maintenance treatment.

In summary, oral prolonged-rel ease mesalazine
is effective for maintenance and induction of re-
mission of mild to moderately active colitis, both
in patients with distal disease and in those with
pancolitis. The formulation has similar efficacy to
that of equimolar concentrations of sulfasalazine.
Prolonged-release mesalazine also appears to be
effective in the treatment of Crohn’s disease, and
maintenance therapy is of particular value in pa-
tients with isolated small bowel involvement. Ev-
idence suggests that higher dosages (3 to 4 g/day)
of prolonged-release mesalazine have additional
therapeutic benefits over lower dosagesin patients
with inflammatory bowel disease without increas-
ing the incidence of adverse events.

References
1. Martin F. Oral 5-aminosalicylic acid preparations in treatment
of inflammatory bowel disease: an update. Dig Dis Sci 1987;
32 (12 Suppl.): 57S-63S
2. Azad Khan AK, Piris J, Truelove SC. An experiment ot deter-
mine the active therapeutic moiety of sulphasalazine. Lancet
1979; 11 (8044): 892-5
3. Schroder H, Price E, Evans DA. Acetylator phenotype and ad-
verse events of sulphasalazine in healthy subjects. Gut 1972;
13 (4): 278-84
4. Haagen Nielsen O, Bondesen S. Kinetics of 5-aminosalicylic
acid after jejunal instillation in man. Br J Clin Pharmacol
1983; 16 (6): 738-40
5. Geier DL, Miner Jr PB. New therapeutic agentsin thetreatment
of inflammatory bowel disease. Am JMed 1992; 93: 199-208
6. Hardy JG, Harvey WJ, Sparrow RA, et al. Localization of drug
release sites from an oral sustained-release formulation of
5-ASA (Pentasa®) in the gastrointestinal tract using gamma
scintigraphy. J Clin Pharmacol 1993; 33: 712-8
7. Jarnerot G. New salicylates as maintenance treatment in ulcer-
ative colitis. Gut 1994; 35:; 1155-8
8. Hanauer SB. Inflammatory bowel disease. N Engl JMed 1996;
334: 841-8
9. Ireland A, Jewell DP. Mechanism of action of 5-aminosalicylic
acid and its derivatives. Clin Sci 1990; 78: 119-25
10. Greenfield SM, Punchard NA, Teare JP, et a. Review article:
the mode of action of the aminosalicylates in inflammatory
bowel disease. Aliment Pharmacol Ther 1993; 7: 369-83
11. Travis SPL, Jewell DP. Sdlicylates for ulcerative colitis — their
mode of action. Pharmacol Ther 1994; 63: 135-61
12. Schmidt C, Fels T, Baumeister B, et a. The effect of 5-
aminosalicylate and para-aminosalicylate on the synthesis of
prostaglandin E, and leukotriene B4 in isolated colonic mu-
cosal cells. Curr Med Res Opin 1996; 13 (7): 417-25

0 Adis International Limited. All rights reserved.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Capasso F, Tavares|A, Bennett A. Releaseof platelet-activating
factor (PAF) from human colon mucosa and its inhibition by
5-aminosalicylic acid. Drugs Exp Clin Res 1991; 17: 351-3

Rachmilewitz D, Karmeli F, Schwartz LW, et al. Effect of
aminophenols (5-ASA and 4-ASA) on colonic interleukin-1
generation. Gut 1992; 33: 929-32

Di Paolo MC, Merrett MN, Crotty B, et a. 5-Aminosalicylic
acid inhibits the impaired epithelial barrier function induced
by gamma interferon. Gut 1996; 38: 115-9

Gionchetti P, Guarnieri C, Campieri M, et al. Scavenger effect
of sulfasalazine, 5-aminosalicylic acid, and olsalazine on su-
peroxide radical generation. Dig Dis Sci 1991; 36: 174-8

Sandoval M, Liu X, Mannick EE, et al. Peroxynitrite-induced
apoptosisin human intestinal epithelial cellsis attenuated by
mesalamine. Gastroenterology 1997; 113: 1480-8

Horn H, Preclik G, Stange EF, et al. Modulation of arachidonic
acid metabolism by olsalazine and other aminosalicylatesin
leukocytes. Scand J Gastroenterol 1991; 26: 867-79

Gertner DJ, Rampton DS, de Nucci G, et al. Eicosanoid release
by rectal mucosain vitro in ulcerative calitis: effects of con-
ventional and potential new therapies. Eur J Gastroenterol
Hepatol 1992; 4: 837-41

Eliakim R, Karmeli F, Chorev M, et al. Effect of drugs on co-
lonic eicosanoid accumulation in active ulcerative colitis.
Scand J Gastroenterol 1992; 27: 968-72

Fox C, Moore WC, Lichtenstein LM. Modulation of mediator
release from human intestinal mast cells by sulfasalazine and
5-aminosalicylic acid. Dig Dis Sci 1991; 36: 179-84

Rachmilewitz D, Karmeli F, Eliakim R. Platelet-activating fac-
tor — a possible mediator in the pathogenesis of ulcerative
colitis. Scand J Gastroenterol 1990; 25 Suppl. 172: 19-21

Bruin KF, Hommes DW, Jansen J, et al. Modul ation of cytokine
release from human monocytes by drugs used in the therapy
of inflammatory bowel diseases. Eur J Gastroenterol Hepatol
1995; 7: 791-5

MahidaY R, Lamming CED, Gallagher A, etal. 5-Aminosalicy-
lic acid is a potent inhibitor of interleukin 13 production in
organ culture of colonic biopsy specimens from patientswith
inflammatory bowel disease. Gut 1991; 32: 50-4

Stevens C, Lipman M, Fabry S, et a. 5-Aminosalicylic acid
abrogates T-cell proliferation by blocking interleukin-2 pro-
duction in peripheral blood mononuclear cells. J Pharmacol
Exp Ther 1995; 272: 399-406

Mazlam MZ, Montazeri G, Hodgson HJF. The effects of some
anti-inflammatory agents on cytokine release from human
monocytesinvitro. Eur JGastroenterol Hepatol 1993; 5: 515-20

Dallegri F, Ottonello L, Ballestrero A, et a. Cytoprotection
against neutrophil derived hypochlorous acid: a potential
mechani sm for the therapeutic action of 5-aminosalicylic acid
in ulcerative colitis. Gut 1990; 31: 184-6

Lobos EA, Sharon P, Stenson WF. Chemotactic activity in in-
flammatory bowel disease: role of leukotriene B4. Dig Dis Sci
1987; 32 (12): 1380-8

Sharon P, Stenson WF. Enhanced synthesis of leukotriene B4 by
colonic mucosain inflammatory bowel disease. Gastroenter-
ology 1984; 86 (3): 453-60

Lauritsen K, Laursen LS, Bukhave K, et al. Effects of topical
5-aminosalicylic acid and prednisolone on prostaglandin Ex
and leukotriene B4 levels determined by equilibrium in vivo
dialysis of rectum in relapsing ulcerative colitis. Gastroenter-
ology 1986; 91 (4): 837-44

GuimbaudR, zzo A, MartinolleJP, et a. Intraluminal excretion
of PAF, lysoPAF, and acetylhydrolase in patients with ulcer-
ative colitis. Dig Dis Sci 1995; 40 (12): 2635-40

Drugs 2000 Apr; 59 (4)



954

Clemett & Markham

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

Eliakim R, Karmeli F, Razin E, et al. Role of platelet-activating
factor in ulcerative colitis. Enhanced production during active
disease and inhibition by sulphasalazine and prednisolone.
Gastroenterology 1988; 95 (5): 1167-72

Thyssen E, Turk J, Bohrer A, et al. Quantification of distinct
molecular species of platelet-activating factor in ulcerative
colitis. Lipids 1996; 31 Suppl.: S 255-9

. Sobhani |, Hochlaf S, Denziot Y, et al. Raised concentrations of

platelet activating factor in colonic mucosaof Crohn’sdisease
patients. Gut 1992; 33 (9): 1220-5

Crotty B, Hoang P, Dalton HR, et al. Salicylates used ininflam-
matory bowel disease and colchicine impair interferon-y in-
duced HLA-DR expression. Gut 1992; 33: 59-64

Crotty B, Rosenberg WMC, Aronson JK, et a. Inhibition of
binding of interferon-y to its receptor by salicylates used in
inflammatory bowel disease. Gut 1992; 33: 1353-7

HorieY, ChibaM, Suzuki T, et a. Induction of major histocom-
patibility complex class |1 antigens on human colonic epithe-
lium by interferon-gamma, tumor necrosis factor-alpha, and
interleukin-2. J Gastroenterol 1998; 33 (1): 39-47

Selby WS, Janossy G, Mason DY, et al. Expression of HLA-DR
antigens by colonic epithelium in inflammatory bowel dis-
ease. Clin Exp Immunol 1983; 53 (3): 614-8

McDonald GB, Jewell DP. Class || antigen (HLA-DR) expres-
sion by intestinal epithelial cellsin inflammatory diseases of
colon. J Clin Pathol 1987; 40: 312-7

Ishii N, ChibaM, liziukaM, et al. Induction of HLA-DR antigen
expression on human colonic epithelium by tumor necrosis
factor-a and interferon-y. Scand J Gastroenterol 1994; 29
(10): 903-7

Oberhuber G, Pusptk A, Peck-Radosavlevic M, et a. Aberrant
esophageal HLA-DR expression in a high percentage of pa-
tients with Crohn’s disease. Am J Surg Pathol 1999; 23 (8):
970-6

Kaiser GC, Yan F, Polk DB. Mesalamine blockstumor necrosis
factor growth inhibition and nuclear factor k-B activation in
mouse colonocytes. Gastroenterology 1999; 116: 602-9

Greenfield SM, Hamblin AS, Shakoor ZS, et a. Inhibition of
leucocyte adhesion mol ecul e upregul ation by tumour necrosis
factor a: anovel mechanism of action of sulphasalazine. Gut
1993; 34: 252-6

. Simmonds AJ, Allen RE, Stevens TRJ, et al. Chemilumines-

cence assay of mucosal reactive oxygen metabolites in in-
flammatory bowel disease. Gastroenterology 1992; 103 (1):
186-96

Keshavarzian A, Sedghi S, Kanofsky J, et al. Excessive produc-
tion of reactive oxygen metabolites by inflamed colon: anal-
ysis by chemiluminescence probe. Gastroenterology 1002;
103 (1): 177-85

Prénai L, Yukinobu I, Lang I, et al. The oxygen-centered radi-
calsscavenging activity of sulphasalazine and its metabolites.
A direct protection of the bowel. ActaPhysiol Hung 1992; 80:
317-23

Greenfield SM, Punchard NA, Thompson RPH. Inhibition of
red cell membrane lipid peroxidation by sulphasalazine and
5-aminosalicylic acid. Gut 1991; 32: 1156-9

Simmonds NJ, Millar AD, Blake DR, et a. Antioxidant effects
of aminosalicylates and potential new drugsfor inflammatory
bowel disease: assessment in cell-free systems and inflamed
human col orectal biopsies. Aliment Pharmacol Ther 1999; 13:
363-72

Yu DK, Morrill B, Eichmeier LS, et al. Pharmacokinetics of
5-aminosalicylic acid from controlled-release capsules in
man. Eur J Clin Pharmacol 1995; 48: 273-7

0 Adis International Limited. All rights reserved.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Wilding IR, Kenyon CJ, Hooper G. Gastrointestinal spread of
oral prolonged-release mesalazine microgranules (Pentasa)
dosed as either tablets or sachet. Aliment Pharmacol Ther
2000; 14: 163-9

Small RE, Schraa CC. Chemistry, pharmacol ogy, pharmacoki-
netics, and clinical applications of mesalamine for the treat-
ment of inflammatory bowel disease. Pharmacotherapy 1994;
14: 385-98

Rasmussen SN, Bondesen S, Hvidberg EF, et al. 5-Amino-
salicylic acid in a slow-release prepararation: bioavailability,
plasma level, and excretion in humans. Gastroenterology
1982; 83: 1062-70

Stolk LM, Rietbroek R, Wiltink EH, et al. Dissolution profiles
of mesalazine formulations in vitro. Pharm Weekbl Sci 1990;
12: 200-4

Larouche J, Morais J, Picard M, et a. Release of 5-ASA from
Pentasain patientswith Crohn’s disease of the small intestine.
Aliment Pharmacol Ther 1995; 9: 315-20

Wilding IR. A scintigraphic study to evaluate what happens to
Pentasa® and Asacol® in the human gut. Pract Gastroenterol
1999: 1-8

Layer PH, Goebell H, Keller J, et al. Delivery and fate of oral
mesalamine microgranules within the human small intestine.
Gastroenterology 1995; 108: 1427-33

Christensen LA, Fallingborg J, Abildgaard K, et al. Topical and
systemic availability of 5-amino-salicylate: comparisons of
three controlled release preparations in man. Aliment Phar-
macol Ther 1990; 4: 523-33

Christensen LA, Fallingborg J, Jacobsen BA, et al. Comparative
bioavailability of 5-aminosalicylic acid from a controlled re-
|ease preparation and an azo-bond preparation. Aliment Phar-
macol Ther 1994; 8: 289-94

Christensen LA, Slot O, Sanchez G, et a. Release of 5-
aminosalicylic acid from Pentasa during normal and acceler-
ated intestinal transit time. Br J Clin Pharmacol 1987; 23:
365-9

Rijk MCM, Van Schaik A, Van Tongeren JHM. Disposition of
mesal azine from mesal azine-delivering drugsin patientswith
inflammatory bowel disease, with and without diarrhoea.
Scand J Gastroenterol 1992; 27: 863-8

Bondesen S, Tage-Jensen U, Jacobsen O, et al. 5-Aminosalicy-
lic acid in patientswith an ileo-rectal anastomosis. A compar-
ison of the fate of sulfasalazine and Pentasa. Eur J Clin
Pharmacol 1986; 31: 23-6

Bondesen S, Hegnhoj J, Larsen F, et a. Pharmacokinetics of
5-aminosalicylic acid in man following administration of in-
travenous bolus and Per Os slow-release formulation. Dig Dis
Sci 1991; 36: 1735-40

Daneshmend TK, Hendrickse M, Salzmann M, et al. Does sys-
temic absorption of 5-aminosalicylic acid from olsalazine
(Dipentum®) and mesalazine (Asacol® and Pentasa®) differ
significantly in ulcerative colitis? [abstract]. Gut 1994; 35
Suppl. 4: 233

Staerk-Laursen L, Stokholm M, Bukhave K, et a. Disposition
of 5-aminosalicylic acid by olsalazine and three mesalazine
preparations in patients with ulcerative colitis: comparison of
intraluminal colonic concentrations, serum values, and uri-
nary excretion. Gut 1990; 31: 1271-6

Christensen LA, Rasmussen SN, Hansen SH. Disposition of
5-aminosalicylic acid and N-acetyl-5-aminosalicylic acid in
fetal and maternal body fluids during treatment with different
5-aminosalicylic acid preparations. Acta Obstet Gynecol
Scand 1994; 74: 399-402

Drugs 2000 Apr; 59 (4)



Prolonged-Release Mesalazine: A Review

955

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Lauritsen K, Laursen LS, Rask-Madsen J. Clinical pharmaco-
kinetics of drugs used in the treatment of gastrointestinal dis-
eases (Part 11). Clin Pharmacokinet 1990; 19: 94-125

Botoman VA, Bonner GF, Botoman DA. Management of in-
flammatory bowel disease. Am Fam Physician 1998; 57: 57-68

Kornbluth A, Sachar DB. Ulcerative colitis practice guidelines
in adults. Am J Gastroenterol 1997; 92: 204-11

Ardizzone S, Molteni P, Bollani S, et al. Guidelines for the
treatment of ulcerative colitis in remission. Eur J Gas-
troenterol Hepatol 1997; 9: 836-41

Hanauer S, Schwartz J, Robinson M, et al. M esalamine capsules
for the treatment of active ulcerative colitis: results of a con-
trolled trial. Am J Gastroenterol 1993; 88: 1188-97

Munakata A, YoshidaY, Muto T, et al. Double-blind compara-
tive study of sulfasalazine and controlled-release mesalazine
tablets in the treatment of active ulcerative colitis. J Gas-
troenterol 1995; 30 Suppl. 8: 108-11

Farup PG, Oddsson E, Hinterleitner T. Mesalamine 4 g pro-
longed release granules b.i.d. and q.i.d. versus tablets g.i.d.
for mild/moderate ulcerative colitis[abstract]. Gastroenterol-
ogy 1999; 116 (2): A713

Fockens P, Mulder CJJ, Tytgat GNJ, et al. Comparison of the
efficacy and safety of 1.5 compared with 3.0 g oral slow-re-
lease mesalazine (Pentasa) in the maintenance treatment of
ulcerative colitis. Eur JGastroenterol Hepatol 1995; 7: 1025-30

Mulder CJ, Tytgat GNJ, Weterman I T, et al. Double-blind com-
parison of slow-release 5-aminosalicylate and sulfasalazine
in remission maintenance in ulcerative colitis [see com-
ments]. Gastroenterology 1988; 95: 1449-53

Miner P, Hanauer S, Robinson M, et al. Safety and efficacy of
controlled-release mesalamine for maintenance of remission
in ulcerative colitis. Dig Dis Sci 1995; 40: 296-304

Hanauer SB, Meyers S. Management of Crohn’s disease in
adults. Am J Gastroenterol 1997; 92 (4): 559-66

Singleton J. Second trial of mesalaminetherapy inthetreatment
of active Crohn’s disease [letter]. Gastroenterology 1994;
107: 632-3

Singleton JW, Hanauer SB, Gitnick GL, et al. Mesalamine cap-
sules for the treatment of active Crohn’s disease: results of a
16-week trial. Pentasa Crohn’'s Disease Study Group [see
comments]. Gastroenterology 1993; 104: 1293-301

Hanauer SB, Krawitt EL, Robinson M, et a. Long-term man-
agement of Crohn’s disease with mesalamine capsules (Pen-
tasa®). Am J Gastroenterol 1993; 88: 1343-51

Colombel J-F, Lémann M, Cassagnou M, et al. A controlled trial
comparing ciprofloxacin with mesalazine for the treatment of
active Crohn’s disease. Groupe d’ Etudes Thérapeutiques des
Affections Inflammatoires Digestives (GETAID). Am JGas-
troenterol 1999; 94: 674-8

Thomsen O@, Cortot A, Jewell D, et al. A comparison of
budesonide and mesalamine for active Crohn’s disease. N
Engl JMed 1998; 339: 370-4

Rasmussen SN, Lauritsen K, Tage-Jensen U, et a. 5-
Aminosalicylic acid in the treatment of Crohn’s disease. A
16-week double-blind, placebo-controlled, multicentre study
with Pentasa. Scand J Gastroenterol 1987; 22: 877-83

Mahida YR, Jewell DP. Slow-release 5-amino-salicylic acid
(Pentasa) for the treatment of active Crohn’s disease. Diges-
tion 1990; 45: 88-92

Gendre J-P, Mary J-Y, Florent C, et a. Oral mesalamine (Pen-
tasa) as maintenance treatment in Crohnsdisease : amulticenter
placebo-controlled study [in French]. Ann Gastroenterol
Hepatol 1993; 29: 251-6

0 Adis International Limited. All rights reserved.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101

102.

103.

BrignolaC, lannone P, Pasquali S, et al. Placebo-controlled trial
of oral 5-ASA in relapse prevention of Crohn’s disease. Dig
Dis Sci 1992; 37: 29-32

Sutherland LR, Martin F, Bailey RJ, et a. 5-Aminosalicylic
acid (Pentasa) in the maintenance of remission of Crohn’s
disease [abstract]. Gastroenterology 1995; 108 Suppl.: 924

Brignola C, Cottone M, Pera A, et al. Mesalamine in the pre-
vention of endoscopic recurrence after intestinal resection for
Crohn’s disease. Italian Cooperative Study Group. Gastroen-
terology 1995; 108: 345-9

LochsH, Mayer M, Fleig WE, et a. Prophylaxis of postopera-
tive relapse in Crohn’s disease with mesalamine: European
Cooperative Crohn’s Disease Study VI. Gastroenterology
2000; 118: 264-73

Bondesen S, Danish 5-ASA-group. Mesalazine (Pentasa) as
prophylaxisin Crohn’s disease. A multicenter, controlled trial
[abstract]. Scand J Gastroenterol 1991; 26 Suppl. 183: 68

Modigliani R, Colombel J-F, Dupas J-L, et al. Mesalamine in
Crohn’s disease with steroid-induced remission: effect on ste-
roid withdrawal and remission maintenance, Groupe
d’ Etudes Therapeutiques des Affections Inflammatoires Di-
gestives. Gastroenterology 1996; 110: 688-93

Griffiths A, Koletzko S, Sylvester F, et al. Slow-release 5-
aminosalicylic acid therapy in children with small intestinal
Crohn’s disease. J Pediatr Gastroenterol Nutr 1993; 17: 186-92

Robinson M, Hanauer S, Hoop R, et a. Mesalamine capsules
enhance the quality of life for patients with ulcerative colitis.
Aliment Pharmacol Ther 1994; 8: 27-34

Singleton JW, Hanauer S, Robinson M. Quality-of-life results
of double-blind, placebo-controlled trial of mesalaminein pa-
tients with Crohn’s disease. Dig Dis Sci 1995; 40: 931-5

Zbrozek A, Hoop R, Robinson M, et a. Test of an instrument
to measure function-related quality of life in patients with
ulcerative colitis. Pharmacoeconomics 1993; 4 (1): 31-9

Kotanagi H, Ito M, KoyamaK, et al. Pancytopenia associated
with 5-aminosalicylic acid usein a patient with Crohn’s dis-
ease. J Gastroenterol 1998; 33: 571-4

Netzer P. Diffuse alopecia as side effect of mesalazine therapy
in Crohn’s disease [in German]. Schweiz Med Wochenschr
1995; 125: 2438-42

Declerck D, Wallaert B, Demarcg-Delerue G, et a. Diffusein-
terstitial pneumonia linked to 5-aminosalicylate [in French].
Rev Mal Respir 1994; 11: 292-3

Janowski M, Laglenne S, Beaufils F. Hypersensitivity pneumo-
pathy during treatment with mesalazine (Pentasa®). Thevalue
of bronchoalveolar lavage [in French]. Rev Med Interne
1992; 13: 545

Besseau M, Delchier JC, Blazquez M, et al. Acute pancreatitis
induced by mesalazine (Pentasa) [in French]. Gastroenterol
Clin Biol 1991; 15 (2): 174-5

Gron |, Winther A. Exanthemain two patients with ulcerative
colitistreated with Pentasa[in Danish]. Ugeskr Laeger 1988;
150: 32

Kapur KC, Williams GT, Allison MC. Mesalazine induced ex-
acerbation of ulcerative colitis. Gut 1995; 37: 838-9

Marteau P, Nelet F, Lu LM, et al. Adverse events in patients
treated with 5-aminosalicylic acid: 1993-1994 pharmaco-
vigilance report for Pentasa in France. Aliment Pharmacol
Ther 1996; 10: 949-56

Marteau P, Tennenbaum R, Elefant E, et al. Foetal outcome in
women with inflammatory bowel diseasetreated during preg-
nancy with oral mesalazine microgranules. Aliment Phar-
macol Ther 1998; 12: 1101-8

Drugs 2000 Apr; 59 (4)



956

Clemett & Markham

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

117.

Tennenbaum R, Marteau P, Elefant E, et al. Pregnancy outcome
in inflammatory bowel disease [in French]. Gastroenterol
Clin Biol 1998; 23 (5): 464-9

Pardi DS, Tremaine WJ, Sandborn WJ, et al. Renal and urologic
complications of inflammatory bowel disease. Am J Gas-
troenterol 1998; 93: 504-14

Corrigan G, Stevens PE. Interstitial nephritis associated with
theuse of mesalazinein inflammatory bowel disease. Aliment
Pharmacol Ther 2000; 14 (1): 1-6

World MJ, Stevens PE, Ashton MA, et a. Mesaazine-associ-
ated interstitial nephritis. Nephrol Dial Transplant 1996; 11:
614-21

Howard G, Lynn KL. Renal dysfunction and the treatment of
inflammatory bowel disease (IBD): a case for monitoring.
Aust N Z JMed 1998; 28: 346

Brouillard M, Gheerbrant JD, Gheysens Y, et a. Interstitial ne-
phritis and mesalazine: three new cases [in French]. Gas-
troenterol Clin Biol 1998; 22: 724-6

Be Broe ME, Stolear JC, Nouwen EJ, et a. 5-aminosalicylic
acid (5-ASA) and chronic tubulointerstitial nephritis in pa-
tients with chronic inflammatory bowel disease: is there a
link? Nephrol Dial Transplant 1997; 12: 1839-41

Colombel JF, Brabant G, Gubler M-C, et al. Rena insuffi-
ciency in infant: side-effect of prenatal exposure to mesalaz-
ine? [letter]. Lancet 1994; 344: 620-1

Mulder CJ, Tytgat GN, Dekker W, et al. Pentasain lieu of sul-
fasalazine [letter]. Ann Intern Med 1988; 108: 911-2

Birnie GG, McLeod Tl, Watkinson G. Incidence of sul phasal az-
ine-induced male infertility. Gut 1981; 22 (6): 452-5

Steeno OP. Side-effects of salazopyrin on male fertility. Eur J
Obstet Gynecol Reprod Biol 1984; 18 (5-6): 361-4

Kjaergaard N, Christensen LA, Lauritsen JG, et a. Effects of
mesalazine substitution on salicylazosulfapyridine-induced
seminal abnormalitiesin men with ulcerative colitis. Scand J
Gastroenterol 1989; 24 (7): 891-6

Zelissen PM, van-Hattum J, Poen H, et al. Influence of
salazosulphapyridine and 5-aminosalicylic acid on semina
qualitiesand male sex hormones. Scand J Gastroenterol 1988;
23: 1100-4

Roberts Pharmaceuticals. Pentasa prescribing information.
Eatontown, New Jersey, USA, 1998

0 Adis International Limited. All rights reserved.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Pentasadatasheet. Ferring Pharmaceutical s. In: ABPI Compen-
dium of Data Sheets and Summaries of Product Charac-
teristics. London: DataPharm Publications Ltd, 1999: 437-8

Russel MGV M, Stockbrugger RW. Epidemiology of inflamma-
tory bowel disease: an update. Scand J Gastroenterol 1996; 31:
417-27

Harting JW. New developments in the pharmacotherapy of in-
flammatory bowel disease. Pharm Weekbl Sci 1992; 14: 275-86

Glickman RM. Inflammatory bowel disease: ulcerative colitis
and Crohn’s disease. In: Fauci AS, Braunwald E, |sselbacher
KJ, et a., editors. Harrison’s principles of internal medicine.
14th ed. v. 2. New York: McGraw-Hill, 1998: 1633-45

Ardizzone S, Bianchi PG. A practical guide to the management
of distal ulcerative colitis. Drugs 1998; 55: 519-42

Brynskov J, Rasmussen SN. Clinical pharmacology in gastro-
enterology: development of new formsof treatment of inflam-
matory bowel disease. Scand J Gastroenterol Suppl 1996;
216: 175-80

Peppercorn MA. Sulfasalazine: pharmacol ogy, clinical use, tox-
icity, and related new drug development. Ann Intern Med
1984; 101 (3): 377-86

Singleton JW, Law DH, Kelley Jr ML, et a. National Cooper-
ative Crohn’s Disease Study: adverse reactionsto study drugs.
Gastroenterology 1979; 44 (4 Pt 2): 870-82

CammacC, GiuntaM, Rosselli M, et al. Mesalamineinthe main-
tenance treatment of Crohn’s disease: a meta-analysis ad-
justed for confounding variables. Gastroenterology 1997;
113: 1465-73

Rutgeerts P, Geboes K, Vantrappen G, et al. Predictability of the
postoperative course of Crohn’s disease. Gastroenterology
1990; 99 (4): 956-63

Olaison G, Smedh K, Sjédahl R. Natural course of Crohn's
disease after ileocolic resection: endoscopically visualised il-
eal ulcers preceding symptoms. Gut 1992; 33 (3): 1150-1

Correspondence: Delyth Clemett, Adis International Lim-
ited, 41 Centorian Drive, Private Bag 65901, Mairangi Bay,
Auckland 10, New Zealand.

E-mail: demail@adis.co.nz

Drugs 2000 Apr; 59 (4)



	Contents 929
	1. Introduction 933
	1.1 Mesalazine Delivery Formulations 933

	2. Mode of Action 934
	2.1. Lipid Mediators 934
	2.1.1 Lipoxygenase and Cyclo-Oxygenase Products 934
	2.1.2 Platelet-Activating Factor 935

	2.2 Cytokines 936
	2.2.1 IFNg- and TNFa-Induced Effects 936
	2.2.2 Interleukins 936

	2.3 Reactive Oxygen Species 936

	3. Pharmacokinetic Properties 937
	3.1 Local Mesalazine Disposition 937
	3.1.1 Patients with Diarrhoea 938
	3.1.2 Patients with Ileorectal Anastomosis 939

	3.2 Systemic Mesalazine Disposition 939
	3.2.1 Absorption 939
	3.2.2 Distribution 939
	3.2.3 Metabolism and Elimination 939


	 4. Therapeutic Efficacy 940
	4.1 Ulcerative Colitis 940
	4.1.1 Active Disease 941
	4.1.2 Maintenance of Remission 941

	4.2 Crohn's Disease 942
	4.2.1 Active Disease 943
	4.2.2 Maintenance of Remission 944
	4.2.3 Glucocorticoid Withdrawal 946

	4.3 Studies in Children 946
	4.4 Effects on Quality of Life 946

	5. Tolerability 947
	5.1 Renal Toxicity 948
	5.2 Sulfasalazine Intolerance 949

	6. Dosage and Administration 949
	7. Place of Prolonged-Release Mesalazine in the Management of Ulcerative Colitis and Crohn's Disease 950
	References 953
	Correspondence 956
	E-mail 956

