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Abstract

A significant percentage of patients taking nonsteroidal anti-inflammatory
drugs (NSAIDs) experience some type of adverse gastrointestinal symptoms,
lesions of the gastroduodenal tract being clinically the most relevant.

NSAIDs cause gastrointestinal damage by 2 independent mechanisms: a top-
ical effect, which is pH and pKa related, and a systemic effect mediated by cyclo-
oxygenase (COX) inhibition with a reduction in prostaglandin synthesis. Using
endoscopy, gastroduodenal lesions identified include subepithelial haemor-
rhages, erosions and ulcers. The prevalence of ulceration in NSAID users has
been reported as being between 14 and 31% with a 2-fold higher frequency of
gastric ulcers compared with duodenal ulcers.
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Among the strategies used to decrease the risk of ulcer development are:
(i) the use of analgesics other than NSAIDs; (ii) use of the lowest possible dosage
of NSAID; (iii) the use of a COX-2 selective NSAID; (iv) the use of low doses
of corticosteroids instead of NSAIDs; (v) avoidance of concomitant use of
NSAIDs and corticosteroids; and (vi) use of preventive therapy.

In an attempt to reduce the incidence of NSAID-induced gastrointestinal le-
sions, the following approaches have been proposed: (i) use of the prostaglandin
analogue misoprostol, which is an antiulcer drug which has been proven to be as
effective in the prevention of NSAID-induced gastric and duodenal ulcers as in
the reduction of serious upper gastrointestinal complications; (ii) histamine H
receptor antagonists gkntagonists), e.g. ranitidine, cimetidine and famotidine,
which are useful in the prevention of NSAID-induced duodenal ulcers during
long term treatment, but not in the prevention of NSAID-induced gastric ulcers;
(i) proton pump inhibitors, e.g omeprazole, and pantoprazole, whose efficacy
in preventing NSAID-associated ulcers has been recently demonstrated; and
(iv) barrier agents, e.g. sucralfate, which cannot be recommended as prophylactic
agents to prevent NSAID-induced gastropathy.

The first step in the treatment of NSAID-associated ulcers lies in a reduction
in the dosage of the NSAID or discontinuation of the drug. If NSAID treatment
cannot be withdrawn, a proton pump inhibitor appears to be the most effective
treatment in healing ulcers, accelerating the slow healing observed witim-H
tagonists.

A significant percentage of patients taking non-However, the absolute risk (the percentage of pa-
steroidal anti-inflammatory drugs (NSAIDs) expe- tients presenting the complication in the population
rience some type of adverse gastrointestinal sympexposed to NSAIDs) is low: Fries et @l.reported
toms, ranging from dyspepsia to generaliseda risk of gastrointestinal hospitalisation of 1 to
abdominal discomfort. Fortunately, the vast major-1.5% per year, with the risk of death being 0.13%
ity of these symptoms are expressions of minor muper year; Lichtenstein et &l.reported an estimated
cosal lesions that are not of major clinical signifi- incidence of serious adverse gastrointestinal events
cance, but unfortunately there is poor correlationat 1 to 2 per 1000 NSAID users per year, with rates
between dyspeptic symptoms and endoscopic oranging from 0.4 per 1000 in the young to 4 per
histological findingd!! 1000 in the elderly. Finally Champion et8l esti-

This means that patients without gastrointesti-mated that the risk of NSAID-related peptic ulcer
nal lesions may complain of abdominal pain or dis-complications may be low, perhaps 1 in 3000 to
comfort during NSAID therapy and conversely, up 5000 NSAID prescriptions issued in the elderly.
to 50% of patients with NSAID-induced ulcers or Although these seem low risk percentages, due to
haemorrhagic and erosive lesions in the stomach athe great number of NSAID users the final data
in the duodenum may be completely asymptom-became numerically relevant. Moreover, the rela-
atic[?l A life-threatening complication (severe tive and absolute risk rises considerably in elderly
bleeding or perforation) may be the first sign of patients who are also the patient group who are
gastrointestinal damage in asymptomatic NSAIDmost exposed to NSAID use.
userd?! Although any tract of the small and large intes-

The relative risk of severe complications (mas-tine may be damaged by NSAID use, the lesions of
sive haemorrhage and perforation) is between 2 tahe gastroduodenal tract (so called ‘NSAID gastro-
4 times greater for NSAIDs users than non us8rs. pathy’) are the most frequent and important.
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1. Pathogenesis of Nonsteroidal pect, the development of frank ulcers may be pre-
Anti-Inflammatory Drug (NSAID)- dominantly the result of a severe restriction in mu-
Induced Gastrointestinal Lesions cosal blood flow.

The reduction of the mucosal blood flow is pre-
NSAIDs cause gastrointestinal damage by twoceded by the formation of leucocyte aggregates
independent mechanisms: (i) a topical effect, (white thrombi) adhering to the endothelial cells.
which is pH and pKa related; and (i) a systemic Neutrophil adherence to the vascular endothelium
effect which is mediated by cyclo-oxygenase and the subsequent activation with release of oxy-
(COX) inhibition and thus prostaglandin synthe- gen_derived free radicals and proteolytic enzymes

sis.[ff] Prostaglandins exert different mucosal pro- a5 peen considered a critical event in the patho-
tective effects, which include increased secretion enesis of NSAID-induced gastrointestinal ulcer-

of bicarbonate and mucous, enhanced resistance tion!10.11] NSAID-induced damage can be pre-

the sur:;ac;]e epithelium to ir]ljury, mu<|:osg| restitu- ented by neutropenia or prevention of neutrophil
;uacinrzgl the preservation of mucosal microvascu-gjperenc@ NSAID administration upregulates
ure: ] ) the expression of adhesion molecules on the leuco-

_The topical effect is due to the naturg O_f weak cyte cell surface, an effect related to the inhibition
ch'ilgf many NkSAI%S' Tf;]e va}st_mz(ajjorlty of of prostaglandin productiod?.12lFurthermore, re-

K S ?r:e wea a?sstwg Iantrl]om?[e C?nSta}gtcent evidence suggests that NSAIDs may delay the
(P ‘.”1) n etrafnge ?. 1o .thn eds rongly act healing of a gastric mucosal ulcer, by suppressing
environment ot gastric Juice these drugs are nor]'hepatocyte growth factor production via inhibition
ionised and freely diffuse across the cellmembrane .
) -7 ~of endogenous prostaglandin producti&.
into the cytoplasm of mucosal cells. Once inside

. S The topical and systemic effects together facil-
the cell, the neutral pH promotes dissociation in the. . .
S . itate the development of a tissue reaction that can
ionised form, that is unable to cross the cell mem-

brane (ion trapping! Because the nonionised determine gastrointestinal inflammation and ulcer
form remains in equilibrium across the cell mem- development. . .
brane, the total intracellular drug concentration The NSAIDs that are not weak organic acids
(ionised + nonionised) will be much higher than (e.g. nabumeton_e), and drugs that are enteric coated
outside the celll The accumulation of ionised (th€reby bypassing alocal effect on the upper gas-
NSAIDs would mediate an uncoupling of mito- tromtestmalmucosa), might theoretically have less
chondrial oxidative phosphorylatidfi. However, topical effect on the gastroduodenal mucésh.

at neutral intracellular pH, NSAIDs with lower Although enteric-coated aspirin preparations re-
pKa have to be presentin a higher concentration tcfiuce the.superﬁmal gastroduodenal mucosal in-
uncouple mitochondrial oxidative respiration. For Jury the risk of ulcer development may not be re-
this reason aspirin (acetylsalicylic acid) [pKA 3.5] duced. Instead, the enteric coated drugs exert a
freely accumulates into the gastric cells, but re-toxic effect lower in the colon or small bowel.
quires a higher concentrations to across the mitoHere, however, the higher pH reduces the amount
chondrial membrane to uncouple the oxidative Of drug that penetrates the mucosal laijerin ad-
chain, while piroxicam (pKa 6.3) requires lower dition, various NSAIDs (e.g. indomethacin,
concentration to induce the same level of uncoupl-naproxen, diclofenac, piroxicam) are secreted in
ing®l The consequent reduction of ATP levels the bile and having an enteropathic recirculation
leads to loss of cytoskeletal control over tight junc- can once again produce topical dam&geUn-
tions and increased mucosal permeabifitPnthe  coupling of oxidative phosphorylation only occurs
other hand, the inhibition of prostaglandin synthe-within the intestinal epithelium following inges-
sis (via systemic effect) impairs mucosal repair andtion or from the biliary excretion phase. This is
microvascular blood flow. Regarding this last as- because of the micromolar concentrations that are

0 Adis International Limited. All rights reserved. Drug Safety 1999 Jun; 20 (6)
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required to uncouple. This uncoupling is not testinal events; (iii) concomitant use of corticoste-
achieved in other cells since over 99% of the drugroids; (iv) increasing dose of NSAID; and (v) <1
is protein bound following absorption. As a conse- month of NSAID usd?4-261 This last factor may be
guence, an effective free concentration of the drugdue to gastric adaptation which occurs with pro-
is only in the picomolar range (sufficient to inhibit Jonged use of NSAID&! a still much debated is-

COX) .17l suel?8l This and other defence mechanisms be-
come stronger with time, making the mucosa more
2. NSAID-Induced Gastropathy resistant to the noxious agents. It is conceivable

) o that either the lack of or the overcoming of these
_ The_ gastroduodenal endoscopically visible le-yatence mechanisms determines the onset of the
:5|0ns induced by hN,SAIEj)S use n;ay be I"J‘rk:e”wulcer and the consequent complications. Unfortu-
NSAID gastropathy’ and range from erythema nately, little is known about the adaptation of the

through dlﬁusg erosions and microbleeding to u"mucosa towards the damaging stimuli, but it is
cers. An ulcer is a defect that penetrates the mus-

: ) Probable that local growth factors (i.e. epidermal
colaris mucosae into the submucosa, or deepe :
: o Prowth factor) and products of metabolism such as
among large vessels. Erosion and subepithelial’.

. : nitric oxide (NO) may occuig?!
haemorrhages are breaks that remain confined to . .
e Other risk factors for adverse ulcer complica-
the mucosat®l L i _
. . tions include: (i) the use of two or more NSAIDs;
For this reason, only an ulcer may be respon5|-(ii) the use of anticoagulant therapy; and (iii) the
ble for massive haemorrhages when it erodes intg 9 by

arteries below the mucosa. Haemorrhagic or eroPresence of concomitant disease (such as rheuma-

sive gastropathy has been considered the cause (??ldt.alrthrlt}sbcl)r card|ﬁvascula|r<Q|se{ar]se?. Othtgr po}
serious bleeding in only 3% of cases, and virtually ential variables such as smoxing, the ingestion o

never leads to life-threatening haemorrhage Orcaffeine and alcohol (ethanol) have been consid-

large transfusion requiremeR&in the absence of ered as potential risk factors but the data are neither

! . i 0
major coagulation defects. conclusn_/e _or cled??) )

The endoscopic distinction between ulcer and Two d'St'n_Ct _type_s of NSAID_-assomated ulc_ers
erosion is made on the size and shape rather thanave be_en d|st|ngws_hed: ‘virgin® ulcers occurring
on depth, as depth is a parameter that is difficult tod® NOVOIN persons with a normal mucosa, and ul-

evaluate. The chance of a lesion being an ulcer inC€rs €xacerbated by such drug use in persons with

creases with lesion size: small lesions (<3mm) are?" underlying ulcer diathesis. Since the typical
more likely to be shallow lesions, whereas larger NSAID-associated ulcer is a gastric ulcer, while
lesions (>5mm) are more likely to be deeper ulcers Peptic ulcers are mostly duodenal, it is probable
In spite of its great importance, the specific size that a significant number of duodenal ulcers in
cut-off point to define ulcers is arbitrarily selected NSAID-treated patients, are exacerbated ulé&¥s.
on the basis of speculation. Studies on drug effi- Histologically, a non-NSAID-associated gas-
cacy and ulcer prevalence generally use size as th#ic ulcer is surrounded by a wide field of non-
only criterion for an ulcer, so the selected cut-off erosive inflammatory gastritis often associated
size may greatly influence the results. with Helicobacter pylorinfection. NSAID-associ-
The prevalence of ulceration in NSAID users ated ulcers are often without associated gastritis,
has been reported to be between 14 and[3%2J  but definitive data on the histological aspect of
with a frequency of gastric ulcer 2-fold that of du- NSAID gastropathy is not fully knowF! Recent
odenal ulcer but with a similar risk of bleedifi§! data suggests that the so called chemical gastritis
Various meta-analysis studies have concluded thais more frequentin NSAID usef& This term con-
risk factors for adverse ulcer complications are: veys animage of chemical injury and highlights the
(i) age >60 years; (ii) history of previous gastroin- non-infectious nature of this entity. The typical fea-

0 Adis International Limited. All rights reserved. Drug Safety 1999 Jun; 20 (6)
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tures of chemical gastritis are a paucity of inflam- might be more susceptible to the toxic effects of
matory cells, oedema, telangiectasia and increaseNSAIDs.

numbers of smooth muscle fibresinthe laminapro- A recent studi?®! has established that eradica-
pria and foveolar hyperplasia. However, the sensition of H. pylori infection before starting NSAID
tivity and specificity of these features are reportedtherapy reduces the occurrence of gastroduodenal
to be low, not allowing a comparison among dif- ulcers in patients not previously taking NSAIDs.

ferent studie$®! However, other studies do not support the concept
thatH. pylori infection predisposes to or worsens
3. Helicobacter pylori Infection NSAID-induced gastric injur{?’-38 For example,
and NSAID Use a recent study investigated the effectd-bfpylori

) eradication in patients with current or previous
H. pylori and NSAIDs are the 2 most common \ga|p-effects (ulcers or dyspepsia or both) who
exogenous factors in the pathogenesis of peptic Ule. ;htinued to use NSAIDEY Patients were given

cer disease. The mechanisms involved in mucos%meprazole with either anti+ pylori therapy
damage are totally different. NSAIDs cause U|Cers(amoxicillin plus clarithromycin for 1 week) or

by .|nt(=%rfer|n-g with mUCF’E"’(‘;g;fif?Cﬁ,b‘{'?‘ dlregt placebo. They then took omeprazole until their ul-
toxic effects in concert wit -Linhibitionand o\ a5 healed or the dyspepsia resolved, after
) S . NWhich they continued NSAID treatment, with fol-
dins. H. pylori resides in the mucous layer of the

low up assessment of ulcers and symptoms at 1, 3,

gastric ce]ls WIthOL!t invasion and dlrlectly PrO" 2hd 6 months. The only difference betwdénpy-
duces an increase in gastrin levels with a conses

. . . . . _lori eradicative therapy and omeprazole alone was
guent increase in acid level both directly and via a Py P

variety of toxins and enzymes. This is believed to that gastric ulcers healed fasterif pylori was not

be the explanation for the development of gastric-t.reatEd' Duodenal ulcers healed within the same

metaplasia in the duodenum, thus allowidgpy- tlmg fra’.“e in both groups. ThuB-l. pylori eradi-
lori to infect the duodenum and cause inflamma-Cation did not alter the outcome in terms of recur-
tion with subsequent ulcer formatié®] These rence of ulcers or dyspepsia.

pathogenetical differences are highlighted by the 1 NS data is sqbstiqtially in agreement with 2
different histological picture. In fact, ar. pylori  Other recent studie$}41) comparing the efficacy

ulcer is always surrounded by a wide field of in- of omeprazo!e versus misoprostol_ and ranitidine
flammatory cells (chronic active gastritis) while an "6SPeCtively, in healing and preventing ulcers asso-
NSAID-associated ulcer often occurs without as-ciated with NSAIDs. Higher rates of success were
sociated active gastritis. found in H. pylori positive patients than in those
Nevertheless, the presence of these 2 factors 20 were negative. The better prognosis in in-
the same time is quite frequent, especially in el-fected patients may be due to the stimulatory effect
derly patients in whoni. pylori infection is more ~ On the mucosal prostaglandin synthesis operated
frequent as is NSAID usil The relationships be- by H. pylori (an effect, however, easily overcome
tween NSAID useH. pylori infection and gastric by NSAIDs) so partly reversing the defect in the
damage are not well understood. It is well estab-gastric mucosa caused by NSAID and improving
lished that the susceptibility td. pylori infection ~ healing of NSAID ulcerd#?43]
is not increased by NSAID use of brief or long  In peptic ulcers related tél. pylori infection,
duration[34 Our experience suggests that NSAIDs eradication of the infection leads to a fundamental
might impair the development d¢d. pylori infec-  change in the natural history of the disease: elimi-
tion without having any effect on the infection nating recurrence and curing the illness. Eradica-
when it is already establishé¥! Nevertheless, a tion of H. pylori infection in individuals without
mucosa already damaged by pylori infection  ulcers is not recommended. However, if an in-

0 Adis International Limited. All rights reserved. Drug Safety 1999 Jun; 20 (6)
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fected individual has to take NSAIDs chronically, analgesics are considered as first line therapy in
eradication of. pylori might be a practical option. osteoarthritis of the knee or hiff:50

If H. pyloriis present in a patient who develops an

ulcer whilst taking NSAID, it remains unclear 4.2 Use of the Lowest Possible Dose of NSAID
whether it is beneficial to eradicate the infection or

not, but this seems advisable in case the ulcerisdue The incidence of untoward events and the de-
to the infection in that particular patiedt! Further  gree of anti-inflammatory activity are both dose
studies need to be done on the fundamental proces®lated5! The dose-response curves for anti-
behind such ulcers so that the degree of mucosainflammatory activity and for analgesia can differ.
defect by NSAIDs oH. pylori or both can be as- For example ibuprofen 200mg has no anti-inflam-
sessed in an individual. Hence therapy can bematory activity but does have an analgesic ef-
customised. fect[52 Low doses of ibuprofeng1200mg) are re-

In populations among whom peptic ulcer dis- ported to be the best tolerated in comparison to
ease induced bi. pylori is common, the patients other NSAIDs in most studies but higher doses lose
will probably benefit more fronH. pylori eradica-  this advantagé®3! Aspirin 650mg has no anti-
tion than from other antiulcer measures, irrespec4inflammatory activity eithef! Many studies have
tive of NSAID use. Conversely, among patients reported that decreasing the daily dose of aspirin
with asymptomaticH. pylori infection, ulcers in  also decreases the risk of gastrointestinal compli-
patients taking NSAIDs may benefit more from cations, but nevertheless any dose of aspirin still
acid reduction or prostaglandin therapy alone,has the potential to induce gastric lesions and gas-
without eradication oH. pylori.[*l In the future, trointestinal complication§4-561 Due to consider-
typing of theH. pylori infection as cytoxin-associ- able interpatient variation in the response to
ated gene A (CagA) positive or negative (which NSAIDs, low doses of a given drug may be effec-
reflects cytotoxin productiofff! will help in ther-
apeUtiC deCiSion'making in western countries, Table I. Prevention and therapy of nonsteroidal anti-inflammatory
where these virulence factors are important in the drug (NSAID)-induced gastropathy
induction of duodenal ulcer disease. In developing ... ... prevent NSAID-induced gastropathy
countries, where CagA positive isolates predomi- preventive measures:

nate, typing of theH. pylori will be irrelevant*’] use a non-NSAID analgesic instead of an NSAID
use the lowest dose of NSAID
4. Prevention of NSAID-Associated use low doses of a corticosteroid instead of an NSAID
GGSfI’OprhY Identify patient at risk. Risk factors are:

age >60 years
There are many strategies that can theoretically history of previous gastrointestinal events
decrease the risk of ulcer development and its com- concomitant use of corticosteroids

plications (see table |)_ increasing dose of NSAID
use of 2 or more NSAIDs
4.1 Use of Non-NSAID Analgesics use of anticoagulant therapy
presence of concomitant chronic disease (i.e. rheumatoid

arthritis)

Use of non-NSAID analgesics, such as paracet- ™ o ) ) )
In patients with risk factors consider preventive therapy with:

amol (acetaminophen) or tramadol instead of an
NSAID can be investigated. In chronic inflamma-
tory articular diseases, such as rheumatoid arthritis, A
these drugs are not very effective. However, as a' "<y of NSAID-induced ulcer o

A i If NSAID can be discontinued: any conventional ‘antiulcer
support to an NSAID, their use can permit the re- ierapy is effective
duction of NSAID dosagé®8! According to the  ifNSAID can not be discontinued: omeprazole seems the most
American College of Rheumatology, non-NSAID effective therapy

misoprostol
omeprazole

0 Adis International Limited. All rights reserved. Drug Safety 1999 Jun; 20 (6)
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tive in an individual with a chronic inflammatory tency against COX-1 and COX-2 can be expressed
rheumatic disease. In this respect, the average ass a ratio of the 1§ values so that the COX-
pirin dose taken by patients with rheumatoid arthri- 2/COX-1 ratios <1 indicate a more potent inhibi-
tis was reported to be only 2665 mg/dafl.Low  tion of COX-2. However, to completely inhibit
doses of any NSAID might also facilitate the mech- COX-2 without affecting COX-1, a specific COX-
anisms of mucosal adaptation (see section 2). 2 inhibitor NSAID would need to be at least 100
times more potent against COX-2 than against

4.3 Use of NSAIDs with Improved COX-1182 This corresponds to a COX-2/COX-1
Gastrointestinal Adverse Effects Profiles ratio of 0.01 or lower.

Unfortunately, there is great variability in the
4.3.1 Cyclo-Oxygenase-2 Selective NSAIDs ICsoVvalues obtained for individual NSAIDs in dif-

~ Itis now recognised that there are at least 2o ont sty dies, due to the differeintvitro methods
isoforms of COX often abbreviated as COX-1 and ¢, 5ssessing the relative affinity and selectivity of

_2[58,59 211 i i o
COX-2[859ICOX-1 s a constitutive enzyme that . \SAID for COX-1 and COX-2 activity (ho-

IS prde_?ent " vw;ually almqrs]t all tlsksue$ urj(fjer btasalmogenate or recombinant enzymes, whole cell sys-
conditions, periorming a ‘nousekeeping function tems, substrate concentration, incubation and pre-
to synthesise prostanoids that regulate normal ac- S
o0 e . —“Incubation time, etc.). Hence, at the moment, many
tivity.[60 For example, COX-1 plays a key role in .=~ - SR  eaes) i

: ; g . difficulties exist in interpretin§ in vitro re-
regulating gastrointestinal mucosal protection,

. . ults, which should be considered only guidelines
vascular homeostasis and renal functions. COX- L :
) . ) -~~~ “forin vivosituation. For example, 5,5-dimethyl-3-
is an inducible enzyme, whose expression is in-

creased during states of acute inflammation or ex{3-fluorophenyl)-4-(4-methylsulphonyl)phenyl-2

perimentally in response to mitogenic stimuli and (5H)-furan (DFU), a novel, orally active and

cytokines and decreased by the administration mhigtf:ly selectfiijCOX—Z inlhibi.tor, fhas been foEnd
glucocorticoidd®6-611 COX-2 is, however, present to be 1000 fold more selective for COX-2 than

under basal conditions in the brain, spinal cord andcox'1 n Ch'lnese hamster ovary cells stabl.y
renal cortex62l transfected with human COX enzymes, but this

All the currently available NSAIDs inhibit both ¢0mPound shows a time dependent and reversible
COX-1 and COX-2 to varying degrees. Inhibition weak inhibition ofCOX_-l using others_ensn_lve as-
of the constitutive COX-1 is believed to be the pri- saysl%6l These results indicate that using different
mary cause of the many toxic effects associatecd®SSays, COX-1 inhibitory effects can be also de-
with NSAIDs, particularly gastroduodenal muco- t€cted in compounds that are considered to be
sal damage, whereas COX-2 inhibition explainshighly selective COX-2 inhibitors.
the therapeutic utility of NSAID#1 The avail- Many ‘old’NSAID are mainly COX-1 selective
ability of NSAIDs which specifically inhibit COX-  (€.9. aspirin, ketoprofen, indomethacin, piroxicam,
2 should maximise anti-inflammatory activity sulindac), others are considered slightly selective for
while minimising adverse effects. In contrast, COX-1(e.g.ibuprofen, naproxen, diclofenac), others
NSAID exhibiting preferential activity for COX-1 may be considered slightly selective for COX-2 (e.g.
would be expected to be less effective and to benimesulide, etodolac, nabumetone, meloxicam).
associated with additional adverse effects. None of the available NSAIDs is wholly COX-2

Enzyme inhibitors are described according tospecific.
their efficiency in inhibiting enzyme activity. The Moreover, with the currently available
most common variable is the g which is the  NSAIDs, no differences in clinical efficacy are ev-
concentration need to produce 50% inhibition of ident between NSAIDs that exhibit preferential ac-
COX activity. Drugs with a high Ig are less po- tivity for either COX-1 or COX-2. NSAIDs repre-
tent than drugs with a low one. The different po- senting the extremes in terms of selectivity for

0 Adis International Limited. All rights reserved. Drug Safety 1999 Jun; 20 (6)



534 La Corte et al.

COX-1 or COX-2 do exhibit some differences with adverse effects, particularly in the gastrointestinal
respect to gastric safety; those exhibiting preferen-ract, will probably be available as valid therapeu-
tial COX-2 selectivity are generally less toxic than tic alternatives. Examples of these new drugs are
those exhibiting a preferential COX-1 selectiv- the nitric oxide-releasing NSAIDs (NO-NSAIDs)
ity.167.681Because a strict correlation does not existsuch as NO-naproxen, NO-aspirin, etc. In experi-
between COX selectivity and gastric safety, it is mental models NO-aspirin, although it inhibits
possible that both the safety and the efficacy ofboth COX-1 and COX-2 activity, had no deleteri-
NSAID may result from mechanisms distinct from ous effects on the gastric ulcerogenic and healing
prostaglandins inhibitio#?] process. It shows, nevertheless, an anti-inflamma-
This conclusion has however to be re-evaluatedory effect that is equipotent with that of NS-398,
with new specific COX-2 inhibitor NSAIDs, such a COX-2 specific inhibitoF’®! The topical admin-
as celecoxib (recently launched in the US, Mexico, istration of an NO—releasing derivative of aspirin,
Brazil, Argentina and Switzerland), flosulide or NCX-4016, caused a marked increase in mucosal
DFU.[6669 These might be a true specific blood flow (probably by releasing NO) with no ef-
NSAIDd7071 but COX-2 inhibition does not ad- fect on potential transmural difference and[Ph.
dress other mechanisms of gastrointestinal damThis effect may be in part due to inhibition of neu-
age, e.g. the topical mucosal toxicity. However, thetrophil adherence, operated by NG
long term effects and adverse effects of these new Many NSAIDs are marketed as racemic mix-
NSAIDs must be carefully scrutinised before they tures, composed dR) and(S)enantiomers. Ra-
become widely used. cemic NSAIDs are potent COX inhibitors only
The possible roles of COX-2 in the physiologi- through the action of théS)enantiomers, as the
cal process and the consequences of its inhibitior{R)-enantiomers do not exhibit COX inhibition but
are largely unknown. It is likely that COX-2 ex- rather have potent analgesic activity with minimal
pression increases after salt restriction and also itllcerogenic potentidl®! Of many NSAIDs cur-
is likely that COX-2 plays a critical role in the de- rently available in racemic form, such as keto-
velopment of the kidney since the lack of COX-2 profen, flurbiprofren, ibuprofen and ketorolac, itis
gene (COX-2 knockout mice) is associated with now possible to use only t{&)-enantiomer to ob-
severe congenital renal abnormalitiés’31COX-  tain an analgesic effect without causing important
2 may play an important role in the healing of gas- adverse effects. Preliminary premarketing data
tric ulcers. In rats, the healing of gastric ulcers is confirmed the efficacy and safety of such drugs in
delayed by NS-398 (a COX-2 selective inhibitor). humang&l
The expression of COX-2 mRNA was only de-
tected in the ulcerated tissue in which the COX-2 4.4 Use of Corticosferoids as
enzyme was found in fibroblasts, macrophages/ Cn Alternafive fo NSAIDs

Emr;'ocyt?ts and granulocytgs. T.he delay Iln ulcer - The corticosteroids have demonstrated less gas-
ealing after NS-398 administration was related ©trointestinal adverse effects compared with

the inhibition of prostaglandin £n the ulcerated NSAIDs. The relative risk of ulcer in patients tak-

tissuel’™ Similar results have been detected with ing corticosteroids is only 1.1 but this increases to
L-745337 another selec_:tlve COX-2inhibitétl At 4.4if NSAIDs are given concomitantly (see section
the moment the possible adverse effects of the4 5)

highest therapeutic doses of specific COX-2 =~

NSAIDs are unknown. 4.5 Avoid Use of Concomitant

Corticosteroids
4.3.2 Future NSAIDs

Over the next few years new NSAIDs, other  Astrong interaction between NSAID and corti-
than COX-2 specific inhibitors, showing reduced costeroids has been noted, with an increased risk
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of ulcers in corticosteroid users confined only to troduodenal effects and therefore, in need of pre-
those who concomitantly take an NSAID. In such ventative treatment.

patients, the risk of peptic ulcer disease is 15 times

greater than in nonusers of either drug and the es- 5. Preventive Therapy

timated relative risk for upper gastrointestinal

i Bl - i 9 ) -
h_aer_r;_orrhtageklsf 1?'61' Ifn a re<_:ent met? ?”f"yf_'s* | reduce the incidence of NSAID-induced gastroin-
significant sk 1actors for Serious gastrolmtestinaly o g, 51 |asjons. The most frequently used drugs

complication included: age >60, previous history are
of gastrointestinal complications and concomitant
corticosteroid use, with relative risk ratios of 5.4,
4.8, and 1.8 respectivelsf!]

Various agents have been used in attempts to

prostaglandin analogues (misoprostol)
histamine H receptor antagonists (ranitidine,
cimetidine, famotidine, nicotidine)

e proton pump inhibitors (omeprazole, lanso-
prazole, pantoprazole)

In high risk patients preventive therapy should * lliﬂartr;werdaglgen_ts (ISUCLEI‘Ifate)d isti luati
be considered. The presence of a risk factor ele- ethodological problems do existin evaiuating

vates the risk of gastrointestinal complications butpharmacologlcal mucosal protechon_afforded by
the concomitant presence of more than one ris hese agents because the reported improvements

factor is even more deleterious. In the MisoprostoIaCh'eVEd by the use of cytoprotective and/for anti-

Ulcer Complications Outcomes SafetyAssessmen?ecretory drugs are baged on the reduct'lon in the
(MUCOQOSA) trial 4 risk factors were identified: age degree (.)f the en(.jos.c'oplcal score and this may be
>75 years, history of gastrointestinal bleeding, his-Of questionable significand®!
tory of previous peptic ulcer and history of cardio-
vascular diseadé? After 6 months’ NSAID ther-
apy, patients with none of the 4 factors were found An extensive evaluation of the literature shows
to have a risk of NSAID-induced gastrointestinal that the antiulcer agent misoprostol, a synthetic
complications of only 0.4%. In patients with any prostaglandin Eanalogue, has proven to be effec-
single factor, the risk was approximately 1% andtive in the prevention of NSAID-induced gastric
in patients with all 4 risk factors, the risk would be and duodenal ulcers as well as in the reduction of
around 9%. These data correspond to risk inci-serious upper gastrointestinal complications. A re-
dence rates per year of 0.8% (no risk factor), 1.7%cent meta analysf&! concludes that the use of
(1 risk factor), and 18.5% (4 risk factori¥.s3] misoprostol, but not of Kantagonists, induced a
However, preventive therapy cannot be recom-significant reduction in gastric or duodenal lesions
mended for all patients who take an NSAID. The (erosions or ulcers) during short term or long term
cost-effectiveness ratio would be unfavourable.NSAID therapy. In the same study.ldntagonists
From our experience, we agree with the conclu-were reported to be beneficial only in the reduction
sions of the Arthritis, Rheumatism and Aging Med- of duodenal ulcers during long term NSAID treat-
ical Information System (ARAMIS) study, per- ment.
formed in patients with rheumatoid arthritis. The  The most convincing study, the MUCOSA
study identified 5 major risk factors for gastroin- trial,!82] enrolled 8843 patients and aimed to eval-
testinal complications: age >60 years; degree ofuate the efficacy and safety of misoprostol gg0
disability due to rheumatoid arthritis; previous 4 times dailyvsplacebo given for 6 months to pa-
NSAID-related gastrointestinal events; daily dosetients with rheumatoid arthritis age®2 years, for
of NSAID and concomitant corticosteroid admin- the prevention of NSAID-induced gastrointestinal
istration!20] We consider these patients to be at complications. The study was designed to detect
high risk of experiencing NSAID-induced gas- gastrointestinal complications under ordinary clin-

4.6 Use of Preventive Therapy

5.1 Misoprostol

0 Adis International Limited. All rights reserved. Drug Safety 1999 Jun; 20 (6)



536 La Corte et al.

ical conditions without routine endoscopy. At the plications (e.g. hospitalisation, surgery, medical
end of the study the misoprostol group showed acosts)8¢ These data further emphasise the need to
reduction of 40 to 50% in serious gastrointestinal carefully select which patients to treat.
complications, compared with the placebo group.  Despite the efficacy of misoprostol in prevent-
In a regression analysis of data from the MU- jng gastroduodenal ulcers, a beneficial effect on
COSA study, Simon et &3 defined the specific  gyspepsia symptoms attributable to NSAIDs has
risk reduction effects of misoprostol therapy in pa- ot peen proven. Moreover, misoprostol itself may

tien_ts With_ spec?fic risk facto_rs. For e_xample, in provoke symptoms and induce adverse effects, the
patients with a history o_f peptlc_ ulcer disease therer.nost frequently reported being diarrhoea. This ef-
was a 52.4% [95% confidence interval (Cl) 23.5to

. g ) , fectis, at least in part, dose dependent: in the MU-
70.4] risk reduction with misoprostol cotherapy COSA trial, more patients receiving misoprostol
and a 50% (95% CI 4.2 to 73.9) risk reduction in _ ’ O
patients with a history of gastrointestinal bleeding. (20%) than placebo (15%) withdrew from the study

This finding suggested that there are good eco_durlng the first month because of diarrhoea, ab-

nomic as well as medical reasons for identifying dominal pain or_flatulr_:mc@?l Oyerall, signifi-
patients who are at significantly increased risk of cantly morg patients in the msoprostol_ group
NSAID-induced gastrointestinal adverse events(42%) than in the placebo group (36%) withdrew
and to provide prophylaxis with misoprostol. The from treatment prematurely.
number of patients who need to be treated with N another trial¥’l a total of 1623 patients re-
misoprostol to prevent 1 gastric or duodenal ulcerceiving NSAIDs were randomised to receive
has been recently calculated by taking into accountmisoprostol 20Qg twice daily, misoprostol 200y
the baseline risks of ulc&?# For example, fora3% 3 times daily, misoprostol 2Q@ 4 times daily or
baseline risk of gastric ulcer the number of patientsplacebo. The difference in gastric or duodenal ulcer
who need to be preventively treated during shortincidence between the placebo group and each of
(<2 weeks) or long term (>4 weeks) NSAID ther- the misoprostol treatment groups was statistically
apy would range from 34 to 41 and for a baselinesignificant. Premature withdrawal from the study
risk of 10% from 10 to 13. Similar data has been due to adverse events occurred in 11% of the p|a-
calculated for the prevention of 1 duodenal ulcercepo group, 12% of patients treated with miso-
with misoprostol. . . _ prostol either 200g twice daily or 20Qig 3 times
For this study population, averting 1 serious yai\y and 20% of those treated with misoprostol
gastrointestinal complication by prescribing miso- 200ug 4 times daily. The difference in the with-

prostol 200ug 4 times a dfay Wou.ld cost an addi- drawal rate between the misoprostol g0t times
tional $Can94 766; for patients with previous pep-dain group and each of the other 3 treatment
tic ulcer disease (medium risk), the cost would be - N

groups was statistically significant.

$Canl4 943, and for patients with previous peptic - :
ulcer disease and age >75 (high risk), the cost These results indicate that misoprostol @g0

would be $Can4101 (1994 valud&y. However twice daily or 3 times daily can provide significant
leading health economists in 6 different countries,protection against gastroduodenal ulcer in patients

evaluating the economic implications of prophy- Undergoing long term NSAID therapy. Further-
lactic treatment with misoprostol to prevent More, at these dosages misoprostol is better toler-
NSAID-induced ulcers, concluded that ated thanitis given at a dosage of @04 times
misoprostol was a cost-effective or a cost-savingdaily. However, for dosages of less than pg04
approach to the prevention of NSAID-induced ul- times daily there is a lack of data definitively dem-
cers when compared with the costs associated witlonstrating a preventative effect against the most
ulcer treatment or the management of ulcer com-severe gastroduodenal complications.
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In both UK and Canada, misoprostol 20§ found to be efficient as preventive agent both in
twice daily is approved for prophylaxis of NSAID- gastric and duodenal NSAID-induced ulceration.

induced gastric or duodenal ulcers. The number of patients who would need to be
treated in order to prevent a duodenal ulcer was
5.2 Histamine H, Receptors Antagonists also calculated, by taking into account different

baseline risks of ulcer. For example, for a baseline

In the great majority of published studies risk of duodenal ulcer of 3 or 10%, the number of
ranitidine has been evaluated in the prevention Ofpatients who would need to be treated with a H
NSAID-induced gastrointestinal toxicity. How- antagonistin order to prevent 1 duodenal ulcer dur-
ever, other H antagonists, such as cimetidine, jng long term NSAID therapy was 54 and 17, re-
famotidine, nizatidine and ebrotidine (a new H spectively. The cost effectiveness ratio ofahtag-
receptor antagonist), have also been evaluated i@nists remains controversial even when taking into
this setting. account the fact that the efficacy of ldntagonists

A meta-analysi€® of 6 placebo-controlled seems limited to the prevention of duodenal ulcer
studies of at least 4 weeks’ duration designed tognly.
evaluate the prophylactic use of ranitidine 150mg  However, in a recent study of high dosage
twice daily has recently been conducted. The studfamotidine (40mg twice a daily), the cumulative
ies involved a total 1200 patients with rheumatic incidence of both gastric and duodenal ulcers in
disorders who required NSAID therapy who had patients with arthritis receiving long term (6
no, or only minor, gastric or duodenal damage atmonths) NSAID therapy was significantly reduced
baseline endoscopy. Overall, 1054 (88%) patientompared with placeb8® However, in this study
underwent endoscopy after 4 weeks of treatmentn ulcer was defined as a mucosal bre&knm in
and ulceration was found in 3.2% of the patientSdiameter’ a cut-off size that increases the propor-
treated with ranitidine and in 7.8% of the patients tion of trivial lesions that are classed as ulcers; a
treated with placebo (p < 0.005). However, the dif- more appropriate diameter to use for a definition
ference was especially attributable to the reducedyf an ulcer isS5mm. If this cut-off size is consid-
frequency of duodenal ulcers (p < 0.005); the fre-ered, the results could be vastly different. Further-
quency of gastric ulcers between the 2 groups wasnore, whether ulcer prevention reduces ulcer com-
not significantly different. plications or not is still a matter for discussion

The results of this analysis demonstrate that the
coadministration of full dosage ranitidine protects 53 Omeprazole
against NSAID-induced chronic ulcerations but
does not produce a significant benefit in the pro-  Given that acid suppression with a high dosage
phylaxis of NSAID-induced gastric ulcerations in of a H, antagonist may reduce the incidence of
patients with rheumatic disorders after 4 weeks ofNSAID-induced gastric and duodenal ulcers, it fol-
NSAID treatment. lows that other more potent acid inhibitors should

Another meta-analysi&4 that included 24 pla- be as, or more, effective. Preliminary studies, com-
cebo-controlled randomised studies investigatingparing omeprazole at 20 mg/day with placebo in
the use of H antagonists (ranitidine, cimetidine or patients receiving continuous NSAID therapy, re-
nizatidine) or misoprostol, as preventive agentsported a significant reduction in the incidence of
during short term (<2 weeks) or long term (>4 gastroduodenal ulcé?&°and in dyspeptic symp-
weeks) NSAID treatment, confirmed that the usetomd®!! in the omeprazole treated group. In the
of H, antagonists was beneficial in the preventionstudy by Ekstrom et al®! the patients enrolled
of NSAID-induced duodenal ulcers during long had a history of peptic ulcer disease or ongoing
term treatment, but not in the prevention of dyspepsia. Endoscopy was not performed on entry
NSAID-induced gastric ulcer. Misoprostol was into the study. The peptic ulcerincidence was 4.7%
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(4/85 patients) in omeprazole recipients and 16.7%of misoprostol with ranitidine 150mg twice daily
(15/90 patients) in placebo recipients (p < 0.05).in the healing and prophylactic phases. The rates of
Ekstrom et al®ll also stratified for history of pre- healing for all types of lesions were higher with
vious ulcer and they found that omeprazole signif-omeprazole than with ranitidine. During mainte-
icantly reduced the ulcer rate both in patients with nance therapy, the estimated proportion of patients
previous ulcer and in those without. in remission at the end of 6 months was 72% in the
In agreement with these studies, there are 3omeprazole group and 59% in the ranitidine group.
more recent randomised, double-blind, controlledThe percentages of patients with peptic ulcer re-
trials. In the Omeprazole versus Placebo as Prolapse were 5.7% for omeprazole and 19.5% for
phylaxis of Ulcers and Erosions from NSAID ranitidine. Both medications were well tolerated.
Treatment (OPPULENT) stud$?! patients were This data shows that omeprazole is an effective and
randomised to receive 20 mg/day of omeprazole oMvell-tolerated agent for both primary and second-
placebo. The estimated probability of remaining in @y (maintenance) prophylaxis in patients receiv-
remission for 6 months while receiving om- N9 NSAIDs/*
eprazole was 0.78, compared with 0.53 for placebo.
14 (16.5%) patients receiving placebo developed
ulcer, compared with 3 (3.6%) patients receiving  Sucralfate is an effective antiulcer drug that is
omeprazole. thought to provide a physical barrier to acid injury.
The Omeprazole (20 or 40 mg/day) versusit has been suggested that sucralfate stimulates mu-
Misoprostol (20Qug 4 times daily) for NSAID-In-  cosal protective factors, such as mucus and bicar-
duced Ulcer Management (OMNIUM) stuldy bonate secretion, perhaps through increases in
consisted of a healing and a prophylactic phase. Aprostaglandin Eproduction.
8 weeks (healing phase) the rates of gastric ulcer Although initial studies using sucralfate for pro-
healing were significantly higher with omeprazole tection against short term aspirin administration
20 mg/day (but not omeprazole 40 mg/day) thanwere encouraging, longer term studies were gener-
with misoprostol. Healing rates among patientsally disappointing. A comparative study with
with duodenal ulcer were higher with both dosagesmisoprostol demonstrated that sucralfate 1g 4
of omeprazole than with misoprostol, whereastimes daily was ineffective in preventing gastric
healing rates among patients with erosions aloneulcer/®®l Gastric ulcers occurred during 3 months
were higher with misoprostol. These ratios were0f prophylactic therapy in only 2 of 122 (1.6%)
equal for bothH. pylori positive and negative pa- Patients taking misoprostol compared with 21 of
tients. Patients who successfully completed thel31 (16%) patients taking sucralfate, a rate equiv-
healing phase were re-randomised to receive omalent to rates in the placebo group in studies of
eprazole 20 mg/day or misoprostol 28 twice similar design. Thus, sucralfate cannot be recom-
daily or placebo for up to 6 months (prophylactic mended as a prophylactic agent to prevent NSAID-
phase). More patients remained in remission durinduced gastropathy.
ing maintenance treatment with omeprazole (61%) .
than with misoprostol (48%) [p = 0.001] and with 6. Conclusions on the Treatment
either drugs than with placebo (27%) [p < 0.001]. of NSAID-Induced Ulcers
In the healing phase, omeprazole was better toler- As a first step in therapy for NSAID-associated
ated than misoprostol. ulcers, use of these drugs should be reduced as
The ACID Suppression Trial: Ranitidine versus much as possible or they should be discontinued
Omeprazole for NSAID-associated Ulcer Treat- and treatment should be changed to an alternative
ment (ASTRONAUT) studi#!! had the same study agent. If this is not feasible, an NSAID with less
design as the OMNIUM study with the substitution toxic potential (for example on the basis of a more

5.4 Sucralfate
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favourable COX-2/COX-1 inhibition rate) should duodenal ulcer, the healing rates range from 67 to
be used. 100% within 3 month£3©]

Recent studies have demonstrated that The initial gastric ulcer diameter is considered
meloxicam (a slightly selective COX-2 inhibitor) an important prognostic factor for ulcer healing.
exhibits better gastrointestinal tolerability than Cimetidine therapy was found to produce a lower
equi-effective doses of piroxicam and diclo- ulcer healing rate when the diameter of the ulcer
fenacl®8.94 However, serious gastrointestinal was >5mm?7l However, cimetidine is the least ef-
complications (perforation, ulceration or bleeding) fective of the H antagonists. However, it has also
were reported to be less frequent in meloxicam re-been demonstrated that using a high dosage of
cipients but the differences did not reach statisticalfamotidine larger ulcers healed more sloWf.In
significance. In a preliminary study, celecoxib (a this study, high dosage famotidine (40mg twice
specific COX-2 inhibitor) was found to be effec- daily) was found to be effective in the healing of
tive in treating the signs and symptoms of arthritis 9astroduodenal ulcers in patients who stopped or

without showing any evidence of gastroduodenalcomlinued NSAID treatment. Cumulative uI-cer
ulcer and platelet effect&! healing rates at 12 weeks were 89% for patients

who continued NSAID treatment and 100% for

those who stopped, percentages quite similar to
those reported with ranitidine treatment. However,
famotidine significantly reduced the cumulative

incidence of gastroduodenal ulcer recurrence com-
pared with placebo when given as maintenance
therapyl8!

If NSAIDs are discontinued, the ulcer generally
heals in the usual time with any conventional anti-
ulcer therapy. If the NSAID cannot be discon-
tinued, itis mandatory to use an antiulcer agéft,
controlling endoscopically, if possible, the out-
come of the lesion.

For the H antagonists, the available findings, . . : o
imply that healing is slower if the NSAID is con- In patients with rheumatoid arthritis who devel

tinued. Complete healing may require higher dOS_oped peptic ulcer and continued to receive NSAID

o : reatment, treatment with tripotassium dicitrato
ages (double the traditional ulcer healing dosages) . L L .
. ismuthate or cimetidine showed similar healing
and/or a prolonged duration (>8 weeks) of therapy'activity [99]
96] i i i i : . . .
For examplé® 'in patients W|t_h conﬂrmt_ad ulcgrs Profound acid suppression with a proton pump
randomly assigned to continue or discontinue

; inhibitor such as omeprazole appears to be most
NSAID treatment, after 8 weeks the gastric ulcer s¢active in healing ulcers during continued

healing rate was 63% in those still taking an NgaID yse, accelerating the slow healing ob-
NSAID, compared with 95% in those who had geryed with H antagonists. In patients who must

stopped NSAID treatment. For duodenal ulcers,.emain on NSAID therapy, Walan et @99 re-
the corresponding healing rates at 8 weeks wergyorted 8-week healing rates of 53% with ranitidine
84% in the NSAID group and 100% in those who 150mg twice a daily, 82 and 95% with omeprazole
discontinued NSAID. Extension of ranitidine 20 and 40 mg/day, respectiveiy, indicating Substan_
treatment for an additional 4 weeks improved heal-tia”y improved healing rates with both dosage lev-
ing rates among patients who continued to take are|s of omeprazole. Furthermore, patients treated
NSAID to 79% in those with gastric ulcer, and 92% wjith omeprazole who remained on NSAID therapy
in those with duodenal ulcer. had healing rates similar to those in ranitidine-
In general, taking into account the most signif- treated patients who had discontinued NSAID
icant studies, Blantagonists can promote the heal- treatment.
ing of 40 to 60% of NSAID-induced gastric ulcers ~ To compare omeprazole, misoprostol and
within 4 weeks and approximately 90% within 3 ranitidine in the healing of gastric and duodenal
months while NSAID therapy is continué®®! For ~ NSAID-induced ulcers and erosions, the relief of
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dyspeptic symptoms and the presence of adversd.2, 10.1, and 12.2%, respectively. So omeprazole
effects, 2 double-blind, controlled studies, OM- and misoprostol resulted quite similar in prevent-
NIUM[40 and ASTRONAUTIA using identical  ing gastric ulcer relapse but omeprazole was better
study design but with different treatment arms, than misoprostol in preventing duodenal ulcer re-
have recently been performed (see section 5.3 fotapse where the efficacy of misoprostol 2@0
study details). Chronic NSAID users with either an twice daily was similar to placebo.

ulcer or >10 erosions in the stomach or duodenum Finally, sucralfate seems less effective than
were treated for 4 weeks or for 8 weeks until suc-omeprazole but similar to ranitidine in the healing

cess (defined as no ulcer, <5 erosions at any sit®f
and not more than mild dyspeptic symptoms) wasC€
achieved.

Yeomans et att% recently conducted a pooled
analysis of these 2 studies. Overall, 65% of the pa-
tients had ulcers at entry, the remainder had ero-
sions. After 8 week’s treatment, omeprazole 20
mg/day resulted significantly superior to ranitidine
and misoprostol for overall treatment and ulcer
healing. Gastric ulcer healing rates were 83, 82, 64
and 74% for omeprazole 20 mg/day, omeprazole
40 mg/day, ranitidine and misoprostol, respec-
tively; duodenal ulcer healing occurred in 93, 88,
79, and 79%, respectively. Omeprazole was better
tolerated than misoprostol which caused more di-
arrhoea or abdominal pain. Omeprazole 20 mg/day
was at least as effective as 40 mg/day.

Patients from OMNIUNfY and ASTRO-
NAUT! 1 whose ulcers healed, but who required
continuous NSAID use, were successively re-
cruited to take part in the maintenance studies for
the prevention of relapse of NSAID-associated ul-
cers, using the same drug comparisons with miso-
prostol reduced to 2Q@ twice daily and with the
addition of a placebo in the OMNIUM mainte-
nance study. Treatment failure was defined as ap-,,
pearance of ulcer, >10 erosions in the stomach or
in duodenum, more than mild dyspeptic symptoms
or adverse events leading to study discontinuation.

According to the pooled analysi¥ll over a 6-
month period, significantly more long term NSAID
users receiving omeprazole remained in overall re-
mission than did recipients of ranitidine, miso-
prostol or placebo. Gastric ulcer relapsing rates
were 9.5, 16.3, 10.5, and 32.2% for omeprazole,
ranitidine, misoprostol and placebo, respectively. ;.
For the duodenal ulcer the relapse rates were 1.7,

1

13

14
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gastric and duodenal NSAID-induced ul-
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