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Abstract The epidemic of life-threatening complications of
nonsteroidal anti-inflammatory drug (NSAID) use has
prompted the development of prevention strategies. Recent
clinical trials of endoscopic ulcer prevention are critiqued
regarding their results in relation to doses and outcome
measures as well as H. pylori status. Misoprostol is the only
agent proven to prevent life-threatening ulcer complication
in NSAID users. Proton pump inhibitor therapy was not
significantly better than the minimally effective dose
of misoprostol for prevention of gastroduodenal ulcers
in chronic NSAID users, and was significantly inferior to
misoprostol in those with “true” NSAID ulcers (i.e., with-
out complicating H. pyloriinfection). Antisecretory therapy
accelerates corpus gastritis in those with H. pylori infection,
suggesting it is prudent to consider H. pylori eradication in
those in whom long term co-therapy with anti-secretory
therapy is contemplated. H. pylori status is a critical vari-
able with regard to endoscopic ulcers in NSAID users.
The data suggest that if full-dose misoprostol cannot be
given, the combination of an antisecretory drug (e.g., either
ranitidine or omeprazole) plus low-dose misoprostol may
be better than either alone for the prevention of NSAID
ulcer complications. The use of omeprazole alone likely
results in a false sense of security.

Key words Misoprostol - Omeprazole - Ulcers - Bleeding -
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Introduction

The 20th century saw the introduction of aspirin, which
ultimately became a worldwide best seller because for the
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first time, people almost everywhere had a safe and effec-
tive drug that would relieve pain. The success of aspirin
encouraged the search for new compounds to achieve the
same end. As a result, the second half of the 20th century
saw the introduction of a host of new nonsteroidal, anti-
inflammatory drugs (NSAIDs). More than 30 million
people consume NSAIDs each day worldwide.' In 1991,
more than 70 million prescriptions for NSAIDs were filled
in the United States. The per capita consumption of
NSAIDs averaged 278 prescriptions per 1000 population,
with ibuprofen and naproxen being prescribed most com-
monly.” The actual use of NSAIDs is higher than the
volume of NSAID prescriptions because it also includes
over-the-counter use of aspirin or other NSAIDs such
as ibuprofen. The number of over-the-counter NSAID
tablets sold annually in the USA is estimated as more than
30000000000.*

By the 1930s there was concern about the potential for
gastrointestinal side-effects associated with aspirin. This
concern eventually became the basis for marketing strate-
gies designed to show that new NSAIDs were safer, or
better tolerated, than existing NSAIDs or aspirin. Several
studies have shown that the risk of developing a serious,
life-threatening ulcer complication is in the range 1.2%-2%
of a population of NSAID users per year of use.”** Recent
evidence suggests that 10%—-20% of those over age 65 have
a current or recent prescription for an NSAID.” The
increasing evidence for NSAID-induced gastrointestinal
complications culminated in 1987 when the United States
Food and Drug Administration provided class labeling sug-
gesting that the odds of a serious gastrointestinal event was
in the range 2%-4% per year of drug use.

Because this class of drugs provides tremendous benefits,
one focus of research has been on how to reduce risk while
maintaining benefits. Many of the initial questions have
been addressed, such as: What are the best surrogate mark-
ers that identify patients at increased risk? Is there a drug
class or an individual drug that is safer than another? What
are the characteristics that help one identify a safer drug?
Can the untoward gastrointestinal events be prevented by
the co-administration of anti-secretory therapy such as an



H,-receptor antagonist or proton pump inhibitor (PPI)?
Can they be prevented by replacement of the prostaglan-
dins whose synthesis is inhibited by the nonsteroidal anti-
inflammatory drug?

Causes of peptic ulcer

We now recognize three major categories of causation for
chronic ulcer disease: H. pylori infection, NSAID use, and
pathologic hypersecretory states such as the Zollinger—
Ellison syndrome. The NSAID ulcer is becoming the most
common ulcer in the USA, and is responsible for much of
the current ulcer morbidity and mortality.

What are the best surrogate markers that identify
patients at increased risk?

Factors associated with increased risk include advanced
age, major co-morbid disease, concurrent steroid use,
anti-coagulant use, past history of ulcer, ulcer hemorrhage,
or ulcer complications.”**"" The risk of bleeding is highest
with current use, lower with recent use, and least with past
use.””™ The risk is higher when two or more NSAIDs are
used.”™' It is also dose-related.”>"*'**' It may be higher
in the first month of use, but this slight increase is over-
whelmed by the continuing risk, which remains at a con-
stant rate thereafter."?

Is there a drug class, individual drug, or class of
drugs that is safer than others?

There is no evidence to suggest that any class of traditional
NSAIDs is safer than another.** The route of administra-
tion is also not important, as the frequency of ulcers is
similar with oral, parenteral, or rectal NSAID administra-
tion.” " Prodrugs are no better than conventional NSAIDs,
and even administration as enteric coated microbeads does
not reduce the frequency of ulcers.” It has been known for
some time that the acute mucosal damage (or lack of it)
seen in short-term endoscopic studies does not provide
valid predictive information that could be used to rank
NSAIDs in relation to safety, and that in general all
NSAIDs appear similar in relation to gastrointestinal
complications.*”

The prevailing opinion is that ulcers and ulcer compli-
cations are related to the systemic effects of NSAIDs on
prostaglandin synthesis by the cyclooxygenase-1 pathway
(COX-1). Untoward events are dose-related, and may
relate best to the degree of COX-1 inhibition (Fig. 1)."***

The recent ability to produce selective COX-2 inhibitors
has helped us to understand why some drugs appeared safer
than others (e.g., ibuprofen, nabumetone, etodolac). For
example, comparative studies have almost invariably re-
ported that ibuprofen is one of the safest NSAIDs.">'**** A
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Fig. 1. Illustration of the concept of risk of a major gastrointestinal
adverse event in relation to the risk of one analgesic dose. Acetami-
nophen has no COX-1 or COX-2 activity and can be considered an
analgesic. Celecoxib is a selective COX-2 inhibitor with no COX-1
activity. A 200-mg dose of ibuprofen has minimal anti-inflammatory
activity but excellent analgesic properties. In contrast, piroxicam has
analgesic properties only at high levels of COX-1 inhibition. Increasing
the dose of ibuprofen increases its level of COX-1 inhibition and risk
without a proportional increase in analgesia

recent study has shed light on why this occurs, and points
out one of the fallacies of doing comparative studies
without knowing why a particular drug was chosen. For
example, ibuprofen was most likely to be given to patients
with mild disease requiring intermittent therapy, whereas
patients with serious inflammatory conditions were much
more likely to receive a drug with high COX-1 activity such
as piroxicam. When patients taking ibuprofen were investi-
gated they were found to be younger, taking fewer other
medications, have a lower frequency of arthritis, fewer
medical visits, and a more occasional pattern of use than
those taking the more traditional anti-inflammatory drugs.”
These data further confirm the hypothesis that increased
COX-1 inhibition equates with increased complications.

Can gastrointestinal complications be prevented by
replacement of the prostaglandins whose synthesis is
inhibited by the nonsteroidal anti-inflammatory drug?

It has repeatedly been confirmed that misoprostol co-
therapy will reduce the frequency of gastric and duodenal
ulcers in NSAID users.**® Misoprostol was also shown to
be superior to sucralfate or ranitidine.*”’ Studies with H,-
receptor antagonists and antacids have found no reduction
in risk for patients receiving chronic NSAID therapy, which
further supports the conclusions of the various misoprostol
trials.™ The recent misoprostol ulcer complication preven-
tion (MUCOSA) study provided the first strong indication
that co-therapy with misoprostol would not only reduce the
frequency of ulcers in NSAID users, but could also reduce
the risk of ulcer complications.’®

Misoprostol is as effective in suppressing acid as
cimetidine; 200ug misoprostol yields an approximately
equivalent suppression as 300mg cimetidine. One would
expect that the beneficial effects of misoprostol in the stom-
ach would also be evident in the duodenum, and this hy-
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pothesis has now been proven. Diarrhea, a pharmacologic
effect of prostaglandins, has been the side-effect reported
most frequently following therapy with misoprostol. Most
episodes of diarrhea are not severe and are transient. The
frequency of diarrhea can be reduced, and usually pre-
vented, by starting misoprostol at a lower dose (e.g., 100ug
bid or q.i.d.) and gradually increasing the dose.

Can gastrointestinal complications of NSAID therapy
be prevented by the co-administration of anti-
secretory therapy such as an H,-receptor antagonist
or proton pump inhibitor?

The NSAID ulcer prevention story has been complicated
by study design and by the reporting of the data. An ideal
study would compare the test agent (e.g., a PPI) with
misoprostol and possibly with a placebo, with the primary
analysis restricted to true NSAID ulcerations (i.e., H.
pylori-negative patients). The results of such a study would
allow one to put the new drug into perspective, so that the
clinician would have a reasonable idea of what to expect.
Unfortunately, no such study is available. Direct compari-
sons of misoprostol with ranitidine have shown misoprostol
to be superior (see above).” Recent studies have shown that
high-dose famotidine* was superior to a placebo in prevent-
ing NSAID ulcers, but the effect was not impressive (e.g.,
26% gastric ulcer recurrence within 26 weeks).**' However,
long-term follow up of patients after healing of true NSAID
ulcers with famotidine failed to demonstrate a benefit com-
pared to a placebo (i.e., 23.8% recurrence with a placebo
vs. 21.4% with famotidine).*”* Omeprazole has been com-
pared with misoprostol for both the healing of true NSAID
ulcers and the prevention of relapse.* The ulcer-healing
trial used full-dose misoprostol (800ug) and two doses of
omeprazole (20 and 40mg). Surprisingly, misoprostol and
omeprazole proved equivalent for gastric ulcer healing;
there was no added benefit associated with doubling the
dose of omeprazole. Direct comparisons with omeprazole
showed no dose response for omeprazole as far as ulcer
healing was concerned.

Approximately equivalent ulcer prevention was ob-
tained with 20mg omeprazole as with low-dose miso-
prostol.” That study was continued in order to examine the
effect of co-therapy on ulcer relapse. Full-dose omeprazole
was continued, but the dose of misoprostol was reduced to
the lowest effective dose (400ug daily) which, incidentally,
is less than the average dose used in the large MUCOSA
trial which demonstrated the reduction of gastrointestinal
complications with NSAID use.® Importantly, a large clini-
cal trial compared misoprostol (400, 600, or 800 ug per day)
and a placebo for the prevention of ulcers in NSAID users.
As shown above, the frequency of gastric ulcer was 8.1%,
3.9%, and 4%, for 400, 600, or 800 ug misoprostol per day,
respectively, and 15.7% with a placebo.” All the doses of
misoprostol were superior to the placebo, and both the 600
and 800ug per day doses were significantly better than the
400 g per day dose. The omeprazole vs. misoprostol or vs.
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Fig. 2. The lack of a dose response with omeprazole on ulcer healing in
NSAID users and the equivalence of misoprostol. Misoprostol was
similar to omeprazole in patients with ulcers not complicated by
H. pylori infection. Data from*
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Fig. 3. The effect of 20mg omeprazole, 400ug misoprostol, or a
placebo on relapse of gastroduodenal ulcers irrespective of H. pylori
status. There was no significant difference between omeprazole and
misoprostol (P = 0.142), with both being superior to the placebo. Data
from.”* GU, gastric ulcer; DU, duodenal ulcer

ranitidine comparisons used either the minimal effective
dose of misoprostol (400 ug per day) or a proven ineffective
dose of ranitidine (300mg per day).** Therefore, these
omeprazole comparative studies met one of the criteria
Trish Greenhalgh suggested in her “tips for the pharmaceu-
tical industry to present data in the best light” (i.e., “If you
must compare it with a competitor, make sure that the latter
is given at subtherapeutic doses”)."

Although omeprazole was better tolerated than
misoprostol, the rate of relapse of true NSAID gastric ul-
cers was essentially identical with omeprazole and the mini-
mally effective dose of misoprostol.* Overall, omeprazole
was not superior to the minimally effective dose of
misoprostol in the prevention of gastroduodenal ulcer re-
lapse (Fig. 2). Possibly unexpectedly, even the highest dose
of omeprazole was not superior to the lowest effective dose
of misoprostol in the healing of gastric ulcers in uncompli-
cated (e.g., H. pylori-negative) NSAID users (Fig. 3).

In the H. pylori-negative patients, low-dose misoprostol
was actually superior to omeprazole (recurrence rate 8.2 vs.
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Fig. 4. Comparison of 20mg omeprazole or 400ug misoprostol on
development of gastric ulcers in chronic NSAID users in relation to
H. pylori status. Gastric ulcers were significantly less likely with
misoprostol in those without complicating H. pylori infection. The
results were similar to those for omeprazole in patients with H. pylori
infection. The data regarding H. pylori status from* were kindly sup-
plied by AstraZeneca, Molndal, Sweden

16.6 for misoprostol vs. omeprazole, respectively) (P <
0.05) for the prevention of gastric ulcer relapse, with
no significant difference between the drugs with regard
to duodenal ulcer relapse® (Fig. 4).

The addition of the irrelevant end point heartburn,
which is unrelated to the important outcomes of the study,
and its inclusion as a critical component of “success,” was
largely responsible for omeprazole appearing to be supe-
rior to misoprostol.” The usefulness of the omeprazole,
misoprostol, and ranitidine comparative trials suffered
greatly from a choice of comparators that were minimally
effective or subtherapeutic, and from using surrogate end
points unrelated to the important outcomes as part of the
determinants used to define “success.”

Overall, one can conclude that PPI therapy is useful in
both respects and appears equal to full-dose misoprostol
for ulcer healing, and to the lowest effective dose of
misoprostol for prevention of NSAID ulcers. It is not
known whether the benefits would also translate into a
lower rate of ulcer complications, especially since the dose
of misoprostol was less than that used in the MUCOSA
trial.’ The cost of co-therapy with a PPIis much greater than
with misoprostol, and it would seem prudent to consider
PPI therapy as an alternative to misoprostol in patients who
are unable to take misoprostol to prevent NSAID ulcers.
There appears to be no reason to give more than 20mg
omeprazole, or its equivalent, for this indication.

Is there a role for H. pylori eradication in the
prevention of NSAID ulcers or ulcer relapse?

H. pylori infection is commonly seen in patients with peptic
ulcers caused by nonsteroidal anti-inflammatory drugs, but
the pathogenetic role of H. pylori in these patients is un-
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clear.” There are conflicting data about whether H. pylori
therapy will reduce the rate of ulcer formation among
NSAID users. One study from Hong Kong used 100 ran-
domly assigned eligible patients who were scheduled to
receive NSAIDs to receive or not to receive anti-H. pylori
therapy.* Ninety-two patients completed the trial (47 in the
naproxen group, 45 in the triple-therapy group). At 8 weeks
there were 12 patients (26 % ) with persistent H. pylori infec-
tion, but only one patient (3%) with successful H. pylori
eradication developed ulcers with naproxen (P = 0.002),
suggesting that eradication of H. pylori before NSAID
therapy reduces the occurrence of NSAID-induced peptic
ulcers. The study was unique in that it evaluated patients
who were not regular users of NSAIDs, and more studies of
similar design are needed.

Cure of H. pylori infection was shown to be associated
with a slight delay in gastric ulcer healing using omeprazole
in chronic NSAID users.” These results can probably be
explained by considering what is known of the biology of
H. pylori infection. Cure of H. pylori infection in patients
with corpus gastritis both increases acid secretion and
makes omeprazole less effective as an acid suppressant.”™
One would expect that cure of the H. pylori infection would
produce a bias against omeprazole by reducing its effective-
ness and thus slowing the rate of ulcer healing. Corpus
gastritis is associated with multifocal atrophic gastritis,
which is associated with a marked increase in the risk of
gastric cancer.”> The slight delay in the healing of ulcers
in NSAID users should not be interpreted as a reason for
not treating the infection. The data do not contradict the
guidelines proposed by the NIH consensus panel to treat
H. pylori infection in all patients with peptic ulcers irrespec-
tive of whether the condition was possibly complicated by
NSAID use. The H. pylori story has continued to be
plagued by suggestions based on phenomenology indepen-
dent of the biology.

Examination of the frequency and type of ulcer recur-
rence in the placebo group in the large omeprazole NSAID
ulcer prevention trial should give some inkling of what dif-
ferences might be expected in relation to H. pylori status.
The frequency of gastric ulcer was similar (P = 0.597 for H.
pylori-positive vs. H. pylori-negative individuals). In con-
trast, duodenal ulcer was significantly more frequent in
those with H. pylori infection (18.5% vs. 4.6% for H. pylori-
positive vs. H. pylori-negative, respectively) (P = 0.017).
While it is not clear that cure of the infection would lead to
such a reduction in the frequency of duodenal ulcer, these
results provide additional data supporting eradication of H.
pylori in NSAID users.

It is now clear that long-term use of anti-secretory
therapy may have untoward effects on the gastric mucosa in
H. pylori-infected individuals. There are now sufficient data
to support the hypothesis that chronic therapy with PPIs or
H,-receptor antagonists is associated with a rapid worsening
of the degree of corpus gastritis in patients having H. pylori
infection therapy.”® While the full implications of these
observations remain unclear, acceleration of corpus gastri-
tis may hasten the development of the gastric cancer pheno-
type of gastritis, and should be avoided if possible. If
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chronic anti-secretory therapy is contemplated in H. pylori-
infected NSAID users, it may be prudent to consider eradi-
cation therapy.

Cyclooxygenase-1 or cyclooxygenase-2 inhibition

Selective COX-2 inhibitors have now been released, and
clinical experience with them will surely prove whether they
live up to their promise. The available clinical data are
consistent with the hypothesis that this new class of drugs
will live up to the promise of providing anti-inflammatory
and analgesic activity with markedly less gastrointestinal
toxicity. A selective COX-2 inhibitor is one that has
no measurable COX-1 activity at full therapeutic anti-
inflammatory doses. There are a number of drugs that have
greater COX-2 than COX-1 inhibition, but they exhibit
significant COX-1 inhibition when used at therapeutic
doses. In many areas of the world these drugs are repre-
sented as COX-2 inhibitors. This form of marketing has
defined a new class of drugs with “preferential COX-2
selectivity,” which I call “COX-2 impostors.”*" If the truly
selective COX-2 inhibitors live up to their promise, I predict
that we will rapidly see a marked reduction in the use of
traditional NSAIDs and a marked reduction in the number
of patients experiencing major NSAID-induced gastro-
intestinal complications.
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