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Abstract

Non-steroidal anti-inflammatory drugs (NSAID) are a group of medications that provide analgesic effect and decrease inflammatory
processes associated with a number of diseases, including rheumatologic, neurologic, musculoskeletal and orthopedic disorders.
Traditionally NSAID can be classified according to their mechanism of action into selective cyclooxigenase-2 inhibitors and
non-selective inhibitors. Acetylsalicylic acid (ASA) share properties with NSAID, but also exert platelet antiagregant effect, and has
been used for many years as prophylactic agents for ischemic heart and cerebral diseases. Their main mechanism of action is by
inhibition of prostaglandin synthesis, and both NSAID and ASA are associated with a number of side effects related to their
mechanism of action, including liver and renal damage, but mainly gastrointestinal toxicity by a combination of topical effect and
diminished production of gastric mucus and bicarbonate, as well as dysbiosis-associated intestinal inflammatory changes. Prevention
includes judicious use of low-grade gastrointestinal toxicity agents, at the lowest therapeutic dosage, and in case of overt damage,
treatment directed toward involved pathophysiologic mechanism, with gastric antisecretory drugs, or mucosal-protecting agents.
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Ulceras asociadas a AINE: prevencion y manejo en la era de la medicina personalizada

Resumen

Los antiinflamatorios no esteroideos (AINE) son un grupo de farmacos encaminados a proveer efecto analgesico y disminuir
el proceso inflamatorio asociado a multiples padecimientos, incluyendo enfermedades reumatologicas, trastornos neurologicos,
traumatismos y lesiones oseas o musculares. Tradicionalmente se han dividido segun su mecanismo de accion en inhibidores
selectivos de la ciclooxigenasa-2 e inhibidores no selectivos. El acido acetilsalicilico (AAS) comparte propiedades con los
otros AINE, pero ademas tiene actividad antiagregante plaquetaria, por lo que se ha usado desde hace muchos anos como
tratamiento profilactico para la enfermedad isquemica coronaria y cerebral. Debido a su mecanismo de accion, mediante el
cual inhiben la sintesis de prostaglandinas, los AINE y el AAS se asocian a una serie de efectos secundarios intrinsecos a
su mecanismo de accion, que incluyen dano hepatico y renal, pero principalmente toxicidad al tracto gastrointestinal, mediante
un efecto topico y la disminucion de la produccion de moco y bicarbonato gastricos, y cambios inflamatorios inducidos por la
interaccion bacteriana y de los acidos biliares en el intestino. La prevencion incluye el uso juicioso de agentes con bajo riesgo
de gastrotoxicidad, a la dosis terapeutica menor, y en casos de dano establecido el tratamiento debe ser dirigido al mecanismo
fisiopatologico, ya sea mediante antisecretores gastricos o con agentes reparadores de accion local.

Palabras clave: AINE. Acido acetilsalicilico. Ulcera gastrointestinal. Prevencion. Antisecretores gastricos. Efectos adversos.
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History and mechanism of action
of NSAIDs

Salicylates have been used as medications since the
time of ancient Egypt.! Salicylic acid was chemically
synthesized in Germany in 1860, and later Felix
Hoffman created acetylsalicylic acid (ASA), known as
aspirin, in an attempt to improve his father’s joint symp-
toms without causing so many gastrointestinal (Gl)
effects’3. By the beginning of the 20" century, aspirin
wasalready beingusedas an antipyretic, anti-inflammatory,
and analgesic. Over time, other groups of drugs were
discovered and used for the same purpose, such as
antipyrine, phenacetin, acetaminophen, phenylbuta-
zone, and later indomethacin, ibuprofen, and naproxen.
This group of medications was then called “aspirin-like
drugs,” and later they were called non-steroidal anti-in-
flammatory drugs (NSAIDs).2 Until before the 1970s, it
was believed that the mechanism of action of NSAIDs
was through protease inhibition. In 1971, Sir J. Vane
proposed that the mechanism of action of NSAIDs
could be through inhibition of prostaglandin (PG) syn-
thesis. In the following years, several findings sup-
ported Vane’s theory. In 1975, Samuel discovered an
eicosanoid, thromboxane A,, and a year later Hemler
isolated an active enzyme, which he called cyclooxy-
genase (COX) or prostaglandin-endoperoxide syn-
thase, which is the enzyme on which all NSAIDs have
their action. This enzyme has a three-dimensional
structure with three independent units: a domain with
epidermal growth factor, a membrane binding, and an
enzymatic portion.* The active site of COX is a long
hydrophobic channel, on which some NSAIDs act by
inhibiting the passage of arachidonate, and aspirin,
which acetylates an amino acid, serine-530, preventing
the access of arachidonic acid through this channel.
Currently, it is known that COX exists in humans in at
least two isoforms: COX-1 and COX-2. Despite the
similarities between them, they present several differ-
ences: the inducible isoform, COX-2, discovered in
1992, is encoded by a different gene from that of
COX-1 (chromosomes 9 and 1, respectively). COX-1 is
expressed in multiple tissues, so it is a constitutive,
protective enzyme, regulating physiological processes,
such as conservation of the gastric mucosa, vascular
hemostasis, platelet aggregation, and renal function. In
turn, COX-2 is normally undetectable and can be
induced by different types of cells through adequate
pro-inflammatory stimuli. Evidence to date indicates
that the anti-inflammatory properties of NSAIDs are
due to inhibition of COX-2, while side effects are caused
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by inhibition of COX-1.* The spectrum of activity of
NSAIDs against the two enzymes ranges from high
selectivity toward COX-1 in the case of aspirin to similar
activity toward both cyclooxygenases with other
NSAIDs. Moreover, the most potent inhibitors of COX-1,
such as aspirin, indomethacin, meloxicam, ketorolac,
diclofenac, naproxen, and piroxicam, are the NSAIDs
with the greatest Gl side effects, while selective COX-2
inhibitors, such as celecoxib, parecoxib, and etoricoxib,
have anti-inflammatory action with few Gl effects.

Indications and benefits of NSAID use

Due to their multiple indications and effective anal-
gesic, anti-inflammatory, and antipyretic action, NSAIDs
are among the most widely used drug groups, account-
ing for 8% of total prescriptions worldwide and a total
of more than 60 million annual prescriptions, and about
30 billion tablets sold over the counter per year.® In the
United States of America, they are the best-selling
over-the-counter medications, with about 30 billion tab-
lets per year, estimating that more than 1% of the
American population takes some NSAID on a daily
basis. The use of NSAIDs in older adults is even higher:
in the United States of America, 10-20% of the popu-
lation over 65 years of age actively takes NSAIDs, 40%
receive at least one prescription per year, and 6% take
them continuously for > 75% of the year. In Australia,
> 20% of the population aged > 65 years have taken
NSAIDs on at least one occasion.’

Epidemiology of gastrointestinal side
effects of NSAIDs

NSAIDs can be classified according to their chemical
composition, plasma half-life, COX blockade selectivity,
degree of gastrotoxicity, or pharmacokinetic and phar-
macodynamic interactions (Fig. 1). Although these
drugs are generally well tolerated, these differences
between groups may be associated with the develop-
ment of side effects, partly as a result of their mecha-
nism of action, hypersensitivity reactions, or toxicity
related to some metabolite. Inhibition of PG synthesis,
which is the mechanism of action common to all
NSAIDs, has both local and systemic effects, including
decreased Gl mucus and bicarbonate production, arte-
rial vasoconstriction and decreased blood flow to the
target organ, with consequent risk of ulceration and
decreased healing process.” The Gl effects of NSAIDs
can occur anywhere in the digestive tract and are man-
ifested by a variety of mucosal lesions including
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Chemical Structure
/" Carboxylic acids A
Acetylated (ASA), non-acetylated (diflunisal)

Acetic acids (diclofenac, ketorolac, etodolac,
indomethacin, sulindac, tolmetin)
Propionic acids (ibuprofen, fenoprofen,
ketoprofen, naproxen)
Fenamic acids (mefenamic acid, meclofenamic,
flufenamic)
* Enolic acids
Pyrazolones (phenylbutazone)
Oxicams (piroxicam, tenoxicam, meloxicam)
* Non-acidic agents (nabumetone)
¢ COX-2 Coxibs (ICOX-2)
First generation (celecoxib, rofecoxib)
kSecond generation (parecoxib, etoricoxib,

valdecoxib, lumiracoxib)

4

Degree of Gastrotoxicity

* Low (ICOX-2, ibuprofen, aceclofenac)

* Moderate (naproxen, diclofenac, sulindac,
dexketoprofen, fenoprofen, nabumetone,
tolmetin)

* High (ketorolac, ketoprofen, piroxicam,

lornoxicam, meclofenamate,

indomethacin, meloxicam)

Classification of

COX Selectivity

* oNon-selective (ibuprofen,
naproxen, ketorolac, diclofenac,
indomethacin)

* Preferential COX-2 / Partial COX-1

(meloxicam, nimesulide)

» Selective COX-2 (celecoxib,
etoricoxib, valdecoxib, rofecoxib)

Plasma half-life

* Short (ASA, ibuprofen, diclofenac,
ketorolac, indomethacin)

¢ Long (nabumetone, naproxen,
piroxicam, sulindac, celecoxib)

Interactions

* Pharmacokinetic
Pyrazolones (anticoagulants, phenytoin, sulfonylureas, valproate)
ASA (anticoagulants, acetazolamide)

¢ Pharmacodynamic
All (reduce effect ACEls, angiotensin inhibitors, beta-blockers)
Salicylates (potentiate sulfonylurea effect)

NSAIDs

Figure 1. Classification of non-steroidal anti-inflammatory drugs (NSAIDs). ASA: acetylsalicylic acid;
ICOX-2: cyclooxygenase 2 inhibitors; ACEls: angiotensin-converting enzyme inhibitors.

petechiae, subepithelial hemorrhages, erosions, ulcer-
ations, and stenoses, from the esophagus to the colon,
with different symptomatology depending on the site of
involvement, including retrosternal pain, heartburn,
dysphagia, dyspepsia, diarrhea, constipation, or mani-
festations of digestive bleeding. The two main sites of
involvement are the gastroduodenal and intestinal, and
they differ in their damage mechanism.”'* Between
15% and 34% of users of NSAIDs other than aspirin
report adverse effects, including dyspepsia or abdom-
inal pain, and approximately 10% discontinue the med-
ication due to these effects. Observational studies have
reported that 12.5% of NSAID users changed medication
due to side effects, and 33% reported empirical use of
antacids and H, blockers to improve their symptoms.®'0
The use of NSAIDs increases the risk of developing
acid-peptic disease (APD) 3-5 times, and complications
thereof (hemorrhage, obstruction) by 15-35%, which
can occur in 2-4% of chronic users.'" The risk of devel-
oping APD returns to baseline after 2-3 years without
using any NSAIDs. Numerous studies have suggested a
relative risk (RR) of ulceration and bleeding of up to 4 in
patients taking NSAIDs other than aspirin, and the risk
increases up to 18 in those who also have Helicobacter
pylori infection. The risk of developing complications from
peptic ulcer in chronic NSAID users is 25-35%, associ-
ated with 1.25 additional hospitalizations per 100 patients/

year, that is, 70,000 hospitalizations and 7,000 deaths
per year in the United States of America. Additionally,
mortality in patients hospitalized for GI complications
due to NSAID use ranges between 5% and 10%.
Studies in the United Kingdom have reported up to
4,000 deaths per year due to APD, with similar attrib-
utable rates of complications and death, which indi-
cates that 1,200 deaths per year are due to Gl
complications associated with NSAID use.”'° Although
the main site of Gl damage from NSAIDs is gastrodu-
odenal, between 60% and 80% of users can develop
different degrees of mucosal damage throughout the
small intestine, including petechiae, erosions, hemor-
rhage, or stenosis, particularly in distal sites of the
jejunum and terminal ileum."”? Autopsy studies have
reported the presence of intestinal ulcerations in 8.4%
of patients who recently used NSAIDs, compared to
0.6% of non-users, and up to 47% of NSAID users for
rheumatoid arthritis develop intestinal ulcerations.'
According to a recent meta-analysis of 17 epidemiolog-
ical studies, the risk of serious Gl complications due to
ASA ingestion is 2.2. This risk is independent of the
aspirin dose used, and although it is more common
with high doses (75-300 mg/day), it can be observed
with doses as small as 10 mg/day. Up to one in
10 patients taking low-dose ASA have a gastroduode-
nal ulcer, and most of the time it is asymptomatic.



The incidence of hemorrhage associated with low-dose
ASA increased from 15 per 100,000 persons/year in
1996 to 19 per 100,000 persons/year in 1999 and 27
per 100,000 persons/year in 2002, probably due to
greater use of aspirin as prophylaxis for coronary
disease.'+1

NSAIDs that selectively block COX-2, called “coxibs,”
have represented a great advance in the control of
inflammatory disorders and those associated with
chronic pain. However, despite the fact that due to their
mechanism of action, from a theoretical point of view,
they should not be associated with gastrotoxicity, they
are not exempt from side effects. Some important
effects observed in elderly patients are fluid retention,
uncontrolled arterial hypertension, heart failure, and
even coronary disease."” Although their tolerability is
excellent, even at supratherapeutic doses, short- and
long-term endoscopic studies have demonstrated an
incidence of gastric or duodenal ulcers of approxi-
mately 3-5% (a percentage similar to that observed with
placebo), and 1-2% may develop some complication.”
Despite this low risk, selective COX-2 inhibitors signifi-
cantly reduce the likelihood of developing Gl ulcer-
ations and complications compared to classic NSAIDs.
With the first generation of selective COX-2 inhibitors,
two studies, CLASS (celecoxib) and VIGOR (rofecoxib),
which included about 8,000 patients with arthritis,
reported a statistically significant reduction of 50% in
lesions, compared to NSAIDs that inhibit both COX.!%18
Other more recent studies have supported these find-
ings with new selective COX-2 inhibitors, such as
etoricoxib and valdecoxib.” The use of selective COX-2
inhibitors together with ASA is associated with a rate of
ulcers similar to that of classic NSAIDs, and possibly
lower than with the coadministration of classic NSAIDs
and aspirin. When comparing the frequency of side
effects of selective COX-2 inhibitors on the lower diges-
tive tract with that of traditional NSAIDs, selective COX-2
inhibitors showed a lower rate of significant clinical
events. Serious complications (hemorrhage, perfora-
tion, obstruction, ulceration, or diverticulitis) were 54%
less frequent with selective COX-2 inhibitors than with
naproxen.'®

Mechanisms of protection and healing

The ability of the gastric mucosa to resist damage due
to endogenous secretions, such as bile, acid, and pep-
sin, or to exogenous agents (medications), has been
called “mucosal defense” and involves different mech-
anisms, such as mucus and bicarbonate secretion
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— regulated by PG synthesis —, turnover and repair of
damaged epithelium —which depends on adequate
mucosal blood flow—, the hyperemic response as a
consequence of an inflammatory process —which traps
plasma at sites of damage and creates a microenviron-
ment with a high pH-, as well as the inflammatory
response itself, during which chemotactic factors are
released with recruitment and migration of inflamma-
tory cells that eliminate damaged tissue, foreign mate-
rial, and microorganisms, and that promote the
formation of granulation tissue and healing.2%2" Once
a gastroduodenal mucosal lesion occurs, whether ero-
sion or ulceration, a process of “reformation” of the
gastric glandular architecture begins from the infiltration
of granulocytes to minimize bacterial translocation.
Subsequently, the process of angiogenesis and epithe-
lial migration begins, which is stimulated by various
growth factors, such as epidermal growth factor, vas-
cular endothelial growth factor, interleukins 1B and 2,
interferon gamma, and adenosine, resulting in increased
expression of COX-2 in epithelial monolayers, increased
vascular flow at the ulcer margins, proliferation of mul-
tiple newly formed vessels, and acceleration in the rate
of re-epithelialization.?20-22 Other external agents are
involved in the healing process that can delay the heal-
ing of damaged tissue, such as gastric acid, which
reduces cell migration and maturation of granulation
tissue. Therefore, inhibition of gastric secretion is a key
factor in the ulcer healing process. In chronic lesions,
the healing process is carried out through granulation
tissue formation, re-epithelialization, scarring, and con-
traction of the ulcer base. The sequence of this phe-
nomenon is shown in table 1.

Mechanisms of gastroduodenal damage

Gastroduodenal damage occurs when the deleterious
effect of gastric acid exceeds the defense mechanisms.
The damage mechanisms produced by NSAIDs can be
local or systemic, in correlation with their ability to inhibit
PG synthesis, and include the following®20-22:

— Inhibition of PG synthesis: this is the main mechanism
of gastroduodenal damage. It acts through two forms:
locally, by inhibiting mucus and bicarbonate secretion,
and systemically, through decreased blood flow and
gastric bicarbonate levels, as well as decreased
migration of inflammatory cells and release of cell
growth factors, fundamental for the tissue repair
mechanism.

— Increased tissue permeability: NSAIDs cause an
increase in gastric permeability, which is a direct
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cytotoxicity mechanism that is not dependent on inhi-
bition of PG synthesis, but appears to be mediated by
decreased nitric oxide synthesis, and partly due to
decreased bicarbonate secretion secondary to a
decrease in blood flow to the gastric mucosa. ASA can
break the mucosal barrier without inhibiting PG syn-
thesis, through a mechanism called epithelial toxicity,
partly due to the acidic properties of the drug itself.
lonic trapping: in general, acidic NSAIDs are more
toxic than those with a neutral pKa. Weak acids are
easily absorbed in the gastric mucosa, crossing cell
membranes, accessing the neutral intravascular
medium, where they ionize, becoming water-soluble
substances, thus being “trapped,” achieving high
concentrations in the gastric mucosa. At this level,
NSAIDs can generate direct effects on intracellular
processes, altering cellular permeability, affecting
enzymatic activities, allowing back-diffusion of hydro-
gen ions, karyolysis, uncoupling of oxidative phos-
phorylation, rupture of intercellular junctions, necrosis,
erosions, and hemorrhages.

Lipoxygenase activation and increased inflammatory
response: inhibition of PG synthesis is associated
with simultaneous activation of the lipoxygenase
pathway with increased leukotriene synthesis, which
causes increased synthesis of tumor necrosis factor
alpha and leukotriene B,, as well as upregulation of
some cell adhesion molecules. Subsequent events
can result in ischemic lesions or damage due to an
uncontrolled inflammatory response.

Proliferation and apoptosis: the integrity of the
mucosa is a balance between cell proliferation and
apoptosis. NSAIDs can induce increased apoptosis
and cell shedding, with consequent secondary cell
proliferation, resulting in epithelial, endothelial, and
myofibrillar hyperplasia.

Alteration in hemostasis: ASA has a platelet antiag-
gregant effect, due to inhibition of platelet COX, from
irreversible acetylation of COX-1 and COX-2, which
prevents the conversion of arachidonic acid to PGH,,.
Although selective COX-2 inhibitors do not inhibit
platelet aggregation, if they are administered together
with ASA, the damage of each is potentiated sepa-
rately, due to blockage of the conversion of arachi-
donic acid to hydroxyeicosatetraenoic acid with
consequent inhibition of the production of gastropro-
tective epilipoxin A,.%°

Duodenogastric reflux: active metabolites of some
NSAIDs, such as sulindac, can reflux from the small
intestine to the stomach, increasing the contact time
with the gastric mucosa.

— Reduction in tissue tensile strength: there are prelimi-
nary observations that have associated the use of
NSAIDs with decreased tissue tensile strength, although
studies are required to confirm this association.

Mechanism of enteric damage

The pathogenesis of NSAID-associated enteropathy
is very different from that associated with gastroduode-
nal damage, and includes an interaction of different
mechanisms and factors such as topical effect, COX
inhibition, interactions of bacteria and bile acids, and
overexpression of pro-inflammatory cytokines®323.24:
— Topical effect: a topical effect, independent of the

inhibitory action on COX that requires direct mucosal

contact of the drug on the luminal side, is considered
the triggering event in most cases. Once the NSAID
is absorbed into the cell, it induces mitochondrial
damage through vacuolization, uncoupling of oxida-
tive phosphorylation, disruption of the lipid bilayer of
enteral cells, edema, and alteration in electrolyte
transport. Naproxen and ASA are two examples of

NSAIDs associated with alterations in intestinal

permeability.

— lleal reabsorption and duodenal recirculation: another
important mechanism associated with intestinal
ulceration is the passage through enterohepatic cir-
culation of some NSAIDs, particularly carboxylic
acids that are conjugated in the liver, excreted into
bile, uncoupled by beta-glucuronidases in the small
intestine, and subsequently reabsorbed in the termi-
nal ileum, to then be re-secreted into the duodenal
lumen, resulting in a double intestinal pass, with
potential repetition of damage mechanisms (inhibi-
tion of PG synthesis, increased permeability, release
of inflammatory mediators, and epithelial damage).
Some conditions associated with increased bile flow
to the ileum may be associated with increased risk
of damage, while measures (experimental or thera-
peutic) that decrease this flow may reduce the degree
of damage.

— Inhibition of PG synthesis: it has been described that,
although there is inhibition of PG synthesis, there is no
direct correlation between the degree of suppression
and the presence of enteric damage, nor temporal
synchronization, so it is not the main pathophysiologi-
cal factor associated with damage.

— Dysbiosis-bile acid interaction: animal studies have
shown that the administration of NSAIDs (particularly
those with enterohepatic recirculation) in germ-free
rodents results in significant changes in different



0. Gomez-Escudero. NSAID-associated ulcers

Table 1. Temporal sequence of development and healing of gastroduodenal ulcer

Time (days) Morphological changes Modification by medications
0-3 Ulcer development Tissue necrosis, inflammatory infiltrate, granulation tissue No
3-10 Early healing Epithelial cell migration, contraction of ulcer base Gastric antisecretory
agents (PPls, PCABs)
10-20 Late healing Angiogenesis in ulcer bed, granulation tissue remodeling, Rebamipide, sucralfate
re-epithelialization of ulcer crater
20-40 Reconstruction Glandular reconstruction, muscular mucosae and propria No
40-150 Maturation Differentiation of specialized cells No

PPls: proton pump inhibitors; PCABs: potassium-competitive acid blockers.

types of enteric bacteria, particularly an increase in the
number of gram-negative bacteria, which have an
increased capacity to deconjugate bile acids and
cause epithelial damage. Currently, it is considered
that it is an interaction of the intestinal microbiota and
bile acids that results in activation of innate immunity,
activation of toll-like receptors, and activation of the
inflammatory cascade, particularly interleukin-8 and
nuclear factor kappa B. Indomethacin is an example of
an NSAID associated with cytokine overexpression.

— Gastrointestinal hypomotility: although it is a second-
ary mechanism, it has been described that NSAIDs
can decrease motility throughout the entire digestive
tract and cause from alterations in gastroduodenal
accommodation to constipation.

— Coadministration with other drugs: various medica-
tions can induce damage to the intestinal mucosa
through different mechanisms involved in the devel-
opment of damage or alterations in healing mecha-
nisms, including vasoconstriction and ischemia
(potassium supplements, contraceptives, methotrex-
ate), cytotoxic damage (oncological treatments
including immunotherapy, chemotherapy, or radio-
therapy), or interference with mechanisms associated
with cell repair (antiplatelet agents, anticoagulants,
steroids). The joint administration of any of these
drugs with NSAIDs increases the risk of gastrointes-
tinal damage.

Risk factors for development of
gastrointestinal damage from NSAIDs

Since only a minority of patients who ingest NSAIDs
present Gl side effects, and of these a much smaller
proportion will develop complications, population
groups at higher risk should be identified, in order to

design primary preventive strategies or, failing that,
carry out secondary prophylaxis. Advanced age
(> 60-65 years), male sex, smoking, history of APD,
type of NSAID, dose and duration of use, ischemic
heart disease, and rheumatological disorders associ-
ated with concomitant use of anticoagulants, antiplate-
let agents and corticosteroids, and H. pylori infection
(Fig. 2), are factors that in epidemiological studies have
been associated with a higher RR for developing gas-
troduodenal damage in NSAID users,?23-35 while con-
ditions associated with dysbiosis and alterations in
enterohepatic recirculation and the flow of bile acids
through the small intestine are factors associated with
enteric damage®112:23.24;

— Age: adults > 60 years have a higher risk of devel-
oping ulcers, regardless of the type of NSAID they
use. One study showed that adults > 60 years who
took NSAIDs had an RR of 3.7 for developing APD
compared to young adults who did not take NSAIDs,
and the risk increased to 5.6 if age was > 65 years.
When comparing patients with age > 60 years who
used NSAIDs with subjects < 60 years without NSAID
use, the risk of APD was 13.2 times higher in older
patients. It is believed that among the possible
causes are changes that occur with age, including
decreased PG synthesis, lower Gl blood flow, and
altered mucus and bicarbonate secretion.

— History of APD: patients who have had previous APD
have a 4.9 times higher risk of developing Gl damage
when re-exposed to NSAIDs, and the risk is higher
when APD has been associated with complications
such as bleeding or stenosis, with a risk ranging
from 13.5 to 17.1 for the development of new com-
plications. It has been proposed that the risk is
higher due to local mucosal changes at sites of pre-
vious ulceration.
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— Type of NSAID: NSAIDs have been classically divided
into those with high risk, medium risk, and low risk
of gastrotoxicity (Table 2). This classification has
been derived from the results of several meta-analy-
ses, and among the associated factors are chemical
structure, pKa and effect on each COX isoenzyme,
dose, half-life, and time of use.?5:2

— Dose and duration of NSAID use: in numerous stud-
ies, a linear increase in the risk of ulcer complications
have observed a linear increase in the risk of ulcer
complications with higher doses of NSAIDs, and
although some studies have indicated that selective
COX-2 inhibitors at supratherapeutic doses are safe,
this group is not free from the risk of developing APD,
especially in older adults. An associated risk factor
is the patient’s underlying disease: those conditions
that require higher doses for symptom control are
associated with a higher frequency of complications.
For example, 5-10% of patients with rheumatoid
arthritis discontinue treatments due to side effects,
and about 1.5% of these patients will have a serious
complication in the first year of treatment, compared
to only 0.73% of patients with degenerative osteoar-
thritis, a joint disease with a lower degree of inflam-
mation that can be controlled with safer analgesics,
such as acetaminophen.?52”

— Use of anticoagulants: coadministration of anticoag-
ulants and NSAIDs increases the risk of bleeding
associated with ulceration (odds ratio [OR]: 3.01) and
major bleeding (OR: 2.77), probably due to their anti-
hemostatic properties.?® The use of aspirin also fur-
ther increases the risk of bleeding in patients taking
anticoagulants. Until a few years ago it was thought
that coadministration of selective COX-2 inhibitors
and anticoagulants did not increase the risk of Gl
bleeding, but a recent meta-analysis has reported
that the risk when coadministered with warfarin is
similar to that of other NSAIDs.?°

— Use of corticosteroids: although for many years cor-
ticosteroids were considered ulcerogenic, recent evi-
dence has shown that only patients who take NSAIDs
together with corticosteroids, especially at high doses
(prednisone > 10 mg/day), have a higher risk of bleed-
ing from APD.

— H. pylori infection: the RR of bleeding from APD
associated with H. pylori infection is 1.79, from
NSAIDs is 4.85, and from both is 6.13, which sug-
gests an additive effect. Various studies have shown
that H. pylori increases the risk of the first episode
of ulceration, that eradication reduces the incidence
of APD in the general population, especially in

patients starting NSAID use, and that eradication
reduces the risk of re-bleeding in patients with previ-
ous APD.30-3

— Other factors: there are inconsistent studies about
the role of other possible risk factors for APD, such
as smoking and alcohol intake, as well as sex and
an underlying disease that requires NSAID therapy.
Risk factors for enteric damage, unlike gastroduode-
nal damage, have not been well established, but it
has been described that concomitant use of other
drugs (gastric antisecretory agents, antibiotics) and
predisposing conditions associated with dysbiosis
(infections, intestinal surgeries, small intestinal
bacterial overgrowth) increase the risk of NSAID
enterotoxicity.

Clinical and endoscopic spectrum

The clinical spectrum of gastrointestinal complica-
tions of NSAIDs is very heterogeneous, and can
involve one or more segments of the digestive tract.
The two most affected portions are the stomach and
small intestine.’¢%” The degree of gastroduodenal
mucosal damage ranges from petechiae and subepi-
thelial hemorrhages to erosions, ulcerations, and their
complications.®®>8 In the small intestine, in addition to
the above, the typical lesion is called a diaphragm and
involves circumferential mucosal damage, with steno-
sis and potential obstruction.®-4° Damage progression
may vary depending on the type of NSAID. One or two
hours after aspirin ingestion, hemorrhages develop in
the intact epithelium (petechiae) and superficial rup-
tures in the mucosa (erosions). With continued use,
these changes are reduced due to a process called
adaptation. GI damage associated with other NSAIDs
develops more slowly, although different factors influ-
ence its location, progression, and clinical manifesta-
tions, including the type of NSAID, dose, and
administration schedule. The most common clinical
manifestation is dyspepsia (10-38.5%) and the most
frequent endoscopic lesions are duodenal ulcer (45%),
gastric ulcer (20-27%), erosions and esophagitis 7%,
although it can also manifest as occult Gl bleeding or
iron deficiency anemia. In the small intestine, it has
been described that most lesions are ulcerative, mul-
tiple, varioliform, superficial, and with a diameter <
1 cm in 67% of cases; diaphragm disease is observed
in less than 5-10% of cases, can affect more than one
intestinal segment, and rarely affects the ileocecal
valve,*®4! so its presence is considered a surrogate of
NSAID damage.*?
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Uncontrollable

Age > 50? (OR 1.6), > 60? (OR 3.7), > 65° (OR 5.6)
Gender (M > F)

Underlying disease and comorbid states (ischemic
heart disease, rheumatologic disease)

Previous history of APD (OR 4.9-6.1)

History of complicated ulcer (OR 13.5-17.1)

Controllable

K Use or non-use of NSAID/ASA \
» High dose of NSAID (OR 5.0-12.4)

NSAID long half-life (OR 9.4)

Type of NSAID (Degree of gastrotoxicity: see Table 2)

Use of multiple NSAIDs (OR 9)

Duration of treatment

Nighttime ingestion of NSAID / ASA

Concomitant use of other medications

Anticoagulants (OR 1.8-6.4)

Clopidogrel / ticlopidine (OR 2.7)

ASA (OR 3.6)

Smoking (OR 2.04)
kHeIicobacter pylori infection (OR 3.5)

4

Figure 2. Risk factors for development of gastrotoxicity from non-steroidal anti-inflammatory drugs (NSAIDs).
ASA: acetylsalicylic acid; APD: acid-peptic disease; F: female; M: male; OR: odds ratio.

Table 2. Estimated relative risks of gastrotoxicity
according to NSAID type®%

NSAID Relative risk of 95% CI
gastrotoxicity

COX-2 inhibitors 0.8-1.3 2.0-53
Aceclofenac 1.4-2.6 0.9-4.6
Diclofenac 2.1-31 1.6-4.2
Ibuprofen 2.5-4.1 1.8-3.0
Sulindac 42 2.8-6.3
Acetylsalicylic acid

100 mg/day 1.8-2.7 1.4-3.6

500 mg/day 5.6-7.5 44-9.9
Fenoprofen 43 2.8-6.6
Naproxen 4.0-7.3 2.8-11.4
Lornoxicam 3.5-7.7 1.2-24.4
Indomethacin 3.3-9.0 1.7-20.7
Meloxicam 3.6-9.8 1.8-23.8
Ketoprofen 6.5-8.6 2.3-29.2
Tolmetin 8.5 4.5-16.1
Meclofenamate 8.7 4.6-16.4
Piroxicam 1.2-12.6 4.8-20.3
Ketorolac 8.0-2.7 3.4-39.9

COX-2: cyclooxygenase 2; 95% Cl: 95% confidence interval.

Treatment

Treatment objectives should be directed toward the
phase in which the patient is at the time of medical

intervention: primary prophylaxis, treatment of the

acute event, management of complications, or second-

ary prophylaxis, since the pathophysiological mecha-

nisms and degree of damage are different (Fig. 3).
There are several general management strategies,

some of which can be applied in more than one phase,

which are:

- Use of NSAIDs with low degree of gastrotoxicity, for
short periods of time and according to
dose-response.

- Use of selective COX-2 inhibitors.

- Locally-acting and tissue-repairing agents (rebamip-
ide, sucralfate).

- PG agonists (misoprostol).

- Gastric antisecretory agents (H, blockers, proton
pump inhibitors [PPIs], potassium-competitive antag-
onists) as gastroprotectors or for healing of gastro-
duodenal lesions.

— Combined therapy with NSAIDs and antisecretory
agents.

— Eradication of H. pylori infection.

- Endoscopic or surgical treatment (or both).81:27:36.37

Primary prophylaxis

It refers to medical intervention before the patient
ingests any NSAID, in order to prevent the development
of symptoms or complications. The first consideration
is to select an NSAID with a low degree of gastrotoxicity
and short half-life, use it according to dose-response
and for short periods of time, choose a COX-2 inhibitor,
or, in case of requiring prolonged use, combine it with
a gastric antisecretory agent.*3-48
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Use oF COX-2 INHIBITORS

More than 20 studies have demonstrated a 73-80%
reduction in APD when using a COX-2 inhibitor instead
of a conventional NSAID.?” One of the first compared
ulceration rates at 24 weeks in users of rofecoxib
(25 or 50 mg), ibuprofen (2.4 g), or placebo, with rates
of 9.6% and 14.7% for rofecoxib doses, 45.8% for ibu-
profen, and 9.9% for placebo.** The VIGOR (Vioxx
Gastrointestinal Outcomes Research) study compared
the development of important Gl effects with rofecoxib
(50 mg/day) and with naproxen (1 g/day), with the com-
plication rate being lower with rofecoxib (2.1 per
100 years/patient vs. 4.5 per 100 years/patient).*
Another study compared celecoxib (400 mg/day) with
a combination of diclofenac (150 mg/day) and omepra-
zole (20 mg/day) for 6 months. Although the study
concluded that both strategies were similar for prevent-
ing bleeding events from APD, the celecoxib group had
a lower percentage of lower digestive tract bleeding
events (6.2% vs. 10.5%), which suggested that the pro-
tective effect of omeprazole is only gastroduodenal and
does not prevent NSAID enteropathy.*® Another study
compared celecoxib with joint treatment with lansopra-
zole and naproxen, and obtained the same findings,
with the only difference that the coxib was associated
with a higher frequency of dyspepsia.*¢ More recently,
etoricoxib at doses of 60 or 90 mg was associated with
a lower rate of uncomplicated Gl events compared to
diclofenac at a dose of 150 mg/day, but there were no
differences in complication rates.” A Cochrane
meta-analysis found a lower rate of gastroduodenal
ulcers, complications, and treatment suspensions when
using COX-2 inhibitors compared to other NSAIDs.*

GasTRICc ANTISECRETORY PLUS NSAID/cox-2
INHIBITOR

Patients at high risk of developing APD when starting
treatment with NSAIDs (age > 65 years, history of APD,
high doses of NSAIDs, coadministration of ASA, anti-
platelet agents, anticoagulants, or steroids) should
receive a low dose of a PPI to prevent complications.
Evidence comes from nine studies that together report
a 54-76% decrease in the risk of developing APD, both
in periods < 12 weeks and 12-24 weeks or > 24 weeks.?’
The benefit has been reported with most PPIs from the
first study (OPPULENT, Omeprazole versus Placebo as
Prophylaxis of Ulcers and Erosion from NSAID Treatment),
in which 3.6% of the omeprazole group (20 mg/day)
developed ulcerations vs. 16.5% of those who received

placebo,* to subsequent studies that showed lower
ulceration rates when administering esomeprazole (20
or 40 mg) to NSAID or COX-2 inhibitor users,?*5! or a
probability of remaining free of ulcerations with panto-
prazole of 95%,% so this strategy is the current stan-
dard of treatment."?” Evidence with H, antagonists is
less, but meta-analyses have shown that a single dose
is sufficient to prevent duodenal ulcers, but a double
dose is required to reduce the risk of gastric ulcers,>
and they are cost-effective in comparative models of
strategies that combine H, antagonists, PPls, or miso-
prostol with NSAIDs or selective COX-2 inhibitors, with
a 33-68% reduction in the risk of APD, but there are
no controlled studies evaluating their long-term effi-
cacy, and they are associated with tachyphylaxis after
4 weeks of use.?”

Potassium-competitive acid blockers (PCABs) are the
most recent group of gastric antisecretory agents, which
have been shown to be non-inferior to PPIs in terms of
healing of gastric ulcers,>*%% and although there are no
studies yet evaluating their usefulness as gastroprophy-
laxis for NSAID use, studies in other high-risk groups
for APD suggest that they may be useful.5

PROSTAGLANDIN ANALOGS (MISOPROSTOL) WITH OR
witHout PPIs pLus NSAID/COX-2 INHIBITORS

Formany years, misoprostol atdoses of 400-800 ug/day
was used both for primary prophylaxis and for ulcer
healing and secondary prophylaxis in NSAID users. The
preventive effect has been evaluated in 12 controlled
studies, with reductions in the risk of APD of 55-74%
compared to the use of NSAIDs and placebo, and with
a greater benefit when used for at least 3 months.?”%"
A Cochrane meta-analysis concluded that misoprostol
was the only drug that reduced the risk of complications
associated with ulcers.®® However, due to its mecha-
nism of action, it presents multiple side effects, such as
fever, headache, diarrhea, abdominal pain, and
increased uterine activity, which are more common with
increasing doses, which, when safer drugs are avail-
able, limits its use.

REBAMIPIDE

It is a quinolone-derived agent with cytoprotective
properties associated with stimulation of PG secre-
tion and gastric mucus, increased blood flow, and
decreased inflammatory infiltrate. Administration of
rebamipide in healthy volunteers who were given indo-
methacin or ibuprofen showed a decrease in the risk of
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Figure 3. Prevention and therapeutic strategies for gastrotoxicity associated with non-steroidal anti-inflammatory
drugs (NSAIDs) (created in BioRender [biorender.com/kasibuk] by Gomez-Escudero et al.’?). HP: H. pylori,
PPls: proton pump inhibitors; COX-2I: cyclooxygenase 2 inhibitors; IV: intravenous; PCABs: potassium-competitive

acid blockers.

gastropathy evaluated by endoscopy,®° with a cor-
relation between gastric mucosal flow and absence of
antral erosions,% although a later study did not
demonstrate histological protective effect in volun-
teers who took naproxen.®® A study in chronic NSAID
users compared rebamipide (300 mg/day) with miso-
prostol (600 ug/day) for 12 weeks and found similar
rates of gastric ulceration (20.3% vs. 21.9%), but a
lower rate of adverse events and fewer treatment sus-
pensions in the rebamipide group.t” An Asian study
that evaluated a multicenter database reported that
continuous use of rebamipide in new NSAID users for
osteoarthritis or low back pain significantly reduced
the risk of gastrointestinal bleeding compared to inter-
mittent use.®? Two subsequent meta-analyses reported
the superiority of rebamipide vs. placebo against
gastroduodenal damage induced by NSAIDs,® and
one of them reported a comparable effect to PPIs in
terms of preventing mucosal ruptures and an additive
effect to PPIs.54

PRimARY PROPHYLAXIS OF NSAID ENTEROPATHY

Having a different pathogenesis, the approach with
gastric antisecretory agents is usually not useful, and
an even higher risk of intestinal damage has been
reported, apparently associated with changes in micro-
bial composition.8®> There is preliminary evidence in
case series or open studies with misoprostol, metroni-
dazole, sulfasalazine, and sucralfate.?®> Rebamipide
has been evaluated in conditions associated with

mucosal ulceration in areas not exposed to gastric acid.
In one study, healthy volunteers who received diclofenac
for 7 days were assigned to receive rebamipide or pla-
cebo, and when evaluated by video capsule endos-
copy, a lower rate of damage was observed in the
group treated with rebamipide.®® A similar study with
diclofenac and PPIs or rebamipide found no differences
between groups.’” A subsequent study compared the
effect of adding rebamipide or placebo in a group of
patients who took ASA and omeprazole, and when
evaluating intestinal damage with endoscopic capsule,
although no differences were observed in the number
of erosions in the jejunum, rebamipide was associated
with a significantly lower number of mucosal ruptures
in the terminal ileum at 1 and 4 weeks.% Another sim-
ilar study found a significant reduction in the number
of mucosal ruptures (p = 0.046) and improvement in
the Lewis endoscopic score of intestinal damage
when comparing rebamipide (200 mg/day) with pla-
cebo for 8 weeks, prior administration of ASA for
3 months, with video capsule study before and after
starting treatment.®® In a subsequent meta-analysis,
rebamipide was superior to placebo in the prevention
of intestinal lesions (RR: 2.70; 95% confidence inter-
val: 1.02-7.16).

An approach aimed at correcting dysbiosis associ-
ated with different conditions and that can increase the
risk of NSAID damage includes the administration of
probiotics, and there is preliminary evidence of the use-
fulness of some strains such as Lactobacillus casei,
VSL#3, and Saccharomyces boulardii.”®"!
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ACUTE EVENT

Once the patient has developed symptoms or endo-
scopic manifestations of NSAID gastrotoxicity, medical
or endoscopic treatment (or both) is required in order to
promote healing of erosions or ulcerations, and to pre-
vent complications derived from them. Two classic stud-
ies evaluated the healing rate of APD in patients actively
taking NSAIDs: ASTRONAUT (Acid Suppression Trial:
Ranitidine versus Omeprazole for NSAID-Associated
Ulcer Treatment), which included 541 patients on con-
tinuous treatment with NSAIDs and peptic ulcer or > 10
gastric erosions assigned to omeprazole 20 or 40 mg/day
or ranitidine 300 mg/day for 4-8 weeks, with an outcome
of ulcer healing, reduction to < 5 erosions or resolution
of dyspepsia, which showed the superiority of omepra-
zole over ranitidine (80% and 79% vs. 63%),’® and
OMNIUM (Omeprazole versus Misoprostol for NSAID-
Induced Ulcer Management), which evaluated 935 patients
with the same inclusion criteria as ASTRONAUT and
found similar healing rates of gastric ulcer for omepra-
zole and misoprostol.”® Numerous subsequent studies
have documented the efficacy of different PPIs and,
recently, of PCABs.

MANAGEMENT OF COMPLICATIONS

With the introduction of PPIs (initially omeprazole, in
1988), and currently with PCABs (vonoprazan, tego-
prazan, and fexuprazan), the risk of complications
associated with APD has decreased. However, when
they do occur, they have high morbidity and mortality,
especially bleeding from the digestive tract as a result
of erosion of an ulcer into an artery.

InTRAVENOUS PPIs

Intragastric pH affects coagulation mediators, as well
as clot dissolution. At pH < 5, peptic activity promotes
clot dissolution, but at pH > 6, platelet aggregation is
promoted, pepsin is inhibited, and hemostasis is opti-
mized. This is the reason why antisecretory drugs are
administered during an acute bleeding event. H, antag-
onists cause only a modest increase in intragastric pH,
and can generate tolerance after 7-10 days of use; addi-
tionally, meta-analyses have not shown a decrease in
re-bleeding, surgery, and mortality rates in patients with
peptic ulcer and bleeding treated with intravenous H,
antagonists.”* PPls have been shown to be useful for
stabilizing the clot and reducing the risk of re-bleeding.
Administration of omeprazole, 80 mg intravenous bolus,

followed by an infusion of 8 mg/h in patients with bleed-
ing peptic ulcer, significantly decreased the rate of
re-bleeding at 3 and 30 days, so it is now the standard
for initial management before endoscopy.”> A meta-anal-
ysis that analyzed 21 controlled studies concluded that
PPIs reduced re-bleeding rates by 54% and the need
for surgery by 41%.76 Another meta-analysis subdivided
studies with intravenous PPIs at high or low doses, and
found that at a constant infusion (6 mg/h) the PPI was
associated with a significant decrease in re-bleeding,
surgical event, and mortality rates.”” A Cochrane
meta-analysis concluded that, despite the heterogeneity
of studies, PPIs were associated with a modest reduc-
tion in transfusion requirements and hospital stay.”®

PCAB

PCABs block acid secretion more rapidly, achieve
peak plasma concentration in 1 hour, are not affected
by the previous level of acid secretion or proton pump
activity, have a longer-lasting action effect, and are not
affected by food. Being a relatively new drug group,
evidence of its usefulness is just beginning to emerge.*®
A retrospective study compared the effect of prior
administration of pantoprazole (80 mg intravenously in
single dose) or tegoprazan (50 mg orally in single dose)
on the degree of ulcerations and severity of bleeding,
and reported that the proportion of ulcerations in stage
lla or higher according to the Forrest classification was
significantly lower in the group premedicated with
PCAB, as was the frequency of need for therapeutic
endoscopic intervention and the rate of re-bleeding.”

Secondary prophylaxis

It refers to medical intervention in a patient who has
previously taken NSAIDs or ASA, has developed Gl
symptoms or lesions, successfully treated, but requires
chronic use, so a different therapeutic maneuver or a
drug that reduces the risk of developing symptoms or
complications again is necessary.

SuspPension or cHANGE oF NSAIDs

This simple maneuver decreases recurrence rates
from 50-60% to 0-2%, can be associated with healing
of damage up to 95% of cases, and reduces recurrence
from 40% to 9%,%¢ so clinical guidelines recommend
suspension or, when not possible, using a COX-2 inhib-
itor at the lowest dose that controls symptoms, and if it
is chronically, add a gastric antisecretory agent.'" 3780



GASTRIC ANTISECRETORY AGENTS

There is evidence of the usefulness of both PPls
and PCABs as secondary prophylaxis. The SCUR
(Scandinavian Collaborative Ulcer Recurrence) study
evaluated 175 patients with a history of APD who
restarted NSAIDs and demonstrated that omeprazole
(20 mg/day for 3 months) was superior to placebo (treat-
ment failure rate 24.7% vs. 50%) in preventing the devel-
opment of new ulcers.®' The ASTRONAUT and OMNIUM
studies had a second maintenance phase in which it
was evaluated whether patients remained in clinical and
endoscopic remission after 6 months on medical treatment.
In ASTRONAUT, continuous use of omeprazole (20 mg/
day) was associated with remission in 72% of patients,
compared to only 59% with ranitidine (300 mg/day).”? In
OMNIUM, omeprazole (20 mg/day) was superior to miso-
prostol (400 ug/day), with success rates of 61% vs. 48%,
and with a lower rate of adverse events.”® Several stud-
ies have evaluated the effectiveness of PPIs to prevent
recurrence of APD in ASA users. In one of them, ome-
prazole (40 mg/day for 14 days) significantly decreased
the degree of damage and the number of gastroduode-
nal erosions compared to placebo.?? This strategy has
demonstrated its usefulness in patients who require
chronic use of ASA or other antiplatelet agents for car-
diovascular problems, and who have previously had
APD.8384 Two recent studies with similar design ana-
lyzed the effect of vonoprazan, a PCAB, and reported
that it was not inferior to lansoprazole in preventing the
recurrence of ulcerations at 12 and 24 weeks associ-
ated with continuous use of NSAIDs® or ASA®S.

REBAMIPIDE

It has been reported that chronic use of PPIs can
exacerbate intestinal damage associated with NSAIDs,
and there is preliminary evidence of enteric protection
with rebamipide, although it is still insufficient.8”

ERrapication oF H. PYLORI

Current evidence indicates that H. pylori infection
increases the risk of APD in chronic NSAID users,
apparently due to synergistic damage, with an RR of
between 2.7 and 61,888 as well as recurrence rates
when re-exposed to NSAIDs, and that eradication treat-
ment decreases this risk, including lower risk of devel-
oping ulcers and complications,®®-%* so current guidelines
for dyspepsia, APD, and H. pylori, both national and
international, recommend looking for it and eradicating

0. Gomez-Escudero. NSAID-associated ulcers

it in patients who are going to start long-term treatment with
NSAIDs or ASA, in addition to the usual indications such
as active APD and uninvestigated dyspepsia.'’?37.95-98

Conclusions

— NSAIDs are the most widely used drugs worldwide
for their ability to reduce symptoms associated with
inflammatory processes, especially in the older
adult population. ASA also has platelet antiaggre-
gant action.

— NSAIDs exert their anti-inflammatory and analgesic
effect by inhibiting PG synthesis, so they induce side
effects in different organs, and the digestive tract can
be affected in 15-30% of cases. Selective COX-2
inhibitors are associated with lower risk of gastrodu-
odenal damage (2-5%).

— The Gl adverse events of NSAIDs affect any organ
of the digestive system. Although the main sites are
the stomach and duodenum, they can frequently
cause intestinal damage, and include all forms of
APD and their complications.

— There are different treatment and prevention strate-
gies at different levels of exposure: primary prophy-
laxis, acute event, complications, and secondary
prophylaxis.

— For primary prophylaxis, the use of a COX-2 inhibitor
or a low gastrotoxicity NSAID is recommended, for
short periods of time and at the lowest therapeutic
dose, together with a gastric antisecretory agent
during the treatment period. Misoprostol is an alter-
native, but can be associated with diarrhea and
increased uterine activity. Rebamipide is useful in
cases of intestinal toxicity.

— During an acute event, a PPl or PCAB is recom-
mended for healing of ulcers and erosions, or in case
of bleeding, clot stabilization and endoscopic treat-
ment if necessary.

— For secondary prophylaxis, suspension of the NSAID
if possible, or using COX-2 inhibitors or low gastro-
toxicity NSAIDs at the lowest possible therapeutic
dose, together with a PPl or PCAB, is better than
misoprostol for preventing new damage in patients
who need to continue taking NSAIDs. There is pre-
liminary evidence of the usefulness of rebamipide for
intestinal toxicity.

— There are fewer studies evaluating these strategies
in ASA users, but current evidence suggests that the
same stage-based strategies are applicable to pri-
mary or secondary prevention and to damage asso-
ciated with ASA.
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— H. pylori infection appears to have a synergistic effect
in NSAID users, so evidence suggests that eradica-
tion before starting treatment prevents damage, com-
plications, and recurrences.
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