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Low-Dose Aspirin-Induced Ulceration Is
Attenuated by Aspirin—Phosphatidylcholine:
A Randomized Clinical Trial

Byron Cryer, MD!, Deepak L. Bhatt, MD, MPH?, Frank L. Lanza, MD3, Jing-fei Dong, MD, PhD?, Lenard M. Lichtenberger, PhD*% and
Upendra K. Marathi, PhD?

OBJECTIVES: Relative contributions of local and systemic mechanisms of upper gastrointestinal (Gl) injury
following aspirin are unknown. Studies suggest that aspirin’s Gl risk is age related and that gastro-
protection may be needed at therapy initiation. We determined acute gastroduodenal erosion and
ulceration following low-dose aspirin and aspirin—-phosphatidylcholine complex (PL2200) in

subjects at risk of aspirin ulcers.

METHODS: In a randomized, single blind, multicenter active-controlled study, we compared upper Gl damage of
aspirin and PL2200 in healthy subjects (n=204, ages 50-74 years) following 7 days of oral 325 mg

once daily, immediate release aspirin or PL2200.

RESULTS: Overall, 42.2% of aspirin-treated subjects developed multiple erosions and/or ulcers, whereas 22.2%
treated with PL2200 developed such damage (P=0.0027). Gastroduodenal ulcers were observed in

17.6% of aspirin-treated compared with 5.1% of subjects treated with PL2200 (P=0.0069).

CONCLUSIONS: Low-dose aspirin induced a surprisingly high incidence of acute gastroduodenal ulcers in at risk subjects,
highlighting that aspirin’s upper Gl risk begins early and may require gastroprotection. Local mechanisms
of Gl protection are important as aspirin’s preassociation with surface-active phospholipids significantly
reduced mucosal damage. PL2200 may be an attractive alternative or complement to proton pump

inhibitors in older patients who are at risk of aspirin-induced ulceration. Longer-term studies assessing

clinical Gl events are desirable to confirm the clinical Gl safety profile of PL2200.
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INTRODUCTION

Low-dose aspirin (75-325mg) is one of the most frequently used
drugs for cardiovascular prophylaxis. However, 45% of patients
with cardiovascular risk factors are not treated with antiplatelet
agents because their risks of gastrointestinal (GI) bleeding out-
weigh vascular benefit (1,2), which may contribute to aspirin’s
under utilization (3). Daily low-dose aspirin frequently induces
GI mucosal damage (40-50%) (4-6), ulcerogenic even in doses as
low as 10mg (7) and increases risks of GI bleeding (8). Aspirin’s
risk increases with age and is highest at therapy initiation (8,9).
Therefore, cardiovascular patients are frequently discharged on
low-dose aspirin and gastroprotective agents (10).

Although proton pump inhibitors (PPIs) are effective gastroprotec-
tive agents (11), they may not be optimal for reducing aspirin-induced
GI toxicity when combined with clopidogrel, as decreased ex vivo
antiplatelet efficacy has been observed; however, the clinical relevance
of this observation is controversial (10,12). Although the chronic risks
of PPIs appear to be few, their usage has been linked to an increased
incidence of infection and skeletal fractures (13,14). Therefore, alter-
native approaches to gastroprotection for aspirin-based antiplatelet
therapy may be useful and potentially complementary.

Davenport (15) originally suggested that aspirin-induced gas-
tric damage is due to surface injury that alters the gastric bar-
rier to acid. Surface-active phospholipids are important to the
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hydrophophic biophysical surface properties of the gastric barrier
to acid (16-18). Within minutes of oral administration, aspirin
associates with mucosal phospholipids, attenuates tissue surface
hydrophobicity (19), increasing the corrosive effects of luminal
acid. Clinical importance of aspirins and other non-steroidal
anti-inflammatory drugs (NSAIDs’) local effects is suggested by
a reduction of gastroduodenal ulceration when co-administered
with PPIs and H2RAs (11,20,21), presumably by decreasing the
proton gradient and acid mucosal back diffusion. These observa-
tions suggest that local mechanisms of mucosal protection are
important in prevention of aspirin-induced GI injury.

To decrease aspirin enabled acid damage, a novel oral drug
delivery system creates a non-covalent complex of aspirin—phos-
phatidylcholine (PC), PL2200 (PLx Pharma, Houston, TX). In
preclinical and pilot clinical studies, non-covalent association of
aspirin and PC makes aspirin or other NSAIDs more lipophilic,
facilitating transit across the GI mucosal layer and reducing gastric
surface injury (22,23) with no loss in functional bioavailability. To
determine the clinical relevance of these local effects of low-dose
aspirin, we compared gastroduodenal ulcerogenic and erosive
potential of PL2200 vs. immediate release aspirin in subjects with
an age-associated risk for GI injury.

METHODS

Assessment of gastroduodenal erosion and ulceration

Study population. This phase II, randomized, single blind, active-
controlled, multicenter study (NCT00872534) recruited 204 sub-
jects with increased risk of NSAID-induced gastropathy by virtue
of older age. Subjects were healthy volunteers, ages 50-75 years
without active Helicobacter pylori infection or gastroduodenal ero-
sions or ulcers, or 210 petechiae at baseline (Table 1).

Exclusion criteria included abnormal screening/baseline labo-
ratory, or erosions or, ulceration during baseline endoscopy. Also
excluded were active H. pylori infection (Mertek BreathTek UBT),
history of GI complications, sensitivity to soy, aspirin containing

Table 1. Demographic characteristics
PL2200 (N=100) Aspirin (N=104)

Age (years)

Mean 58.1 56.6

s.d. 6.35 6.00

(Min, max) (50.0, 74.0) (50.0, 73.0)
Gender, N (%)

Male 56 (56.0) 60 (57.7)

Female 44 (44.0) 44 (42.3)
BMI

Mean 26.9 27

(Min, max) (20.2,32.1) (20.2,32.3)

BMI, body mass index.

The American Journal of GASTROENTEROLOGY

product within 4 weeks of baseline, an NSAID, salicylate or potas-
sium within 3 weeks of baseline, antiplatelet agents, anticoagulants,
antidepressants, antisecretory or gastroprotective agents within 2
weeks of baseline.

Study procedures. Subjects were randomized to immediate
release aspirin or PL2200 at a 1:1 ratio and underwent a baseline
endoscopy to evaluate their GI mucosa before study drug. Number
of petechiae, erosions, and ulcers (those between 3 and 4 mm, and
those 25 mm) were enumerated, and assigned a score based on the
Mucosal Injury Scoring System (see below). Gastric and duode-
nal mucosae were evaluated separately. Each procedure was cap-
tured on a high-resolution DVD for subsequent central review
and adjudication, as described below. Starting 1-7 days following
baseline endoscopy, subjects meeting inclusion criteria took one
325mg, immediate release aspirin tablet or one PL2200 capsule
containing 325 mg aspirin once daily for 7 days at least 30 min be-
fore a meal. On Study Day 7, a second endoscopy was performed.
Subjects received the last dose between 5:00 and 9:00 hours, fol-
lowed by endoscopy 4-6h later. Subjects diagnosed with an ulcer
at second endoscopy were PPI treated for 30 days, endoscoped in
a month verify healing. Adverse events (AEs), use of concomitant
medications, and compliance were monitored throughout and pill
counts were verified.

Mucosal injury scoring system. Endoscopic observations were
scored using the following definitions. Petechiae were submu-
cosal hemorrhages having no mucosal break. Erosions were defi-
nite mucosal discontinuities, without depth. Ulcers were mucosal
breaks >3 mm in length with unequivocal depth. All lesions char-
acterized as ulcers were assessed by video review of the mucosal
lesion with the endoscope placed tangentially to the lesion and
with unequivocal depth confirmed through video review of the
lesion by an adjudication committee of experienced blinded
gastroenterologists. Measurement of lesion size was aided by a
6 mm extended biopsy forceps placed adjacent to lesions.

A modified Lanza scoring system was used to assess mucosal
injury as follows: Grade 0, no injury; Grade 1, 1-10 petechiae;
Grade 2, >10 petechiae or 1-5 erosions; Grade 3, 6-10 erosions;
Grade 4, >10 erosions and/or an ulcer. A gastroduodenal com-
posite score was derived by adding the scores for the stomach and
duodenum.

Central endoscopic review and adjudication. Endoscopic mu-
cosal damage was scored by a blinded endoscopist at the study
site and subsequently by a blinded central reviewer. All endo-
scopists were trained on procedural guidelines to minimize
procedure-related trauma, and on mucosal lesion definitions
for petechial, erosions, and ulcers. All baseline and post-treat-
ment endoscopies were captured on high-resolution video to
enable central review. When a significant discrepancy was noted
between the scoring results of the site endoscopist and central
reviewer, scores were adjudicated by a panel of three blinded
endoscopists. Significant discrepancies were defined as a differ-
ence in lesion scoring between the site and central reviewer that

www.amjgastro.com



could affect either subject eligibility due to baseline erosions and/
or ulcers, or study end points.

Study end points. The primary end point was the incidence of
subjects with gastroduodenal erosions or ulcers (>5 erosions,
or 1 or more ulcers 23 mm) with PL2200 compared with aspirin.
Secondary objectives were the incidence of subjects with ulcers
>3 mm, mean number of duodenal erosions, gastric erosions, or
erosions in the gastric antrum, body, and fundus. Safety end points
were incidence of AEs, mean change from baseline in hematology,
blood chemistry, and vital signs.

Sample size was based on previous endoscopic studies of 325 mg
immediate release aspirin and previous experience with aspi-
rin—-dipalmitoylphosphatidylcholine complex (23), and used a
historical weighted average incidence of 39.1% for gastroduodenal
erosions and/or ulcers (24) induced by 300-325 mg of aspirin daily
over 7-10 days and powered for a 60% reduction with PL2200
compared with immediate release aspirin’s rate of 15.6% with 90%
confidence in Fisher’s exact two-sided test at a 0.05 level of signifi-
cance. A discontinuation or ineligibility rate of 20% of randomized
subjects was assumed.

Statistical analysis. The intent-to-treat population was all subjects
randomized receiving at least one study drug dose and who un-
derwent the day 7 endoscopy; this group was used for evaluation
of Gl injury. The following statistical methods were used: descrip-
tive statistics, Fisher’s exact test, Cochran-Mantel-Haenszel test,
Breslow-Day test, t-test, and analysis of variance. Assumptions
of normality and homogeneity of variance were tested using the
Shapiro-Wilks test. If the distributional assumptions were violated,
non-parametric techniques, such as Wilcoxon’s rank-sum test and
signed rank test, were employed. A P value of <0.05 was considered
statistically significant for all two-sided tests.

The study was approved by the institutional review boards of all
participating study sites, and informed consent was provided by
all subjects.

RESULTS

Assessment of gastroduodenal injury

Subject disposition/demographics. Overall, 204 subjects were en-
rolled from six sites (56.9% male). Average age was 58.1 years in
the PL2200 group and 56.6 years in the aspirin group (Table 1). Of
the 204 randomized subjects, 3 subjects discontinued due to study
withdrawal or being lost to follow-up (Figure 1). Eighteen subjects
were deemed non-evaluable due to baseline erosions noted dur-
ing adjudication. The impact of these 18 subjects on endoscopic
observations was assessed with an intent-to-treat and evaluable
group analysis.

Incidence of gastroduodenal erosions and ulcers. In the intent-
to-treat population, subjects treated with PL2200 had a 47.4%
lower risk (95% confidence interval, 17.38-77.19%) of developing
multiple gastroduodenal erosions or an ulcer than subjects treated
with immediate release aspirin for 7 days (Figure 2a). Forty-three
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204 Subjects

randomized

PL2200 Immediate release
325 mg, N=100 ASA 325 mg, N= 104
99 Subjects 102 Subjects
ITT population ITT population
99 Subjects 102 Subjects
completed completed

1 subject withdrawn/ 2 subjects withdrawn/
lost to follow-up lost to follow-up

v v

91 Subjects 90 Subjects
PP population PP population
7 excluded due to baseline 11 excluded due to baseline
erosion identified at erosion identified at
adjudication adjudication
1 excluded for taking 1 excluded for taking
prohibited medication prohibited medication

Figure 1. Summary of the endoscopic study. ASA, aspirin; PP, per protocol.

a B b .
60% B Aspirin 60% W Aspirin
W PL2200 B PL2200
50% - 50% A
40% - P=0.0027  40% - P=0.0069
Vs. aspirin Vs. aspirin

*

30% 30% -

20% o

20% -

10% + 10% +

0% 0%
PL2200

N=99

Aspirin
ITT N=102

Aspirin PL2200
ITT N=102 N=99

Figure 2. Gastroduodenal mucosal damage. (a) Percentage of subjects
with erosions and/or ulcers. (b) Percentage of subjects with ulcers. P values
are two-sided Fisher’s exact tests. Bars, incidence +95% confidence
interval. ITT, intent-to-treat.

(42.2%) aspirin-treated subjects developed six or greater erosions
or an ulcer, whereas 22 subjects (22.2%) treated with PL2200
developed such damage (P=0.0027, Fisher’s exact test). Consist-
ently, the PL2200-treated group had a lower mean number of gas-
tric erosions of 2.26 vs. 3.83 in the aspirin group (P=0.0009). The
vast majority of erosive damage to the gastroduodenal mucosa
was in the antrum with a mean erosion number of 3.04 vs. 2.07
(P=0.0095) in the aspirin vs. PL2200 groups, respectively. Similar
observations were made in the analysis of the per-protocol evalu-
able population.

Incidence of subjects developing gastroduodenal ulcers was
lower in the PL2200 group (Figure 2b). In the intent-to-treat
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population, PL2200 treatment had a 71% lower incidence of
ulcers (95% confidence interval, 22.85-100%) than seen with
aspirin at the day 7 endoscopy: Ulcers developed in 5 subjects
(5.1%) in the PL2200 group and in 18 subjects (17.6%) in the as-
pirin group. This difference is statistically significant (P =0.0069,
Fisher’s exact test). These findings were also consistent with the
per-protocol analysis, in which the ulcer incidence was 17.8%
for aspirin and 5.5% for PL2200 (P=0.0110). All ulcers detect-
ed by endoscopy were asymptomatic and predominately in the
stomach. Four gastric and two duodenal ulcers were found in
the PL2200 group, and 12 gastric and 6 duodenal ulcers were
found in the aspirin group. One subject in the PL2200 group
developed both a gastric and duodenal ulcer. All subjects identi-
fied with an ulcer were treated with a PPI for 30 days and had
endoscopic resolution of their ulcers.

Acute safety and tolerability of PL2200

Laboratory parameters, physical examination findings, and vital
signs at baseline and post-treatment were similar and not clini-
cally or statistically significantly different in out treatment groups
in the safety population. There were no treatment-related dis-
continuations or serious AEs. Similar rates of non-ulcer-related
AEs were observed between treatment groups (P=0.4308). No
clinically or statistically significant differences in treatment-
related AEs between groups were noted. The most frequently
reported treatment-related AEs were nausea (5.0 vs. 2.9%,
PL2200 vs. aspirin, P=0.4918); dyspepsia (4.0% PL2200 vs. 1.9%
aspirin, P=0.4383); and heartburn (3.0% PL2200 vs. 1.0% aspirin,
P=0.3616) and self-resolved by a median of 1-3 days.

DISCUSSION

This study suggests that non-covalent association of aspirin with
PC in PL2200 confers improved GI safety as determined by
endoscopy over a 7-day study period, in older subjects aged 50-75
years. In this study we found that aspirin induced a surprisingly
high incidence of gastroduodenal ulceration in healthy subjects
with an age-associated risk of GI bleeding. Such ulcerations were
statistically significantly reduced by 7 days with PL2200.

In an independent study, we determined that PL2200 adminis-
tered at an aspirin dose of 325 and 650 mg has equivalent bioavail-
ability to the same immediate release aspirin used in this study in
healthy subjects, based upon both pharmacokinetic analysis and
antiplatelet efficacy (data not shown). Thus, the increased GI safety
conferred by PL2200 is not at the cost of an attenuation in bio-
availability or therapeutic efficacy. Our observation in this study
that the non-covalent association of aspirin with PC is associated
with reduced upper GI injury complements observations from a
previous study of PC conjugated with a different NSAID, namely,
ibuprofen (25). In that earlier study, PC-conjugated ibuprofen
demonstrated improved GI safety in older osteoarthritis patients
while having comparable bioavailability, pain relief, and reduction
of inflammation as unmodified ibuprofen (25).

The relative contributions of local vs. systemic mechanisms of GI
mucosal injury with aspirin have not yet been fully elucidated. The
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observation from this study that PC’s association with aspirin leads
to a significant reduction in upper GI mucosal injury suggests that
local GI mucosal mechanisms of injury have an important role in
GI mucosal injury following administration of aspirin. Use of low-
dose aspirin in cardiovascular disease is limited by its GI mucosal
damage. In secondary prevention of cardiovascular disease, clopi-
dogrel is commonly added to aspirin to further decrease risks of
cardiovascular events. However, this combination has an elevated
risk of major bleeding, predominately in the GI tract. Use of more
potent antiplatelet agents, which have recently become clinically
available, has been associated with increasing rates of GI bleeding
(26,27). Clopidogrel has been thought to increase risk of aspirin-
induced ulceration by delaying the healing of aspirin-induced GI
mucosal breaks via inhibition of angiogenesis (28,29). Support-
ing the hypothesis that local mechanisms of GI mucosal injury
are important is the observation that upper GI mucosal damage
from the combination of aspirin plus clopidogrel is decreased by
concomitant administration of omeprazole, which has the effect of
decreasing the proton gradient across the GI mucosa (30). Esome-
prazole (11) and famotidine (21) are also effective against low-dose
aspirin-induced upper GI ulceration. As these agents also decrease
the proton gradient across the GI mucosa, back diffusion of acid
through a compromised mucosal barrier is likely an important
component of aspirin-induced gastropathy.

GI mucosal integrity depends on a homeostatic balance between
attack and repair. Luminal acid, pepsin, and bile acids compro-
mise mucosal integrity. Bicarbonate, surface-active phospholip-
ids, mucosal blood flow, intercellular tight junctions, and mucosal
lesion healing require COX-derived prostaglandins (17,18,28). In
addition to mucosal prostaglandin inhibition, aspirin associates
with surface-active phospholipids that contribute to hydrophobic
barrier properties, and consequently enables mucosal back diffu-
sion of acid, resulting in erosions and ulceration (19).

Preassociation of aspirin with exogenous PC mitigates asso-
ciation of aspirin with native phospholipids in the GI barrier to
acid, thereby reducing mucosal damage. In rodents and humans,
aspirin-PC complex attenuated gastric hemorrhagic lesions and
bleeding compared with unmodified aspirin, despite a signifi-
cant reduction of protective prostaglandins in the gastric mucosa
(16,23). Aspirin depletes mucosal prostaglandins for several days
after discontinuation at doses from 81 to 325mg in humans (29).
Demonstration of lower ulcerogenesis with PL2200, presumably
with prostaglandin inhibition, suggests that local effects of aspi-
rin disrupt the gastric barrier to acid, and the degree of resulting
injury may be more clinically relevant than previously appreciated.
Because PL2200 targets a mechanism complementary to PPI by
minimizing local disruption to the GI barrier, PL2200 could be an
alternative or complement to PPIs as an effective strategy to reduce
Gl injury in high-risk patients.

The relative importance of local effects of aspirin have been con-
founded by the observations that enteric-coated aspirin may have
lower mucosal injury, but does not confer a reduction in GI bleed-
ing relative to immediate release aspirin This apparent discrep-
ancy may be due to ulcer definition used in previous assessments
of enteric-coated aspirin-induced ulceration (superficial mucosal
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breaks without depth). As this study used the contemporary defi-
nition of ulcer (mucosal breaks that penetrate the muscularis),
the reduction in such damage with PL2200 further supports the
importance of local injury.

The study is limited by the duration of exposure, as subjects were
treated 7 days and relied on surrogate endoscopic ulcer end points
as a proxy for GI bleeding. Longer-term studies examining clinical
events are required to assess durability of PL2200’s GI safety. How-
ever, the clinical importance of these observations over this acute
period is supported by the observations that: (i) risk of an aspirin-
induced GI bleeding begins at therapy initiation, with the greatest
risk in the first 2 months, which persists (7); (ii) aspirin-induced
endoscopic ulceration is related to the subsequent occurrence of
a GI bleed (6); and (iii) tolerance to gastropathic effects of aspirin
appears minimal as risk of bleeding persists over long-term use
(31). Therefore, there is a clinical need to reduce aspirin-induced
GI mucosal damage, particularly, in aspirin-naive patients. Another
limitation of our study is that medications were administered before
meals, which may have exaggerated aspirin’s ulcerogenic effect.

In the long term, low-dose aspirin users frequently experience
GI side effects, which may lead to aspirin discontinuation. In
patients taking antiplatelet therapy, discontinuation can markedly
increase risks of secondary vascular events, particularly, in stent
patients (32). Although this study did not specifically evaluate GI
symptoms, no significant differences in dyspeptic symptoms were
observed between PL2200 and aspirin. Compliance with guide-
lines for gastroprotection of at-risk subjects is poor (33). Therefore,
a fixed dose combination of aspirin plus a cost-effective gastropro-
tective agent or an intrinsically safer aspirin formulation, such as
PL2200, may increase compliance. In summary, this study sug-
gests that local effects that disrupt the gastric barrier to acid are
an important component of aspirin-induced gastropathy. PL2200
may be clinically useful by providing effective antiplatelet activ-
ity with improved upper GI safety, both alone and potentially in
combination with other anti-platelet agents, in the management of
patients requiring such therapy.
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WHAT IS CURRENT KNOWLEDGE

Low-dose aspirin is a major cause of gastrointestinal (GI)
tract injury and morbidity.

The relative contributions to local and systemic mechanisms
to the pathogenesis of upper Gl injury following aspirin are
poorly understood.

WHAT IS NEW HERE

Upper Gl tract injury was prospectively evaluated in healthy
human subjects 50-75 years of age at risk for developing
aspirin-induced GI damage using a non-covalent complex of
aspirin—phosphatidylcholine, PL2200.

PL2200 has equivalent antiplatelet efficacy to aspirin while
reducing gastroduodenal ulcers by 70% when compared with
aspirin.

/ This study demonstrates that local mechanisms of Gl protection
are important as aspirin’s preassociation with surface-active
phospholipids significantly reduced mucosal damage.

PL2200 may be an attractive strategy in at risk to reduce
aspirin-induced Gl injury.

REFERENCES

1. Baigent C, Blackwell L, Collins R et al. Aspirin in the primary and second-
ary prevention of vascular disease: collaborative meta-analysis of individual
participant data from randomised trials. Lancet 2009;373:1849-60.

2. Bhatt DL, Steg PG, Ohman EM et al. International prevalence, recognition,
and treatment of cardiovascular risk factors in outpatients with athero-
thrombosis. JAMA 2006;295:180-9.

3. Cannon CP, Rhee KE, Califf RM et al. Current use of aspirin and antithrom-
botic agents in the United States Among outpatients with atherothrombotic
disease (from the REduction of Atherothrombosis for Continued Health
[REACH] Registry). Am ] Cardiol 2010;105:445-52.

4. NivY, Battler A, Abuksis G et al. Endoscopy in asymptomatic minidose
aspirin consumers. Dig Dis Sci 2005;50:78-80.

5. Yeomans ND, Lanas Al, Talley NJ et al. Prevalence and incidence of
gastroduodenal ulcers during treatment with vascular protective doses of
aspirin. Aliment Pharmacol Ther 2005;22:795-801.

The American Journal of GASTROENTEROLOGY



Cryer et al.

10.

1

—

12.

13.

14.

1

w

16.

17.

18.

19.

Goldstein JL, Lowry SC, Lanza FL et al. The impact of low-dose aspirin on
endoscopic gastric and duodenal ulcer rates in users of a non-selective non-
steroidal anti-inflammatory drug or a cyclo-oxygenase-2-selective inhibitor.
Aliment Pharmacol Ther 2006;23:1489-98.

Cryer B, Feldman M. Effects of very low dose daily, long-term aspirin
therapy on gastric, duodenal, and rectal prostaglandin levels and on
mucosal injury in healthy humans. Gastroenterology 1999;117:17-25.
Hernandez-Diaz S, Garcia Rodriguez LA. Cardioprotective aspirin users
and their excess risk of upper gastrointestinal complications. BMC Med
2006;4:22.

Moukarbel GV, Signorovitch JE, Pfeffer MA et al. Gastrointestinal bleeding
in high risk survivors of myocardial infarction: the VALIANT trial.

Eur Heart ] 2009;30:2226-32.

Ho PM, Maddox TM, Wang L et al. Risk of adverse outcomes associated
with concomitant use of clopidogrel and proton pump inhibitors following
acute coronary syndrome. JAMA 2009;301:937-44.

. Scheiman JM, Yeomans ND, Talley NJ et al. Prevention of ulcers by

esomeprazole in at-risk patients using non-selective NSAIDs and COX-2
inhibitors. Am ] Gastroenterol 2006;101:701-10.

O’Donoghue ML, Braunwald E, Antman EM et al. Pharmacodynamic
effect and clinical efficacy of clopidogrel and prasugrel with or without
a proton-pump inhibitor: an analysis of two randomised trials. Lancet
2009;374:989-97.

Dial S, Delaney JA, Barkun AN et al. Use of gastric acid-suppressive agents
and the risk of community-acquired Clostridium difficile-associated dis-
ease. JAMA 2005;294:2989-95.

Yang YX, Lewis JD, Epstein S et al. Long-term proton pump inhibitor
therapy and risk of hip fracture. JAMA 2006;296:2947-53.

. Davenport HW. Damage to the gastric mucosa: effects of salicylates and

stimulation. Gastroenterology 1965;49:189-96.

Lichtenberger LM, Romero JJ, Dial EJ. Surface phospholipids in gastric
injury and protection when a selective cyclooxygenase-2 inhibitor (Coxib)
is used in combination with aspirin. Br ] Pharmacol 2007;150:913-9.
Scheiman JM. NSAIDs, gastrointestinal injury, and cytoprotection. Gastro-
enterol Clin North Am 1996;25:279-98.

Scheiman JM, Kraus ER, Bonnville LA et al. Synthesis and prostaglandin
E2-induced secretion of surfactant phospholipid by isolated gastric mucous
cells. Gastroenterology 1991;100:1232-40.

Lichtenberger LM. Where is the evidence that cyclooxygenase inhibition

is the primary cause of nonsteroidal anti-inflammatory drug (NSAID)-in-
duced gastrointestinal injury? Topical injury revisited. Biochem Pharmacol
2001;61:631-7.

The American Journal of GASTROENTEROLOGY

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

Juy

32.

33.

Yeomans N, Lanas A, Labenz ] et al. Efficacy of esomeprazole (20 mg once
daily) for reducing the risk of gastroduodenal ulcers associated with con-
tinuous use of low-dose aspirin. Am J Gastroenterol 2008;103:2465-73.

. Taha AS, McCloskey C, Prasad R et al. Famotidine for the prevention of

peptic ulcers and oesophagitis in patients taking low-dose aspirin (FA-
MOUS): a phase III, randomised, double-blind, placebo-controlled trial.
Lancet 2009;374:119-25.

Lichtenberger LM, Wang ZM, Romero J] et al. Non-steroidal anti-inflam-
matory drugs (NSAIDs) associate with zwitterionic phospholipids: insight
into the mechanism and reversal of NSAID-induced gastrointestinal injury.
Nat Med 1995;1:154-8.

Anand BS, Romero JJ, Sanduja SK et al. Phospholipid association reduces
the gastric mucosal toxicity of aspirin in human subjects. Am J Gastroen-
terol 1999;94:1818-22.

Donnelly MT, Goddard AF, Filipowicz B et al. Low-dose misoprostol for
the prevention of low-dose aspirin-induced gastroduodenal injury. Aliment
Pharmacol Ther 2000;14:529-34.

Lanza FL, Marathi UK, Anand BS et al. Clinical trial: comparison of
ibuprofen-phosphatidylcholine and ibuprofen on the gastrointestinal safety
and analgesic efficacy in osteoarthritic patients. Aliment Pharmacol Ther
2008;28:431-42.

Wiviott SD, Braunwald E, McCabe CH et al. Prasugrel versus clopidogrel in
patients with acute coronary syndromes. N Engl ] Med 2007;357:2001-15.
Bhatt DL. Intensifying platelet inhibition--navigating between Scylla and
Charybdis. N Engl ] Med 2007;357:2078-81.

Wallace JL, McKnight W, Reuter BK et al. NSAID-induced gastric damage
in rats: requirement for inhibition of both cyclooxygenase 1 and 2. Gastro-
enterology 2000;119:706-14.

Cryer B. Mucosal defense and repair. Role of prostaglandins in the stomach
and duodenum. Gastroenterol Clin North Am 2001;30:877-94, v-vi.

Cryer B, Lapuerta P, Jermano J et al. Omeprazole can prevent the gas-
troduodenal mucosal injury associated with combined use of clopidogrel
and aspirin. Am ] Gastroenterol 2008;103:538-60.

. Derry S, Loke YK. Risk of gastrointestinal haemorrhage with long term use

of aspirin: meta-analysis. BMJ (Clinical Research Ed.) 2000;321:1183-7.
Giuseppe GL, Biondi-Zocci GG, Lotrio M et al. A systematic review and
meta-analysis on the hazards of discontinuing or not adhering to aspirin
among 50,279 patients at risk for coronary artery disease. Eur Heart J
2006;27:2667-74.

Abraham NS, El-Serag HB, Johnson ML et al. National adherence to
evidence-based guidelines for the prescription of nonsteroidal anti-inflam-
matory drugs. Gastroenterology 2005;129:1171-8.

www.amjgastro.com





