
lnjlmwllllfJiwrmacology. Vol. 7. 1"\u. 3. pp. 277-2l!(> 1 Jl)l)l)) 
© VSP 19Y9. 

Management of NSAID-related gastrointestinal 

mucosal injury 

ADAM F. BARRJSO and M. MICHAEL WOLFE* 

Sec·rion ofGa.\/IVl'JJierology, Bo.\/011 Unit·er.,iry School oJMcclicine alllf BM/on Mediml Cen1e1: 
88 Ecl.\1 New1011 Sm•er. 8(}\lflll. Ma.,·\aciiiiW/1.\' MA 011/X-2393. USA 

Receiveu I 0 1\ugw .. t 1999: accept.:d 18 Augu:..t 1999 

Ahstrac.:t-Th.: thr.:e th.:rapeutic goah.. in patient' with NSAID-indu�.:.:d ga-.troduodenopathy are 
tr.:atment of dy�pcpti�.: ... ymptom�. management or NSAID-rdated ulcer� and their complh.:ation�. 

and prophylaxb again-.t recurrem ga�trointc-.tinal toxicity. Both H2-rcceptnr antagoni�ts and proton 
pump inhibitor-. (PPI�) appear l<> be helpful in relieving the \ymptom., a�-;uciated with NSAID u�e. 
while treatment of SAID-induced ga�troduodcnal ulcer�. whether the SAID i� cominucd or not. 
i� bc�t achieved hy the u-;e or PPis. Howe, cr. hccau ... c �ympwm� do not oflen predict the presence 
of g<hlJ'()duodcnal ulcer�. the goal or prevention has become paramount in the treatment of patielll� 
with an increased likelihood or gastrointestinal toxicity. The be�t prophylaxi� again�t NSAI D-rclatcd 
toxicity is the u�e or an altcmative agent "Udl "' -;abalah.: or paracetamol (acetaminophen). However. 

if an NSAJ D i� Lobe uo,ed. prophylaxi� i' be,t accompJi,hed with a PPI or mi.,opro!>tol. a pro�taglandin 
E I analogue. The L"c of mi�opros10l i� limited by itlo frcquelll do�ing. at lea�t200 /tg three time-. a day. 
and it� O\\n gastrointcMinal '>ide effect\. Fulllre therapy will include SAID� that maintain their ami­
inllammatory effect�. while pol>�cs�ing �uperior �afcty prolik�. and include preferential and highly 
!>elective COX-2 inhibitor\ and nitric oxide rclcal>ing compound�. 

Key ll'ords: Ga�troint<.:l>tinal: NSAIDl>: COX-2: g;�strointcstinal toxicity: ulcers; gastrointe)..tinal 

hcmorrhage: proton pump inhibitor�: pro�taglandins. 

I. INTRODUCTION 

Non-steroidal anti-inl1ammatory drugs (NSAIDs) have become one of the mo:-.t 

commonly used mcdication/-i. Over 70 million NSAfD prescriptions and 30 billion 
over-the-counter preparations arc sold annually in the United States (Wolfe et of . . 

1999). The majority or NSAID users tolerate these medication!\ without untoward 

effects, but adverse gastrointestinal effects are seen with relative frequency. In 1984. 
the Center ror Di!\ease Control reported that 100.000 to 100.000 hospitaliLatiOn!\ 

�To whom corre1-pondence �hould be addrc-;��.:d. E-mail: mic:hael.woli'c(!t)bmc.org 

akrenzer
Typewritten Text
CFAD EXHIBIT 1026



27R A. 1·: /Jtll'/'1\'1111 and M. M. ll'ol{l' 

and I 0.000 to :W.OOO deaths occur annually in the United State� due to the 
ga'>trointestinal side effect or these medication�. Side effects range from dy-;pcp�ia 

to complicated gastroduodenal ulcer� as�ociated with hemorrhage or perforation. 
NSAIDs thu-, con�titute a class of drugs that can be best characterized as a ·double­

edged -,word'. medication that is very cfl'c<.:tivc. yet carrie. a . ubstantial risk 

potential. 

2. PATHOGENESIS OF GASTROINTESTINAL DAMAGE 

Topical and systemic effect� contribute to the mucosal damage associated with 
NSAID usc. and although generally considered a primary cause of gastroduode­

nal ulcers. NSAID� are capable of inducing widespread injury Lhroughoul the gas­
trointestinal tract and liver. Lanas et al . . 1992 recently reported that approximately 

J5'k of NSAID-induced gastrointestinal bleeding occurred below the ligament of 
Trcitz. with a spectrum of small intestinal and colonic injury ranging from a protein­
and blood-losing enteropathy and colitis resembling inOammatory bowel disease to 
colonic perforation and bleeding. 

In the esophagu!>. injury induced by NSAID� has been reported and i� thought 

to result !'rom local acidic injury to the esophageal mucosa, a condition termed pill 

e�ophagitis tM inoch el ol., 1991 ). In the stomach and duodenum. topical injury 

results from both direct and indirect mechanisms. In the presence of highly acidic 
gastric contents. nonionized lipophilic NSAID:-. arc easily absorbed and migrate 
through gastric mucus to the surface epithelium, where NSA!Ds arc dissociated 
into the ionized form, resulting in H 1- ion trapping (Somasundararn el ol., 1995). 
In addition. NSA!Ds reduce the hydrophobicity of gastric muco. a and render the 
�urface epithelium susceptible to injury by ga'>tric acid (Lichtenberger. 1995). 
Indirectly. mucosal erosion may result from duodcnogastric reflux of bile containing 
active SAID metabolires (Wolfe eta! .. 1999). 

Although topical effects of NSAID!> arc a significant cau�e of muco�al damage. 
the fact that SAID-induced gastroduodenal injury occurs with equal frequency 

w .. ing enteric-coated preparations and following either rectal or parenteral admin­

istration suggests that the systemic effects or these compounds may play an even 
greater role. This contention i� further supported by the observation that prodrug� 

such as sulindac, a compound whose effect is mediated by an active metabolite, 
have been a!>sociated with gastroduodenal ulceration. 

The mucosal production of prostaglandins (PGs) appears to play an integral role 
in the stimul<ltion or sever<Ll mucosal components necessary for maintaining normal 
mucosal integrity and possibly reducing gastric acid secretion (Table I) (Wol fc 
e1 al .. 1999). PGs arc derived from arachidonic acid by the action of cyclooxygenasc 
(COX). Two related cyclooxygcnasc i�oenzymes, COX-I and COX-2. are expressed 
in mammalian cells. COX-I is expressed constitutively in most tissues, including 
the gastric mucosa. and is thought to function as a 'housekeeping· enzyme. The 
expression of COX-2. especially in macrophages and �ynovial cells. is induced 



Ma11agellll'lll of NS;\1{)-re/wed Cl!oxicily 

Table I. 
Prote�.:tivc prnpenic� of' the g�1�troduodcnal mucm.a 

Mucu� 'ccretion 
Bicarbonate secretion 
Muco,al blond llnw 
Intercellular tight junctinn� 
Maintenance or ti��uc atid-hasc 'Ialli' 
Epithcli�d re�titution 

Table 2. 
Ri�>k f:u:wr' f(Jr dcveloprnt.!nt or NSAID-rclatctl uln:r' 

Dclinitc 

Pos�ibl.:: 

AJvam:cd age 
Prior hbtory or uker 
C'on�.:nmitant cortico�tcroid therapy 
Concornitunt anticoagulation therapy 
lligh tlo'e' of NSAID' 
Short dural ion or lhlT<Ip) ( < I W\) wed.') 
ScriOLb sy�tcmic Ji,ea'c' 

Concomitant H pylori infection 
SmoJ..ing 
Akohol 
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by inllammation or mitogen stimulation. Therefore. it has been hypothesized 
that the anti-inflammatory action of NSAIDs are secondary to their inhibitory 
effect on COX-2. while their adverse properties are the result of the inhibition of 
COX-I. Despite strong evidence that PGs piny an important role in NSAID-induced 

gastrointestinal toxicity. recent studies performeJ in COX- I (-I-) mice did not 
demonstrate spontaneous ulcer formation. suggesting that other mechanisms may 

be involved as well (Wolfe et of . . 1999). 

3. RISK fACTORS FOR NSAIO-RELATED GASTRODUODENAL TOXICITY 

Patients who use NSAIDs develop gastrointestinal complications at a rate three 
times higher than those patients who avoid these medications. Unfortunately. 
the presence or absence or gastrointestinal symptoms docs not correlate with 

gastroduodenal pathology. and lor this reason. it is important to identify patients 
at an increased risk of developing complications (Table 2). 

Although corticosteroids alone do not appear to cause gastroduodenal ulcers. 
their combination with NSAIDs is associated with a more than ten fold increa�e in 

gastrointestinal complications. Age also seems to play a signilicant role in NSAID­
associatcd complications. with data revealing a 5.6-l"old increase in gastrointestinal 
complications in patienL-; over the age of 70. A prior history of gastroduodenal 
ulcers is another important risk factor for the development of NSA I D-relatecl ulcers 
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(Wolfe eta/ .. 1999). Whether a hi�tory of Helicobacter pylori-re lated ulcers further 

increases this risk is not known. In a group of H. pylori infected individuals, Chan 
eta/ .. 1997 recently reported a significant decrease in naproxen-induced ulcers 

in individuals whose H. pylori infection was eradicated. Further investigation is 
needed to determine whether screening for H. pylori infection prior to instituting 

NSAJD therapy is indicated. 
In addition. the type, dose, and length of· therapy appear to influence the rate or 

complications. Several studies have reported a greater risk of complications with 

piroxicam and a relatively lower ri. k with the use of ibuprofen. While the risk of 
complications is also proportional to the dose of the NSAID given. it appears to 

be inversely proportional to the duration or therapy (Wolfe eta/ .. 1999). Therefore, 

those patients at greatest risk for complications may be the elderly who require short 

or intermittent courses of NSAlDs at high doses. 

4. TlmATMENT OF NSAIO-ASSOCIATED DYSPEPSIA 

Dyspepsia is a broad term used to describe an array of upper abdominal symptoms 
including pain, cramping. distention, nausea, anorexia and/or heartburn. At least 

5-20% of patients taking NSAJDs in large epidemiological studies encountered 
dyspeptic symptoms (Wolfe eTa/ . . 1999). Several tudies have evaluated the effect 

of H2-receptor antagonists in treating NSAID-related gastrointestinal symptoms. 
Bijlsma e/ a/. ( 1988) performed a prospective, double-blinded study evaluating the 

effectiveness of cimetidine in treating NSAID-related dyspeptic symptoms. They 
found that 72% of patients receiving cimetidine 400 mg BID reported resolution 
of their symptoms, while only 49% of those receiving placebo became symptom 

free. Taha el a! .. 1996 examined famotidine 20 mg BID and 40 mg BID in patients 
with arthritis receiving NSAIDs and found that abdominal symptoms decreased 
by 36.6 % and 43.3%. respectively. These studies thus support the use or 1-h­

antagonists in individuals with NSAID associated dyspepsia. As discussed below. 

proton pump inhibitors (PPis) also provide excellent symptomatic relief in addition 

to their capacity to decrease the incidence of NSAID-induced ulcers. 

5. TREATMENT OF NSAIO-ASSOCIATED ULCERS 

Since abdominal symptoms do not reliably predict the presence of NSAID-related 
gastroduodenal ulcers. patients with acute ulcers should have their NSAID therapy 
discontinued whenever pos ·ible or should have their current NSAJD sub. tituted 
with a nonwxic analgesic such as acetaminophen or salsalate, a non-acetylared 
salicylate that doe. not inhibit prostaglandin synthesis. H NSAID therapy is 
discontinued, treatment directed at healing the ulcer can be instituted with one of 
several agems discussed below, and at rates that compare favorably to those patients 
with 'idiopaLhie' peptic ulcers (Lancaster-Smith eta/ .. 1990). 
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5.1. Sucra(/(ae 

Sucralfate. a basic aluminum �all of sucrose octasull�tte, is effective in the treatment 
and prophylaxis or duodenal ulcers and appears to be as effective as H2-antagoni�ts 
in the healing of gastric ulcers. In patients who remain on NSAIDs. sucrult-�lte has 
been found to heal duodenal ulcers as eiTectively as H2-antagonists: however. its 
benefit in healing gastric ulcers in this selling has not been proven (Wolfe er ol., 
1999). 

5.2. H2-recepror anta�-:onists 

Several open, uncontrolled, non-randomized studies (Croker er ol.. 1980) and 
prospective. randomiLed studies (Davies er of.. 1986) have demonstrated that 
treatment with conventional doses or H2-receptor antagonists for 6 to 12 weeks 
results in healing or approximately 757r (50-88*) or gastric ulcers and 87r�, 
(67- 1009'r) of duodenal ulcers despite the continued use of NSATDs. When 
NSAIDs are continued. healing appears to be delayed and is largely dependent 

on the initial ulcer si7e with ulcer!'. greater than 5 mm in diameter healing at a 

subc;tantially lower rate than tl10-;e less than 5 111111. 

5.3. Pmsraglwulins 

The role of PGs in the treatment of NSAID-associated ulcers is not well known. In 
1998. Hawkey eta/ ..  1998 published a double-blincl study of 935 puticnts compuring 
the efficacy or misoprostol to omeprazole in the healing of NSAID-associated 
gastroduodenal ulcers or erosions (greater than I 0 erosions). The number of patients 
succe!'>sfully treated after eight weeks was somewhat superior in tho. e receiving 
omeprazolc compared to those administered 200 ftg QJD or misoprostol. Healing 
or gastric ulcers occurred in 899'r. 89'«, and 77o/r, in those treated with 20 rng or 
omeprazolc. 40 mg or omcprazolc. and misoprostol. respectively. while healing or 
duodenal ulcers was 809'c' 87%. and 73%. respectively, in these groups. or note. 

omeprazole was bencr tolerated than misoprosLol. 

5 . ../. Pmron fJIIIIIfJ i11/iihi10rs 

Recent <.lata suggc!'>t!'> that PPis possess an improved capacity to heal NSAID­
related gastroduodenal ulcer� independent of whether the SAID is continued 
or not. A recent study comparing omcprazolc to ranitidine in 541 patients with 
gastroduodenal ulcers demonstrated healing rates of 80% and 799'r in patients 
treated with omeprazolc 20 mg and 40 mg, respectively, while the healing rate with 
ranitidinc was 63% (Yeomans et of 

. . 1998). Agrawal et of . . 1998 compared the 
erficacy of lan!->Opr<l/.Ok and ranitidinc in the healing of gastric ulcers greater than 
0.5 em in diameter in patients continuing NSAID therapy. After 8 weeks, ulcers 
were healed in 73% and 75% of those patients treated with lansoprazole 15 mg and 
30 mg. respectively. while the healing rate in the individuals receiving ranitidine 
was 579'r. 
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6. PROJ>HYLAXIS AGAINST NSAID-INOUCED GASTRODUODENAL ULCERS 

Because or the potential risks a�soci:ncd with NSAID u�c. efforts have recently 
focused on the prevention of mucosal injury. As mentioned earlier. prophylaxi� i� 

best accornpli�hcd by the avoidance of the�e medication� in patients at increased 

risk from their toxicity. Alternative strategies to be con�idered include the co­
admini�tration of an agent with protective propcnie� or the development of new 

ami-inllammatory agents with improved �afety profllcs. 

6.1. Sucm({ote 

The exact mechanism by which !-.ucralfate protect� gastroduodenal mucosa is not 

known. Sucralfatc has been !lhown by Caldwell eta/., 1987 to reduce ga�troduo­
denal mucosal injury associated with SAIDs. However. Agrawal e1al . . 1991 re­
ported no significant beneficial effect of sucralfate in the prevention of ga!ltric ulcers 

in osteoarthritis patients receiving NSAIDs. 

6.2. H2-receptor (/1/fat:onists 

Jn two placebo-conLrolled, prospective \ludic!. inve�tigating the protective effects or 
ranitidine in arthritis patients treated with SAID�. an eight-week course or rani­
tidine 150 mg BID was demon!ltrated to be effective in preventing duodenal ulcers 
with rate!> of 0% and 1.5� in the treated patien1s. comparetl to 8% in the placebo­
treated patients (Robinson eta/., 1989; Ehsanullah eta/., 1988). ln contrast. raniti­
dine was inciTcctive in preventing gastric ulcer!. in both studies. Furthermore. Taha 

eta/., 1996) recently reported a beneficial effect of !Jig!J docs famotidine (40 mg 

BID) in preventing both gastric and duodenal ulcers in anhriti� patients receiving 
NSAID!. for 2-+ weeks. Although H�-receptor antagonist. appear to be effective 

in reducing NSAID-related ulcers and dyspeptic symptom�. Singh el a/ .. 1996 re­

cently found that asymptomatic rheumatoid arthritis patients receiving H�-reccptor 
antagonists had a significantly higher risk for developing G I complications than 
those not taking thc!-.e drugs. Thus. the routine usc or l-11-reccptor antagonists in the 

prevention of NSAID-as�ociated ulcer:-. cannot be:: recommended. 

6.3. Misopro.\tol 

Graham etol., 1988 examined the prevalence or gastric ulcers in patients with 
O!ltcoarthritis who had abdominal pain and were receiving NSAIDs. Patients were 
prescribed misoprostol 100 /lg QID. misopro!ltol 200 11g QID. or placebo. Ulcers 

were detected in 1.4%, 5.6%. and 21.7o/c. respectively. In a subsequent �tudy or 
638 patienb with chronic arthriti!-.. Graham et a/. ( 1993) further demonstrated 
that misopro�tol !>ignificantly reducetl the incidence of duodenal ulcer!> from -+.6% 

in those taking placebo to 0.6o/c in those taking misopro tol. Despite these 
encouraging results, tlyspcptic symptoms did not improve in the�e studies, and 
diarrhea developed in 391k of patients taking 200 /�g or misoprostol. In a study 
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by Ra!->"in et of. ( 1995) evaluating the prophylactic effect of misoprostol at dose!'> 

of 200 Jlg BID. TID and QID. the authors found that lower do!->e!'> of mi:-.opro!->tol 

were beller tolerated. but that a significant protective c1Tect wa!'> only seen with 

the TID and QID regimens. Although the re:-.ult� or the above studies suggest 

that mi!->opro�tol is indeed effective in preventing NSAID-induccd gastroduodenal 

ulcers. it is a�sociated with significant side effecb which include not only diarrhea 

and abdominal pain. hut also increased uterine contractility that can lead to 

spontaneou!'> abortion. Misopro�tol i:-. thu!-> contraindicated in women or childbearing 

age who are sexually active. 

6.-1. Proton pump inhibitfJ/:� 

Yeomans et al .. 1998 evaluated the prophylactic cfrect or omeprazolc compared to 

that of ranitidine in 432 patient!'> who were randomly a!'>signed maintenance therapy 

with either '20 mg QD of omeprazolc or 150 mg BID of ranitidine. After six months. 
l6.3ck and 4.2% or those given ranitidine developed gastric ami duodenal ulcers. 

respectively. but only 5.21k developed a ga�tric ulcer and O.So/r a duodenal ulcl!r in 

the omeprazole group (Fig. I). Another study compared the erricacy of omeprazole 

and misoprostol in the prevention of recurrent ulcer:-. in 732 patients who continued 
to receive SA IDs. Patients were randomly assigned either placebo. 20 mg QD 

of omepraLolc. or 200 Jtg BID of mi�opro. tol. At �ix month'-. duodenal ulc:crs 

were detl!t.:tecl in 12% and I 0% of those treated with placebo and mi!->Opro:-.tol, 

respectively, while only 31� of those treated with omeprazole developed a duodenal 

ulcer. Gastric ulcer� recurred in 32�. 10%. and 139( of the individual!\ receiving 

placebo. misopro!'>tol. and omepra7ole. respectively. These �tudies sugge!'>t that 

omeprazolc is effective in preveming both initial ulcer formation a:-. well as ulcer 

recurrence in patients who cominue NSAID use. 
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Fi�ure I. R�:.tilt:. uf' a randomiLetl. doublt:-hlind, rlacebo-controlh.'J trial that compan:u th� ability 
of' ranitidinc 150 mg. BID and om�rratolc 20 mg. QD to pl'<.'\t:llt the devclopmc:nl of' NSAID-imlm:cd 
gastroduodenal ulcer'. Data adapted rrom Y�oman-. et a/. ( 199!!). � p < 0.00 I. 
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Figure 2. lndd.:ncc of gastroduodenal ulcer' ( > 5 mm in diameter). The placebo group'' a\ ob�cn ed 

for 12 wccl..� only. Data adapted from Laine Nul. (in pre�\). • p < 0.001 wmparcd to both do'c' of 

roli:coxib. 

6.5. Preferential and selectil'e COX-2 inhibitors 

Allempt. have been made to reduce NSAID toxicity through novel changes in their 

formulation. Recent surveillance and endoscopic swdies have confirmed a lower 

incidence or gastroduodenal mucosal injury with the usc of nabumetonc, etodolac. 
and meloxicam (Wolfe et al .. 1 999). These drugs preferentially inhibit COX-2, with 

less effect on COX- I. which appears to account for their improved safety profile. 
New highly selective COX-2 inhibitors. celecoxib and rul'ccuxib, recently entered 
the market and been shown to reduce the incidence of NSAID-rclated endoscopic 
ulcers (Fig. 2). 

7. FUTURE DEVELOPMENT OF SAFER NSAIDS 

Several other compounds arc in developmem with hopes or increa. ing NSAID 
safety. These include nitric oxide (NO) releasing NSAID� and NSAlDs prcasso­

ciated with zwitterionic phospholipids. Trefoil pepticles and basic fibroblast growJh 
factor (bFGF) arc also being examined for their potential clinical role in protecting 

again:-.� NSAID-incluced mucosal injury. 

8. CONCLUSION 

Because or the pervasive usc of NSAIDs in our society. It IS importanl that 
physicians be able to identif"y and manage patients aff"ected by NSAID-related 
gastrointestinal toxicity. Dyspepsia is a relatively common complication as�ociated 
with NSAlD u�e which i� be best managed with either an H2-receptor antagonist or 

a PPI. Treatment of confirmed ga!.troduodenal ulcers !.hould include withholding the 
NSAID when possible and providing a PPI. Once ulcer healing has been achieved. 
if NSAID therapy is to be re-instituted, prophylaxis against gastroduodenal toxicity 
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Table 3. 
Rccommemlation' for munagcm�:nt of NSAI D-associatetl ga�troduodcna l muco�al 
injury 

Clini�:al prc�cntmion 

Active ulccr 

Maintenance therapy 

Rccomnu�ndation 

Empirical l l2-rcceptor antagnni't' (e.g. cin 1ctidinc -100 
mg BID.  ranitidinclnitutidinc 150 mg BID.  nr famo­

tidinc :!0 mg. BID) nr proton pump inhibitor (e.g. 
omcpn11olc 20 mg QD. l�liN>praLolt: 30 mg QD. 

rabcprawk 20 mg QD. or pantopr:�7olc -W mg QD) 

SAID di,continucd: I-I::!· receptor antagonist or prown 

pump inhibitor 

SAID continued: proton pump inhibitor 

Coadmmbtration of proton pump inhibi tor 

Coatlmini�tr:�tinn of mi�oprostnl (at lca�t ::wo 11g T I D )  

COX-2 prc lcrcntial agent (e.g. nahumctonc. l:!todolac. 
or meloxicnm) 

COX-2 �clcctivc agent (e.g. celccoxib :md rofccoxih) 

i� be�t accomplished through the u:.c of a PPI,  misopro:-tol (at lea:-,t 200 Jtg T I D ). or 

an NSAID that preferent ia l ly or se lective ly inhibits COX-2 (Table 3).  
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