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Selective COX-2 Inhibitors and Cardiovascular Risk:
Deciphering the Mystery

By Mimi Lo, Pharm.D.

In amove that stunned the nation, Merck announced the voluntary withdrawal of
rofecoxib (VioxxR) in the Fall of 2004 dueto clinica evidence of an increased risk of
adverse cardiovascular events.16 With worldwiderofecoxib salestotaing roughly $2.5
billion, thismoverepresented thelargest dollar volume prescription drug withdrawal in
history.1 Information recently released to the FDA has aso revedled an increase in
cardiovascular events associated with celecoxib and valdecoxib use, which has hurled
the selective COX-2 inhibitor drug classinto astate of intense scrutiny and dampened
enthusiasm for their use.23 Although the association of these popular drugs with
cardiovascular risk cameasashock tothegenera public, thecontroversy over increased
cardiovascular risk with COX-2inhibitorshasbeen brewing sincethe publication of the
VIGOR trid in 2000.# This pivotd trial, designed to compare gastrointestinal toxicity
of rofecoxib and naproxen, spawned further inquiry when an unexpected five-fold
increaseof cardiovascular eventsintherofecoxib group wasreported. Thisarticlewill
review the pharmacology of NSAIDs, discussthe theoretical basisfor aclass effect of
COX-2 inhibition on cardiovascular risk, and suggest a rationa approach to the
continued use of these agents.
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There are two cyclooxygenase (COX) isoforms, COX-1 and COX-2, which are
responsible for metabolizing arachidonic acid to various e cosanoids including throm-
boxane A,, prostacyclin (PGl,), and prostaglandin E, (PGE,; seeFigure 1). Whilethe
two isoforms possess a 66% homology in enzyme structure, their main functional
differences are related to their expression in different tissues> COX-1 is expressed
congtitutively in platelets, vascular endothelia cells, gastric epithdia cells, and rend
collection tubules and is involved in the regulation of physiologic processes such as
platelet aggregation, stimulation of production and maintenance of protective gastric
mucus, and homeostatic regulation of glomerular filtration in thekidney. Like COX-1,
COX-2iscondtitutively expressedintissuessuch asthebrain, kidney, endothelium, and
spind cord, but isasoinduced at sites of inflammation and injury by certain cytokines,
endotoxins, and growth factors.6

Evidencethat COX-1 inhibition isthe primary cause of injury to the gastric mucosa
following NSAID use provided the impetus for the development of selective COX-2
inhibitors. It was hoped that selective COX-2 inhibition would offer the same anti-
inflammatory efficacy withless Gl toxicity. Asseenin Figure 2, theability of NSAIDsto
selectively inhibit the two COX isoforms exists as a continuum.”9 Agents such as
ketorolac, aspirin, naproxen, and ibuprofen have agreater affinity for COX-1 inhibition,
whileagentssuchasetodol ac, mel oxicamanddiclofenacaremoresd ectivetowardsCOX-
2. Althoughthe*coxib’ drugs(celecoxib, rofecoxib, and val decoxib) have been marketed
asbeing uniquely COX-2 selective, thisisnot an accurate designation. Celecoxib, thefirst
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Figure 1. Role of Cyclooxygenase | sofor msin the Biosynthesis of Prostaglandins
(adapted from reference 10)
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of the “sdective” COX-2 inhibitorsto be
marketed, has a sdectivity towards the
COX-2isoform roughly equivaent to that
of the older traditional diclofenac
(VoltarenR). Although often overlooked,
drugs such as meloxicam (MobicR) and

COX-1
Expressed in platelets,
gastric epithelial cells,
vascular endothelial
cells, renal tubules

Thromboxane
TXA: Platelet
aggregation,
vasoconstriction

Prostaglandins

PGE2: Gastroprotective,
regulates body heat,
renal homeostasis

PGl2: Vasodilator, inhibits

platelet aggregation,
renal homeostasis

etodolac (LodineR) are more sdectivein-
hibitors of COX-2 than celecoxib. Rofe-
coxib and newer agents like valdecoxib,
etoricoxib, andlumiracoxib al havemuch
higher affinitiesfor COX-2 and relatively
little affinity for COX-1 inhibition.”

COX-2

Expressed in kidney,
CNS, and endothelium;
up-regulated during
injury/inflammation

Prostaglandins

PGE_>: Pyretic agent,
decreases nociceptor
threshold, decreases
Na/H20 resorption in
kidney

PGl,: Vasodilator, inhibits
platelet aggregation, renal
homeostasis

Althoughtheintroduction of themore
selective COX-2 inhibitors have been as-
sociated with a decrease in the incidence
of Gl bleedsin chronic anti-inflammeatory
drugusers, multiplecomplex mechanisms
arethought to contributeto theincreasein

NSAIDscan beordered
along a continuum
according to their ability
to sdlectively inhibit the
COX-1and COX-2
isoforms.

Although the‘coxib’
drugs (celecoxib,
rofecoxib, and
valdecoxib) arelabeled
“COX-2 sective” thisis
not a wholly accurate
designation.

Cedecoxib isroughly
equivalent to diclofenac
in COX-2 sdectivity and
meloxicam and etodolac
aremore COX-2 selec-
tivethan celecoxib.
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cardiovascular risk. Together, the COX
enzymesplay animportant rolein cardiovascular homeostasis. Asillustrated in Figure 1,
COX-1 mediates the production of thromboxane A, (TXA,), which promotes vasocon-
sriction and platelet aggregation.10 In platel ets, COX-1isthe only isoform present. The
COX-2ectivity inmacrovascul ar endotheliumisup-regul ated by laminar sheer stressand
primarily produces prostacyclin (PGI,), which promotes vasodilation, and inhibits
platelet aggregation and adhesion.® By the opposing action of these two isozymes, the
vasculature is typically maintained in a balanced state between COX-2-mediated PGl ,
and COX-1-dependent TXA,, production.® Since non-sdective NSAIDsinhibit both the
formation of platelet thromboxane and endothelia prostacyclin, they are not thought to
disrupt the normal hematologic equilibrium. On the other hand, it is hypothesized that
selective COX-2 inhibitors disrupt the antithrombotic effects of PGI, and permit the
unopposed pro-aggregatory action of TXA,, on platelets.® In thisway, highly selective
COX-2inhibitors, suchasrofecoxibor val decoxib, arethought to beabl etotiptheba ance
to increase adverse cardiovascular thrombotic events in predisposed patients. Since
celecoxibistheleast COX-2 selective of thedrugsinthe‘ coxib’ class, it may inhibit the
COX-1isoform enough to overcomethe pro-aggregatory effectsof TXA,, especidly at
supratherapeutic doses.8 Similarly, unbalanced COX inhibition can also uncouple the
physiologic homeostasi s between vasoconstrictive TX A, and vasodilatory PGI.,.5 Selec-
tive COX-2 inhibition of PGI,, production may promote thromboxane-induced vasocon-
striction and lead to vascular occlusion. However, the risk of COX-2 inhibitor-induced
thrombosisin hedlthy patients should be small due to the presence of other endogenous
substances, such asendothelium-derived nitric oxide, that protect against thrombotic and
vasomotor imbaances.1! Thus, patients with pre-existing cardiovascular disease are
expected to be more susceptible to the adverse prothrombotic effects of sdective
COX-2 inhibition.

A linear relationship existsbetween blood pressureand cardiovascul ar/cerebrovas-
cular disease; even a small change in blood pressure is known to impact the risk for
cardiovascular events.12 NSAID-induced deterioration of blood pressure control puts
patients at risk for the development of cardiovascular events.1314 |n the kidney, the
bal ance between production of PGE, and PGl islargely responsiblefor renal vascular

(Continued on page 9)
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Multiple complex mecha-
nisms, including the
uncoupling of homeosta-
Sis between vasoconstric-
tive thromboxane A, and
vasodilatory PGI, under -
lietheincreasein cardio-
vascular risk demon-
strated in association
with sdective COX-2
inhibition.

Several studieshave
confirmed a small but
clinically significant
increasein cardiovascu-
lar risk in patients
treated with sdective
COX-2inhibitors.

I buprofen isnow known
tobeapoor choicein
patientstaking cardio-
pr otective doses of
aspirin. It isthought that
the 3-dimensional con-
figuration of the ibupro-
fen molecule mechani-
cally preventsaspirin
from acetylating platelets
by blocking receptor
access.

Whileclinical trialshave
confirmed a dight ben-
efit for gastro-duodenal
tolerability of the selec-
tive COX-2inhibitors,
the Gl benefitsarelost in
patientstaking aspirin.
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homeostasis. PGE, plays arolein the regulation of intravascular volume by reducing
sodiumandwater reabsorptioninthecollecting duct and thick ascendinglimb of theloop
of Henle.13 PGI, servesto regul ate renal vascular tone, glomerular filtration, and renin
release. Preferential inhibition of PGE, production increasestubular sodium and water
reabsorptionwhilepreferentia inhibition of PGI., production allowsfor the unopposed
action of vasoconstrictorson the vascular endothelium. In patientstaking NSAIDs, the
reductioninthe production of thesetwo prostaglandins can contributeto adeterioration
in blood pressure control, especidly in patients with rena insufficiency due to
hypoperfusion, advanced age, or pre-existing disease.13 Studies have €l ucidated COX -
2 asthe primary isoform responsible for renal homeostasis, and therefore, it isthought
that a selective COX-2 inhibitor-mediated increase in blood pressure could potentially
contribute to the development of cardiovascular eventsin predisposed patients.14

Severa studies have suggested a link between selective COX-2 inhibitors and an
increasein cardiovascular risk#1516 (see Tablel). Thefirst evidenceof thisassociationwas
seen in the Vioxx Gagtrointestind Outcomes Research (VIGOR) trid.4 This study
evauated the Gl safety of supratherapeutic doses of rofecoxib vs. therapeutic doses of
naproxen in patientswith rheumatoid arthritis. Notably, patientswith ahistory of coronary
heart disease or aspirin/anticoagulant use were excluded from the study. Unexpectedly, a
5-folddifferenceintheincidenceof acute M| wasdetected betweenthetwotreatment arms.
In hindsight, it was determined that 4% of this study population qualified for low-dose
aspirin for secondary prevention and that these patients accounted for 38% of the Mls
reported. Further, 80% of the patients who had thrombotic events had one or more
recognizable CV risk factors, and the incidence of cardiovascular events only differed
between groupsinthesubset of patientsjudged to becandidatesfor aspirin. Theresultswere
suggestive of aprothrombic effect of rofecoxib when used in patients aready at risk for a
cardiovascular event. Initialy suggested to be an artifact of the comparison to naproxen
(which has greater COX-1 sdlectivity and inhibits the production of TXA, and platelet
aggregation to the same degree asaspirind), the VIGOR trial findingswerefollowed by the
publication of pooled andyseswhich suffered from substantial methodological limitations
but nevertheless served to cast doubt on the genuineness of the results.1”.18 Then in
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Table I: Randomized Controlled COX-2 Inhibitor Clinical Trials and Cardiovascular Outcomes

Pre-existing
Study and patients Regimen Corg?saergssleart Cardiovascular Outcomes Conclusions
Concurrent ASA
CLASS2 CV eventsat 9 months: Overdl, no setidtically significant
Celecoxib 400mg sio vs. . _ differencein CV events between groups.
N = 8,059 Diclofenac 75ma sio vs | CHP not exduded. | Overdll Ptientsnot teking ASA [ In non-ASA users, trend towards
o] 2_70/’ RA patients lbuprofen 800mg ASA alowed. Celecoxib = 1.3% Celecoxib = 0.8% higher rates of CV eventsin
3 730/0 OA pat' " P gmo Diclofenac =14%  Diclofenac = 1.0% celecoxib and diclofenac vs.
S 0 OA pauents Ibuprofen = 1.1% Ibuprofen = 0.4% ibuprofen group (NS).
©
o CV events: -, o )
2
APC Celecoxib 400mg oo Not evaluated. | Celecoxib 400mg oo = 2.2% Stilstflcallél_sgn|f|(l:ant Increase 'r?
800mg oo vs. placebo otevaluated. | cqecoxib 800mg oo = 3% risk of cardiovascular events wit
N = 2,026 - either dose of celecoxib vs. placebo.
Placebo = 0.9%
15 . . .
a TéRGET _ Lumiracoxib 400mg go All CV events: Lumiracoxib 0.65% vs. NSAIDs Overall, no statistically significant
x| N= 18,244 OA patients 0.55% (NS) . . ;
s} . : vs. Naproxen 500mg Bip CHD excluded. differencein CV risk between groups.
g | 4741 (umiracoxib) vs . Higher incidence of acute M| associated
£ | 4730 (naproxen) and || \iaconin d00mg oo | ASA allowed, | CV &vent raterl00 patient years (OFASA USBIS): |\ i 1 vivacouib vs. naproxen (see text)
s | 4376 (lumiracoxib) vs. vs. Ibuprofen 800md Tio Lumiracoxib 0.80 vs. naproxen 0.53 (P = 0.24) but not vs. ibuprofen
= | 4,397 (ibuprofen P 4 Lumiraxocib 0.51 vs. ibuprofen 0.54 (P = 0.88) profen.
VIGOR* 5-fold difference in rate of M1 between
. . rofecoxib and naproxen treatment
N = 8,076 RA patients | Rofecoxib 50mg qb vs. Rgcx?f,dCQD TRrgf(;rcnot;?Ec_e[\)/ig/ts ghd0menths arms (P not reported).
o | (4% of patients Naproxen 500mg sip ASA not all oW ed. | Naproxen B 0‘ 10/0 Among patients that qualified for low-
3 | qualified for low-dose ' ® Y dose ASA, the rofecoxib arm trended
§ prophylaxis) toward a higher rate of MI.
o
@ . .. | Statistically significant increase in
APPROVe®" . Rate of Ml/groke at 18 months (interim andlyss): | . .
N=260pateniswith | FOCOP I | psp dlowed. | Rofecorib = 35% e (b s oy 0
fix of colorectal adenomas Placebo = 1.9% Trial halted prior to 3-year endpaint.
Unoublished® Placebo or parecoxib (P) Incidence of CV thromboembolic events; ?tgtlosgg)al i|r¥ g\?ngllecsg i(:lf;;e\r/mﬁgu(P
P 40mg load then 20mg v | o ao Placebo/Placebo = 0.5% v placebo group
_ BID X 3 days then placebo . Placebo/Valdecoxib (V) = 1.1% ) . . .
o [N=16% or valdecoxib (V) 20mg patients. Parecoxib (P)Valdecoxib (V) = 2.0% Trend towards an ncrease in CV
X 81D X 7 days eventsin pl o/V vs.
§ placebo/placebo group.
o . -
S Ott et a.® Zgichclib (?thgmg v Acute MI: P/V 1.6% vs. control 0.7% (NS) A non-gtatigtically significant higher
' ' val decoxi?)l (V) 40mg eip Pos-CABG incidince of CV and cerebrovascular
_ K 9 pdients. Cerebrovascular event: PIV 2.9% vs. control | eventsin the paricoxib/vadicoxib am
N =462 x 14 days vs. "standard of
. 0.7% (NS) vs. the standard of care control arm.
care" opiods and APAP

Valdecoxib isthe most

COX-2 sdective agent
currently marketed in
the United States. Its
association to heightened
cardiovascular risk
severely limitsitsrolein
current therapy.

Some practitioner snow
view selective COX-2
inhibitorsastherapies of
last resort.
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September of 2004, the validity of the VIGOR trial findings were confirmed by the early
release of datafrom the Adenomatous Polyp Prevention on Vioxx (APPROVe) trial .16 The
interim results of this placebo-controlled trial demonstrated an undeniable increasein the
rateof M1 or strokein patientstreated for 18 monthswith therapeutic dosesof rofecoxib (see
Tablel) and prompted the withdrawal of rofecoxib from the market.

Heightened concernthat theincreaseinrisk of cardiovascular eventsassociatedwith
rofecoxib islikely to be aclass effect of salective COX-2 inhibitorsisgrounded in the
theoretical evidence summarized above and extends to evidence drawn from random-
ized clinical trids of other COX-2 inhibitors (see Tablel). For example, adefinitelink
to an increase in the risk of serious cardiovascular outcomes has been established
between valdecoxib and its prodrug (parecoxib) following coronary-artery bypass
grafting?? and the val decoxib | abeling has been revised to include acontraindication for
itsusein post-CABG patients.3 L umiracoxib in comparison to naproxen wasassociated
with an excess of myocardia infarctions in the Theragpeutic Arthritis Research and
Gastrointestinal Event Trial (TARGET) (0.38% vs. 0.21%; hazard ratio 1.77 [95% ClI

(Continued on page 11)
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If theuse of a COX-2
inhibitor iswarranted,
lower dosesgiven for the
shortest possible period
arepreferred over higher
doses.

A conservative approach
for practitionersisto
preferentially choose
from agentsin the middle
of the spectrum shown in
Figure 2 (e.g., fenoprofen,
sodium salicylate).

An alter native approach
isto combine NSAID
therapy with a proton
pump inhibitor (such as
omeprazole) or the use of
misoprogtol; both have
been shown to prevent
NSAID-induced gas-
troduodenal ulcers.

Acetaminophenisa
reasonable choice for
patientswho are not able
totolerate NSAIDsand
the American College of
Rheumatology il
advocates acetaminophen
asafirg-lineagent for the
treatment of noninflam-
matory osteoarthritis.2

Theresults of ongoing
clinical trials are expected
to seal thefate of the
COX-2 sdectiveinhibi-
torsremaining on the
market.
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0.82-3.84]).15 Although the differences detected in some trids were not statistically
significant, the studies were not designed a priori as cardiovascular outcome studies.
Therefore, the power of the trials may be inadequate to definitively detect smdll
differencesintheratesof MI. Despitethislimitation, thetrend toward anincreasein the
incidence of myocardial infarction acrossdiverse coxib clinica trids, further suggests
that cardiovascular risk appearsto be aclass effect of salective COX-2 inhibition.

Therelative cardiovascular safety of celecoxib remains undetermined. While not
statistically significant, patientsintheessentially equivalent COX-2 sel ectivecelecoxib
and diclofenac groups (see Figure 2) experienced more cardiovascular events than
patientstakingibuprofenintheCelecoxib L ong-term ArthritisSafety Study (CLASS).21
Recent data released from the National Cancer Institute regarding the use of celecoxib
for colon cancer prevention (AdenomaPreventionwith Celecoxib [APC] trial) showed
a2.5-fold increasein cardiovascular risk for patients taking 400mg/day and a 3.4-fold
increaseinrisk for patientstaking 800mg/day of celecoxib when compared to placebo?
(also see Tablel). However, two observationa studies have not reported celecoxib to
contribute to cardiovascular events.2223 |n addition, the National Cancer Ingtitute also
recently released interim datafrom the ongoing Prevention of Spontaneous Adenoma-
tousPolyps(PreSAP) trid, which hasnot yet shown that celecoxibincreasescardiovas
cular eventsin patientswith prior colon polyps.24 Asdiscussed earlier, celecoxibisthe
least COX-2 selective of the ‘coxib’ drug class and aso has affinity for the COX-1
isoform89 (also see Figure 2). Consequently, it may potentially have properties of a
COX-1inhibitor, especially at higher doses when isoform specificity is thought to be
lost.8 Thispoint isfurther illustrated by the Cel ecoxib Rofecoxib Efficacy and Safety in
ComorbiditiesEvduation Tria (CRESCENT), arandomized double-blind study which
looked at the effects of rofecoxib, celecoxib and naproxen on blood pressurein patients
in osteoarthritis, hypertension, or type 2 diabetes mellitus.2> The investigators found a
smdll but satistically significant increasein systolic blood pressure (3.78 and 3.85mm
Hg, respectively) for rofecoxib compared to celecoxib and naproxen after 6 weeks of
use. These results suggest that celecoxib does not effect rena or epithelial vasculature
tothesamedegreeasrofecoxib and thusmay not beassoci ated withthesamemagnitude
of cardiovascular risk as more selective COX-2 inhibitors.

Based on the preponderance of the evidence, the present role of COX-2 selective
agents in current therapy is limited. Highly selective COX-2 NSAIDs are no longer
preferred in patients with identifiable CV risk factors, and it is possible that selective
COX-2 inhibitors aso increase the risk of CV events in others without known risk
factors. While clinical trids have confirmed a dight benefit for gastro-duodenal
tolerability of the sdective COX-2 inhibitors when compared to COX-1-selective
NSAIDs 421 the Gl benefitsarelost in patientstaking aspirin.26 Highly selective COX-
2 agents (e.g., valdecoxib) thus appear to be second- or even third-line dternativesfor
younger patients without identifiable CV risks when there is a positive history of
gastroduodenal ulcers. For patientswith identifiable cardiovascular risksand ahistory
of NSAID-associated Gl intolerability, a conservative approach for practitionersisto
choose from agentsin the middle of the spectrum shown in Figure 2 (e.g., fenoprofen,
sodium sdlicylate). For patients who fail these non-selective agents, a more COX-1
selectivedternative(i.e., naproxen) canbechosentoavoidincreasng CV risk oramore
COX-2 sdectiveaternative (i.e, diclofenac) can be chosento diminish Gl intolerance.
An alternative gpproach isto combine therapy with use of a PPl (such as omeprazole)
or misoprostol .2” While both omeprazol e and misoprostol have been shownin clinica
studiesto be effective in preventing NSAID-induced gastroduodenal ulcers, low dose

(Continued on page 12)
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- Dosage Form(s), Therapeutic Usual Adult
SEAE GRS Strength(s), & Cost* Classification i Starting Dose*
L - . . 0.25 mg x 1 dose
Injection: 0.25mg/5mL 5-HT, receptor Antiemetic g

administered ~30

antagonist !
minutes before

Palonosetron (Aloxi)

Added to formulary limited to use in oncology for the prevention of delayed,
chemotherapy-induced nausea and vomiting in patients who have failed ondansetron.

the start of
chemotherapy.

Gatifloxacin (Zymar)

Ophthalmic solution: 3
mg/mL (2.5mL, 5mL)

1 drop g 2h while
awake, up to 8
times/day.

4th generation
fluoroquinolone
antibiotic

Conjunctivitis

* Refer to product labeling for full prescribing information. ¥ Contact pharmacy for information on drug costs.
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misoprostol (200mcg qip) has aso been shown to be superior to omeprazole in ulcer
healing.2” The mgjor limitation of misoprostol istolerability, with abdomina pain and
diarrhea being the main culprits to patient adherence. ArthrotecR is a combination of
diclofenac and misoprostol, which if tolerated, can be arational long-term choice for
NSAID userswho are at high risk for ulcer formation. Another reasonable choice for
patients who are intolerant of NSAIDs s acetaminophen.

Inconclusion, whentheuseof anNSAID isnecessary, it isimportant to assessboth
thepatient’ scardiovascul ar risk aswell asany history of NSAID-associated gastrointes-
tinal intolerability. COX-2 inhibitors can no longer be recommended asfirgt-line anti-
inflammatory agents because the Gl benefits of sdlective COX-2 inhibitors do not
outweighthecardiovascular peril in patientswho areat risk for thromboembolic events,
and particularly in patientstaking aspirin. The use of amore conservative approach to
favor the selection of NSAIDswith balanced COX -isoform selectivity (asillustratedin
Figure 2) is suggested.
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