Safety Profiles of Leading Nonsteroidal
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Recently introduced nonsteroidal anti-inflammatory
drugs (NSAIDs) have capitalized on new formulations
or unique physical and pharmacologic properties in
an attempt to provide a greater margin of gastrointestinal (GI) safety. The use of enteric coatings and
nonoral or pro-drug formulations have not necessarily provided the expected safety, but other properties
have been identified that appear to be more promising. However, as demonstrated by oxaprozin, considered to be one of the least safe NSAIDs but one of
the leading drugs on the US market, success may not
be dependent on safety. In contrast, the improved
tolerability of 2 other new NSAIDs, nabumetone and
etodolac, has been established in clinical trials and
limited postmarketing surveillance. This improved
tolerability is probably associated with several pharmacologic properties that have been suggested to
contribute to GI safety: (1) nonacidic pro-drug formulation; (2) lack of enterohepatic recirculation; (3) a
short plasma half-life; and (4) preferential inhibition
of cyclo-oxygenase-2 (COX-2). Although these factors may not improve efficacy, their incorporation
into the design of drugs suggests that safer NSAIDs
may be a clinical reality. However, the safety and
clinical value of any new drug for the general population will be validated only through extensive postmarketing surveillance. Am J Med. 1998;105(5A):
39S– 43S. © 1998 by Excerpta Medica, Inc.
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linicians have long been aware of the link between
nonsteroidal anti-inflammatory drug (NSAID)
use and gastropathy. They have also known that
not all NSAIDs are “created equal” when it comes to safety; some NSAIDs present a significantly higher risk of
upper gastrointestinal (GI) toxicity than do others.1– 4
Over the past decade, clinicians have seen the development of a plethora of new NSAIDs trying to find a specific
niche in the $2 billion anti-inflammatory drug market.
Despite the promises of improved efficacy and better tolerability, clinicians remain at odds as to whether any one
particular NSAID provides an advantage over the others.
Most of the newer drugs have tried to capitalize on such
unique properties as enteric coating, pro-drug formulation, nonoral administration, or lack of enterohepatic
circulation, which may make a particular NSAID safer
and thereby distinguish it from the multitude of other
NSAIDs.
Some of these properties have only had a modicum of
success. Enteric coating offers minimal, if any, benefit for
the prevention of NSAID-associated gastropathy. Prodrug formulation provides no guarantee of safety. For
example, the use of sulindac, a pro-drug of sulindac sulfide, is associated with significant toxicity. Alternative
routes of administration—parenteral, rectal, or topical—
have not provided the safety margin that had been hoped
for. Some of these alternative routes of administration
may avoid direct topical toxicity to the gastric mucosa,
but systemic effects still occur because the drugs are
present in the serum. Ketorolac, an NSAID that can be
administered either orally or parenterally, has been
shown to increase significantly the risk of upper GI bleeding and perforation and is considered to be 5 times more
gastrotoxic than other NSAIDs, regardless of its route of
administration.5
The ability of an NSAID to damage the GI system is
dependent on multiple factors. Two factors have recently
come into focus, both in terms of their contribution to
toxicity and as targets for development of safer NSAIDs:
cyclo-oxygenase-2 (COX-2) inhibition and absence of
enterohepatic recirculation. Recent indications are that
either or both of these properties may be key to providing
a gastrointestinally safer NSAID.
COX-2 is the isoform associated with inflammation
and disease, and COX-1 is associated with gastroprotection and platelet aggregation; inhibition of COX-1 may
lead to NSAID toxicity.6 Therefore, agents that more spe0002-9343/98/$19.00 39S
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cifically inhibit COX-2, with a relative sparing of COX-1,
should be potentially safer drugs.
Initiation of GI toxicity by an NSAID is most likely to
occur via topical damage to the mucosa.7 The ability of an
NSAID to go through enterohepatic recirculation means
that the drug will be seen by the GI mucosa twice, thereby
doubling the potential for mucosal damage. A recent
study8 in rats given diclofenac or nitrofenac, a nitroxybutylester derivative of diclofenac that does not undergo
enterohepatic recirculation, suggests that enterohepatic
recirculation is the main factor contributing to the ability
of an NSAID to cause enteropathy. Therefore, an NSAID
that does not go through this process, i.e., has low or no
biliary excretion, should significantly decrease toxicity.
The plasma half-life of an NSAID is an additional
property that has recently become of interest as a potential basis for determining toxicity. Although, ideally, a
longer half-life is desired so that dosing may be maintained on a once-daily basis, a longer half-life has also
been associated with increased risk of renal impairment9
and GI complications.10 In addition, the potential for a
nonaspirin NSAID to inhibit platelet aggregation via its
(reversible) inhibition of thromboxane synthesis (a cyclo-oxygenase-dependent prostaglandin required for
platelet aggregation) is increased if it has a long plasma
half-life.11 This can lead to a greater risk of GI bleeding,
such as in the case of piroxicam, with a half-life of .50
hours.12
The relative safety of 3 of the leading NSAIDs on the US
market— oxaprozin, nabumetone, and etodolac—will be
discussed with respect to the properties outlined above.
Oxaprozin
Oxaprozin has become one of the leading NSAIDs on the
US market despite its having a half-life .50 hours and
other properties generally not associated with a gastrointestinally safe NSAID.13 Pharmacokinetic studies suggested that a lack of enterohepatic circulation could provide oxaprozin with a margin of safety compared with
other NSAIDs. Although urinary excretion of oxaprozin
predominates in humans, an estimated 31% of the drug is
recovered as metabolites in the feces, with negligible
amounts of free or conjugated oxaprozin.13 However, if
these biliary metabolites do include a glucuronide derivative (as suggested in a review of its pharmacologic profile14), the glucuronide conjugate could conceivably be
deconjugated back to the parent drug and exacerbate GI
toxicity.
Several studies compared the safety of oxaprozin with
aspirin, piroxicam, and ibuprofen, and found that it provided better gastric tolerance than those 3 commonly
used drugs.15–19 However, many NSAIDs are better tolerated than aspirin and piroxicam, and these early studies
were based on very small numbers of patients. A further
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retrospective study indicated that oxaprozin was not as
well tolerated as aspirin or ibuprofen.20
Subsequent to those reports, published in 1986, there
has been a dearth of clinical or postmarketing studies on
oxaprozin safety. Nevertheless, anecdotal evidence from
gastroenterologists and rheumatologists suggests that the
risk of gastroduodenal mucosal injury associated with the
use of oxaprozin is among the highest of the NSAIDs.
This assertion is supported by data obtained from the
Arthritis, Rheumatism, and Aging Medical Information
System (ARAMIS) database showing a risk factor for serious GI adverse events, adjusted for confounding variables, of 3.72 for oxaprozin.21 Although this figure is
based on only 77 patient-years for the drug, it is the highest adjusted risk rate of all the NSAIDs that were studied.
Nabumetone
Nabumetone is a drug that has recently gained a lot of
attention on the basis of its putatively significant increase
in efficacy and safety compared with other NSAIDs. Although clinical trials have indicated that its efficacy may
not be as good as originally proposed—requiring higher
dosages than the recommended starting dose of 1,000
mg/day to achieve its desired reduction in pain and inflammation22,23—its GI tolerability, at least at the starting dose, has been demonstrated in numerous studies.
Nabumetone is actually a pro-drug of the active metabolite 6-methoxy-2-naphthylacetic acid (6-MNA). An
initial report suggested that 6-MNA was a preferential
COX-2 inhibitor24 and that this accounted for its lack of
GI toxicity. Subsequent studies were unable to confirm
this observation,25–27 and it is now believed that its safety
is based on 2 other factors. The first is that as a nonacidic
pro-drug, nabumetone does not affect the GI mucosa as
do the acidic NSAIDs. The second is that nabumetone is
metabolized by first-pass hepatic metabolism to 6-MNA,
and 6-MNA does not undergo enterohepatic recirculation; it is excreted almost entirely in the urine.
Nearly all the clinical trials have suggested that nabumetone is currently one of the safest NSAIDs on the market. Early studies using radiochromium to evaluate the
potential for GI bleeding during a 3- or 4-week course of
treatment showed that, in contrast to aspirin, which resulted in significant blood loss, there was no difference
between nabumetone (at doses of up to 2,000 mg/day)
and placebo or no treatment.28,29
Endoscopic studies have confirmed that nabumetone,
at 1,000 mg/day, causes less gastroduodenal toxicity than
do other NSAIDs. When compared with ibuprofen, there
was almost a 10-fold decrease in the cumulative rate of
ulcers for nabumetone (1,000 mg/day for 12 days; 1.7
versus 15.1; p ,0.01).30 A series of 8 studies lasting between 6 weeks and 6 months compared nabumetone with
placebo, aspirin, and naproxen.31 In these studies, there
was no difference in incidence of upper GI perforations,
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ulcers, or bleeds between nabumetone and placebo, a
lower incidence than that occurring with naproxen or
aspirin, and a significantly better endoscopic score at end
of trial when compared with naproxen. In a 5-year extension of one of these studies, patients were given nabumetone, #1,500 mg/day, or naproxen daily and followed
for up to 5 years with annual endoscopies.32 Over the
entire course of this study, there was a consistently and
significantly lower risk of developing an ulcer with nabumetone than with naproxen: 1 ulcer with nabumetone
compared with 8 with naproxen.
A pooled analysis of clinical trials involving 4,471 patients taking nabumetone for up to 2 years estimated the
cumulative frequency of clinically detected perforations,
ulcers, and bleeding to be 0.03%. This was more than an
order of magnitude better than the comparators, including diclofenac, indomethacin, piroxicam, naproxen, and
ibuprofen.33
Information obtained from the ARAMIS database
confirms the safety of nabumetone; to date, in the 221
patient-years of nabumetone use observed in this study,
there have been no serious GI events defined as bleeds or
other events requiring hospitalization.21 However, a
more accurate assessment of the GI safety of nabumetone
in the clinical setting would come from studies using
nabumetone at doses higher than the recommended dose
of 1 g/day.
Etodolac
Etodolac is an NSAID that is currently indicated for the
treatment of both osteoarthritis and rheumatoid arthritis. Several properties suggest that it may have an improved safety profile over other NSAIDs: preferential
COX-2 selectivity, minimal enterohepatic circulation,
and a short half-life.
Several in vitro test systems have indicated that
etodolac preferentially inhibits COX-2,27,34 –37 with data
from 2 of these studies suggesting specific COX-2 inhibition.27,35 However, the results of in vitro assays are dependent on the assay conditions, and since the conditions
used in these 2 studies are likely to overestimate COX
inhibition, it is most likely that etodolac is a preferential
inhibitor rather than a specific inhibitor of COX-2.
With respect to enterohepatic recirculation, a review of
the human clinical pharmacokinetics of etodolac estimates that biliary excretion of etodolac and its metabolites may range between 1% and 16%.38 Although the
half-life of etodolac—7 hours—is not appropriate for
once-daily dosing, this short half-life may provide for a
safer drug, especially in the elderly, in whom accumulation of drugs with a long half-life may be of concern. Data
from endoscopic clinical trials support the contention
that these factors do provide a margin of safety for
etodolac compared with other NSAIDs.39 – 45
A short-term study (7 days) of etodolac (600 mg/day)

in healthy males resulted in endoscopic scores comparable to those with placebo and lower than those with indomethacin, ibuprofen, or naproxen. In several 4-week
studies comparing etodolac (400 – 800 mg/day) with
naproxen (1,000 mg/day), etodolac consistently resulted
in significantly lower endoscopic scores than the comparator, with fewer gastric and duodenal erosions and ulcers
in healthy volunteers44,45 and in patients with active disease.39,40,42 Two of these studies demonstrated that, in
contrast to naproxen, there was no suppression of mucosal prostaglandin E2 synthesis and suggested that this accounts, at least in part, for its improved safety.39,44 Lipscomb et al45 further demonstrated that although gastric
adaptation occurred with both naproxen and etodolac by
4 weeks, naproxen caused more erosions as well as a decrease in gastric mucosal blood flow, as has been shown
for other NSAIDs.46 Etodolac, in contrast, increased the
mucosal blood flow, and the investigators suggest that
this factor may also contribute to its tolerability.
In an 8-week double-blind endoscopic study43 comparing the efficacy and safety of etodolac with tenoxicam
in an older population (mean age, 70.7 years) with osteoarthritis, there were only 2 confirmed ulcers in each study
arm. Endoscopic scores were significantly better with
etodolac than with tenoxicam, and there was no significant difference between baseline endoscopic scores and
those at 8 weeks of etodolac treatment.
The main problem with the studies discussed above
is that the patient populations were small. Only one
study,47 based on European postmarketing surveillance,
has utilized a large population to estimate the cumulative
ulcer rate of etodolac. In this population of .51,000 patients with rheumatoid arthritis, the cumulative ulcer rate
for etodolac was 0.04%. However, this study was based on
spontaneous reporting rather than on prospectively collected data. In the United States to date, the largest database for this type of epidemiologic data collection is the
ARAMIS database, which has information based on 88
patient-years of etodolac use with no reports of serious GI
events and a risk factor of 0.21

SUMMARY
Although the NSAID armamentarium has continued to
increase since the introduction of this class of drugs, it has
only recently been determined that specific factors may
help predict the comparative safety of NSAIDs: COX-2
inhibition, absence of enterohepatic recirculation,
shorter half-life, and nonacidic pro-drug formulations.
One or several of these factors can also be incorporated
into the design and synthesis of new compounds that may
potentially provide safer anti-inflammatory and analgesic activity. Two drugs currently in clinical use appear to
provide decreased GI toxicity: etodolac and nabumetone.
Although clinical trials are important in the initial deter-

November 2, 1998

THE AMERICAN JOURNAL OF MEDICINEt

Volume 105 (5A)

41S

A Symposium: NSAID-Associated GI Toxicity/Rothstein

mination of the relative safety and efficacy of new and
developing drugs, it is the combination of postmarketing
surveillance and a continuing dialogue between gastroenterologists and rheumatologists regarding use of NSAIDs
and incidence of serious adverse events that will confirm
the safety of any new drug.
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