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Review Article

Rofecoxib: an update on physicochemical,
pharmaceutical, pharmacodynamic and
pharmacokinetic aspects

Naveen Ahuja, Amarijit Singh and Bhupinder Singh

Abstract

Rofecoxib (MK-966) is a new generation non-steroidal anti-inflammatory agent (NSAID) that exhibits
promising anti-inflammatory, analgesic and antipyretic activity. It selectively inhibits cyclooxygenase
(COX)-2 isoenzyme in a dose-dependent manner in man. No significant inhibition of COX-1 is
observed with rofecoxib up to doses of 1000mg. The pharmacokinetics of rofecoxib has been
found to be complex and variable. Mean oral bioavailability after single dose of rofecoxib (12.5,
25 or 50mg) is 93% with t.,.x varying widely between 2 and 9h. It is highly plasma-protein bound
and is metabolized primarily by cytosolic reductases to inactive metabolites. Rofecoxib is eliminated
predominantly by hepatic metabolism with a terminal half-life of approximately 17 h during steady
state. Various experimental models and clinical studies have demonstrated rofecoxib to be superior,
or at least equivalent, in anti-inflammatory, analgesic and antipyretic efficacy to comparator non-
selective NSAIDs in osteoarthritis, rheumatoid arthritis and other pain models. Emerging evidence
suggests that rofecoxib may also find potential use as supportive therapy in various pathophysiolo-
gic conditions like Alzheimer’s disease, and in various malignant tumours and polyps, where COX-2 is
overly expressed. Rofecoxib is generally well-tolerated. Analysis of data pooled from several trials
suggests that rofecoxib is associated with fewer incidences of clinically symptomatic gastrointestinal
ulcers and ulcer complications vis-a-vis conventional NSAIDs. However, this gastropreserving effect
may be negated by concurrent use of low-dose aspirin for cardiovascular risk reduction. Rofecoxib
tends to show similar tolerability for renal and cardiothrombotic events as compared with non-
naproxen nonselective NSAIDs. No clinically significant drug interaction has been reported for
rofecoxib except with diuretics, where it reverses their salt-wasting effect and thus can be clinically
exploited in electrolyte-wasting disorders. There is only modest information about the physicochem-
ical and pharmaceutical aspects of rofecoxib. Being poorly water soluble, its drug delivery has been
improved using varied formulation approaches. Although it is stable in solid state, rofecoxib is
photosensitive and base-sensitive in solution form with its degradation mechanistics elucidated.
Analytical determinations of rofecoxib and its metabolites in biological fluids employing HPLC
with varied types of detectors have been reported. Isolated studies have also been published on
the chromatographic and spectrophotometric assay of rofecoxib and its degradants in bulk samples
and pharmaceutical dosage forms. The current article provides an updated overview on the physi-
cochemical, pharmaceutical, pharmacokinetic and pharmacodynamic vistas of rofecoxib.

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are amongst the most frequently
prescribed group of drugs worldwide. They are highly effective as analgesics, anti-
pyretics and anti-inflammatory agents (Brooks & Day 2000). Although generally safe,
they account for nearly one-fourth of all reported adverse drug events (Noble etal
2000). They have been held responsible for substantial morbidity and mortality as a
result of gastrointestinal complications like perforation and bleeding associated with
gastroduodenal ulcers (Roth 1986; Fries 1991; Hawkey et al 2000). The therapeutic
efficacy as well as toxicity of NSAIDs is generally attributed to the blockade of
prostaglandin synthesis by inhibition of cyclooxygenase (COX) enzymes (Vane 1971;
Chan etal 1999).
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COX is a bifunctional membrane-bound haemoprotein
also known as prostaglandin endoperoxide synthase
(Chan etal 1999). It catalyzes the transformation of ara-
chidonic acid to cyclic endoperoxide by bisoxygenation.
The latter serves as the common precursor for the syn-
thesis of prostaglandins, prostacyclin and thromboxanes
(Figure 1), collectively known as prostanoids (Jackson &
Hawkey 2000). Two COX isoforms have been identified
and characterized (Vane & Botting 1995; Smith & DeWitt
1996). A largely constitutive form is termed COX-1, while
a largely inducible form is COX-2. These two isoforms
have similar active sites and catalytic properties, but are
structurally distinct with only about 60% amino-acid
homology (Smith etal 1996; Griswold & Adams 1996).
Expression of COX-1 is ubiquitous and its activity pre-
dominates during normal physiologic conditions. COX-1
is known to be a housekeeping enzyme that generates
prostaglandins responsible for protection of gastric muco-
sal lining, regulation of blood flow to kidney and support-
ing platelet aggregation. It is only slightly upregulated in
some cells in response to hormones or growth factors
(DeWitt 1991; Noble et al 2000). COX-2 is constitutively
present in brain (Kaufman etal 1996), reproductive tract
(Lim etal 1997), renal cortex (Komhoff etal 1997) and
pancreatic islet cells (Robertson 1998). It is markedly
upregulated in response to inflammatory cytokines or
other stressors (Akaraserennont etal 1994; Mitchell et al
1994; Vadas et al 1996). These distinct expression patterns

have led to the proposal that prostaglandins produced by
COX-1 are largely responsible for physiologic function
(Meade etal 1993), while COX-2-derived prostaglandins
mediate pathophysiologic and inflammatory processes.
Traditional NSAIDs owe their therapeutic benefits to
the inhibition of COX-2, whereas their side-effect profile
is due to inhibition of COX-1 (Jackson & Hawkey 2000;
Brune & Neubert 2001). Their spectrum of activity against
COX ranges from a selectivity toward COX-1 to an equi-
selectivity for both COX-1 and COX-2. In an attempt to
overcome the toxicity of conventional NSAIDs, drug
molecules like meloxicam, nimesulide, etodolac, nabume-
tone, etc., attained greater popularity owing to their rela-
tive preferential inhibition of COX-2 and consequently
somewhat better gastrointestinal tolerability (Hawkey
1999; Rehman & Sack 1999; Singla et al 2000). However,
there is always a risk of loss of selectivity for COX-2 at
higher doses of these inhibitors thus proving to be no
better than nonselective NSAIDs at higher doses. A
newer class of anti-inflammatory agents (selective COX-
2 inhibitors — coxibs) has been gaining increased atten-
tion in clinical practice lately (Pasucucci 1999; Jackson &
Hawkey 2000; FitzGerald & Patrono 2001; FitzGerald
etal 2001). This class has purely emerged from the drug
development programmes based upon the structural dif-
ferences between COX-1 and COX-2 so that the problem
of loss of selectivity at higher doses is minimized. In gen-
eral, coxibs are said to have an efficacy profile similar to
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that of conventional NSAIDs, but with better gastroin-
testinal tolerability (Simon 2001; Steinfeld & Poriau 2001;
Bingham 2002). Therefore, the higher popularity of coxibs
vis-a-vis traditional NSAIDs is not related to any
increased efficacy in treating pain or inflammation, but
to their more favourable gastrointestinal tolerability.

Rofecoxib (MK-966) is a specific COX-2 NSAID
approved by the US FDA on 21 May 1999 for the relief
of the signs and symptoms of osteoarthritis (OA), man-
agement of acute pain in adults, and in the treatment of
primary dysmenorrhoea (Merck & Co. 1998; FD A 1999a;
Kaplan-Machlis & Klostermeyer 1999; Scheen 2000).
Very recently, on 11 April 2002, the US FDA granted
approval for the use of rofecoxib in rheumatoid arthritis
(FDA 2002a).

Physicochemical aspects

Chemically, rofecoxib is a methyl sulphonyl phenyl
derivative (Figure 2) with the molecular formula of
C;7H404S and molecular weight of 314.36 (Merck &
Co. 1998). Forgione etal (2000) reported a method of
synthesis of rofecoxib starting from phenylpropargyl alco-
hol. Therien et al (2001) also described a method for the
chemical synthesis of rofecoxib starting from Freidal-
Craft acylation of thioanisole. The sequences of the prin-
cipal steps involved in both of these synthetic procedures
are portrayed in Figure 3. Recently, Wu et al (2002) also
described another procedure to synthesize rofecoxib start-
ing from 4-(methylsulphonyl) acetophenone and phenyl-
acetic acid, reporting the yield of the drug as 64% .
Rekha et al (2000) and recently, Kiang et al (2003) have
elucidated the crystal structure of rofecoxib through
X-ray diffractometery. While the former adopted studies
using a single-crystal method, the latter extensively inves-
tigated the powder sample using molecular-packing
analysis and direct-space methods. Although the correct
rofecoxib crystal structure was obtained by direct-space
method using a molecular model with standard S-C and
S==0 distances, the results were remarkably similar in all
the studies. The scientists concluded from the X-ray
diffractograms that only van der Waals interactions are
present between the drug molecules (Kiang et al 2003).

o\s/o
\CH3

Qo

4-[4-(Methylsulphonyl)phenyl]-3-phenyl-2(5H)-furanone

Figure 2 Chemical structure of rofecoxib.
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Rofecoxib is a white to off-white to light-yellow pow-
der with melting point of 204-208 °C (Merck & Co. 1998).
It is sparingly soluble in acetone, slightly soluble in metha-
nol and isopropyl acetate, very slightly soluble in ethanol,
practically insoluble in octanol and insoluble in water. It is
known to exist only in one polymorphic form (Kiang et al
2003). Various spectral characteristics of the drug
reported in literature (Therien etal 2001; Reddy etal
2002) are depicted in Table 1.

Hardly any report has been published on the pK, and
lipophilicity of this compound. Nevertheless, the value of
log P computed theoretically using Pallas software
(Version 2.0, CompuDrug Limited, 1996) was found
to be 2.14 (Singh etal 2003). However, the software
failed to compute the pK, value of the drug indicating
that there are no acidic and basic moieties detectable in
the molecule. The value of log P obtained from chem-
ical databases provided by American Chemical Society,
however, is 1.635.

Pharmaceutical aspects

Formulation

Being a poorly water-soluble drug, the development of
rofecoxib formulation(s) is an exigent task. The aqueous
solubility of rofecoxib has been enhanced by methods
such as the formation of inclusion complexes with
[B-cyclodextrin (Aristo Pharmaceuticals Limited, 2000),
formulation of porous drug matrices (Straub etal 2002),
and dispersions with various solubility-enhancing carriers
like hydrotropes, poloxamers and Gelucire 44/14 (Singh
etal 2003). Improved drug delivery can also be achieved
by formulating rofecoxib into a clear oil preparation using
excipients like Cremophor RH-40, Crovol M-40 and corn
oil (Chen & Patel 2001), or by incorporating the drug into a
carrier that is a blend of hydrophilic and hydrophobic sur-
factants (Patel & Chen 2001). Further, there have been
studies (Murpani & Malik 2002; Karali et al 2002) connot-
ing the attainment of immediate release of the drug by
formulation of its oral fast-melt tablets. The enhanced deliv-
ery of rofecoxib through topical or transdermal routes has
been obtained employing either a penetration-enhancing
base (containing dimethyl sulfoxide) or penetration enhan-
cers like S-cyclodextrin or Brij 30 (Singh & Jain 2001; Selzer
2002; Wockhardt 2002). Hirsh et al (2002) have formulated
a multi-layered unit dosage form of rofecoxib for both
intraoral and oral administration. The formulation provides
two doses of analgesic, one for immediate release and the
other for delayed release. Microemulsions of rofecoxib have
been prepared using triglycerides, fatty acids and surfactants
(Supersaxo et al 2002). Further, an oral osmotic drug deliv-
ery device, containing rofecoxib along with the centrally
acting analgesic tramadol, has also been formulated
(Faour & Coppari 2001).

Stability

Rofecoxib is reported to be stable in solid state under
exposure conditions as proposed by ICH light (Mao etal
2002). However in solution form, the drug is sensitive to
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Figure 3 The major chemical steps involved in the synthesis of rofecoxib. A. Synthesis starting from phenylpropargyl alcohol (I); II:
magnesium chelate; I11: 4-[4-(methylthio)phenyl]-3-phenyl-2(SH)-furanone; IV: rofecoxib; (a): 3.2 equivalent phenyl magnesium chloride or
4-thiomethylphenylmagnesium chloride, hexane, 80°C, 19h; m-CPBA: m-chloroperoxybenzoic acid. B. Synthesis starting from thioanisole
(V); VI: 4-(methylthio)acetophenone; VII: 4-(methylsulphonyl)acetophenone; VIII: 2-bromo-1-[4—(methylsulphonyl)acetophenone; MMPP:

magnesium monoperoxyphthalate hexahydrate; Et;N: triethylamine.

light and the presence of alkali. In their stability study
conducted in two stress conditions (i.e., alkaline and
photolytic), the group has established the degradation
pathways leading to the formation of two major degrad-
ants (Figure 4). The first degradation reaction was the

base-promoted hydrolysis of the -y-lactone moiety
followed by its oxidation, yielding mainly a dicarboxylate
derivative, with minor degradants being a hydroxyfura-
none derivative and an anhydride derivative of rofecoxib
(Figure 4B). The other degradation reaction is photo-
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Table 1 Reported spectral characteristics for the identification of rofecoxib.

Study Medium/solvent Spectral characteristics

uv Methanol Amax: 285nm

IR KBr v: 1745cm ™

'H NMR Acetone-dg 6=7.96 (d, 2H, ] =8.4Hz);=7.68 (d, 2H, ] =8.4Hz); =7.42 (s, 5H); =5.37 (s, 2H); =3.15 (s, 3H)
'C NMR DMSO-de 6=172.4,156.0, 142.0, 135.8, 129.8, 129.1, 128.9, 128.8, 128.7, 127.4, 126.9, 70.9, 43.1

MS (Pos ESI): — M +HT" 315.1

(Therien et al 2001; Reddy et al 2002).

cyclization of the cis-stilbene moiety resulting in the for-
mation of a phenathrene derivative (Figure 4A). A similar
photo-degradant has recently been reported by Hartman
etal (2002) on subjecting the drug to photolytic stress.
However, no significant degradation was observed in the
separate oxidative stress conditions carried out in the pre-
sence of 6% hydrogen peroxide (Mao et al 2002).

Analytical methodologies

Determination of rofecoxib in biological fluids Various
assay procedures reported for estimation of rofecoxib in
biological fluids have been summarized in Table 2. Woolf
etal (1999) developed a high-performance liquid chroma-
tographic (HPLC) assay for the determination of rofe-
coxib in human plasma after oral administration. It
employed the principle of liquid-liquid extraction for
sample preparation followed by HPLC with post-column
photochemical derivatization and fluorescence detection.
In the post-column derivatization methodology, upon
exposure to UV light, rofecoxib was found to undergo a
stilbene phenanthrene-like photocyclization reaction with
the formation of highly fluorescent species (Figure 4A).
The method is reported to be highly sensitive, precise and
accurate for the analysis of plasma samples in the drug
concentration range of 0.5-100ngmL ™" collected during
clinical pharmacokinetic studies in man. Chavez-Eng etal
(2000) have described another HPLC estimation proce-
dure for rofecoxib in human plasma that employs atmos-
pheric pressure chemical ionization tandem mass
spectrometric (APCI-MS-MS) detection. The precision
of the assay, expressed as coefficient of variation, has
been documented to be less than 10% at all the concen-
trations within the range 0.1-100ng mL ', with adequate
assay accuracy. Jamali & Sattari (2000) reported a simple,
rapid and sensitive method for estimation of rofecoxib in
rat and human plasma using reversed-phase HPLC (RP-
HPLC) with UV detection. Another analytical technique
explained by Werner etal (2001) for the estimation of
rofecoxib in human plasma involves the use of RP-
HPLC coupled with APCI-MS-MS. The APCI-MS-MS
is employed with Finnigan Mat LCQ ion trap spectro-
meter in contrast to the API III Plus triple quadrupole
tandem mass spectrometer employed by Chavez-Eng etal
(2000). Similar results were obtained at negative ion trap
mode with both assays. However, at positive ion mode,

Werner etal (2001) observed a different main daughter of
rofecoxib in mass spectroscopy without endogenous inter-
ferences and thus claim their assay method to be more
sensitive at positive ion mode than that described earlier
by Chavez-Eng etal (2000).

Further, Matthews etal (2002) have reported HPLC
determination of rofecoxib with improved extraction of
the analyte and internal standard from human plasma.
The solid-phase extraction employed for the purpose
yielded an assay throughput 3-times better than that
reported previously by Woolf etal (1999). A method
employing HPLC coupled with APCI-MS-MS has
recently been published for the simultaneous estima-
tion of rofecoxib and its stable isotope analogue
([13C7]r0fecoxib) in human plasma (Chavez-Eng etal
2002). This simultaneous estimation is helpful in the quan-
tification of rofecoxib in clinical bioavailability studies,
where the oral dose of rofecoxib (12.5mg or 25mg) is
co-administered with an intravenous dose of the isotope
analogue. Another recent study (Aravind etal 2002)
reports a rapid and sensitive HPLC estimation procedure
for rofecoxib in human serum. The researchers report over
four-week stability of the drug in serum and recommend
their method to be suitable for estimation of the drug in
samples collected from paediatric patients.

Determination of rofecoxib in bulk drug and pharmaceuti-
cal dosage forms Various analytical methods reported
for rofecoxib in the bulk drug and pharmaceutical dosage
forms are summarized in Table 3. Radhakrishna etal
(2001) reported a method employing RP-HPLC method
coupled with photodiode array detection for the estima-
tion of rofecoxib in the bulk drug as well as the dosage
forms. Krishna Reddy etal (2002) utilized this method
along with mass spectrometery to establish two process-
related impurities of rofecoxib in the bulk drug. These
impurities were finally established as 4-[4-(methylsul-
phonyl)phenyl]-3-phenyl-5-hydroxyfuran -2-one and 4-[4-
(methylsulphonyl)ph enyl]-3-phenyl-2,5-furandione (Figure
5). Besides, two other HPLC assay methods have been
reported by Ajithadas etal (2001) and Mao etal (2002).
The latter have also reported the stability-indicating
assay procedure for the isolation and identification of the
two main degradants obtained under alkaline and
photolytic stress conditions (Figure 4). Also, lately, the
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Figure 4 A. Degradation pathway of rofecoxib upon UV exposure. I: rofecoxib; II: 6-(methylsulphonyl)phenanthro[9,10-C]-furan-1(3H)-
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Figure 5 Chemical structures of the two process related impurities
found in the rofecoxib bulk drug. I: 4-[4-(methylsulphonyl)phenyl]-
3-phenyl-5-hydroxyfuran-2-one; II: 4-[4-(methylsulphonyl)phenyl]-3-
phenyl-2,5-furandione.

determination of rofecoxib employing both UV and visible
spectrophotometry has been described by Reddy etal
(2002). Radi (2002) has reported the estimation of rofecoxib
in pharmaceutical preparations without sample pretreat-
ment. The author employed cyclic and square-wave volt-
ammetery on a hanging mercury drop electrode in
electrolytes of various pH values.

Pharmacodynamic aspects

Mechanism of action: COX-2 selectivity
The mechanism of action for the anti-inflammatory,
analgesic and antipyretic activity of rofecoxib (Figure 6)
is believed to be due to the inhibition of prostaglandin
synthesis via inhibition of COX-2 (Merck & Co. 1998;
Chan etal 1999). At therapeutic concentrations in man,
rofecoxib is not known to inhibit the COX-1 isoenzyme.
Both COX-1 and COX-2 are associated with cell mem-
brane, and consist of a long and narrow channel with a
hairpin bend at one end and a hydrophobic opening at the
other end (Picot etal 1994; Luong etal 1996; Hawkey
1999; Rehman & Sack 1999). Regular NSAIDs inhibit
both the isoforms by hydrogen bonding, blocking the

Rofecoxib 867

COX enzyme channel halfway down. The COX-2 isoform,
however, has a side pocket guarded by valine at position
523, which is believed to be the site of binding of COX-2
specific inhibitors (blocked often by sulphonyl, sulphone or
sulfonamide groups of COX inhibitors to achieve selectiv-
ity). COX-2 inhibition is time dependent and irreversible, in
contrast to COX-1 inhibition, which is instantaneous and
competitively reversible (Hawkey 1999).

The isoform selectivity of rofecoxib has been evaluated
with diverse in-vitro enzyme and cell-based assay systems
(Meade etal 1993; Mitchell et al 1994; Kargman et al 1996;
Berg etal 1997; Miralpeix etal 1997; Wong etal 1997,
Kirtikara et al 2001; Shen et al 2002). Rofecoxib has been
found to be a potent inhibitor of COX-2 in a variety of
cell-based assays (e.g., osteosarcoma cells, Chinese ham-
ster ovary cells, lipopolysaccharide (LPS)-induced human
mononuclear cells, sfa rat cells, etc.) with 50% inhibitory
concentrations (IC50) varying between 0.018 and
0.0446 um (Chan etal 1999; Ehrich etal 1999a). This
value is markedly lower than the magnitude of IC50 for
COX-1 (> 50 um) (Chan etal 1999). Hence, it exhibits over
1000-fold selectivity for inhibition of COX-2 in compari-
son with COX-1. In contrast, the IC50 values reported for
COX-1 and COX-2 inhibition with a non-selective
NSAID, indometacin, were 0.018 and 0.027 uMm, respec-
tively (Ehrich et al 1999a). In recombinant enzyme assays,
the IC50 value of rofecoxib for COX-2 was observed to be
1.8 x 107 um as compared with 1.5 X 1072 um for COX-1,
indicating once again nearly a 1000-fold selectivity
towards COX-2 (Jackson & Hawkey 2000).

The in-vitro human whole blood COX-1 and COX-2
assays indicated that rofecoxib has the highest in-vitro
selectivity ratio (COX-1 IC50/COX-2 IC50=35.5)
among many of the commonly used NSAIDs such as
celecoxib (6.6), meloxicam (2), diclofenac (3) and indome-
tacin (0.4) (Chan et al 1999). However, recently, Kato etal
(2001) observed the IC50 value of rofecoxib for COX-2 to
be 25 um and the selectivity index of rofecoxib as lower
than that of various NSAIDs like celecoxib and meloxi-
cam, employing human peripheral monocytes as a novel
model to determine the COX-2 selectivity. Nevertheless,
the validity of this model to document selectivity index
needs to be investigated further.
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Figure 6 Mechanism of action of rofecoxib vis-a-vis nonselective NSAIDs.
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The ex-vivo human whole blood assays showed the
dose-related inhibition of COX-2 activity. The drug
showed a COX-1 sparing effect, as it did not affect the
platelet thromboxane production (a measure of COX-1
activity) at doses even up to 1g daily (Chan etal 1999,
Cannon etal 2000; Depre et al 2000). In man, the mean
IC50 value for single doses of rofecoxib for LPS-stimu-
lated prostaglandin E, (PGE,) production (an indicator of
COX-2 activity) in healthy subjects is reported to be
0.77 um over a dose range of 25-1000 mg vis-a-vis the
IC50 value for indometacin of 0.3 um over the dose
range of 5-75 mg. There was no significant inhibition of
thromboxane B, (TxB,) generation with rofecoxib at sin-
gle doses of up to 1000 mg, whereas the IC50 value for
indometacin was found to be 0.09 um (Ehrich et al 1999a).
Similar results have been observed by Wight etal (2001),
who reported that rofecoxib (50 mg), when compared with
placebo, inhibited LPS-stimulated PGE, significantly
(79% , P < 0.001) with no significant effect on serum-gen-
erated TxB, (P >0.100), while naproxen (500 mg) signifi-
cantly inhibited both LPS-stimulated PGE, and serum-
generated TxB, by 77% and 94% , respectively (P <0.002
in each case). On multiple dosing, the IC50 value of rofe-
coxib was found to be 0.93 um (Depre et al 2000), in con-
sonance with the results obtained in the aforementioned
single-dose study.

Different methods of quantifying COX-2 selectivity
yield varying results and the lack of a common method
leads to confusion about the relative COX-2 selectivity of
the antiphlogistic agents (Loewen 2002). The results of in-
vitro assays are useful for drug screening but are difficult
to interpret and are sometimes contradictory (Cronstein
2002). This may be attributed to diverse factors like the
nature of enzyme and substrate employed, incubation
period and other experimental variables. Therefore,
because of varying sensitivity to assay conditions, the
quantitative comparisons between methods should be
approached with caution. Whole-blood assays are far
more relevant pharmacologically (Ehrich etal 1999a
Cronstein 2002). These assays are performed in a physio-
logic medium (i.e., whole blood) with endogeneous
enzymes and locally derived substrate(s). In-vitro whole-
blood studies are performed by the addition of drug in
various concentrations to blood previously obtained.
Performance of ex-vivo whole-blood assays on blood sam-
ples collected after systemic drug administration repre-
sents further refinement in ascertaining the isoenzyme
selectivity. These assays, therefore, are the most
widely accepted methods for the determination of selec-
tivity. The ex-vivo assays directly test the selectivity of
both the parent drug and any potential metabolites gen-
erated in-vivo at therapeutic blood concentrations.
However, there is skepticism about the selectivity seen in
blood that may not reflect selectivity at the gastric
mucosa.

Therapeutic efficacy: osteoarthritis
American College of Rheumatology (ACR) guidelines for
the medical management of osteoarthritis (OA) recom-

mend the use of analgesics such as paracetamol, COX-2
inhibitors or conventional NSAIDs, in combination with
exercise, education and social support (Detora et al 2001;
Schnitzer 2001). Therapeutic drug trials for OA of the
knee or hip often involve a number of efficacy measures
(primary end points) including both patient and investi-
gator global assessment of disease status or activity, and
response to therapy. Typically, the patient’s self-assess-
ment includes the measure of pain and stiffness in the
affected joint(s), and physical function or disability
(Bellamy 1995). Western Ontario and McMaster
Universities Index (WOMAC) is a commonly used speci-
fic health status measure for OA (Bellamy etal 1988;
Ehrich etal 2000). Patient’s global assessment of disease
status and pain upon walking are assessed using Visual
Analogue Scale (VAS) (Omm =very well/no pain to
100 mm = very poor/extreme pain) or Likert scale (ran-
ging between 0 and 4) while patient global assessment of
response to therapy (PGART) is assessed on the scale of 0
(none) to 4 (excellent). Similarly for the trials that
included the investigator’s assessment of disease status,
the scale ranged between 0 (very poor) to 4 (very well)
(Matheson & Figgitt 2001).

In the treatment of patients with OA, rofecoxib admin-
istration once daily has been compared with that of pla-
cebo (Ehrich etal 1999b, 2001), celecoxib (Geba etal
2002), paracetamol (Geba etal 2002), diclofenac
(Cannon et al 2000), ibuprofen (Day et al 2000; Saag et al
2000), naproxen (Matheson & Figgitt 2001) and nabume-
tone (Truitt etal 2001) with the duration of trials ranging
from 1 to 52 weeks. The majority of the studies were
conducted on patients with OA of the knee or hip in a
randomized, placebo-controlled and double-blind manner.

Rofecoxib 12.5-50 mg daily has been reported to be
more effective than placebo in a 6-week double-blind
study in patients with OA (n=672) (Ehrich etal 2001).
In another study (Ehrich etal 1999b), rofecoxib (25 and
125 mg daily), when compared with placebo in 262
patients with OA of knee following varied periods of
treatment (i.e., one, two and six weeks), exhibited signifi-
cant improvement in the primary end points, the
WOMAC pain subscale and patients’ assessment of
arthritic pain (P <0.001 for both dosages). In comparison
with placebo, rofecoxib also proved to be efficacious for
the secondary end points, WOMAC physical function
(~46% vs 11% improvement from baseline) and stiffness
subscales (47-50% vs 11% ), and patient and investigator
global assessment of disease status and response to ther-
apy (46-57% vs 11-19%, P <0.001). No significant dif-
ference was observed between the effects obtained
following administration of the two dosages of rofecoxib
for any end point.

In one report (Detora etal 2001), data obtained from
three 6-week double-blind trials (n =1501) have been ana-
lysed to find the efficacy of rofecoxib in subpopulations of
patients with OA, identified by demographic or base dis-
ease characteristics, or varied OA involvement. R ofecoxib
(12.5 or 25 mg) showed generally consistent efficacy across
subgroups of patients identified by sex, race, age, OA
location(s), prior OA therapy, baseline study, joint tender-



ness or swelling (patients with knee OA only) and
American Rheumatism Association (ARA) functional
class levels. Overall in this combined analysis, no specific
factor predicted a differential treatment effect to rofe-
coxib. Rofecoxib has been reported to improve quality
of life both in the physical and mental domain of the
SF36 questionnaire over six weeks in OA patients, as
compared with placebo (Hawkey 1999).

Based on the primary endpoints, various studies have
shown rofecoxib (12.5 or 25 mg daily) to be as effective as
ibuprofen 800mg three times daily over six weeks
(n=736) (Saag etal 2000) or diclofenac 50 mg three
times daily over 6-12 months (n=784) (Cannon etal
2000). All three treatments were comparable in improving
the aforementioned parameters in addition to stiffness,
joint tenderness and functional subscales.

A further placebo-controlled study, carried out in
patients with OA of the knee or hip (n =341, age >80
years), compared rofecoxib (12.5 mg or 25 mg) and nabu-
metone (1500 mg) with placebo for a duration extending
to six weeks (Truitt et al 2001). Mean changes from base-
line in the patient global assessment of disease status,
measured using VAS scale, were significantly greater
with both rofecoxib (~25mm for both dosages) and
nabumetone (26 mm) than with placebo (15 mm) (P < 0.001).

Results from a one-week-long comparative trial of
rofecoxib (12.5mg once daily) and naproxen (500 mg
twice daily) showed no difference between them in the
improvement from baseline in pain upon walking (86%
vs 85%, respectively) (Matheson & Figgitt 2001).
However, the results must be interpreted with caution, as
the one-week duration of this trial is not long enough to
reflect an improvement in OA accurately.

In a prolonged one-year trial, comparison of the per-
formance of rofecoxib (12.5 and 25 mg) with that of diclo-
fenac (50 mg three times daily) in patients with OA of the
knee and hip (n =784) demonstrated clinically compar-
able efficacy, as assessed by all the three primary end
points (Cannon etal 2000). Results from secondary end
points were also consistent with those of primary end-
points. However, there were small statistical differences
favouring diclofenac in two of the endpoints (patient’s
assessment of response to therapy and physician’s assess-
ment of disease status), but these differences and their
respective 95% confidence intervals (CI) were well within
the clinical comparability bounds predefined for this
study.

Efficacy of rofecoxib (12.5mg once daily) has been
compared with Arthrotec (combination of misoprostol
200 pg and diclofenac 50 mg; twice daily) (Acevedo etal
2001). The results of this 6-week study showed no signifi-
cant difference in efficacy on OA pain, as measured by
PGART (—19.9mm and —22.5mm on VAS, P =0.241)
and investigator’s global assessment of disease status
(—0.94 and —0.91 on Likert scale, P =0.622). Rofecoxib
rather showed improved gastrointestinal tolerability as
compared with Arthrotec.

In a different 6-week trial, rofecoxib (12.5 or 25mg)
was compared with placebo and ibuprofen (800 mg three
times daily) in adult patients with OA of the knee and hip
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(n =809) (Day et al 2000). Ibuprofen, as well as rofecoxib,
exhibited significantly greater efficacy than placebo
(P <0.001 each). Both the doses of rofecoxib demon-
strated clinically comparable efficacy with that of ibupro-
fen, as assessed by primary and secondary endpoints.
These results, obtained in a large and diverse population
of patients from 26 different countries, were found to be
consistent across race, age, sex, study, joint and prior OA
medication use (NSAID vs paracetamol). Data also
showed that doses of 12.5 and 25 mg provided comparable
clinical efficacy and eventually 12.5 mg of rofecoxib was
recommended as the initial dose for the treatment of OA.

Rofecoxib 25mg daily produced a better clinical
response than paracetamol 1000 mg daily after day 2 in
379 patients (P < 0.01), as observed during a 6-week ran-
domized, double-blind trial (Matheson & Figgitt 2001).
Rofecoxib 12.5 mg was also found to be superior to para-
cetamol for relieving rest pain on days 4 to 5. Fewer
rofecoxib recipients withdrew from the trial (7.4% and
8.5% for 12.5 and 25 mg, respectively) as compared with
paracetamol recipients (18% ).

Comparison of rofecoxib (12.5 mg daily) with another
coxib (i.e., celecoxib 200 mg daily) indicated better perform-
ance of the former in relieving night pain on day 2 and 3
and rest pain on days 2-6 (P <0.05) in 379 patients in a
six-week randomized, double-blind trial (Matheson &
Figgitt 2001). Rofecoxib was also significantly more effec-
tive than celecoxib in relieving pain while walking on days
2-4 (P <0.05). In a recent trial (Geba etal 2002), rofe-
coxib (25 mg) has been found to be more efficacious than
paracetamol (4000 mg daily), celecoxib (200 mg daily) and
rofecoxib (12.5 mg).

In a nutshell, all the clinical findings reveal the efficacy
of rofecoxib to be distinctly superior to that of placebo
and either better than, or at least comparable with, the
nonselective NSAIDs in treating patients with OA. The
studies also suggest the initial dose of rofecoxib for the
symptomatic relief of OA to be 12.5 mg once daily with a
maximum dose of up to 25 mg once daily.

Therapeutic efficacy: acute pain

The NSAIDs are frequently used to relieve pain following
minor surgery. Their administration from day one follow-
ing major surgery reduces the requirement for opioids
considerably, thereby decreasing the risk of sedation,
respiratory depression and gastrointestinal complications
(Reuben & Connelly 2000; Katz 2002). Rofecoxib has also
been found to relieve moderate to severe pain in acute
analgesic models of postoperative dental pain and post-
orthopaedic surgical pain (Merck & Co. 1998; Scott &
Lamb 1999; Matheson & Figgitt 2001; Moore & Hersh
2001; Barden etal 2002).

Postsurgical dental pain Rofecoxib has been evaluated
for doses of 7.5-500mg and has been compared with
NSAIDs such as naproxen sodium, ibuprofen and cele-
coxib, and with placebo (Morrison etal 2000). Several
studies have indicated the unambiguous superiority of
rofecoxib as an analgesic to placebo (Mehlisch etal 1998;
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Brown etal 1999a; Fricke etal 1999; Malmstrom etal
1999, 2002; Morrison etal 1999a). The analgesic efficacy
has been assessed on the basis of the scores of parameters
such as total pain relief over 8 h (TOPAR8), pain intensity
difference (PID), summed PID over 6 or 8h (SPID6/8),
global evaluation of the study at 6 or 8h, time to mean-
ingful pain relief, time to PID > 1, peak pain relief, peak
PID during the first 6 or 8 h after dosing, etc.

The results of the various double-blind, parallel-group
studies have also consistently demonstrated the efficacy of
rofecoxib in postsurgical dental pain models. In a random-
ized, double-blind, placebo-controlled trial of rofecoxib
(50 mg) conducted in dental patients (n = 151) for its effect
in postoperative pain, rofecoxib provided an analgesic
effect superior to placebo and equivalent to ibuprofen
(400 mg), but with relatively longer duration of action
(P < 0.05) (Brown etal 1999a; Morrison et al 1999a). The
effect of rofecoxib as an analgesic was significant for all
the endpoints like TOPARS, SPIDS8, patient global eva-
luation, peak pain relief, peak PID, percent re-medicated
within 24 h, time to re-medication (P <0.001 for all) and
stopwatch time to confirmed perceptible relief (P < 0.007).
Similar results have been observed in a separate study
(involving 102 patients), wherein the efficacy of rofecoxib
(50 and 500 mg) was found to be superior to placebo and
clinically indistinguishable with ibuprofen (400 mg)
(Ehrich etal 1999b). The onset of pain relief with rofe-
coxib, as assessed by median time to meaningful pain
relief, with both 50mg (1.5h) and 500 mg (1.2h) was
similar to that observed with ibuprofen (1.2 h) and signifi-
cantly shorter (P <0.002) than that with placebo (4.5 h).

In another comparative clinical study conducted in
patients (n=331), rofecoxib (25 and 50mg) provided
analgesic efficacy generally similar to naproxen sodium
550 mg (Fricke etal 1999). Rofecoxib was found to be
superior to placebo (for all the primary and secondary
end points) and doses of 25 and 50 mg were found to be
significantly better than 12.5mg (P <0.001 for primary
endpoint TOPARS; P <0.006 for secondary endpoints).

A dose-response relationship has been observed with
rofecoxib in the treatment of postsurgical dental pain
(Mehlisch et al 1998). A 50-mg dose of rofecoxib produces
an analgesic effect comparable with that of 100 mg and
with that of naproxen 550 mg. The study suggests that the
50-mg dose is the minimal dose necessary to yield maximal
analgesic efficacy.

In the third molar post-extraction model, comparison
of the analgesic efficacy of rofecoxib 50 mg with celecoxib
200 mg, ibuprofen 400 mg and placebo, revealed the max-
imal analgesic efficacy of rofecoxib to be superior to that
of celecoxib and placebo but equivalent to that of
ibuprofen (Malmstrom etal 1999). Lately, Malmstrom
etal (2002) have reported an extension to the above
study to include another dose of celecoxib (i.e., 400 mg).
They found that rofecoxib 50mg provided generally
superior overall analgesic efficacy to celecoxib 400 mg,
with longer duration of action. However, the effect was
similar to 400 mg ibuprofen but with longer duration of
analgesia. Further, with respect to the duration of effect,
the results can be somewhat misleading, as ibuprofen and

celecoxib require multiple daily doses (Moore & Hersh
2001; Olszynski etal 2002). In another third molar post-
extraction model (Chang etal 2001), rofecoxib was found
to have an analgesic efficacy greater than that of a combi-
nation of codeine 60mg and paracetamol 600 mg
(P <0.001 for all measures of analgesic efficacy), with a
lower incidence of nausea (P <0.001) and other common
adverse events (P < 0.05).

Very recently, the efficacy of rofecoxib (50mg) has
been compared with enteric-coated tablets of diclofenac
sodium (50mg) in a randomized, double-blind, placebo-
controlled trial conducted in 305 patients with moderate
to severe pain associated with oral surgery (Chang etal
2002). A single dose of rofecoxib 50 mg was found to yield
greater overall analgesic efficacy over 24h than that
obtained with the three doses of enteric-coated diclofenac
sodium 50 mg repeated every 8h. On comparison with
single doses of enteric-coated tablet of diclofenac sodium
(50 mg), a single 50-mg dose of rofecoxib provided greater
overall analgesic efficacy over 8h, more rapid onset of
analgesia and longer duration of effect.

Morrison etal (2000) compiled the results of various
clinical trials conducted to assess and compare the analge-
sic efficacy of rofecoxib for postsurgical dental pain. They
concluded that rofecoxib exhibits dose-dependent analge-
sic efficacy, with a 50-mg dose being consistently more
effective than placebo for all the measures of analgesic
efficacy. Further, it was the lowest dose that reproducibly
exhibited an analgesic effect comparable with that of max-
imum single analgesic doses of most NSAIDs. Thus,
based on the results obtained from various studies,
Morrison etal (2000) have suggested that a 50-mg dose
is an appropriate analgesic dose of rofecoxib for the treat-
ment of acute dental pain. However, further studies are
required to determine whether inhibition of COX-2 alone
is sufficient for analgesic efficacy in other pain syndromes,
with a specific COX-2 inhibitor like rofecoxib. Also, based
on the magnitude of dose, the studies suggest that the
analgesic activity of rofecoxib is relatively poorer in con-
trast to its anti-inflammatory activity.

Postoperative pain  Generally, opioids are prescribed for
the management of postoperative pain. Because of the risk
of gastrointestinal toxicity associated with the traditional
nonselective NSAIDs, rofecoxib is prescribed frequently
for the purpose nowadays (Afflitto 2000; Brooks & Day
2000; Barden etal 2002). It has allowed considerable
reduction in morphine consumption following various
postoperative procedures like spinal fusion, abdominal
hysterectomy, lumbar disc surgery, total knee
arthroplasty, etc. (Reuben & Connelly 2000; Bekker et al
2002; Meyer 2002; Reuben etal 2002a, b), and the US
FDA has also admitted rofecoxib for alleviating post-
operative pain (Berti etal 2001). Though rofecoxib has
been found to reduce the opioid consumption postopera-
tively, it does not seem to affect the opioidergic system
(Sandrini etal 2002). In their study conducted on rat
brain, the authors concluded that rofecoxib might exert
its antinociceptive effect partly through the central sero-



tonergic system without affecting the opioidergic system
(Sandrini et al 2002; Sinatra 2002).

Rofecoxib has been found to be superior to placebo in
its analgesic efficacy in postoperative pain (Matheson &
Figgitt 2001; Reicin et al 2001). Rofecoxib (50 mg), when
given before surgery, provides better efficacy and longer
duration of analgesia than when the drug is administered
postsurgically, thus leading to less opioid use (Reuben &
Connelly 2000; Bekker etal 2002; Reuben etal 2002a).
Rofecoxib has been evaluated for its efficacy in various
randomized, double blind, placebo-controlled trials in
patients undergoing orthopaedic surgery (Reicin etal
2001; Bekker etal 2002; Reuben et al 2002a, b), tonsillect-
omy (Pickering et al 2002), radical prostatectomy (Huang
etal 2001), abdominal hysterectomy and laparascopic gas-
tric bleeding (Meyer 2002).

Rofecoxib (50 mg), when tested in patients with post-
orthopaedic surgery pain (n=218), was observed to be
superior to placebo and similar to naproxen (550 mg) for
all the measures of pain relief (Reicin etal 2001). When
administered 1h before anaesthetic induction, rofecoxib
50mg was significantly more effective than either cele-
coxib 200 mg (also given 1h before anaesthetic induction)
or placebo in relieving postoperative pain in patients
(n=60) with decompressive lumbar laminectomy with
spinal fusion (Reuben & Connelly 2000). Postoperative
mean verbal analogue scale scores for rofecoxib recipients
were significantly lower at 8, 12 and 16h as compared
with placebo recipients, and at 12 and 16h as compared
with celecoxib recipients. The total dose of supplemental
morphine was also significantly less with rofecoxib than
with either placebo or celecoxib (71 vs 117 and 107 mg,
respectively, P <0.001 each). In another study conducted
in 61 patients scheduled for lumbar disc surgery, preo-
perative administration of rofecoxib (50mg) was found
to be effective in reducing the postoperative narcotic con-
sumption (Bekker etal 2002). One isolated clinical study
(Pickering et al 2002) has evaluated the effectiveness of a
combination of rofecoxib (0.625 mgkg™") with paraceta-
mol (20mgkg ") for peri-operative analgesia in children
(aged 3-15 years) undergoing (adeno)tonsillectomy. The
combination was found to be as effective as paracetamol
alone in altering the need for early analgesia (68% vs
72% ), indicating no need to combine rofecoxib with the
latter. Reuben et al (2002a, b) reported that pre-operative
administration of rofecoxib (50mg) in patients with
arthroscopic meniscectomy, as well as with those under-
going total knee arthroplasty, provides a longer duration
of postoperative analgesia, lower 24-h opioid use, and
lower incidental pain scores, in comparison with the post-
operative administration of rofecoxib (50 mg).

In contrast to all of the above findings, Huang etal
(2001) have demonstrated that the preoperative adminis-
tration of rofecoxib is ineffective in reducing the pain
scores and need for analgesia in patients undergoing radi-
cal prostatectomy. However, Matheson & Figgitt (2001)
have inferred, on the basis of preliminary results obtained
from various studies, that the efficacy of rofecoxib in
relieving postoperative pain appears to be related to the
specific indication being treated.
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Therapeutic efficacy: dysmenorrhoea

Rofecoxib can be used as a sole agent in alleviating the
pain caused due to primary dysmenorrhoea (Morrison
etal 1999b; Scott & Lamb 1999; Brooks & Day 2000;
Matheson & Figgitt 2001). It has been compared with
naproxen sodium (550 mg) in two comparative, rando-
mized, double-blind, placebo-controlled, crossover trials
(Brown et al 1999b; Daniels et al 1999). In both the trials,
rofecoxib was administered as a 50-mg initial dose fol-
lowed by a maintenance dose of 25 mg daily as needed,
and naproxen sodium was administered as a 550-mg
initial dose followed by 550 mg every 12h as needed. In
one trial, rofecoxib was also initially administered as
25-mg dose followed by a 25-mg maintenance dose
(Daniels etal 1999; Morrison etal 1999b). The efficacy
of rofecoxib was evaluated on the basis of TOPARS (the
primary end point) in both the trials, while in one of the
trials (Daniels etal 1999) pain intensity at 8 and 72 h and
need for additional doses of either the study drug or rescue
medication were the other end points. Rofecoxib (25 or
50mg) and naproxen sodium (550 mg) were significantly
better than placebo in providing total pain relief up to 8h
after the onset of moderate to severe pain (P <0.006)
(Brown etal 1999b; Daniels etal 1999; Morrison etal
1999b). In one trial conducted on 63 patients, taking all
the primary and secondary endpoints like TOPARS,
SPID 8, peak pain relief, peak PID, time to re-medication
and ranking of study drugs across cycles, rofecoxib was
found to be superior to placebo (P < 0.004 for all the end
points except P <0.002 for TOPARS8) (Brown etal
1999b). Overall, rofecoxib was significantly more effective
than placebo (P <0.009) and similar in efficacy to
naproxen sodium in the evaluation of study drugs and
re-medication. Similar findings were recorded in 127
patients with primary dysmenorrhoea, where mean
TOPARS scores were similar for both the doses of rofe-
coxib and of naproxen sodium (17.4, 18 and 18.4, respec-
tively) and all were significantly better than placebo (12.5,
P <0.006) (Daniels etal 1999; Morrison etal 1999b).
Rofecoxib at an initial dose of 50mg was similar in
efficacy to naproxen sodium in the patient’s overall
evaluation of the study drug (mean 2.0 vs 1.9 for naproxen
sodium). Time to PID from baseline was significantly
less for naproxen sodium (1h) than either rofecoxib
or placebo (1.5h, P <0.006). A greater proportion of
placebo recipients (45% ) required rescue medication
within 12h of pain onset or took additional doses of
study medication (24% ), than with either rofecoxib
(~27% for both doses) or naproxen sodium (~30% )
(P < 0.006 each). As a consequence of these clinical studies,
the scientists concluded that rofecoxib is distinctly effective in
the treatment of primary dysmenorrhoea, and COX-2
derived prostanoids play a role in its pathophysiology.

Therapeutic efficacy: rheumatoid arthritis

The selective COX-2 inhibitors have emerged as an import-
ant option in the treatment of rheumatoid arthritis (RA)
(Sundy 2001; Schnitzer & Hochberg 2002; Garner etal
2002). The US FDA has recently approved rofecoxib for
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use in RA, although only limited reports are available on
its efficacy. A phase II, double-masked, placebo-con-
trolled trial assessed the efficacy of rofecoxib (5, 25 and
50mg) in comparison with placebo in an 8-week study in
658 patients with RA (Schnitzer etal 1999). Significant
clinical improvement was observed in patients taking rofe-
coxib 25 and 50 mg as compared with placebo. However,
the 5-mg dose of rofecoxib did not differ significantly
from placebo. Compared with placebo (32% ), a signifi-
cantly greater number of the patients taking the drug in a
dose of 25mg (43.9%, P=0.025) and 50mg (49.7%,
P =0.001) completed the treatment and achieved an
American College of Rheumatology 20 response.
Patients in the rofecoxib 25-mg and 50-mg groups showed
significant improvement in the key individual efficacy
measurements, including patient global assessment of
pain, patient and investigator global assessment of disease
activity and Stanford Health Assessment Questionnaire
Disability Index (P <0.05 vs placebo in all the cases).
After 8 weeks, placebo and rofecoxib 5mg recipients
were reassigned to either rofecoxib (25 or 50mg) or
naproxen (500 mg twice daily) for an additional 44 weeks
(Matheson & Figgitt 2001). Even after 1 year of treatment,
the improvements in the 8-week end points were main-
tained. Global efficacy of rofecoxib was similar to that of
naproxen and there were no differences between those
patients who were reassigned and those continuously
receiving the same treatment.

In a separate large trial (Vioxx Gastrointestinal
Outcomes Research (VIGOR)) conducted in over 8000
patients with RA, the efficacy of rofecoxib (50 mg once
daily) was observed to be equivalent to that of naproxen
(500 mg twice daily) (Bombardier et al 2000). Even though
this study was primarily designed to evaluate gastrointest-
inal tolerability of rofecoxib, the secondary efficacy end
points were also evaluated. After a median follow-up of
nine months, the two groups hardly differed from each
other in regard to various end points like Global Disease
Activity score (GDA) and Modified Health Assessment
score (MHA). Regarding the GD A score, the least square
difference between the two groups (rofecoxib and
naproxen) from the baseline for patient’s assessment was
0.00 95% CI: —0.03 to 0.03), and for investigator’s
assessment was 0.01 (95% CI: —0.02 to 0.04). The differ-
ence between the scores of MHA from baseline was
observed to be 0.01 (95% CI: —0.01 to 0.04). In addition,
the rates of discontinuation of treatment owing to lack of
efficacy were low in both the groups (6.3% in the rofe-
coxib group and 6.5% in the naproxen group).
Collectively, the clinical findings demonstrate comparable
anti-inflammatory efficacy of rofecoxib and nonselective
NSAIDs in patients with RA.

Therapeutic efficacy: fever

Schwartz et al (1999) conducted antipyretic investigations
in monkeys and man. In monkeys, pyrexia was induced by
intravenous administration of LPS (6pug mL™"). Oral
administration of rofecoxib and diclofenac (3mgkg™")
both rapidly reversed the elevated temperature in the
monkeys at 70-90 min postdosing in a significant manner

(P <0.05 each). In man, the single-dose, parallel group,
double blind randomized trial conducted in 94 patients
with fever caused by viral-type illness, rofecoxib (12.5mg
or 25 mg) was found to be superior to placebo (P <0.001)
and equivalent to ibuprofen (400 mg). The data support the
hypothesis that it is the COX-2 isoform that is primarily
involved in the genesis of fever in man. In another study
conducted by Chan etal (1999) in rats, administration of
rofecoxib reversed LPS-induced pyrexia in a dose-depen-
dent manner (ID50=0.24+0.07mgkg '), being about
five times more potent than indometacin (ID50=
1.074+0.16 mgkg ).

Accordingly, it can be construed that rofecoxib pos-
sesses antipyretic activity both in animals and man and its
efficacy is comparable with that of nonselective NSAIDs
like diclofenac, ibuprofen, etc.

Pharmocokinetic aspects

The pharmacokinetic fate of rofecoxib following its
administration in single and multiple doses has been thor-
oughly evaluated in healthy subjects by several workers
Merck & Co. 1998; Depre et al 2000; Werner et al 2001;
Halpin et al 2002). By and large, the pharmacokinetics of
the drug has been found to be variable and complex.
Various pharmacokinetic parameters of rofecoxib vis-a-
vis of other important coxibs, as reported in literature,
have been summarized in Table 4.

Absorption

Rofecoxib is almost completely absorbed after oral
administration. The mean oral bioavailability after a ther-
apeutically recommended single dose of rofecoxib (12.5,
25 or 50mg) is 93% (Merck & Co. 1998). The area under
the curve (AUC) and peak plasma level (C,,,,) following
a single dose of 25mg were observed to be 3286
(£843)nghmL ™" and 207 (£111)ngmL ™', respectively.
Werner etal (2001) have lately reported various pharma-
cokinetic parameters in man following a 12.5 mg dose of
rofecoxib. The values of AUC and C,,, were found to be
2038 (:I:SSI)ngthfl and 147 (£34) ngmLfl, respec-
tively. With multiple dosing, the steady state is reached
by day 4 (Merck & Co. 1998). The values of AUC and
C.x after multiple dosing (25 mg) have been observed to
be 4018 (*1140)nghmL™" and 321 (£104)ngmL ",
respectively. Both AUC and C,,,, increase in a dose-pro-
portional manner up to 50 mg distinctly indicating linear
pharmacokinetics across the clinical dose range of
12.5-50mg. Further, Depre etal (2000) reported the
dose-proportionality both after single and multiple doses
even up to 100mg. However, according to the authors
(Merck & Co. 1998; Depr€ etal 2000; Halpin et al 2002),
the lack of dose-proportionality in pharmacokinetic
response at higher doses can be attributed to the low
solubility of the drug in the aqueous media. The time
taken to reach C, .« (tnax) iS 2-3h, with individual values
varying between 2 and 9h (Merck & Co. 1998; Werner
etal 2001). However, t,,,, may not reflect the true rate of
absorption, as it may be obtained from secondary peaks in
some individuals Merck & Co. 1998). Halpin et al (2002)
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reported the t,,, to be 9h postdose. They observed two
secondary peaks for C,,, between 0 and 6h, and 20 and
26 h, respectively. Although the cause of secondary peaks
with rofecoxib, mostly occurring at higher doses, is
unknown, it has been suggested that it is not the result
of enterohepatic recycling (Depre etal 2000). However,
Halpin et al (2002) have concluded that, at higher doses,
absorption is incomplete ostensibly due to its poor aque-
ous solubility. Since the absorption is slow and dependent
upon intestinal motility, it results in the appearance of
secondary peaks causing large variability in the t,,,.
Plasma concentration—time curves broaden with increas-
ing doses (Depre etal 2000). The accumulation factor
based on geometric means has been reported to be 1.67
(Merck & Co. 1998), whereas Depre et al (2000) observed
an accumulation ratio of approximately 2 for all doses
with a half-life (t%) of around 20 h. Food appears to have
no significant effect on either the C,,x or AUC of rofe-
coxib when the drug is taken with a high-fat meal (Merck
& Co. 1998), while the t,,, can be delayed by 1-2h. Thus,
it can be deciphered that co-administration of food may
affect the rate of absorption of rofecoxib but not the
extent of oral absorption. Relative to man, oral absorp-
tion of rofecoxib (5mgkg™') is more rapid in animals,
with the C,, occurring by 0.5h in rats and 1.5h in dogs
(Halpin etal 2000).

Disposition

Rofecoxib is approximately 87% bound to plasma pro-
teins over the drug concentration range of 0.05-
25 ugmLfl (Merck & Co. 1998). Not much is known
about the distribution of rofecoxib into various human
tissues. The value of the apparent volume of distribution
at steady state (Vd,,) is reported to be 91L following a
12.5-mg dose and 86 L following a 25-mg dose. In dogs, its
plasma clearance and Vd,; has been reported to be
3.6mLmin 'kg™' and 1.0Lkg ', respectively following
intravenous administration of '*C-rofecoxib (5 mgkg ™)
(Halpin etal 2000). The drug has been found to be dis-
tributed rapidly to rat tissues, with a high proportion of
the intravenous dose observed in most tissues by 5min,
and in liver, skin, fat, prostate and bladder by 30 min, as
determined by radioactivity studies. No information is yet
available on the possibility of rofecoxib crossing the pla-
cental or blood-brain barrier in man. However, it can
cross the placenta in rats and rabbits, and the blood—
brain barrier in rats (Halpin etal 2000).

Rofecoxib is metabolized primarily by cytosolic reduc-
tases with a minor role played by microsomal cytochrome
P450 (CYP) (Merck & Co. 1998; Halpin et al 2002). M ajor
metabolites (56% ) in man have been identified to be
cis-hydro and trans-hydro derivatives and minor
metabolites (8.8% ) as rofecoxib-3’,4’-trans-dihydrodiol,
4'-hydroxyr ofecoxib-O-{-glucuronide, diastereomeric
5-hydroxyrofec oxib-O-3-glucuronide  conjugates and
5-hydroxyrofecoxib (Figure 7). All the metabolites are
inactive as COX-2 inhibitors. Biotransformation of rofe-
coxib and its glucuronide metabolite is reported to be
reversible in man to a limited extent. Baillie et al (2001)
have also reported similar results in rats. They observed

two peaks for the C,,, of rofecoxib in intact rats on
administration of [4-'*C] rofecoxib at 1h and later at
10h. On administration of [4-'*C] 5-hydroxyrofecoxib to
intact or bile-cannulated rats, two peaks for the C,,,, of
rofecoxib were observed only in intact rats and not in bile-
cannulated rats, suggesting the occurrence of reversible
metabolism of rofecoxib to 5-hydroxyrofecoxib in the
rat, which is dependent upon uninterrupted bile flow.
However in contrast to man, this reversible metabolism
is quite distinct in rats where 5-hydroxyrofecoxib is the
major metabolite. Besides 5-hydroxyrofecoxib and its glu-
curonide derivative, other metabolites reported in rats
include rofecoxib-3’,4'-dihydrodiol and 4'-hydroxyro fe-
coxib sulfate. Principal metabolites reported in dogs
include, 5-hydroxy-O-f3-glucuronide, and trans-3'4’ dihy-
dro derivatives in urine, and 5-hydroxyrofecoxib in bile
(Halpin et al 2000).

Rofecoxib is eliminated predominantly by hepatic
metabolism with little (< 1% ) unchanged drug recovered
in urine (Merck & Co. 1998; Halpin et al 2002). Following
a single radiolabelled dose of 125 mg, around 72% of the
dose is excreted in the urine as metabolites and 14% in the
faeces as unchanged drug.

As indicated in Table 4, higher plasma clearance at
lower doses suggests the presence of saturable mode of
metabolism (i.e., nonlinear elimination). The effective
t% in steady state has been reported to be 17h,
while a range of 9.9-17.5h has been observed after multi-
ple dosing. However, a somewhat smaller value of t%
(9.0 £2.7h) has been reported by Werner et al (2001). In
dogs, Halpin et al (2000) have reported the elimination t%
of rofecoxib to be 2.6 h after intravenous administration
of [MC] rofecoxib.

Clinical pharmacokinetics

No report appears in literature indicating any effect of
race or gender on the pharmacokinetics of rofecoxib.
Nevertheless, a 34% increase in AUC was observed in
elderly patients (age > 65 years), as compared with
young subjects following single-oral-dose administration
of 25mg (Merck & Co. 1998). Though the manufacturer
has not reported any dosage adjustment in geriatric
patients, it has been recommended that therapy in these
patients should be initiated with the lowest dose.

Hepatic insufficiency No significant difference in the
values of AUC has been found between healthy subjects
and patients with mild hepatic insufficiency with Child
Pugh score < 6 (Merck & Co. 1998; Schwartz etal
2000a). However, about 69% increase in AUC has been
observed in patients with moderate hepatic impairment
(Child Pugh score 7-9). Therefore, rofecoxib should be
administered with caution to patients with moderate hepa-
tic insufficiency. However, no data are available for
patients with severe hepatic impairment.

Renal insufficiency The values of C,,, and AUC have
been reported to decline by 18 and 9%, respectively, in
patients with end-stage renal failure undergoing dialysis



O=S=0

Rofecoxib-3’- 4’-dihydrodiol

Rofecoxib 875

OH
%o

| o
COOH
G UL
HO HO

O=8=—=0

Rofecoxib

O=S=0

trans-3, 4-dihydro-rofecoxib

5-Hydroxyrofecoxib

Rofecoxib-erythro-3, 4-dihydrohydroxy acid

O=S=0 O==S=0

cis-3, 4-Dihydro-rofecoxib

Figure 7 Pathways for biotransformation of rofecoxib to various metabolites in man.

(Merck & Co. 1998). Although the pharmacokinetics of
rofecoxib has not been found to be influenced by renal
impairment, its use has not been recommended in patients
with renal failure (Brater et al 2001).

Drug interactions

Since NSAIDs are often prescribed to patients who have
already been taking other drugs, the likelihood of
occurrence of potential drug interactions increases mani-
fold (Brouwers & de Smet 1994; Buchan & Bird 1991).
However, rofecoxib being a relatively recent introduction,
only moderate information is available on the reported
interactions with this drug. Various reported drug interactions
of rofecoxib, with pharmacokinetic or pharmacodynamic
outcomes, have been compiled and are shown in Table 5.

Pharmacokinetic interactions

Rofecoxib is less likely to interact with other drugs as it is
not extensively metabolized by CYP 450 enzymes (Merck
& Co. 1998; Garnett 2001). Ketoconazole 400 mg admin-
istered concomitantly with rofecoxib 25 mg (n =7) did not
affect the blood levels of rofecoxib, whereas a 21%
increase in the maximum plasma concentration of rofe-
coxib has been reported with cimetidine (800 mg twice
daily), an inhibitor of CYP2D 6, but no dosage adjustment

has been recommended. On the other hand, co-adminis-
tration of potent inducers of the CYP enzyme system,
such as rifampin, carbamazepine, phenobarbital and
phenytoin, may decrease the serum levels of rofecoxib.
Rifampin 600 mg daily causes nearly a 50% decrease in
plasma concentration of rofecoxib due to induction of
general hepatic metabolic activity. Thus it has been
advised by the author that when given along with a potent
inducer, the patients should be prescribed a dose of rofe-
coxib higher than the normal one (Garnett 2001).

The effect of rofecoxib on CYP3A in man has been
assessed by the intravenous erythromycin breath test
(EBT) and oral midazolam test (Merck & Co. 1998;
Garnett 2001; Matheson & Figgitt 2001). Rofecoxib
(75 mg daily), when compared with placebo, produced no
significant difference (P =0.129) in erythromycin metabo-
lism (Slaughter & Edwards 1995; Garnett 2001). On the
contrary, rofecoxib (25 mg) produced a 30% decrease in
2mg midazolam AUC (Merck & Co. 1998). This indicates
the probability of moderate induction of intestinal
CYP3A by rofecoxib and not of hepatic CYP3A. However,
administration of rofecoxib, even in the diverse dosages of
25, 100, 250 and 375mg, had no effect on the CYP3A-
mediated metabolism of cortisol (Depre etal 2000).
Rofecoxib 12.5, 25 and 50 mg has been found to increase
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Table 5 Drug interactions of rofecoxib with various drugs.

Interaction Effect Dosage adjustment recommendation
Effect of drugs on rofecoxib
Ketoconazole (-) (-) (-)
Cimetidine (+) AUC 7 by 21% (=)
Rifampin (++) AUC | by 50% Yes
Antacids
(aluminium magnesium
hydroxide, calcium carbonate) (+) Crax | by 20% (-)
Effect of rofecoxib on drugs
Erythromycin (-) (-) (-)
Midazolam AUC | by 30% (-)
Cortisol (-) (-) (-)
Theophylline (++) AUC 1 (=)
Prednisolone & prednisone (-) (-) (-)
Methotrexate
with 25 mg rofecoxib (-) (-) Standard monitoring for methotrexate
with 75 mg rofecoxib (=) AUC 7 by 23% toxicity recommended
Lithium Renal clerance may T Monitoring for lithium
toxicity recommended
Aspirin ) ) )
Warfarin (+) Tin INR by 8% Monitoring of INR recommended
ACE inhibitors (+) T in mean arterial pressure Yes
(benzapril, lisinopril) & alteration in antihypertensive
effect
Diuretics (+) Blockade of drug induced (-)
(furosemide (frusemide), aldosterone and renin
hydrochlorothiazide) activity

(—): no interaction or no dosage adjustment required; (4): mild interaction; (++): moderate interaction; AUC: area under the curve; C .y
peak plasma concentration; INR: international normalized ratio. (Schwartz et al 1997; Merck & Co 1998; Brown 2000; Schwartz et al 2000a;
Garnett 2001; Kammerl et al 2001a, b; Matheson & Figgit 2001; Schwartz et al 2001a, b; Ho & Brighton 2002; Lundmark et al 2002; Schwartz

etal 2002, 2003).

the theophylline AUC by around 40, 50 and 60% , respec-
tively (Garnett 2001). As the metabolism of theophylline is
mediated by CYP1A2, the above potentiation suggests the
moderate inhibition of the enzyme by rofecoxib.
Rofecoxib at a dosage of 250 mg once daily for 14 days
did not significantly alter the AUC of prednisone and
prednisolone (30mg oral and 35mg i.v., respectively) in
12 healthy subjects (P > 0.2 for all treatment comparisons)
Merck & Co. 1998; Garnett 2001; Matheson & Figgitt
2001; Schwartz etal 2003). In patients with RA (n =21),
addition of rofecoxib in doses of 12.5, 25 and 50 mg daily
to a stable methotrexate regimen (7.5-25 mg per week)
had clinically no significant effect on the plasma concen-
tration of the latter (Schwartz etal 2001a). However, a
daily dose of 75mg rofecoxib given concurrently with
methotrexate (7.5-15 mg per week) for 10 days is known
to enhance the AUC of this drug by 23% (Merck & Co.
1998). Consequently, standard monitoring (complete
blood counts with differential and platelet counts, hepatic
enzymes, renal function tests, etc., every 4-8 weeks) for
methotrexate-related toxicity has been recommended
when it is given along with rofecoxib. Further, the serum
concentrations of ethinylestradiol or norethindrone in 18

healthy women were not significantly affected by the daily
administration of rofecoxib at doses as high as 175 mg
(Schwartz etal 1997, 2002). Also, the serum concentra-
tions and urinary excretion of a single dose of digoxin
(0.5 mg) were unaffected by once daily administration of
75 mg of rofecoxib for 11 days in 10 healthy subjects
(Schwartz et al 2001b).

Co-administration of antacids (aluminium magnesium
hydroxide suspension, 20mL, or calcium carbonate
suspension, 10mL, with acid-neutralizing capacity of
50mEq) with rofecoxib (25mg) in healthy subjects
(n=12) did not produce any significant difference in
plasma AUC, half-life or t,,, (Merck & Co. 1998).
However, C,,, was reduced by 20% with both the ant-
acids, indicating that the latter may prolong the rate of
absorption of rofecoxib. Nevertheless, this interaction is
unlikely to be of clinical importance.

Similar to NSAIDs, rofecoxib may decrease the renal
clearance of lithium and thus may enhance lithium blood
levels. As a consequence, when rofecoxib and lithium are
administered concurrently, subjects should be observed
carefully for any signs of lithium toxicity (Merck & Co.
1998; Garnett etal 2001; Lundmark et al 2002).



Pharmacodynamic interactions

Rofecoxib (50 mg) administered for 7 days to healthy
subjects (n =24) produced no effect on aspirin (81 mg)-
induced inhibition of TxB, or platelet aggregation (Depre
etal 2000; Greenberg etal 2000; Catella-Lawson etal
2001; Ouellet et al 2001). In subjects stabilized with daily
warfarin (n =15), addition of rofecoxib (25 mg daily) for
21 days led to an 8% mean increase in the international
normalized ratio (INR). Therefore, monitoring of INR
has been suggested for the first few weeks, when rofecoxib
is given concomitantly with warfarin (Schwartz etal
2000b; Ho & Brighton 2002).

Patients who received rofecoxib (25mg daily) and
benazepril (10-40 mg daily) for 4 weeks had an average
increase in mean arterial pressure of around 3mmHg, as
compared with patients receiving benazepril alone (Merck
& Co. 1998). In another study, concomitant administra-
tion of rofecoxib (25 mg daily) with lisinopril resulted in
impairment of the antihypertensive effect of the latter
(10 mg daily) (Brown 2000). Therefore, when such drugs
are given simultaneously with rofecoxib, blood pressure
should be monitored regularly and their dosage should be
adjusted accordingly.

Rofecoxib has been reported to completely block the
aldosterone or renin activity induced by furosemide (fru-
semide) (Kammerl et al 2001a, b) or hydrochlorothiazide
(Kammerl et al 2001b) in subjects on a salt-restricted diet
and, consequently, it nullifies the salt-wasting effect of
these diuretics. This interaction suggests that rofecoxib
can be used in water and electrolyte wasting pathological
conditions like Bartter and Gitelman diseases (Kammerl
etal 2001b).

Tolerability: gastrointestinal effects

NSAIDs frequently produce untoward reactions particu-
larly in the gastrointestinal tract (Singh et al 1996; Naesdal
& Wilson 2001). During their short-term use, they cause
extensive gastroduodenal erosions. During long-term use,
around 15% of patients taking NSAIDs develop dyspep-
sia and about 2% develop serious ulcer complications,
such as perforation, bleeding or gastric-outlet obstruction
(Singh et al 1996). COX-2 inhibitors were developed in an
effort to circumvent the gastroduodenal toxicity asso-
ciated with non-selective NSAIDs (Scott & Lamb 1999).
Endoscopic studies have shown that rofecoxib (25 and
50 mg once daily) exhibits an incidence of gastroduodenal
ulcers equivalent to that found with placebo and signifi-
cantly lower (P <0.001) than with a comparator non-
selective NSAID (ibuprofen 800 mg three times daily)
(Laine et al 1999; Hawkey et al 2000).

Langman etal (1999) performed a meta-analysis of
phase IIb/III trials of rofecoxib in patients with OA and
observed a noticeable 49% reduction in the incidence of
symptomatic gastrointestinal ulcers in patients taking
rofecoxib at a median dose of 25 mg daily when compared
with the non-selective NSAIDs, ibuprofen and diclofenac.
Similarly, in the analysis of ulcer complication rates from
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8 trials in patients with OA, rofecoxib over the dose range
of 12.5-50 mg showed no more upper gastrointestinal
perforation, ulcers or bleeding than placebo and con-
siderably less than other commonly used non-selective
NSAIDs (ibuprofen, diclofenac or nabumetone) (Watson
etal 2000). The cumulative incidence of discontinuation
due to gastrointestinal adverse effects during 12 months
was significantly lower (P = 0.02) with rofecoxib than with
NSAIDs (rates per 100 patient-years were 8.20 vs 12.03
for rofecoxib and NSAIDs, respectively). The cumulative
incidence of pre-specified dyspeptic type gastrointestinal
adverse effects during the first 6 months was significantly
lower (P =0.02) with rofecoxib (69.3 per 100 patient-
years) versus NSAIDs (85.2 per 100 patient-years).
However, the incidence rates converged after 6 months.
VIGOR assessed the safety of rofecoxib with regard to
gastrointestinal events in over 8000 patients with RA
(age > 50 years) (Bombardier etal 2000). Treatment with
rofecoxib (50 mg once daily) was found to be associated
with significantly fewer clinically important upper gastro-
intestinal events than naproxen (500mg twice daily).
During a median follow up of 9 months, a score of 2.1
gastrointestinal events per 100 patient-years was observed
with rofecoxib, as compared with 4.5 per 100 patient-years
with naproxen (relative risk: 0.5; 95% CI: 0.3-0.6;
P <0.001). The respective rates of complicated confirmed
events (perforation, obstruction and severe upper gastro-
intestinal bleeding) were 0.6 per 100 patient-years and 1.4
per 100 patient-years (relative risk: 0.4; 95% CI: 0.2-0.8;
P =0.005) for rofecoxib and naproxen, respectively. These
clinical findings are encouraging as 50 mg rofecoxib is
twice the maximum dose recommended for use in patients
with OA. This lack of toxicity is further corroborated by a
short-term (7-day) study in healthy subjects in which an
even higher dose of rofecoxib (250 mg daily) was asso-
ciated with a similar incidence of gastroduodenal injury
to placebo and less than that observed with ibuprofen
800 mg three times daily or aspirin 650 mg four times
daily (Lanza etal 1999).

A one-year study conducted in 784 patients demon-
strated that fewer rofecoxib recipients experienced
symptomatic ulcers (0.8% ) than did diclofenac recipients
(1.2%) (Cannon etal 2000). According to the authors,
however, the number of patients in the study was rela-
tively small to support the conclusion of a decrease in the
incidence of perforation, ulcer and bleeding (PUB) events.
Nonetheless, after pooling the data of all OA clinical
studies, a statistically important decrease in PUB events
was discerned for rofecoxib-treated patients (Langman
etal 1999).

A double-blind, four-period crossover study in healthy
subjects showed that intestinal permeability (as assessed
by five-hour S!Cr-EDTA/L-rhamnose urinary excretion
ratio) after 7 days of treatment with rofecoxib (25 or
50mg daily) was not significantly different from that
observed with placebo (Sigthorsson etal 2000). In con-
trast, treatment with indometacin 50 mg three times daily
increased intestinal permeability, as compared with both
placebo and rofecoxib (25mg and 50mg daily)
(P <0.001). Mean ratios of >'Cr-ED TA/L-rhamnose levels
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at day 7 to baseline were 0.97 (95% CI: 0.82, 1.16), 0.80
(95% CI: 0.68, 0.95), 0.98 (95% CI: 0.82, 1.17) and 1.53
(95% CI: 1.27, 1.85) for placebo, rofecoxib 25 mg, 50 mg
and indometacin groups, respectively.

The lack of effect of rofecoxib on intestinal permeabil-
ity is consistent with the findings of a double-blind study
in healthy subjects, which demonstrated that gastro-
intestinal microbleeding (measured using >'Cr-labelled
red blood cells in faecal matter) during rofecoxib therapy
(25, 50 mg daily) was statistically significantly less than in
the subjects treated with ibuprofen (2400mg daily)
(P <0.001) (Hunt etal 2000). The gastrointestinal micro-
bleeding with both doses of rofecoxib was observed to be
equivalent to that seen with placebo.

In animal models, rofecoxib administered to rats at a
dose of 300 mgkg " daily for 2 weeks did not produce any
gastric or intestinal lesions (Chan etal 1999). This was
further echoed by the gastrointestinal integrity observed
during a study conducted using 3'Cr-labelled red blood
cells as permeability markers. Rofecoxib had no effect
even at a dose of 200 mgkg ' daily for 5 days, whereas a
2- to 3-fold increase in faecal °*'Cr excretion was observed
with indometacin at a single dose of 3mgkg'. Also,
they observed similar gastrointestinal sparing effect with
rofecoxib (100mgkg ™" twice daily for 5 days) in squirrel
monkeys. Another study (Laudanno etal 2001) was car-
ried out in Wistar rats to investigate the gastrointestinal
effect of rofecoxib on normal healthy gastric mucosa and
on gastric mucosa altered by indometacin-induced lesions.
Rofecoxib did not exhibit any gastrotoxicity macroscopic-
ally as well as histologically in the healthy mucosa. In
contrast, the lesions were aggravated in the altered
mucosa (90% , P < 0.001) and most rats died on the third
or fourth days. The experimental models involving gastric
ulcers induced with acetic acid and duodenal ulcers with
cysteamine further confirmed the aggravation of pre-
viously induced lesions. This suggested the role of COX-
2 and its prostaglandins in the angiogenesis and healing of
ulcers (Mizuno et al 1997; Laudanno et al 2001). This was
further ratified by a recent study conducted by Guo etal
(2002), where they observed that rofecoxib treatment
(10mgkg ™" daily) for 14 days in rats with gastric ulcers
induced by acetic acid was associated with considerable
increase in the ulcer size at 6, 10 and 14 days and with
impairment of angiogenesis in the ulcer base. Lately, Kato
& Takeuchi (2002) found that arthritic conditions alter
the mucosal ulcerogenic and healing responses in the rat
stomach. Administration of rofecoxib to arthritic rats
provoked the gastric lesions, but did not cause any damage
in normal rats. Gretzer etal (2001) reported that in the
normal stomach, lesions develop only when both COX-1
and COX-2 are inhibited. On the contrary, during acid
challenge, inhibition of COX-1 renders the mucosa more
vulnerable, suggesting an important role of COX-1 in
mucosal defence in the presence of potentially noxious
agent. In this function, COX-1 is supported by COX-2.
In the face of pending injury, however, COX-2 cannot
maintain mucosal integrity when the activity of COX-1
is suppressed. Similar results have been observed by
Tanaka etal (2001) and also very recently by the same

group (Tanaka etal 2002a, b) in their studies conducted
on rat stomach and intestine, altered by injury induced by
indometacin. They found that gastrointestinal ulcerogenic
properties of NSAIDs are not accounted for solely by
COX-1 inhibition, but require the inhibition of both
COX-1 and COX-2.

Similarly, Weaver etal (2001) have compiled case
studies of 73 human fatalities reported with celecoxib
and rofecoxib. Out of these fatalities, 37 involve rofecoxib
and in many of these cases, the gastrointestinal events led
to the patients’ deaths. However, the authors could not
conclude for sure about the gastrointestinal safety of these
drugs as 77% of the patients had clinical history of gastro-
intestinal complications. In another reported study
(Caroli & Monica 2001), a 77-year-old female with pre-
vious history of gastrointestinal complications was treated
for OA with rofecoxib 25mg and complained about
haematemesis and melaena. Upper digestive endoscopy
revealed multiple large erosions of the stomach with stig-
mata of recent haemorrhage. Thus, it was concluded by
the authors that the administration of rofecoxib in altered
gastrointestinal mucosa aggravated and complicated the
gastric ulcers and necrosis in the small intestine, conse-
quently restricting their clinical usage. A small number of
cases on the occurrence of acute colitis, gastrointestinal
bleeds, etc., have been reported in literature (de La Serna
Higuera et al 2002; Foral etal 2002; Freedman et al 2002;
Freitas etal 2002). Treatment with rofecoxib was asso-
ciated with a significantly higher number of gastrointest-
inal events in patients with antibodies for Helicobacter
pylori than in patients without these antibodies
(Hochberg 2001). The treatment effect was, however, sig-
nificant in both the subgroups. Finally, the incidence of
gastrointestinal events remained low in rofecoxib-treated
patients who lacked any risk factors for serious upper
gastrointestinal events. However, Hawkey etal (2001b)
reported that gastroduodenal erosion at baseline and
a clinical history of upper gastrointestinal disease, but
not H. pylori colonization, increased the risk for endo-
scopically detected ulcers and clinical bleeds. Therefore,
it can be concluded that the risk of gastric toxicity with
rofecoxib is governed by the presence of previous clinical
gastrointestinal history.

Literature (Naesdal & Wilson 2001; Wolfe et al 2002)
reports that concomitant use of traditional NSAIDs with
antiulcer agents like misoprostol, proton pump inhibitors
(PPIs) and H,-receptor antagonists help in better pre-
vention and healing of the gastroduodenal ulcers than
observed with NSAIDs alone. Watson etal (2001) com-
piled data of gastrointestinal outcomes observed with
rofecoxib in various OA clinical trials. The authors
concluded that the rate of gastrointestinal co-medications
was considerably lower in patient groups treated with
rofecoxib (17.5% ) than that observed in patients
treated with comparator traditional NSAID (27.0% )
(P <0.001) over 12 months. Rofecoxib (12.5mg) has
been found to have similar efficacy and improved gastro-
intestinal tolerability as compared with Arthrotec (diclo-
fenac 50 mg plus misoprostol 200 pg twice daily) (Acevedo
etal 2001). There was significant reduction in the



incidence of diarrhoea (P <0.001), NSAID-type gastroin-
testinal adverse effects (P = 0.004), as well as gastrointest-
inal adverse effects (P <0.001). Also, the number of
discontinuations due to overall clinical adverse effects
was less with rofecoxib therapy than with Arthrotec
(P <0.05). Recently, Wolfe etal (2002) reported that the
recipients of COX-2 inhibitors suffer with significantly
fewer ulcers than the recipients of equivalent non-selective
NSAIDs, regardless of concomitant PPI utilization.
Hence with rofecoxib, the concurrent intake of antiulcer
agents was found to be generally unnecessary but may be
of use in patients with a high risk of gastrointestinal
complications (Hunt et al 2002).

Mahadevan etal (2002) observed that COX-2 inhi-
bitors like rofecoxib and celecoxib may be safe and bene-
ficial in patients with irritable bowel diseases, whereas
nonselective NSAIDs are relatively contraindicated for
fear of disease aggravation. However, they recommend
that a placebo-controlled trial should be conducted to
confirm the observations found in their study.

By and large, analysis of endoscopic data and clinical
PUB events pooled from several trials provide sufficient
evidence that rofecoxib is associated with fewer clinically
symptomatic ulcers and ulcer complications than reported
with conventional NSAIDs (Hawkey 2001; Hawkey etal
2001a; Palmer 2001; Laine 2002; Peura 2002; Scheiman
2002). Hence, rofecoxib is recommended as first-line ther-
apy for the symptomatic treatment of arthritic conditions
in patients who are vulnerable to NSAID-associated
gastrointestinal toxicity (Schnitzer & Hochberg 2002).
However, this needs to be ratified by postmarketing
surveillance. Despite the favourable gastrointestinal
tolerability of rofecoxib, the US FDA still requires the
packaging directions for rofecoxib to carry gastrointest-
inal ulcer warnings similar to the ones used for the trad-
itional NSAIDs. Also, several medical scientists have
shown serious concern about the concomitant therapy of
selective COX-2 inhibitors like rofecoxib with low-dose
aspirin in patients with cardiovascular risk, where the
latter might negate the gastro-protection offered by the
former (Brian 2001; Seibold & Spector 2001; Husni etal
2002; Loewen 2002; Olszynski et al 2002).

Tolerability: cardiovascular effects

Both COX-1 and COX-2 are involved in the production of
prostaglandins and thromboxanes (Cleland etal 2001).
In-vivo biochemical studies suggest that selective COX-2
inhibition could perturb the platelet-vascular homoeosta-
sis mediated by a balance between the effects of throm-
boxane A, (TxA,) and prostacyclin (PGI,). TxA, is a
vasoconstrictor and promotes platelet aggregation,
whereas PGI, is a vasodilator and inhibits platelet
aggregation. Thus, these drugs may permit thrombosis,
as they inhibit endothelial cell production of PGI, but
not the production of TxA, by platelets (Catella-Lawson
& Crofford 2001; Cleland etal 2001; FitzGerald &
Patrono 2001; Mukherjee 2002). Therefore, cardiovas-
cular safety is an area of concern for the COX-2 selective
inhibitors (Crofford 2002; Konstam & Weir 2002; Pedros
et al 2002; Schoors 2002).
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Ingestion of either celecoxib or rofecoxib by healthy
subjects has been reported to suppress PGI, production
in-vivo, measured through its urinary metabolite, with no
effect on platelet TxA, production (Catella-Lawson etal
1999; Cleland et al 2001). In a retrospective analysis of the
cardiovascular events conducted in the rofecoxib OA
phase IIb/III trials (n =5435), no difference was found
between rofecoxib, comparator non-selective NSAIDs
(ibuprofen, diclofenac or nabumetone) and placebo
(Reicin etal 2002). The cardiovascular events included
myocardial infarction, angina pectoris, transient ischae-
mic attack, deep vein thrombosis and peripheral throm-
bosis. The incidence of thrombotic cardiovascular adverse
effects was 1.93 per 100 patient-years in the rofecoxib
treatment group as compared with 2.27 per 100 patient-
years in the combined non-selective NSAID group. In the
trials that compared rofecoxib with placebo, the incidence
of thrombotic cardiovascular adverse effects was 2.71 per
100 patient-years in the rofecoxib treatment group as
compared with 2.57 per 100 patient-years in the placebo
group. Antiplatelet trialist’s collaboration (APTC) end
point is a widely accepted indicator of overall cardio-
vascular impact of antithrombotic compounds evaluated
in clinical trials. This end point summarizes the morbid
and fatal sequelae of atherosclerosis, as well as the fatal
haemorrhagic sequelae that may accompany therapy with
antiplatelet agents (Konstam et al 2001). Consistent with
the risks of cardiovascular adverse effects, similar rates of
APTC events were reported with rofecoxib, placebo and
comparator non-selective NSAIDs (Reicin et al 2002).

Among all the randomized controlled trials performed
to date with rofecoxib, only the VIGOR study depicted
a significant difference between rofecoxib (50 mg) and
its active comparator (naproxen 550mg) in the risk of
thrombotic events (Bombardier et al 2000). The protocol
prohibited the use of aspirin or other antiplatelet and
anticoagulant medications. The study demonstrated that
a supratherapeutic dose of rofecoxib was associated with a
four-fold increase in the rate of myocardial infarction
(0.4% ) compared with naproxen (0.1% ), with relative
risk of 0.2 (CI: 0.1, 0.7). The authors suggested that
these data could be consistent with the theory that regular
use of naproxen may have a cardioprotective effect
similar to that of aspirin, because of the inhibition of
platelet aggregation throughout the dosing interval.
Alternatively, rofecoxib at dose of 50mg once daily
could have prothrombotic effects, especially in the
absence of concomitant COX-1 inhibition in the patients
with increased risk of thrombosis.

Further, a meta-analysis of phase IIb-V rofecoxib clin-
ical trials in over 28 000 patients, with over 14 000 patient-
years at risk, failed to show any significant differences in
the risk for serious cardiovascular thromboembolic out-
comes between the patients taking rofecoxib and those
taking non-naproxen nonselective NSAIDs or placebo
(Konstam et al 2001). The relative risk for an APTC end-
point was 0.84 (95% CI: 0.51, 1.38) when comparing
rofecoxib with placebo, 0.79 (95% CI: 0.40, 1.55) when
comparing with the studied non-naproxen NSAIDs and
0.69 (95% CI: 1.07, 2.69) when comparing with naproxen.
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However, the vast majority of patients taking rofecoxib in
the meta-analysis received doses of either 12.5 or 25 mg
once daily. Thus, one can not completely exclude a pos-
sible prothrombotic effect of this long half-life COX-2
selective inhibitor in VIGOR analysis, when taken at
higher than recommended dosages for a prolonged period
in the absence of COX-1 inhibition.

A separate 7-day study investigated the effects of rofe-
coxib (25 mg per day) versus naproxen (750 mg per day)
on endothelial function in healthy subjects (n=235)
(Verma etal 2001). Vascular response was measured
using forearm strain-gauge plethysmography. Changes in
forearm blood flow (FBF) in response to the endothelium-
dependent vasodilator acetylcholine (ACh; 3, 10, and
30ugmin ') and the endothelium-independent vaso-
dilator sodium nitroprusside (1 and 10ugmin~') were
assessed before and after treatment. Treatment did not
result in any change in ACh-mediated increase in FBF,
in either the naproxen group (P =0.27) or the rofecoxib
group (P =0.58). Similarly, there was no change in FBF in
either group in response to sodium nitroprusside (P =0.55
for naproxen, P =0.63 for rofecoxib). Hence, when used
in doses proven to inhibit PGI, production in healthy
individuals, rofecoxib did not result in changes in
endothelium-dependent vasodilatation, or in blood pres-
sure. However, the effect of rofecoxib on vasodilator
response in patients with coronary artery disease needs
to be investigated.

On the whole, it has been advised that rofecoxib should
not be used alone in patients with serious cardiovascular
thrombotic events, especially with myocardial infarction
(Adelman 2001; Mukherjee etal 2001; Peretz 2001;
Frankish 2002; Graham etal 2002; Jaeschke etal 2002;
Schoors 2002). Either low-dose aspirin or another anti-
platelet agent should be given in conjunction with this
drug. However, no studies have been reported on the
gastrointestinal tolerability with concomitant use of such
combinations along with rofecoxib.

Tolerability: renal effects

Both COX-1 and COX-2 are constitutively expressed in
the renal tissues of all the species. COX-2 is known to be
localized to the renal vasculature, the cortical macula
densa and the medullary interstitial cells of the kidney,
and its content in these areas increases with age (Harris
etal 1994; Jensen & Kurtz 1997; Komhoff etal 1997,
Cheng etal 1999; Ferguson etal 1999; Ferreri etal 1999;
Brater etal 2001; FitzGerald & Patrono 2001; Kammerl
et al 2001b). In contrast, COX-1 is found in vasculature,
collecting ducts and thin loop of Henle (Harris et al 1994;
Brater et al 2001; FitzGerald & Patrono 2001; Perazella &
Tray 2001). COX-2 can be upregulated in a number of
experimental settings, such as sodium restriction, volume
depletion, partial renal ablation, renal artery stenosis and
active lupus nephritis (Harris etal 1994; Jensen & Kurtz
1997; Komhoff etal 1997; Brater etal 2001). COX-2
dependent prostaglandins are necessary for normal renal
development (Brater etal 2001; FitzGerald & Patrono
2001; Kammerl et al 2001). In mice, complete absence of

COX-2 results in severe renal dysplasia characterized by a
postnatal arrest of maturation in the subcapsular nephro-
genic zone and progressive deterioration with increasing
age (Dinchuk et al 1995). Antenatal exposure of both mice
and rats to an inhibitor of COX-2, but not of COX-1, has
also been found to have similar effects (Komhoff etal
2000). Accordingly, it has been speculated by many
researchers that COX-2 inhibitors share a similar risk of
adverse effects on the renal function to the nonselective
NSAIDs (Catella-Lawson etal 1999; Cannon etal 2000;
Chiolero 2000; Swan etal 2000; Brater etal 2001; Deray
2001; FitzGerald & Patrono 2001; Perazella & Tray 2001;
Whelton 2001; Gertz et al 2002; Harris 2002). Between the
two coxibs (i.e., celecoxib and rofecoxib), the former has
been reported by a few researchers to have much safer
renal profile than the latter (Zhao etal 2001; Osterhause
etal 2002). However, the latest search by the US FDA’s
Adverse Event Reporting System (AERS) states that both
coxibs are associated with renal effects similar to that of
conventional nonselective NSAIDs (Ahmad etal 2002).

Data on the renal safety profile of rofecoxib are avail-
able from various sources and have been compiled in a
classified manner, as listed below.

Effects on renal prostaglandins The urinary levels of 6-
keto PGF,, (the stable metabolite of PGI,) and PGE, are
documented to reflect the renal synthesis of PGI, and
PGE,, respectively (Froelich etal 1975; Catella etal
1986). In healthy elderly adults (mean age 65-68 years),
rofecoxib (50mg daily) produced a 47% decrease from
baseline in urinary 6-keto PGF,,, a value comparable in
magnitude to that observed with indometacin (53% )
(Catella-Lawson etal 1999). In a separate study, rofe-
coxib, at doses of 12.5 and 25mg once daily, reduced
urinary PGE, and 6-keto PGF,, excretion in healthy
subjects by about 40-50% , the reduction being similar to
that seen following administration of meloxicam (15mg
daily) or diclofenac (50 mg three times daily) (Van Hecken
etal 2000). In animals, rofecoxib has been found to
decrease the plasma levels of 6-keto PGF,, both in nor-
motensive and spontaneously hypertensive rat strains fed
on either normal or high-salt diet (Hocherl et al 2002a).
Accordingly, these investigations also support the hypo-
thesis that the COX-2 isoform plays an important role
in renal prostaglandin biosynthesis.

Effects on renal physiology: glomerular filtration rate
(GFR) and sodium excretion In elderly subjects (60-80
years) on a sodium-replete diet (200mEq daily), 50 mg
rofecoxib did not produce any significant alteration in
GFR after 2 weeks of treatment, whereas indometacin
(50 mg three times daily) resulted in a 5% decrease from
baseline (P <0.05) (Catella-Lawson etal 1999). Both
drugs produced similar transient and clinically insignifi-
cant reduction in urinary sodium excretion during the first
3 days of treatment. The findings of this study suggested
that COX-2 inhibition results in sodium retention, while
the decline in GFR is attributable to the blockade of
COX-1. A subsequent study (Swan et al 2000) indicated



that, under different clinical circumstances, COX-2 inhibi-
tion could affect both solute homoeostasis and renal
haemodynamics. In a double-blind, multiple-dose, pla-
cebo-controlled, parallel-group study in geriatric patients
(65-80 years) with mild renal impairment (mean creatinine
clearance 65mL minfl), stabilized on low-sodium diet
(30mEq daily), rofecoxib (250 mg once daily) and indo-
metacin (75 mg once daily) produced a decrease in GFR
by 0.23mL s (P <0.001) and 0.18 mL s ' (P =0.003), as
compared with placebo. On the other hand, a respective
decrease in GFR of 0.14, 0.13 and 0.10mLs™" was
observed after multiple dosing of rofecoxib at a dose of
125mg per day (P=0.019) and 25mg per day
(P =0.029), and of 50mg three times daily indometacin
(P =0.086), indicating that all the three treatments had
almost similar effect on GFR. However, there were no
consistent changes in urinary sodium or potassium excre-
tion in rofecoxib-treated subjects. While rofecoxib 12.5 mg
produced a significant 34.6% reduction in peak urinary
sodium excretion as compared with placebo (P <0.05), no
significant effect was observed in subjects receiving either
rofecoxib 25mg (22.8% ) or indometacin (25.5% ).
Unfortunately, the compliance with the sodium-restricted
diet was not documented in this trial. Nonetheless, this
study showed definite effects of a COX-2 inhibitor on
renal haemodynamics similar to those with a nonselective
NSAID. Decreased sodium excretion can result in weight
gain, peripheral oedema, attenuation of the effects of
antihypertensive agents and, rarely, precipitation of
chronic heart failure (Brater 1999). In a very recent
study, administration of rofecoxib (25 mg per day) for
two weeks in patients with OA produced a significant
increase in serum sodium levels (P <0.05) and in body
weight (P <0.001) (Niccoli etal 2002). Although most
findings reveal a negative impact of rofecoxib on
sodium-water excretion, some latest reviews (Ahmad
etal 2002; Harris 2002) state that these effects are quite
similar to those with nonselective NSAIDs.

Effects on renal physiology: incidence of peripheral
oedema As with nonselective NSAIDs, both rofecoxib
and celecoxib have been reported to cause peripheral
oedema (Brater et al 2001; Zhao etal 2001; Graham etal
2002; Osterhause et al 2002). In one study (Cannon etal
2000) carried out in 784 patients with OA, lower-extremity
oedema was reported in 3.9% and 1.9% of the patients
treated with 12.5 or 25 mg of rofecoxib, respectively. The
incidences were found to be similar to those observed in
patients receiving diclofenac 50mg three times daily
(3.4% ), but higher than those observed in placebo-treated
patients (1% ). In the VIGOR trial, the incidence of renal
adverse effects was low, yet similar among the two patient
groups receiving different drug treatment (i.e., rofecoxib
(1.2% ) and naproxen (0.9% )) (Bombardier etal 2000).
Discontinuations due to oedema-related adverse events
were numerically higher in the rofecoxib group (n=25)
than in naproxen-treated patients (n=13) (FDA 2002b).
A somewhat higher incidence of peripheral oedema
(6.3% ) was observed with 50mg rofecoxib; this dose,
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however, is neither approved nor required for maximal
efficacy during chronic use.

Of the two coxibs, Whelton et al (2001) found that in a
6-week, randomized, double-blind trial, conducted in
elderly hypertensive patients with OA of the hand, hip or
knee (n =811; age > 65 years), significantly higher oedema
(P =0.014) developed in patients treated with 25 mg of
rofecoxib (9.5% ) than with 200 mg of celecoxib (4.9% ).
A randomized, double-blind, placebo-controlled com-
parative study on rofecoxib (25 mg once daily) and cele-
coxib (200 mg once daily) in 1082 patients with OA of the
hip or knee, failed to demonstrate a difference in the
proportion of patients with clinically significant increases
either in systolic or diastolic blood pressure between the
two coxibs. Significant differences however, were found
between the patient groups receiving coxibs and the pla-
cebo (Geba etal 2001). Nonetheless, the authors advised
that caution must be exercised when interpreting these
results, as the half-lives of these coxibs differ and that
the trial may not have used comparably efficacious doses.

Effects on renal physiology: blood pressure Mean sys-
tolic and diastolic blood pressures have been found to
remain constant over an entire year of rofecoxib treat-
ment, with clinically insignificant mean changes from
baseline values in comparison with diclofenac 50 mg
three times daily (Cannon etal 2000). Mean changes in
blood pressure (systolic and diastolic) in patients treated
with once-daily doses of rofecoxib (12.5 or 25 mg) for over
a l-year period were <1 and <3mmHg, respectively.
These findings indicate that clinically insignificant alter-
ation in diastolic or systolic blood pressure should be
anticipated if the patients are switched from a nonselective
NSAID to these doses of rofecoxib (Brater etal 2001).
However, hypertension has been reported in some patients
as an adverse effect. Over a 6-month treatment period,
0.1% of the patients receiving either 12.5 or 25 mg rofe-
coxib discontinued therapy owing to hypertension, as
compared with 0.4% of the ibuprofen-treated patients.
However in the VIGOR study (n ~ 8000), the number of
discontinuations due to increase in blood pressure was
significantly higher in patients treated with rofecoxib, as
compared with naproxen (28 vs 6; relative risk: 4.67; CI:
1.93, 11.28) (FDA 2002b). In a 6-week study reported by
Whelton etal (2001), in addition to oedema, there was
significantly higher increase (P =0.032) in the systolic
blood pressure in rofecoxib-treated patients (17% ) than
in celecoxib-treated patient group. Also, the diastolic
blood pressure was found to elevate in 2.3% of rofecoxib
recipients in comparison with 1.5% of celecoxib recipients
(P =0.44). At week 6, the change from baseline in mean
systolic blood pressure was +2.6 mmHg for the rofecoxib-
treated group in comparison to —0.5mmHg for the
celecoxib-treated group (P =0.007). Thus, preferably, the
patients receiving rofecoxib therapy should be monitored
for the development of cardiorenal events. Niccoli etal
(2002) report that rofecoxib 25 mg daily, when adminis-
tered in patients with OA for two weeks, produced a
significant increase in systolic and diastolic blood pressure
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(P < 0.001). However, Reitblat et al (2002) have observed
that treatment with rofecoxib 25mg did not cause any
change in arterial blood pressure during day time but
caused an increase in night-time systolic and diastolic
blood pressure. In a separate 6-week study, rofecoxib
(12.5 and 25 mg once daily) produced renal adverse effects
such as oedema, hypertension and weight gain similar to
ibuprofen (2400 mg daily), indicating that rofecoxib is
similar to a non-selective NSAID in terms of effects on
blood pressure. However, some authors have suggested
that the therapy with rofecoxib needs to be monitored
(Frishman 2002; Osterhaus et al 2002).

Effects on renal physiology: serum creatinine and serum
electrolyte levels Following prolonged administration
for over one year, rofecoxib (12.5 or 25mg) produced
only a trivial change in serum creatinine levels in patients
with OA (Cannon et al 2000). After six months, the mean
change from baseline in serum creatinine was observed to
be 0.03mgdL ™" with rofecoxib (25mg), similar to that
observed with NSAID comparators ibuprofen and diclo-
fenac (0.02mgdL " in each case) and somewhat greater
than that observed with placebo (—0.02mgdL ™). Fewer
rofecoxib-treated patients discontinued therapy due to
elevation in serum creatinine as compared with the
patients treated with the nonselective NSAID (0.06 vs
0.26% ).

Rofecoxib may result in a modest degree of hyper-
kalaemia, presumably as a result of hyporeninaemic
hypoaldosteronism, similar in magnitude and frequency
to that observed in patients receiving comparator
NSAIDs (Brater 1999; Brater etal 2001; Hocherl etal
2002b). In a 6-week OA study, 2%, 3.2%, 3.2%, 1.7%
and 6.1% of patients were found to have potassium
concentrations  exceeding the predefined limits
(> 0.8mEqL ") on one or more occasions in the placebo,
rofecoxib 12.5mg, rofecoxib 25mg, ibuprofen 2400 mg
and nabumetone 1500 mg groups, respectively (Brater
etal 2001). However, < 0.1% of the patients receiving
rofecoxib (12.5-25 mg once daily) had serum potassium
concentrations >5.5mEq L~ on two or more occasions,
as compared with 0.3% of the patients on placebo.

Results of all the studies described above provide some
insight into their potential nephrotoxicity. However, the
subjects who were investigated were generally healthy with
minimal risk of serious NSAID -associated nephrotoxicity.
The findings of these studies suggested that the selective
COX-2 inhibitors have the potential to disrupt renal
physiology (i.e., renal blood flow, GFR and excretion of
sodium, potassium and water), but the effects are minor
and clinically insignificant. In contrast, a few case reports
(Wolf etal 2000 ; Ofran et al 2001; Perazella & Tray 2001;
Rocha & Fernandez-Alonso 2001; Wahba & Soper 2001;
Woywodt etal 2001; Hay etal 2002) published in litera-
ture provide a brief account of the potential nephrotoxi-
city of rofecoxib. Perazella & Tray (2001) reported 14
cases of renal toxicity associated with the use of coxibs.
By and large, in all these cases, patients had several risk
factors for NSAID-induced nephrotoxicity, including

chronic renal insufficiency, cardiac disease with impaired
ventricular function, diabetes mellitus, diuretic and ACE
inhibitor therapy, vascular disease, hypertension and
volume-depleted states. Taken together, all the findings
reveal that rofecoxib, like nonselective NSAIDs, can cause
acute renal impairment in patients with risk factors.
Therefore in patients with risk factors for nephrotoxicity,
it is prudent to approach rofecoxib therapy cautiously and
in a fashion analogous to that with traditional NSAIDs
(Chiolero etal 2000; Ahmad etal 2002; Brater 2002;
Noroian & Clive 2002). Further, it has been advised that
rofecoxib should not be prescribed to patients with advanced
renal disease (Ahmad et al 2002; Kitahara et al 2002).

Tolerability: hepatic effects

In controlled clinical trials of rofecoxib, the incidence of
borderline elevations of liver tests at doses of 12.5 and
25mg daily was comparable with that observed with
ibuprofen and lower than that observed with diclofenac.
In placebo-controlled trials, approximately 0.5% of patients
taking rofecoxib (12.5 or 25mg) and 0.1% of patients
taking placebo had notable elevations of alanine amino-
transferase or aspartate aminotransferase (Merck & Co.
1998). Use of rofecoxib is, therefore, not recommended in
patients with moderate or severe hepatic insufficiency.
Hence, it is advisable that on the appearance of any
signs and symptoms of liver disease, the use of rofecoxib
should be discontinued.

Adverse effects

Rofecoxib is generally well tolerated (M atheson & Figgitt
2001). It has been considered to be safe when administered
at therapeutic doses for periods as long as 6-12 months.
Adverse events occurring in at least 2% of the patients
receiving rofecoxib in nine controlled OA studies
between 6 weeks and 6 months duration were observed
to be abdominal pain, dizziness, pedal oedema, upper
respiratory tract infection and fatigue in general (Merck
& Co. 1998). Hypertension, nausea, dyspepsia, diarrhoea,
epigastric discomfort and heartburn related to the cardio-
vascular system and gastrointestinal tract were also
observed. Headache, back pain and urinary-tract infection
were some of the other side effects reported. Isolated
reports on the occurrence of aseptic meningitis, acute
pancreatitis, paraesthesia, fixed drug eruptions, aquagenic
wrinkling of palms, sinusitis, urticaria, angioedema,
haemorrhagic pulmonary oedema, erythema multiforme
and cholestatic hepatitis with rofecoxib have also been
observed (Kaur etal 2001; Kelkar etal 2001; Amaravadi
et al 2002; Block 2002; Bonnel et al 2002; Carder & Weston
2002; Daugherty & Gora-Harper 2002; Huster etal 2002;
Kumar etal 2002). No serious toxicity has been reported
following the single-dose administration of rofecoxib even
at the very high dose of 1000 mg and multiple high doses
of 250mg daily for up to 14 days. Very recently,
Bannwarth etal (2003) evaluated the safety profile of
rofecoxib in patients with OA (n =2896) in a 24-week,
open-label, non-pharmacological intervention trial.
Closely monitoring the patients for any incidence of



adverse effects, the scientists concluded that the drug is
associated with a low rate of serious adverse events in
patients with OA.

Contraindications and precautions
Rofecoxib is contraindicated in patients with known
hypersensitivity to the drug or any of the components of
its dosage form (Merck & Co. 1998). Although rofecoxib
has been reported to be well-tolerated and safe in patients
with aspirin-sensitive asthma (Stevenson & Simon 2001;
Szczeklik etal 2001; Martin-Garcia etal 2002) and
aspirin- or NSAID-sensitive allergic reactions (Enrique
etal 2000; Berges-Gimeno etal 2001; Hinrichs et al 2001;
Sanchez Borges etal 2001; Nettis etal 2002; Pacor etal
2002; Quiralte etal 2002), it has nevertheless been recom-
mended by the manufacturer that it should not be admin-
istered to patients who have clinical history of asthma,
nasal polyps, urticaria or who have had allergic-type reac-
tions after taking aspirin or other NSAIDs (Merck & Co.
1998). In placebo-controlled trials, no significant differ-
ence was observed between rofecoxib and placebo in
clinical reports of anaemia. Nevertheless, the patients
receiving long-term treatment with rofecoxib should
have their haemoglobin and haematocrit levels monitored
if they exhibit any signs or symptoms of anaemia or blood
loss. Rofecoxib does not usually affect platelet counts,
prothrombin time, partial thromboplastin time or platelet
aggregation at the indicated dosages. However, it has been
advised by several workers (Merck & Co. 1998; Atkinson
2002; Noroian & Clive 2002; Brater 2002; Frankish 2002;
Graham etal 2002) that rofecoxib should be used with
caution, and in the lowest recommended dose, in patients
with fluid retention, hypertension or heart failure.
Rofecoxib, when administered to healthy women, has
been reported to have a negative local effect on human
ovulation, resulting in delayed follicular rupture (Pall etal
2001). No reports are available regarding the effect of
rofecoxib in women during pregnancy or lactation.
However in animal studies, rofecoxib has been shown to
cross the placental barrier (Merck & Co. 1998; Halpin etal
2000). Rofecoxib has been observed to produce peri-
implantation and postimplantation losses and reduced
the embryo/foetal survival in rats and rabbits after oral
doses of 10 and 75mgkg ™" daily, respectively (Merck &
Co. 1998). The researchers have attributed these changes
to the inhibition of prostaglandin synthesis and not to the
alteration of female reproductive function. Hence, the
manufacturer suggests that rofecoxib should be used in
pregnant women only when the benefit overweighs the
potential risk. Also, its use in late pregnancy is not advised
because of the likelihood of premature closure of the
ductus arteriosus. Since the drug is excreted in animal
milk, its use in nursing mothers is also not recommended
(Merck & Co. 1998). When administered to rabbits, some
incidences of vertebral malformations were observed,
however, the frequency was statistically insignificant. At
doses up to 50mgkg " daily (approximately 28- and 10-
fold higher than human exposure at 25 and 50 mg daily
based on AUC,_,;), rofecoxib was not found to be
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teratogenic in rats. Also, no carcinogenic or mutagenic
effect has been observed with rofecoxib.

Dosage and administration

Rofecoxib is administered orally and is available in the
form of tablets (12.5 and 25mg) and suspension (each
S5mL contains 12.5mg of rofecoxib) (Merck & Co.
1998). In OA and RA, the recommended starting dose of
rofecoxib is 12.5 mg once daily, which can be increased up
to the maximum recommended dose (25 mg). Rofecoxib
50 mg once daily is the recommended initial dose for the
management of acute pain and treatment of primary
dysmenorrhoea. Rofecoxib tablets may be taken with or
without food.

Future prospects

During recent years, multidisciplinary studies in epide-
miology and molecular biology, as well as preclinical stud-
ies, have contributed significantly to understanding the
aetiology of carcinomas. The epidemiological and labora-
tory studies suggest that COX-2 levels are upregulated in
various pathophysiological conditions like polyposis
(Boolbol et al 1996), gastric cancer (Ristimaki etal 1997),
colon and colorectal carcinoma (Eberhart etal 1994),
neuroectodermal tumour (Patti et al 2002) and Barrett’s
oesophagus (Wilson et al 1998).

Based on these findings, research has been going on to
investigate the potential role of COX-2 inhibitors in the
prevention, as well as treatment, of colon, skin and blad-
der cancer, and polyposis (Ziegler 1999; Kalgutkar &
Zhao 2001; Reddy & Rao 2002). In this regard, the US
FDA has already approved one of the coxibs (celecoxib,
400 mg twice daily) for use in reducing the number of
adenomatous polyposis (FDA 1999b). Oshima etal
(2001) reported that rofecoxib can inhibit polyposis in
Apcdelta 716 mouse. Analogously, Lew et al (2002) also
observed that rofecoxib, together with adenomatous poly-
posis coli gene, can reduce the polyp formation by 87% .
These findings suggest that rofecoxib can be used as a
potential chemopreventive agent in human intestinal and
colorectal cancer. Rofecoxib has already been indicated as
a supportive therapy with epidermal growth factor recep-
tor kinase inhibitor in colorectal cancer (Frost &
Discafani-Marro 2002). Of late, Kaur et al (2002) investi-
gated the role of rofecoxib (25 mg once daily) in Barrett’s
oesophagus. During the disease, the levels of COX-2,
PGE, and proliferating cell nuclear antigen were 2- to 3-
times higher at baseline than those observed in normal
oesophagus and duodenum. Following rofecoxib therapy
for 10 days, the levels of these biochemicals were consid-
erably reduced (P <0.005). The PPIs were maintained
throughout the study. Therefore, the researchers have
suggested that rofecoxib, along with acid-suppressive ther-
apy, may be a promising chemopreventive agent against
dysplasia and oesophageal adenocarcinoma. Fraley etal
(2002) reported that rofecoxib could be effectively com-
bined with tyrosine kinase inhibitors for the treatment of
angiogenesis. Further, Dicker etal (2001) suggested that
the combination of rofecoxib and radiation acts as a
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complimentary strategy with clinical ramifications to tar-
get angiogenesis-dependent malignancies.

Literature is replete with reports indicating that the
COX-2 enzyme is overly expressed in the microglia of
cognitive centres within the hippocampus and cortex in
Alzheimer’s disease (Blain et al 2000; Ferencik et al 2001;
Jain etal 2002). As a consequence, long-term administra-
tion of anti-inflammatory drugs is likely to have a protec-
tive effect on the onset of Alzheimer’s disease. Coxibs may
have an advantage over traditional NSAIDs as they can
decrease the excessive expression of COX-2 selectively
with better gastrointestinal tolerability. These agents also
decrease the excessive activation of some transcription
factors responsible for the initiation of transcription of a
number of pro-inflammatory genes (Ferencik et al 2001).
The selective inhibitors of COX-2 thereby can have an
anti-inflammatory effect, operating at several levels.
Recently, Aisen (2002) reported that a multicentre, double-
blind, placebo-controlled trial is being conducted by the
Alzheimer’s Disease Cooperative Study to determine the
effect of rofecoxib or naproxen in retarding the rate of
cognitive and clinical decline in Alzheimer’s disease.
However, this study is currently underway and the out-
come(s) will determine the utility of selective and non-
selective COX inhibitors for the prevention and treatment
of Alzheimer’s disease. Block & Lines (2002) also lately
reported that rofecoxib can be co-administered with ~-
aminobutyricacid-sub-A-a-5-inverse agonist for the treat-
ment of Alzheimer’s disease. However, the use of NSAIDs
in Alzheimer’s disease was pioneered by the work of
McGeer & McGeer (1995). Besides COX-1 and COX-2,
the authors have indicated the role of many other inflam-
matory stimulators involved in neuroinflimmation in
Alzheimer’s disease-like beta-amyloid protein; the pen-
traxins C-reactive protein and amyloid P; complement
proteins; interleukin-1, interleukin-6 and tumour necrosis
factor-alpha; the protease inhibitors alpha-2-macroglobu-
lin and alpha-l-antichymotrypsin. Hence, as there are a
number of diverse inflammatory targets that can be acted
upon by conventional NSAIDs, the superiority of coxibs
over them needs to be investigated critically.

Rofecoxib is also being investigated for other patho-
physiological conditions like atherosclerosis, hyperprosta-
glandin E syndrome/antenatal Bartter syndrome (HPS/
aBS) and Gitelman’s syndrome. Burleigh etal (2002)
reported that COX-2 enzyme promoted atherosclerotic
lesion formation in low-density lipoprotein receptor-
deficient mice and that treatment with rofecoxib or indo-
metacin for 6 weeks resulted in a considerable reduction in
the early lesion formation (25% and 37%, respectively).
This observation supports the high potential of anti-
inflammatory approaches to the prevention of athero-
sclerosis.

Reinalter etal (2002), in their study conducted on
patients with HPS/aBS, observed upregulation of COX-2
enzyme and found that HPS/aBS-associated hyperren-
inaemia and the salt depletion in patients is dependent
upon the COX-2 levels. Hence, the use of rofecoxib may
be promising in such conditions (HPS/aBS, Gitelman’s
syndrome) (Mayan etal 2002; Reinalter etal 2002).

Rofecoxib holds tremendous promise in treating and miti-
gating neurological ailments like hemicrania continua
(Peres & Zukerman 2000; Peres & Silberstein 2002) and
migraine (Krymchantowski & Barbosa 2002; Simitchieva
etal 2002) and for pain management in osteoid osteoma
(Bottner et al 2001).

Conclusions

Rofecoxib is a novel anti-inflammatory agent with a bio-
chemical and pharmacological profile vividly distinct
from that of conventional NSAIDs. It possesses an extre-
mely high affinity for selective inhibition of COX-2 with
no effect on the COX-1 isoenzyme. Besides its high degree
of anti-inflammatory and analgesic activity, rofecoxib
exhibits excellent antipyretic potential with a highly
favourable gastrointestinal tolerability. Rofecoxib has
been documented to be efficacious in the symptomatic
treatment of OA, RA, acute pain and primary dysmen-
orrhoea. Numerous clinical trials demonstrate the thera-
peutic efficacy of rofecoxib to be better than, or at least
similar to, that observed with comparator non-selective
NSAIDs, and unambiguously superior to that of placebo
(Zacher & Schattenkirchner 2002). In comparison with
celecoxib, another coxib, it portrays better efficacy in the
treatment of osteoarthritis and dental pain.

The latest surveys report that rofecoxib shares similar
risk of renal and thrombotic events as observed with non-
naproxen non-selective NSAIDs. Owing to its good gas-
trointestinal tolerability, rofecoxib is considered to be a
safer option in the high-risk patients (i.e., patients with
history of gastrointestinal complications, patients taking
high doses of NSAIDs, corticosteroids or alcohol or elderly
patients aged over 65 years) (Hawkey 2001; Rajadhyaksha
& Dahanukar 2001; Weaver 2001; Bombardier 2002;
Crofford 2002; Lanas 2002; McMurray & Hardy 2002;
Steinfeld & Bjorke 2002). Despite being relatively more
expensive than many popular non-selective NSAIDs, ther-
apy with rofecoxib is considered to be more effective and
cost-effective in these patients, as it obviates the need for
other concomitant therapies like H,-receptor blockers,
PPIs, etc. (Hilson & Furst 2000; Marshall etal 2001;
Schnitzer 2001; Fendrick 2002; Katz 2002; McMurray &
Hardy 2002). However, in case of concomitant use with
low-dose aspirin in patients with cardiovascular risk, vari-
ous experts suggest the intake of gastroprotective agents
like PPIs.

The extent of bioavailability of rofecoxib is nearly
100% at lower doses. At higher doses, however, its
absorption is slow and incomplete ostensibly due to its
poor aqueous solubility. The drug has widely varying ty, .«
values (2-9h) indicating inconsistencies in the kinetics of
absorption. Rofecoxib is eliminated predominantly by
hepatic metabolism (majorly by cytosolic reductases),
with little unchanged drug excreted in urine. Ample phar-
macokinetic and pharmacodynamic investigations suggest
that rofecoxib does not interact significantly with many
other drugs.

Sizable numbers of reports have been published on the
quantitative estimation of drug in biological fluids and in



pharmaceutical dosage forms. Regarding formulation
aspects of rofecoxib, various dosage forms like oral fast
melt tablets, clear oil preparations, topical/transdermal gels,
microemulsions and multilayered tablets have been formu-
lated with fruition. The aqueous solubility of rofecoxib has
been improved using approaches like inclusion complexa-
tion, solid dispersions and formation of porous matrices. As
rofecoxib in the dissolved state tends to pose stability prob-
lems with light and alkali, caution must be exercised in
formulating and handling its solution dosage forms.

Based upon various literature findings, the drug seems
to have a lot of promise futuristically as supportive ther-
apy in Alzheimer’s disease, polyps, Barrett’s oesophagus,
colon carcinomas, Bartter and Gitelman diseases and
atherosclerosis. Nevertheless, further studies are required
to investigate its superiority over other anti-inflammatory
agents in these pathophysiological states.
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