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Variations in response to non-steroidal anti-inflammatory drugs
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Non-steroidal anti-inflammatory drugs (NSAIDs)
are one of the most commonly prescribed groups
of drugs. Over 20% of all visits to general practi-
tioners in Great Britain are for musculoskeletal
complaints (Nuki, 1983) and it has been estimated
that nearly 1 in 7 Americans is likely to be
treated with a non-steroidal anti-inflammatory
drug in any 1 year (Clive & Stoff, 1984). Not only
are rheumatic diseases common but they are
often chronic and thus the patient can be exposed
to pharmacological treatment over a long period
of time. The last 30 years has seen a tremendous
increase in the number of available non-steroidal
anti-inflammatory drugs. Unfortunately the in-
crease in the number of NSAIDs has not been
matched by significant advances in therapeutic
efficacy, although therapeutic indices have im-
proved substantially when comparing the newer
NSAIDs with regular aspirin and phenylbutazone.
Recent data indicate a substantial and increasing
use of non-aspirin NSAIDs especially amongst
elderly females, which is associated with an en-
hanced risk for serious adverse effects (Collier &
Pain, 1985; Walt et al., 1986). Over the past few
years, a number of NSAIDs have had to be
withdrawn from the market because of a signifi-
cant incidence of fatal adverse drug reactions
(Taggart & Alderdice, 1982; Halsey & Cardoe
1982; Inman & Rawson, 1983; Inman et al.,
1986). It has now become apparent that the
relative risk for an individual developing a signi-
ficant gastrointestinal haemorrhage is of the
order of 2 in comparison to a general population.
This figure has considerable implications to
community health, given the large exposure of
the population to NSAIDs. This relative risk
increases to 3-4 in those over 60 years taking
NSAIDs (Somerville et al., 1986). These data
have led to a reappraisal of NSAIDs and their
place in the management of rheumatic diseases
and a questioning of the need to have such a
large number of these drugs available. This has
produced conflict between the pharmaceutical
industry with its attempts to develop and intro-

duce new NSAIDs and drug regulatory auth-
orities, who may be not convinced of the need
for additional drugs of this class.
The practising physician and rheumatologist,

however, appreciate that there is considerable
intersubject variability in response to NSAIDs
(Bellamy, 1985). At present there is no clear
method of choosing an appropriate NSAID for a
particular patient and, currently, this is achieved
by trial and error. Despite the number of NSAIDs
and the enormous data bank from clinical trials
of these agents, there are a surprisingly small
number of studies which have genuinely at-
tempted to rank the efficacy or utility of a number
of available NSAIDs (Day, 1985). This is because
the majority of clinical trials involving NSAIDs
are motivated by licensing and market forces
and compare two or, at most, three agents. It is
therefore difficult to construct any rank order
of efficacy of NSAIDs from these studies. An
additional problem is the significant number of
design problems which these studies demonstrate
(Vallance, 1982). The first demonstration of
individual variability in response to NSAIDs in
patients with rheumatoid arthritis (RA) was
made by Huskisson et al. (1976) in a comparison
of four NSAIDs in 105 patients. In this study,
only minor differences in mean parameters
of disease activity between drugs were demon-
strated, but there was marked variation in the
individual patient responses and preferences for
these four NSAIDs. In a similar comparative
study of aspirin, fenoprofen, ibuprofen, naproxen
and tolmetin, Gall et al. (1982) again found
difficulty in distinguishing among NSAIDs when
group data were compared. These workers also
included dose titration in their double-blind,
randomized, cross-over study and showed that
patient preference correlated with physician
preferences. Again, marked individual dif-
ferences in response to the NSAIDs were noted.
In a study comparing a number of NSAIDs,
Scott et al. (1982) were also unable to show
significant differences among NSAIDs on the
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basis of mean responses. In this study, analysis
of variance revealed that a significant proportion
of the study variance could be attributed to in-
dividual patients and that, often, patients had
particular preferences as indicated by significant
drug by patient interactions. Great individual
variability in response to NSAIDs was shown by
Wasner et al. (1982) in their comparison of a
range of NSAIDs in rheumatoid arthritis and
ankylosing spondylitis, respectively. Again,
patient preference was noted to correlate with
physician preference whilst other disease activity
parameters were not discriminatory. Once a
particular NSAID had been chosen as most
efficacious by a patient, this preference tended
to be sustained for at least 12 months after the
study was completed supporting similar findings
of Huskisson et al. (1976).
The basis for preferences of patients for parti-

cular NSAIDs is poorly understood. A great
deal of work still has to be done to ascertain the
extent and duration of these preferences and
their relationships to more objective measures
of disease activity. Similarly, the reasons for
interindividual variability in relatively objective
responses in rheumatoid arthritis to a range of
NSAID requires more study. However, recent
evidence indicates two possible but not mutually
exclusive causes for the observed variability in
response. First, it appears that significant differ-
ences exist between these agents in respect to
pharmacodynamic actions. Second, some varia-
bility in response to NSAIDs may be a function
of intersubject variability in pharmacokinetic
parameters for particular NSAIDs.
A number of NSAIDs have been shown to

have varying effects on arachidonic acid meta-
bolism in addition to cyclooxygenase inhibition.
Thus, diclofenac alters the release of arachi-
donate from precursor lipids in monocytes and
therefore limits the supply of prostaglandins and
leukotrienes (Ku et al., 1985) and indomethacin
may promote the formation of the arachidonate
metabolite leukotriene B4 while simultaneously
inhibiting prostaglandin production (Higgs et
al., 1980). The release of other inflammatory
mediators from polymorphonuclear leucocytes
(PMN), such as reactive oxygen species or lyso-
somal enzymes may also be differentially inhibited
by various NSAIDs, these effects varying with
the agent selected to activate the PMN. These
effects have been demonstrated on PMN removed
from patients treated chronically with usual doses
of various NSAIDs (Abramson et al., 1983).
A small number of studies have examined the

pharmacokinetics of NSAIDs in 'responder' and
'non-responder' groups of subjects. It has become
apparent that NSAIDs have considerable actions

on the immune response and some of these
actions may not be due to the inhibition of
prostaglandin synthesis (Cueppens et al., 1986).
However compai ison between NSAIDs in im-
munomodulatory effects have not been reported
as yet.
No difference :1 the pharmacokinetics of in-

domethacin was boserved between 'responders'
and 'non-responders' (Baber et al., 1979).
Furthermore recent data show significant within
subject, dose and concentration-response rela-
tionships for NSAIDs in rheumatoid arthritis
(Day et al., 1982; McGill, 1985; Dunagan et al.,
1986). However, in these dose-response studies,
some patients do not respond, despite much
higher than usual NSAID doses. It may be that
significant dose and plasma concentration-re-
sponse relationships will be observed in 're-
sponders', but that 'non-responders' will not
demonstrate these relationships since their lack
of response is on the basis of a pharmacodynamic
mechanism. In the pursuit of relationships be-
tween NSAID concentrations and effect, it is
becoming apparent that measurements of the
active component of the drug is most likely to
provide these correlations. For the propionic
acid derivatives such as ibuprofen, fenoprofen,
ketoprofen and flubiprofen, the active S-enan-
tiomer of the racemic R-S mixture administered
would be expected to relate more precisely to
response than the concentrations of racemate.
This is because inversion of the inactive R- to the
active S-enantiomer, may vary considerably
between individuals (Lee et al., 1985). Concen-
tration-response relationships may also be im-
proved by measuring unbound concentration of
NSAID in the plasma or synovial fluid, but
improved predictions of response, using unbound
NSAID concentrations, have yet to be demon-
strated. One NSAID, tolmetin, has been shown
to suppress the production of prostaglandin syn-
thesis in joint fluid for a considerable period
of time after the drug is undetectable in the
synovial compartment (Dromgoole et al., 1982)
raising doubts about the usefulness of synovial
fluid NSAID concentration measurements.
There is also considerable intersubject varia-

tion in the incidence and intensity of the common
side effects of NSAIDs such as dyspepsia (Lanza
et al., 1979). Whether this represents true varia-
tion in response in a pharmacodynamic sense, or
is related to variation in concentration of drug at
the site of the adverse drug reaction, is not known.
At present, it would seem that interpatient

variability in response to an NSAID has to be
accepted as a reality on the basis of wide con-
cordance with this view of practising physicians
and the consensus of the small number of studies
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that have addressed this question. Both pharma-
cokinetic and pharmacodynamic mechanisms
appear to be contributing to this effect. This is
important as it pertains to a number of other
important issues: is there a variable balance of
pathophysiological mechanisms in rheumatic
diseases such as rheumatoid arthritis; what
prostaglandin-independent mechanisms are
important in NSAID action in rheumatic diseases;
can responders to particular NSAID be efficiently

identified; what number of and which NSAID
are optimal for effective treatment of rheumatic
diseases? Further investigation of response
variability with carefully designed clinical trials
which take cognizance of the critical issues of
patient selection, trial design, disease measure-
ments, sample size and data analysis techniques
is vital to a proper understanding of this pheno-
menon.

References

Abramson, S., Edelson, H., Kaplan, H., Gwen, W. &
Weismann, G. (1983). The neutrophil in rheuma-
toid arthritis: Its role and the inhibition of its
activation by non-steroidal anti-inflammatory drugs.
Sem. Arth. Rheum., 13 (Suppl. 1), 148-153.

Baber, N., Halliday, L. D. C., Van Den Heuvel,
W. J. A., Walker, R. W., Sibeon, R., Keenan,
J. P., Littler, T. & Orme, M. L'E. (1979). Indo-
methacin in rheumatoid arthritis: clinical effects,
pharmacokinetics, and platelet studies in re-
sponders and non-responders. Ann. Rheum. Dis.,
38, 128-137.

Bellamy, N. (1985). Variance in NSAID studies: con-
tribution of patient variance. Agents Actions
(Suppl. 17), 21-28.

Clive, D. & Stoff, J. S. (1984). Renal syndromes
associated with non-steroidal anti-inflammatory
drugs. New Engl. J. Med., 310, 563-572.

Collier, D. St. J. & Pain, J. A. (1985). Non-steroidal
anti-inflammatory drugs and peptic ulcer perfora-
tion. Gut, 26, 359-363.

Cueppens, J. L., Robaeys, G., Verdickt, W., Vertessen,
S., Deckmyn, H. & De Quecker, B. (1986). Im-
munomodulatory effects of treatment with naproxen
in patients with rheumatic disease. Arth. Rheum.,
29, 305-311.

Day, R. 0. (1985). Variability in response to NSAID.
Agents Actions (Suppl. 17), 15-19.

Day, R. O., Furst, D., Dromgoole, S., Kamm, B.,
Roe, R. & Paulus, H. (1982). Relationship of
serum naproxen concentration to efficacy in rheu-
matoid arthritis. Clin. Pharmac. Ther., 13, 733-740.

Dromgoole, S. H., Furst, D. E., Derisaju, R. K.,
Namak, R. K., Hirschenbaum, M. A. & Paulus,
H. E. (1982). Tolmetin kinetics and synovial fluid
prostaglandin E levels in rheumatoid arthritis. Clin.
Pharmac. Ther., 32, 371-377.

Dunagan, F. M., McGill, P. E., Kelman, A. W. &
Whiting, B. (1986). Quantitation of dose and con-
centration effect relationships for fenclofenac in
rheumatoid arthritis. Br. J. clin. Pharmac., 21,
409-416.

Gall, E. P., Caperton, J. F., McComb, J. E., Messner,
R., Multz, C. J., O'Hanlan, M. & Wilkens, R. F.
(1982). Clinical comparison of ibuprofen, feno-
profen calcium, naproxen and tolmetin sodium in
rheumatoid arthritis. J. Rheumatol., 9, 402-407.

Halsey, J. P. & Cardoe, N. (1982). Benoxaprofen:

Side effects profile in 300 patients. Br. med. J.,
284, 1365-1368.

Higgs, G., Moncada, S. & Vane, J. (1980). The mode
of action of anti-inflammatory drugs which prevent
the peroxidation of arachidonic acid. Clin. Rheum.
Dis., 6, 675-683.

Huskisson, E. C., Woolf, D. L., Balme, H. W., Scott,
J. & Franklyn, S. (1976). Four new anti-inflamma-
tory drugs; responses and variations. Br. med. J.,
1, 1048-1049.

Inman, W. H. W. & Rawson, N. S. B. (1983). Zome-
pirac and cardiovascular deaths. Lancet, ii, 908.

Inman, W. H. W., Rawson, N. S. B. & Wilton, L. V.
(1986). Prescription-event monitoring. In Monitor-
ingfor drug safety, 2nd ed., ed. Inman, W. H. W.,
pp 213-215. Lancaster: M.T.P.

Ku, E., Kothari, H., Lee, W., Kimble, E. & Liaw, L.
(1985). Effects of diclofenac sodium on arachidonic
acid metabolism. Agents Actions (Suppl. 17), 189-
193.

Lanza, F., Romer, G., Nelson, R. S., Chen, T. T.,
Selkman, C. E. & Rack, M. F. (1979). The effects
of ibuprofen indomethacin, aspirin, naproxen and
placebo on gastric mucosa of normal volunteers.
Dig. Dis. Sci., 24, 823-828.

Lee, E. J. D., Williams, K., Day, R., Graham, G. &
Champion, D. (1985). Stereoselective disposition
of ibuprofen enantiomers in man. Br. J. clin.
Pharmac., 19, 669-674.

McGill, P. E. (1985). NSAID-Plasma concentration
monitoring-optimizing treatment in rheumatoid
arthritis. Agents Actions (Suppl. 17), 157-161.

Nuki, G. (1983). Non-steroidal analgesic and anti-
inflammatory agents. Br. med. J., 287, 39-43.

Scott, P. L., Roden, S., Marshall, T. & Kendall, M. J.
(1982). Variations in responses to non-steroidal
anti-inflammatory drugs. Br. J. clin. Pharmac., 14,
691-694.

Somerville, K., Faulkner, G. & Langman, M. (1986).
Non-steroidal anti-inflammatory drugs and peptic
ulcer. Lancet, i, 462-464.

Taggart, H. M. & Alderdice, J. M. (1982). Fatal
cholestatic jaundice in elderly patients taking ben-
oxaprofen. Br. med. J., 284, 1372.

Vallance, J. V. (1982). Statistical procedures in clinical
trials. Master of Applied Science Thesis. New
South Wales Institute of Technology.

Walt, R., Katschinski, B., Logan, R., Ashley, J. &



658 R. 0. Day & Peter M. Brooks

Langman, M; (1986). Rising frequency of ulcer
performation in elderly people in the United King-
dom. Lancet, i, 489-492.

Wasner, C., Britton, M. C., Kraines, G., Kaye, R. L.,
Bobrove, A. M. & Fries, J. F. (1982). Non-steroidal
anti-inflammatory agents in rheumatoid arthritis

and ankylosing spondylitis. J. Am. med. Ass., 246,
2168-2172.

(Received 1 December 1986,
accepted 12 January 1987)


