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Drug toxicity

H A Bird

Cost-benefit equation
No drug is without side effects, so the decision
to prescribe one implies a calculated gamble on
the part of the doctor or the patient, or both,
that the benefits of treatment will outweigh the
disadvantages. This review does not attempt to
assess the benefit but concentrates on the risk
side of the equation.
The concept of therapeutic risk is well

recognised but is harder to define.' 2 The
circumstances and expectations of each patient
vary. Attempts have been made to explain
relative risks by comparison with better under-
stood concepts, such as the risk of lightning
strike or road accident.3 The risk of death may
be the easiest of all to comprehend but fails to
take into account most side effects which are
trivial, though can still add to the misery of
disease. The associated financial and social
costs, perhaps of regular monitoring by blood
tests, also require consideration. In 1974
Girdwood suggested that gold salts were signifi-
cantly more toxic than any other treatment
available in the United Kingdom.4 When
Rainsford catalogued the reports per year of
deaths per million prescriptions5 antirheumatic
drugs in the top 26 offenders included oxy-
phenbutazone, acetylsalicycic acid, phenyl-
butazone, and indomethacin. These figures date
from before the widespread introduction of
other non-steroidal anti-inflammatory drugs
(NSAIDs) such as propionic acids.
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Methods of assessing toxicity
Information on adverse drug reactions derives
from several sources. For a new drug initial
information on side effects comes from clinical
trials.6 7 Patients participating are understand-
ably anxious, side effects occurring commonly
both in treatment and placebo groups. As
confidence is gained reports become less com-
mon. Serious adverse events may not be
detected at this stage and some form of post-
marketing surveillance8 9 is required to detect
less common adverse effects and rare idiosyn-
cratic events. The Committee on Safety of
Medicines (CSM) encourages manufacturers to
undertake this but cannot enforce it. No single
method of postmarketing surveillance is perfect
and adequate control groups are essential.
The yellow card system organised by the

CSM in the United Kingdom'0 " may offer most
potential but is handicapped by a particularly
low reporting rate, despite the inclusion ofreport-

ing forms in both FP1O prescription pads and in
the British National Formulary. The system,
which can only be controlled by comparison
with other drugs, depends upon the doctor's
critical and accurate attribution of an adverse
event to the drug. This judgment may be
influenced by advertisement or media attention.

Prescription event monitoring is organised by
Professor Inman's Drug Safety Research Unit at
Southampton.'2 Prescriptions for drugs under
scrutiny are collected from the prescription
pricing authority and a green form is sent to the
prescribing doctor at a fixed interval after the
prescription's issue. It is hoped the doctor will
recall all medical events attributable to the drug
and the prescriber is not asked to make judg-
ment on causation, which might introduce bias.
Doctors' records may be incomplete, however,
and prescriptions issued from hospitals are
excluded. Response rates, sometimes as low as
45%, are still much higher than those for the
yellow card system.

Prospective cohort studies may be best and
computer drug surveillance is already common-
place in some rheumatology units. 14 The
expense of this has led industry to sponsor long
term side effect surveillance studies for recently
marketed drugs,'5 but these easily overlap with
concealed marketing. The monitoring of safety
of 'over the counter' drugs, such as ibuprofen
and paracetamol, raises additional problems,'6
though most drugs in this category are either
harmless or have already been subject to exten-
sive earlier surveillance.'7

Analgesics
A placebo effect may occur in up to 30% of
patients receiving analgesics,'8 ' but this may
be more relevant to soft tissue rheumatism than
to arthritis. Single ingredient preparations
remain safer than compound analgesic prepara-
tions, even though these are popular here and in
the United States.20 The principal anxiety about
compound preparations concerns the inequality
of half life of the two component parts.
Co-proxamol (paracetamol plus dextropropoxy-
phene in the ratio 10:1) is a particular offender,2'
even though it is widely prescribed for the reliefof
arthritic pain. The occurrence of analgesic
nephropathy22 23 maycorrelatemore closely with
the availability of phenacetin than with accumu-
lative analgesic dose in hot climates. Opioid
derivatives are unlikely to be used for the treat-
ment of arthritis.
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Non-steroidal anti-inflammatory drugs
The gastrointestinal tract, the kidney, and the
skin are organs placed at particular risk with the
prescription of NSAIDs. Unfortunately, it is
not always easy to prove a link between drug
and tissue damage.
The prevalence and mortality of peptic ulcer

increases dramatically in patients over the age of
65, a group for which NSAIDs are often
prescribed. Dyspepsia causes patients to dis-
continue their NSAIDs, but this does not
always correlate with the presence of gastric
mucosal damage.24 Conversely, peptic ulceration
may be pain free in the elderly receiving
NSAIDs.25 Endoscopic studies on rheumatic
patients confirm that findings do not correlate
with symptoms in this group26 or with the
presence of faecal blood loss measured by
standard tests for occult blood.27 Spontaneous
ulcer formation and healing is seen by endoscopy
in patients receiving placebo drugs,26 causing
difficulty in assessing the therapeutic response
to drugs that are marketed for ulcer healing.

Set against this background, studies from
gastroenterologists seem to show a clear associa-
tion between NSAIDs and bleeding peptic
ulcer,28 29 though not necessarily with perfor-
ation.30 Damage may be partly disease related.
Gastric ulceration occurs more commonly in
patients with rheumatoid arthritis than in other
arthritic patients taking NSAIDs.3' The con-

troversy is fully reviewed elsewhere.32-34
Enteropathy mimicking Crohn's disease has
recently been described as an additional compli-

cation arising from NSAIDs.35
Opinions also diverge on the drugs most

likely to cause damage. Gastric ulceration is
conventionally associated with indomethacin
treatment36 and aspirin.37 Piroxicam has been
more recently incriminated,38 but such alle-
gations require careful analysis. CSM data from
the yellow card reporting scheme do not always
confirm an association with a particular drug
and draw attention to errors that may easily
creep into study design. Thus, if analysis is
against prescriptions issued, the average script
for an NSAID of long half life lasts twice as long
as a script for an NSAID of shorter half life.
Prescribing patterns also vary with age-use of
ibuprofen being particularly common in the
young whereas piroxicam is more commonly
prescribed for the elderly, a group who may be
at particular risk. Drugs of long half life are
more often prescribed for rheumatoid arthritis.
Recent CSM data overall rank azapropazone,
diflunisal, flurbiprofen, and piroxicam as equal
offenders ahead of sulindac and then diclofenac.
For diclofenac, flurbiprofen, and piroxicam
gastrointestinal adverse drug reaction reports
are more common than skin reports. For
azapropazone, benoxaprofen, fenclofenac, and
feprazone (the last three now withdrawn in the
United Kingdom) the reverse is true. Reformu-
lation of drugs into a form that allows gradual
release in the small intestine does not always
spare gatients endoscopic evidence of ulcer-
ation.

Interpretation of renal impairment that might
be produced by NSAIDs presents similar diffi-
culties.40 Renal tubular disorders are found in

unselected patients with rheumatic diseases and
do not obviously correlate with drug treat-
ment.4" 42 Microscopic haematuria, unrelated
to drug treatment, occurs in rheumatoid
arthritis,43 and reversible deterioration in
creatinine clearance may be associated with the
introduction of an NSAID, probably because of
the inhibition of prostaglandin synthetase in the
kidney." 45 The optimum method for deter-
mining renal impairment when NSAIDs are
used is still unresolved. Dipsticks provide only
coarse information and there are even errors
inherent in the use of creatinine clearance.46 Set
against this, background drugs such as sulindac
and pro-drugs such as nabumetone have been
claimed to show less reversible renal change
than other NSAIDs, though it has also been
argued that the doses at which these drugs are

prescribed may not be equivalent, implying that
more renal change might be seen if the dose
were increased.

Skin reactions are more commonly seen with
propionic acids,5 and with some propionic acids
these may be photosensitive, though patients
with rheumatoid arthritis are susceptible to
vasculitic induced skin rash and some rheuma-
toid patients may overlap with systemic lupus
erythematosus. Photosensitivity was initially
thought to be linked with the use of phenyl-
alkanoic acid derivatives,47 but epidemiological
evidence from the CSM is less supportive of
adverse events that affect particular organs
being restricted to particular chemical classes of
NSAIDs.

Hepatic events are occasionally caused by
NSAIDs, though haematological problems are

much less commonly seen since the withdrawal
of phenylbutazone and its close relatives. Such
rare side effects are unlikely to emerge from
early clinical trials and drug companies increas-
ingly present large data bases to the licensing
authorities before product licences for their
drugs are granted. For tenoxicam, an NSAID
recently introduced in the United Kingdom, the
worldwide data base at the time of introduction
comprised 9990 patients treated with tenoxicam,
4125 of whom had participated in trials in the
United Kingdom. These data were compared
with 3423 patients receiving comparator drugs.
A subgroup of 657 patients receiving tenoxicam
was compared with 663 patients receiving
piroxicam in double blind fashion. Many more

trivial side effects were reported in the double
blind subgroup, though these were evenly
distributed between both treatments, emphasis-
ing the inherent anxiety on the part of both
patient and doctor in clinical trials. Insistence
on the reporting of all events occurring during
treatment (rather than those thought by the
doctor to be attributable to the drug) is prefer-
able but requires the availability of adequate
control groups.

Alternative formulations
Non-steroidal anti-inflammatory drugs may be
reformulated as suppository or slow release
(sometimes enteric coated) preparations. Deli-
very systems are available that release the drug
in the small bowel rather than in the stomach,

332

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.49.5.331 on 1 M
ay 1990. D

ow
nloaded from

 

http://ard.bmj.com/


Drug toxicity

though these do not always confer additional
benefit39 and may have additional disadvantages
as in the case of 'osmosin' (now withdrawn).
Opinions differ on the extent to which supposi-
tory formulation spares the gastric mucosa, a
proportion of the gastric side effects being
thought to be due more to circulating metabolites
than to local irritative effect of the disintegrating
tablet. It is possible that prepyloric ulcers, such
as those which can result from indomethacin
treatment, may be caused by metabolites,
whereas the erosions from aspirin reflect a more
local effect.

Injectable NSAIDs are popular in Europe
and there has been a recent influx of topically
applied NSAIDs which can be rubbed over the
painful joint. Absorption through the skin is
usually effective, though slow, and the speed of
absorption may account for the reports of lower
side effects. Adequate pharmacokinetic studies
are often lacking. When performed,48 they tend
to show high absorption of the drug into the
synovial fluid of joints distant to the site at
which the application has been made. 'Prodrugs'
have also been claimed to reduce the rate of side
effects. Opinions divide on whether this
represents a genuine advance or whether circu-
lating metabolites guarantee the expected side
effects when the oral dose of the pro-drug is
increased to concentrations that give adequate
therapeutic benefit.

Groups at particular risk
The elderly are at particular risk. Absorption,
drug distribution, and elimination of drug are
all altered in the elderly as an accompaniment of
the normal physiological changes with aging.49
Pharmacodynamics may be altered in subtle
fashion and compliance may be reduced. Drug
interaction and adverse drug reactions are all
more common.50 As musculoskeletal diseases
are more common in the elderly this group of
patients are at risk from excessive prescribing of
NSAIDs. Where possible, a safer analgesic
should be substituted, particularly in women. If
this is not possible the dose of the NSAID
should be reduced (often by as much as 50%)
and repeat prescriptions should be reviewed
regularly. Regimens should be simplified as far
as possible. Special labels may be necessary for
the partially sighted. Many elderly patients have
impaired renal function and particular pre-
cautions are required.5' Non-steroidal anti-
inflammatory drugs, particularly aspirin, may
cause sodium and- water retention. In patients
with renal impairment there is increased risk of
gastrointestinal bleeding.

Detailed review articles are available on the
prescription of drugs during pregnancy52 53 and
during lactation.54

Disease modifying antirheumatic drugs
Comprehensive review articles already exist
detailing the side effects for sodium aurothio-
malate (injectable gold),55 D-penicillamine,56
antimalarial agents,57 sulphasalazine,58 metho-
trexate,59 azathioprine,60 auranofmi,61 and
cyclophosphamide.62 Less conventionally used

drugs for which disease modifying action has
also been claimed include cyclosporin,63 dap-
sone,M levamisole,65 chlorambucil,66 thymic
hormones,67 and mechanical methods of
immunosuppression such as thoracic duct
drainage and plasmapheresis.68
Some of these drugs have been selected by

chance, others have been the result of semi-
systematic exploration. Sodium aurothiomalate
is one of several gold compounds originally
considered for the treatment of tuberculosis,
and D-penicillamine was one of several com-
pounds evaluated by Jaffe. Both have less
toxicity than their close relations. What has
been less consistent is a pharmacokinetic evalu-
ation to ensure that these compounds are now
used at optimum doses. For penicillamine and
methotrexate, doses have been gradually reduced
as a result of successive clinical trials. The safest
dose of injectable gold is still in dispute. As
these drugs have such potent side effects their
use always represents a calculated risk and it is
important to prescribe at the lowest possible
dose compatible with clinical remission. Unfor-
tunately, plasma drug concentrations, where
they can be easily measured as in the case of
sulphasalazine,69 70 do not always correlate with
clinical efficacy or with side effects. Some drugs
of potential promise, such as clobuzarit,7' have
been withdrawn on the basis of side effects that
might have been acceptable to patients who
derived benefit from the drug.72 73 Inevitably,
drug companies are cautious with the current
high costs of litigation. The obvious solution is
to extend the legal patent life, allowing drug
companies who have developed compounds
more time to accrue profits and avoiding the
need for an explosive introduction. Rational
drug development comprises the assessment of
appropriate pharmacokinetics in animal models
of arthritis that respond, followed by the
extrapolation of these results to humans with
the disease so that the optimum dose for the
longer first therapeutic trial may be selected.

Steroid treatment
Systemic steroids are occasionally invoked as
'third line' agents for the treatment of rheuma-
toid arthritis, with all their attendant side
effects.74 7 Rheumatologists are more likely to
resort to intra-articular injection, though this
also depresses the hypothalamic-pituitary
adrenal axiS76 and may cause local tissue necrosis
if triamcinolone is inexpertly injected into joints
or tendon sheaths. Steroid injections are not
given often enough to mimic long term oral
steroid administration, though, recently, pulsed
intravenous steroids, particularly methylpred-
nisolone, have been popular.77 Pharmacokinetic
studies78 79 leave little doubt that this route is
similar in effect to pulsed oral steroid therapy.
By implication the side effects are likely to be
similar.

Prediction of those at risk
There are many reasons why patients vary in
their propensity to develop drug toxicity; these
have been fully reviewed for NSAIDs.80 Demo-
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graphic factors include age, sex, body weight,
fat to muscle ratio, HLA status, and race. The
Japanese, for example, are particularly prone to
eye problems with antimalarial drugs. Pharma-
cokinetic variation may occur in the rates of
absorption, metabolism, and excretion. Meta-
bolic factors contributing include sulphoxidation
status, acetylator status, and plasma protein
availability, which determines the ratio of bound
to unbound drug. There may be a diurnal
variation in drug handling as well as in symp-
toms of disease.

Accepted predictive factors of gold toxicity
include a total cumulative dose of sodium
aurothiomalate greater than 150 mg a week,8'
possibly the presence of HLA-B8 and DRw3
producing proteinuria82 83 and HLA-DRw3
producing an increased risk of skin rash and
proteinuria.8' Interestingly, certain tissue anti-
gens appear more predictive of specific organ
damage than of widespread side effects. Pre-
treatment with D-penicilamine may protect
against toxicity. The sulphoxidation ability of
patients may be measured easily and is deter-
mined genetically. Patients developing gold
toxicity are more likely to be poor sulphoxidi-
sers,85 renal and skin side effects being more
closely related than haematological side effects.86
A diurnal variation in gold excretion has been
claimed87 and concentrations of free gold may
correlate better than total gold in the prediction
of side effects.88

For D-pencillamine no correlation has been
found between side effects or plasma concentra-
tions of the drug, though there is a marked
variation in pharmacokinetic indices among
patients.81 9 Allergic reactions to previous
penicillin treatment do not predict toxicity,9"
though HLA-B8 and HLA-DRw3 may be
associated with proteinuria92 and poor sulphoxi-
dation status may also contribute.93 Penicil-
lamine toxicity may be enhanced after previous
gold toxicity, particularly for proteinuria and
marrow depression, though there appears to be
no cross sensitivity for the skin rash.94

Patients withdrawing from sulphasalazine
treatment because of nausea are likely to have a
higher peak concentration of drug and greater
area under the curve after a single dose.70 Slow
acetylation is associated with high concentrations
of sulphapyridine, correlating significantly with
nausea but not with other side effects.95

For methotrexate no particular clinical or
genetic variable that might predict drug toxicity
has emerged,' though HLA-DRI and HLA-
DR7 were significantly associated with raised
liver enzymes in an Israeli population.97 For
cyclosporin concomitant administration of
NSAIDs has been incriminated in renal toxi-
city.98 Drug interactions clearly deserve more
attention.

Drug interactions
Buckingham's two 1978 articles in the Bulletin
on the Rheumatic Diseases, on interactions in-
volving antirheumatic agents, published by the
American Arthritis Foundation have dated little
so still provide a comprehensive review." '0o
The British National Formulary provides more

condensed information and is widely avail-
able.10' A recent review article from Tomkin
and Wing'02 provides a most comprehensive
theoretical update, particularly for NSAIDs.
Conventional areas of concern include the inter-
action of NSAIDs with anticoagulants and oral
antidiabetic agents, their enhancement by con-
comitant administration of probenecid,'03 and
their interaction with diuretics and antihyper-
tensive agents. This review concentrates on
selected aspects only.

Interactions may be pharmacodynamic (when
two drugs compete at the same receptor for
effect) or pharmacokinetic. Pharmacokinetic
interactions are more common in rheumato-
logical practice and may occur at the site of
absorption, at the level of protein binding,
during metabolism, or at excretion. Analgesics
may be prescribed with analgesics, often in
compound fixed dose preparations. The dangers
are described above, but no pharmacokinetic
interactions occur. In general, no interactions
occur if an analgesic is prescribed 'for pain' with
an NSAID 'for stiffness'.'04 The evidence for
interactions between NSAIDs prescribed simul-
taneously is more confusing. In animal models
synergism or antagonism may occur according
to whether the drugs are given together, before
or after the induction of arthritis. i05 Pharmaco-
kinetic studies in which NSAIDs are added to
each other in human volunteers have shown a
large number of interactions. Highly acidic
drugs such as acetylsalicylic acid (aspirin) are
likely to reduce circulating drug concentrations
of less acidic NSAIDs. Whether this has clinical
relevance is doubtful.0 In arthritic patients,
although a reduction in ibuprofen concentrations
when aspirin is added has been confirmed, the
two drugs still appear to have weakly additive
clinical effect provided the dose exceeds 1600
mg a day for ibuprofen and 3600 mg a day for
aspirin. There are, however, variations among
patients and many factors may come into play.80
Interaction or not, on clinical grounds it seems
inappropriate to prescribe two NSAIDs simul-
taneously, particularly now that so many are
available in suppository formulation, the com-
monest previous reason for prescription of one
NSAID, usually indomethacin, with another.
The theoretical risk of altered absorption or

altered excretion when strongly acidic or alkaline
drugs are given simultaneously with NSAIDs
seems to produce little practical clinical effect
and the anxiety about protein displacement with
oral antidiabetic drugs may be exaggerated,
though it is prudent to be more cautious when
prescribing NSAIDs and simultaneous anti-
coagulants.
The interaction between diuretics and

NSAIDs is felt to affect prostaglandin synthesis
in the kidney.'07 108 The interaction with i
blockers may also necessitate care in the control
of hypertension when an NSAID is intro-
duced.'09 Non-steroidal anti-inflammatory
drugs given with potassium sparing diuretics
present particular problems,1 i and there is
evidence that sulindac may have less adverse
effect on renal haemodynamics than other
NSAIDs."' 1i2 If the kidneys are unstressed
there seems to be little evidence for a deleterious
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effect of an NSAID on baseline renal function,
particularly in low dose."3
Among disease modifying antirheumatic

drugs, the absorption of D-penicillamine may be
reduced by 300/o with concomitant administration
of iron tablets or vegetables rich in iron. In
practice, the theoretical interaction between
salicylates and methotrexate has proved un-
important, probably because methotrexate is
given in such small doses to patients with
rheumatic diseases."14 There is an increasing
trend towards giving disease modifying anti-
rheumatic drugs in parallel or in combination in
the hope of obtaining greater clinical benefit.
Controlled studies have been on small numbers
of patients and at this stage it is too early to
determine whether such drug combinations
produce pharmacodynamic interactions, though
this may be likely for disease modifying anti-
rheumatic drugs of related chemical structure.
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