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Preface

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most frequently­
prescribed drugs in the Western world. During the past decade a large number of
new compounds were marketed, some of which had to be withdrawn after a short
while because of adverse drug reactions . These experiences led to an under­
standing that a complete picture of the safety of these drugs can only be obtained
after their introduction into the marketplace. Different methods of post-marketing
surveillance (PMS) serve as important tools for monitoring the frequency of
adverse reactions and for generating and corroborating hypotheses.

Experience with PMS has thusfar been quite limited in Germany. In 1987 a
non-profit organization, "Verein zur Langzeituntersuchung von Arzneimittel­
wirkungen auf dem Gebiet der Rheumatologie e.V." (VLAR) was founded by
interested physicians and pharmacologists to raise funds and perform investiga­
tions on the safety of NSAIDs. The first project by the VLAR, SPALA ("Safety
Profile of Antirheumatics in Long-Term Administration"), was sponsored by
F. Hoffmann-La Roche AG (Basel, Switzerland). In July 1990, when the project
was successfully terminated, almost 30,000 patients had been completely docu­
mented and their medical records entered into a computer for subsequent review
by a select panel of experts with experience in monitoring adverse reactions to
NSAIDs. The comments, criticisms, and ideas of these experts were brought
together at a symposium organized by the VLAR at the Klinikum Steglitz (Berlin,
Germany) on 12 October 1990. Many persons and institutions contributed to the
success of this symposium, particularly Prof. Dr. H. Kewitz (Berlin) who served
as the host and chairman, Prof. K. Brune (Erlangen, Germany) who served as a
co-chairman, and F. Hoffmann-La Roche AG, which funded the SPALA project,
Thanks are also due to the contributors, who presented their experiences with
various aspects of PMS and with the clinical recognition of adverse reactions . It
is hoped that this symposium will stimulate scientists and manufacturers to
continue their efforts in this area of research , which is of such importance to
patients and physicians alike.

M. Kurowski, Editor,
for the Executive Board of the "Verein zur Langzeituntersuchung von Arzneimit­
telwirkungen auf dem Gebiet der Rheumatologie e. v."
February 1991
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Spontaneous Reporting Systems: Benefits
and Pitfalls when Interpreting Safety Data
of Non-Steroidal Anti-Inflammatory Drugs

B.-E. Wiholm

Seetion ofPharmacoepidemiology, Medical Products Agency,
P.O. Box 26, S-751 03 Uppsala, Sweden

Introduction

Pain is one of humanity's greatest ailments. Surveys in industrialized countries
reveal that on any day 20-30% of the "normal" population suffers from some sort
of pain; "rheumatism", joint pains, and muscle pains are the principal complaints.
Pain-relieving remedies have a long history, and are one of the most often-used
classes of medicines.

The discovery of the pain- and fever-relieving effects of the bark of the salix
bush Salixpurpurea was one of the major contributions to the alleviation of human
suffering. However, adverse effects of salicylates have been documented since at
least 1798 [1]. Hemorrhagic erosions in the stornach after intake of salicylic acid
were also described long ago [2], but considering the doses used at the time (up
to 1 g hourly), one should probably regard those early therapeutic trials as clinical
toxicology tests rather than pharmacotherapy. It is sobering to reflect upon the fact
that also in the 1980s several non-steroidal anti-inflammatory drugs (NSAIDs),
which had passed modem regulatory evaluation programs, were withdrawn from
the market after a short period because of adverse effects. In the case of benoxa­
profen, the doses recommended for a major target group, the elderly, were far too
high, as it was not recognized that elderly patients have a significantly decreased
capacity to eliminate this drug. When indomethacin was presented in a novel
formulation based on a non-dissolving capsule with a laser hole through which
the active ingredient together with potassium was slowly released, a sudden and
unforeseen outbreak of gastrointestinal (GI) perforations occurred, causing the
drug's rapid withdrawal from the market. At least 17 out of a 100 new NSAIDs
developed during the last 20 years have been withdrawn because of problems with
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adverse reactions [3]. In some cases it has been claimed that the withdrawals were
based on a small number of spectacular adverse drug reactions (ADRs) instead of
a properestimate ofthe incidence of ADRs [4]. This points to a general and severe
problem in the evaluation of adverse drug effects : a lack of adequate quantitative
information.

During clinical trials, only reactions occurring in at least 0.5% of the patients
can usually be detected and quantified because of inherent limitations in the size
of trials. Moreover, most studies are short, and the number of patients followed
for more than six to twelve weeks is often limited. Lastly, the patients in these
studies often are not representative of the population taking the drug in clinical
practice because of restrictions in age range and the occurrence of concomitant
diseases.

Most serious ADRs are presented as single case reports or as studies on a small
number of patients, and the number of properly-conducted large epidemiological
studies is limited. Until quite recently , safety evaluations were often made on the
basis of information from spontaneous reporting systems. This article is concemed
with an analysis of some benefits and pitfalls of using spontaneous reporting
systems to derive safety data for NSAIDs. The analysis is based on the Swedish
reporting system, and the validity of the results will be discussed and compared
to data from the literature.

Materials and Methods

The Swedish ADR reporting system

In Sweden a system for monitoring spontaneous reports of ADRs was set up in
1965. At first reporting was entirely voluntary, but since 1975 doctors and dentists
have been obliged to report suspected severe or fatal drug reactions as well as drug
reactions thought to be new and/or unexpected. A preliminary evaluation of these
reports is made by the physicians of the ADR section. For most serious and all
fatal cases full medical records, including laboratory tests and autopsy reports, are
requested.The information so collected is discussed biweekly at working sessions
and quarterly by the full Adverse Reactions Advisory Committee (SADRAC). No
special algorithm is routinely used for causality assessment, but the following
points are considered for each report:

1. Is there a reasonable temporal connection between drug intake and the
suspected reaction?

2. Is there a reasonable pharmacological explanation for the reaction, or has the
reaction been described before?
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3. Does the reaction diminish or disappear when the dose of the drug is reduced
orsuspended?

4. Can the patient's primary disease elicit similar symptoms?
5. Can some other drug taken by the patient cause the same symptom, or can

the symptom arise from a drug interact ion?
6. Did the same symptom occur on previous exposures to the drug, or did it

recur upon rechallenge with the drug?

Only reactions believed to have a probable or possible causal connection to the
drug are further considered.

Drug sales and prescription registers

Total drug sales statistics are available and have been computerized since 1972.
These statistics show the total amount of every drug sold in each pharmacy in
terms of either volume, monetary value , or "defined daily doses" (DDDs). The
DDD is the estimated average daily dose of a drug for adults when that drug is
used for its main indication [5]. The number of DDDs sold per 1,000 inhabitants
per day is a gross but useful measure of drug consumption by the public. For
comparison with ADRs, the total number of DDDs (in millions) per annum is an
appropriate measure. The DDDs for the drugs considered in this article are shown
in Table 1.

Table 1. Non-steroidal anti-inflammatory drugs available in Sweden.

Generic name Year of first license DDD (mg)

Phenylbutazone Feb 1956 300

Oxyphenbutazone* Sep 1963 300

Indomethacin May 1965 100

Ibuprofen Mar 1975 1,200**

Naproxen Mar 1975 500

Azapropazone Jan 1978 750

Diclofenac Dec 1981 100

Piroxicam Dec 1981 20

Sulindac Oet 1982 400

Ketoprofen Mar 1983 150

* Oxyphenbutazone was withdrawnfrom the marketby the manufacturerin July 1984.
** Until 1985 the DDD was 800 mg.
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During that period, most pharrnacies had manual routines . The prescriptions
must be stored for 3 years and are ordered sequentially. Thus one ofthe pharmacists
picked out every 288th prescription from the sequentially ordered files .From 1980
onwards the pharrnacies have been computerized and the information on the
prescription is entered into the computer which now automatically stores the data
from every 22nd prescription in aseparate file which is transmitted to HQ regularly.

Between 1974 and 1982 most pharmacies used manual record-keeping
routines . Prescriptions had to be ordered sequentially and stored for three years;
pharrnacies selected every 288th prescription from the sequentially-ordered files,
and information about age and sex of the patient and the name, amount, and daily
dosage of the drug was coded and computerized. From this survey the average or
median prescribed daily dose (PDD) could be calculated by age and sex. Since
1980 there has been a trend towards the computerization ofpharrnacy prescription
records. Beginning in 1983 the sampling frequency was increased to 1 in 25 by
introducing into pharmacies a computer system which automatically transfers into
aseparate file information about every 25th prescription filled, the information
then being regularly transmitted to the relevant regulatory authorities . However,
information on the PDD was lost in the computerization process . The number of
prescriptions per 1,000 inhabitants and per year is used as an estimate of the
prescribing pressure on the population.

Since 1978 the Diagnosis and Therapy Survey has been a collaborative effort
between the drug industry, the National Corporation of Swedish Pharmacies, the
Swedish Medical Association, and the National Board of Health and Welfare. In
this survey a random sampie of physicians each week register all prescriptions on
special forms which also state the indication for each drug treatment. Data from
these registers are published annually [6].

Adverse reactions

Adverse reactions can be classified according to several different principles, e.g.
the organ/system affected or the proposed mechanism. There have been numerous
efforts to invent sophisticated mechanism-based ADR classifications, but they
have had limitations and errors arising from our lack of knowledge. In a simple
and practical way ADRs can be divided into two types:

A. Type A (augmented) reactions are usually directly related to the pharmacody­
namic actions of the drug through effects on receptors (Al), or to chemical
properties of the drugs (A2). An example of a type A ADR is esophageal
ulcerations caused by NSAIDs. Most type Areactions are clearly related to
the dose or concentration of the causal drug.
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B. Type B (bizarre) reactions have no obvious connection to the pharrnacody­
namic effeets of the drug, nor have they any clear and simple relationship to
dosage . Some type B ADRs are of immunologie origin, whereas others are
eaused by the formation of aberrant toxie metabolites. For many type B ADRs
the underlying meehanism is not understood at all.

NSAIDs

Almost all NSAIDs are weak organic acids, or salts and esters of weak organic
acids. They fall into 7 different groups, 6 of whieh are marke ted in Sweden
(Fig. I). However, NSAIDs all share at least one important pharrnaeologie effeet,
viz. the inhibition of eyclooxygenase, which diminishes the produetion of prosta­
glandins. Thus, all NSAIDs share some type A adverse effeets while differing in
their propensities to produee type Badverse reaetions. Table 21ists some examples
of important ADRs reported for NSAIDs.

Carboxylic acid

Phenylbutazone
Azapropazone

Fig. 1. Schematic classification of non-steroidal anti-inflammatory drugs available in Sweden.
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Table 2. Important adverse effects of NSAIDs .

Organ system Type SymptomlReaction

General B Fever, lymphadenopathy, general hypersensitivity

Blood B Agranulocytosis, thrombocytopenia, aplastic anemia

A Thrombasthenia (increased bleeding time resulting from
decreased thrombocyte function)

Circulation/Kidney A Salt and water retention - cardiac failure

A Reversal of antihypertensive effect of diuretics

A Renal papillary necrosis

A+B Nephritis, nephrosis

CNS AorB Headache, vertigo, confusion, hallucinations, anxiety,
depression, amnesia

B Aseptic meningitis

UpperGI A Erosive gastritis , ulcers and bleeding

LowerGI A Ulcers and perforation, precipitation of colitis?

Liver B Hepatitis and cholestatic reactions

Lung B~A Bronchoconstriction

Skin B Rash , urticaria, mucocutaneous syndrome,
toxic epidermal necrolysis

Others B Sialadenitis, pancreatitis, opticus neuritis

Results

Number ofreports

The annual number of ADR reports has gradually increased from 160 in 1965 to
3,000 in 1988. The number of reports conceming NSAIDs has increased concom­
itantly with the introduction of new products into the market (Fig. 2). In 1982 there
was a remarkable jump of 300 over the preceding year's number of ADR reports
when diclofenac, piroxicam and sulindac were introduced. Most of these reports
concemed GI problems and skin reactions to piroxicam . In 1982 NSAIDs ac­
counted for 15% of all ADR reports, in contrast to a previous average of 4-7%.
Between 1975 and 1989 a total of2,237 reports of adversereactions to all NSAIDs
were received by SADRAC. The number of reports on the different substances
received during this period is presented in Table 3.
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Reports ofsuspected ADRs to NSAIDs in
Sweden 1974-89

No 01ADR reports

600

74-75 76-77 78-79 80-81 82- 83 84-85 86-87 88-89

Year

Fig. 2. Number of ADR reports for non-steroidal anti-inflammatory drugs in Sweden, 1974­
1989. Each bar represents the mean of two years .

Table 3. Number of reports and adverse reactions for NSAlDs' in Sweden, 1975-1989.

NSAID Time period Numberof Numberof Fatal cases
reports reactions

Phenylbutazone 1975-1989 89 125 3

Oxyphenbutazone 1975-1984 185 277 3

Indomethacin 1975-1989 320 403 13

Naproxen 1975-1989 414 547 9

Ibuprofen 1975-1989 273 340 5

Azapropazone 1978-1989 103 130 1

Diclofenac 1982-1989 214 285 8

Piroxicam 1982-1989 357 430 2

Sulindac 1982-1989 257 394 3

Total 2,212 2,931 47

*Excluding ketoprofen and acetylsalicylic acid
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Profiles 0/adverse reactions

Qualitatively, the ADR patterns reported for different NSAIDs have many features
in common vis-ä-vis type Areactions like GI ulcers and bronchoconstriction and
presumed type B reactions like those involving the blood, liver and skin. However,
there are some distinct differences in the profiles of reported reactions between
different NSAIDs (Fig. 3). Some of these differences appear to be real, e.g.

Butazones 1972-87 Indomethacin 1972-87
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70%503010
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Ibuprofen 1975-87 Naproxen 1975-87
Blood Blood

CN.S. CN.S

Eyes i Eves

E.N.T E.N.T.

lungs lungs

G·I G·I

u ver u ver

Pancreas Pancreas

K,dl1eys K,d l1eys

Ski n

g~
Skin

10 30 50 70 % 10 30 50 70 %

Piroxicam 1982-87 Sulindac 1982-87
Blood 0 Blood

rC N.S r CN.C

Eyes Eyes

E NT. E.N.T.

lungs l ungs

G·I i G·I

]u ver t rver i
Pancreas Pancreas

Kld l1eys K,dn eys

Skin I Skin

I I I I I I
10 30 50 70 % 10 30 50 70 %

Fig. 3. a) and b) Profiles ofadverse reactions reported for non-steroidal anti-inflammatory drugs
in Sweden . Arrow denote s the drug with the largest proportion within the system/organ dass.

patterns that have also been found in other spontaneous reporting systems but
which did not arouse much interest in the medical or lay press. Some other
differences may be due primaril y to reporting habits.
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The highest proportion of blood dyserasias is reported for indomethaein, the
butazones, and naproxen. For indomethacin and the butazones the relative risk of
blood dyserasias is prominent when viewed in relation to sales data as weH as in
the eontext of formal epidemiologie studies [7]. Central nervous system (CNS)
reaetions are also eonspieuous in the reporting profile for indomethaein. This may
be due in part to the negative influenee of indomethaein on cerebral blood flow.
Confusion in elderly patients dominates the CNS reactions to all NSAIDs, but
there are some reports of nightmares, amnesia, hallucinations, and even psychotic
reaetions, as well as convulsions and (at least for ibuprofen) rare cases of aseptic
meningitis.

Among ocular reactions ibuprofen is featured prominently. However, most of
these reports describe vague sensations of blurred vision , diplopia, and disturbed
color perception which were reported after claims of optic neuritis associated with
ibuprofen appeared in a medical article. These reports may therefore be a manifes­
tation of the so-called "band wagon" effect. The ear, nose, and throat reactions
reported do not consist of the typical dose-related tinnitus or deafness which are
well known for aspirin; rather, they consist mostly of eases with sialadenitis and
parotitis , which seem to be true ADRs of the butazones.

Liver reactions are reported for all NSAIDs, but they are especially prominent
in the profile of sulindac and diclofenac. Sulindac is also the only NSAID beside
the butazones for which cases of pancreatitis have been reported in Sweden. The
high proportion of skin reactions for azapropazone is probably a true feature ofthis
pyrazolone, as ithas been shownto accumulate in the skin and toundergophototoxic
reactions in a high proportion of takers under controlled conditions [8,9].

ADRs in relation to sales and prescriptions

The incidence of ADR reports in relation to sales varies markedly over time and
from drug to drug (Fig. 4) . The level of reporting is generally higher for newer
drugs, and there is a marked peak in reporting during the first two to five years
after initial marketing. An exception to this pattern is the butazones, which were
introduced more than 30 years aga but recently have shown an increased reporting
rate. This may be due mostly to the intense debate about several serious adver se
effects of these drugs both in the medical and lay press. Such phenomena make
overall comparisons between different drugs difficult to interpret. The average
ineidence of all report s between 1975 and 1989 varies from 1.4 to 15.2 per million
DDDs (Tab.4), corresponding to 5-54 reports per 10,000 patient-years ifthe DDD
values are correct. When compared to the situation in clinical trials, where from
2% to 10% of the patients drop out because of ADRs, the enormous degree of
underreporting of minor reactions becomes obvious.
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Fig. 4. a) and b). Incidence of adverse reactions in relation to sales of non-steroidal anti-inflam­
matory drugs in Sweden.
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Table 4. Reported incidence of adverse reactions to NSAIDs in Sweden .

Total No. of reports per

NSAID Time period million DDDs 10,000 treatment yrs

Phenylbutazone 1975-1989 5 18

Oxyphenbutazone 1975-1984 15 55

Indomethacin 1975-1989 2 6

Naproxen 1975-1989 1 5

Ibuprofen 1975-1989 2 8

Azapropazone 1978-1989 12 44

Diclofenac 1982-1989 5 17

Piroxicam 1982-1989 9 33

Sulindac 1982-1989 13 47

lncidence 0/adverse reactionsfor some major organ systems

A. Blood and bone marrow
In spontaneous reporting systems blood dyscrasias such as leucopenia and
agranulocytosis, thrombocytopenia, pancytopenia, and aplastic anemia have been
reported for most NSAIDs . The incidences of agranulocytosis, thrombocytopenia,
and pancytopenia (including bicytopenia and aplastic anemia) reported in Sweden
in relation to sales data are shown in Table 5. The denominator used, "100,000
treatment years", is derived from the total number ofPDDs sold per year divided
by 365. From these data it is seen that blood dyscrasias related to NSAIDs are
rare. At face value the risk per 100,000 treatment years seems to behigher for the
metabolite oxyphenbutazone than for the substrate compound phenylbutazone.
This can beexplained by the fact that, if it is to occur at all, agranulocytosis usually
appears during the first weeks of treatment, and only rarely thereafier. Phenylbu­
tazone was usually used for long-term treatment of rheumatoid arthritis, whereas
oxyphenbutazone was principally used for short periods of time. Therefore, a
given number of DDDs would translate into more individuals for oxyphenbuta­
zone than for phenylbutazone. If these facts are taken into account, then the risk
estimates for phenylbutazone and oxyphenbutazone become much eloser. The
total incidences of agranulocytosis and aplastic anemia among out-patients are
about 7 and 2 per million inhabitants per year. This information can also be used
to calculate rough values for relative and excess risk from spontaneous reports
and sales data. The estimates of risk for butazone-induced agranulocytosis from
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Table 5. Reported incidences of blood dyscrasias in Sweden .

Incidence: no. of reports per 100,000
treatment years

NSAID Time period Reports Agranulo- Thrombo- Pancyto- Total
No. cytosis cytopenia penia

Oxyphenbutazone 1975-1984 12 9 21 6 36

Diclofenac 1982-1989 14 3 6 2 11

Phenylbutazone 1975-1989 10 2 6 12 20

Piroxicam 1982-1989 10 3 6 2 11

Sulindac 1982-1989 7 6 6 2 14

Indomethacin 1975-1989 36 3 3 1 7

Naproxen 1975-1989 35 1 3 I 5

Azapropazone 1978-1989 1 - - 4 4

Ibuprofen 1975-1989 9 1 1 1 3

the spontaneous reporting system and those derived by the International

Agranulocytosis and Aplastic Anemia study (IAAAS) [7] are rather similar
(Tab. 6). In the lAAAS an elevated relative risk of agranulocytosis was also
identified for indomethacin.

For aplastic anemia, an increased risk was identified for the butazones (relative
risk, 9), indomethacin (RR, 13) and diclofenac (RR, 9) but the attributable risk
was very low. More data will emerge from the lAAAS, which is continuing, and
elevated risks for other NSAIDs will probably emerge as well,

Table 6. Comparison of risk estimates for sulfa-induced agranulocytosis from the Swedish drug
monitoring system and the International Agranulocytosis and Aplastic Anemia Study. Relative
risk (95% confidence limits).

Source Butazones Indomethacin Sulfasalazine Trimethoprim- Thyrostatics*
sulfametoxazole

SDMS 5.5 (1.4-17.6) 3.0 (1.7-5.3) 107 (67-170) 17 (8-37) 163 (135--197)

IAAAS 3.9 (1.4-11.0) 6.6 (2.6-17.0) 123** (16-966) 12 (4-40) 97 (36-262)

* propylthiouracil, carbimazole, tiamazole. ** Swedish part of IAAAS.
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B. GI ulcers and bleeding
Dyspepsia, heartbum, and GI upset are probably the most common adverse
reactions to aspirin and other NSAIDs. From gastroscopic studies it is known that
a majority of patients taking these preparations will initially show mucosal
irritation, microbleeding, and small superficial ulcers [10]. In most cases , how­
ever, these gastroscopic findings deerease during eontinued treatment. The rela­
tion between these fmdings and the development ofbleeding and perforated ulcers

is unclear.
An abundanee of studies on the relationship between NSAIDs and the risk of

upper GI ulcers and bleeding have appeared in the mediealliterature. The results
of most of these studies are diffieult to interpret in a meaningful way. Studies based
on spontaneous reports on this subjeet probably have more severe reporting biases
than in most other symptom areas. Many formal studies suffer from inadequate,
imprecise, or varying definitions and aseertainment of exposure. Control seleetion
is another major problem in several studies , and it beeomes very diffieult to
interpret results from studies where eases with prior ulcer disease are analyzed
together with those experieneing their first episode of ulcer or bleeding .The biased
spontaneous reporting is shown in Table 7, where the risk seems to be mueh higher
for piroxieam than for other NSAIDs. Moreover, in epidemiologieal studies
aspirin has a higher risk than many modern NSAIDs, though less than ten aspirin
ulcers have been reported sinee 1965.

Table 7. Reported incidence of GI ulcers and bleeding in Sweden .

Incidence per 100,000 treatment years

Generic name Total UIeers Bleedings Total
number unspecified

Uncompli- Bleeding and
eated perforations

Piroxicam 118 75 47 28 151

Azapropazone 7 5 28 9 42

Sulindac 5 3 9 3 15

Phenylbutazone 11 - 1 10 11

Oxyphenbutazone 7 1 1 6 9

Indomethacin 22 1 2 2 5

Diclofenac 1 - 3 - 3

Ibuprofen 3 - 0.7 0.3 1
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This situation was probably largely created by the marketing division at Pfizer.
Piroxicam was extremely heavily marketed as a new "safe" NSAID which could
be taken onee a day without side effects, whieh in turn led to overpreseribing. The
first patients to be prescribed piroxicam were probably those who previously did
not tolerate the older preparations; ofcourse, some ofthese patients did not tolerate
piroxicam either, and they developed ulcers and GI bleeding. When surgeons who
cared for the bleeding patients realized that piroxicam was just another NSAlD
with the same ulcer risk as other "modern" NSAIDs, they feIt deceived by the
marketing people and filed ADR reports. In fact , there is some evidence that
piroxicam has a greater tendency to induce ulcers than some other NSAlDs.
Piroxicam has a very long half-life, and if its ulcerogenic tendencies are linked to
the inhibition of prostaeyclin (prostaglandin Iz) then any drug whieh continuously
inhibits prostacyclin formation should also exhibit a higher GI risk than a drug
with a short half-life. In all published data based on spontaneous reporting
systems, there is a strong eorrelation between the "incidence" ofGI adverse effects
and the serum half-life ofNSAlDs [11-14] .

C. Liver reactions
Liver reaetions have been reported for all NSAIDs available in Sweden (Tab. 8).
Elevated aminotransferase levels are common when aspirin is used in high doses
for the treatment of rheumatoid arthritis, especially in children. Low serum
albumin levels also seem to increase the risk for this reaction. Apart from
benoxaprofen, liver reactions seem to be rare for the newer generation ofNSAIDs,
though the only published studies of their frequeneies were based on spontaneous

Table 8. Reported incidence of liver reactions in Sweden.

NSAID Time period Number of reports No. of reports per
100,000 treatment yrs

Sulindac 1982-1989 71 131

Oxyphenbutazone 1975-1984 21 63

Diclofenac 1982-1989 35 30

Phenylbutazone 1975-1989 14 28

Azapropazone 1978-1989 4 17

Piroxicam 1982-1989 8 7

Indomethacin 1975-1989 24 5

Naproxen 1975-1989 30 4

Ibuprofen 1975-1989 13 4
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reports as per the Swedish examp1e.There is arecent report from France describ­
ing 50 cases ofhepatitis due to NSAIDs in 1985 [15]. The estimated frequency of
these reactions varied between 1 in 50,000 patients and 1 in 500,000 patients.
Swedish reports based on the DDD data, indicate that 1iverreactions occur in from
a few to about 150 cases per 100,000 treatment-years. Whether this frequency
range reflects true differences between the various NSAIDs is, however, a subject
requiring further study.

D . Renal reactions
The pharmacological effects ofNSAIDs can lead to fluid retention and decreased
glomeru1ar b100d flow, especially in patients with cardiac or renal failure. A
number of other renal effects have also been described in single case reports, but
the incidence of renal toxicity associated with NSAIDs is not well known. In one
of the few published epidemiologic studies on this problem Guess et al. [16]
compared hospitalization rates for various renal diseases for 134,000 NSAID
users and 848,000 nonusers in the province of Saskatchewan, Canada. Significant
risks were identified only for hyperkalemia (relative risk, 19; excess risk, 2 per
10,000 treatment-years) and nephritis and nephropathy (World Health Organiza­
tion International Classification of Diseases, 9th edition, no. 583) (relative risk,
7.6; excess risk, 3.2 per 10,000 treatment-years). The relative risk for acute renal
failure was insignificantly increased in NSAID users. Even in this large study it
was not possible to examine whether different NSAIDs carried different risks for
renal reactions .

Table 9. Reported incidence of Stevens-Johnson Syndrome and toxic epidermal necrolysis in
Sweden.

NSAID Timeperiod Number of reports No. of reports per
100,000 treatment yrs

Oxyphenbutazone 1975-1984 15 45

Sulindac 1982-1989 15 28

Phenylbutazone 1975-1989 3 6

Piroxicam 1982-1989 5 5

Naproxen 1975-1989 8 1

Ibuprofen 1975-1989 6 2

Diclofenac 1982-1989 3 2

Indomethacin 1975-1989 4 1

Azapropazone 1978-1989 - -
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E. Serious skin reactions
Stevens-Johnson syndrome and toxic epidermal necrolysis are very rare but
serious skin diseases which in Sweden occur at a frequency of ca. 2-4 cases per
million inhabitants per year. Several drugs have been implicated in eliciting such
reactions, notably long-acting sulfonamides, anti-epilepsy drugs, and NSAIDs.
The number of cases reported in relation to sales is depicted in Table 9. As with
liver reactions, oxyphenbutazone and sulindac top the list, but in the absence of

formal studies one must be extremely cautious in the interpretation of these data.

Discussion

A spontaneous reporting system can be regarded as an incomplete (and, at worst,

biased) case series without any information on the size or characteristics of the

population exposed to the drug except for that inferred by the indication for
treatment. Under these circumstances it is hardly possible to establish a causal

connection between an adverse event and a drug unless:

(a) there is at least one case with positive rechallenge and some more supportive

cases without known confounding drugs or diseases; or
(h) there is a cluster of exposed cases reported where the background incidence

of the adverse event is close to zero, and there is no confounding.

Even the reappearance of an adverse event upon readministration of the drug is

no proof of causality [17], though in practice one can make a strong case for a
causal connection if there is a cluster of cases with good clinical information and
in which the same event has reappeared at least once in each patient, and if the
event diminishes or disappears after withdrawal of the drug and does not spon­
taneously reappear. It is also clear that unless the total incidence of ADRs is equal
for, e.g., ibuprofen and the butazones, the different proportions of events such as
blood dyscrasias in ADR profiles cannot be interpreted as differences in risk. For
such comparisons to be valid, estimates of the denominators (numbers of users)
are needed.

Many drug regulatory authorities and pharmaceutical manufacturers have

access to information from which they can project both the size and characteristics

of the exposed population and the background incidences of diseases. If the rate

of reporting is known, the estimate of the numerator (number of cases) becomes

more accurate. From studies using registers ofhospital discharge diagnoses it has
been possible to calculate reporting rates for some geographical areas, ADRs, and

periods of time. Between 20% and 40% of serious reactions (blood dyscrasias,

thromboembolic disease, Stevens-Johnson syndrome, etc. [18]), identified by



18

checking medical records of patients discharged with these diagnoses, are usually
reported to SADRAC [14]. As a case in point, by checking all positive bacille
Calmette-Guerin cultures in bacteriology laboratories it was found that almost
80% of all children who developed an osteitis after BCG vaccination had been
reported [19].

However, reporting rates cannot be generalized. They are important to know
when evaluating data but should not be used to correct calculations for under­
reporting, because the data may well be drug-, time- , area- , and/or reaction­
specific. By knowing the number of DDDs sold and the average PDD it is possible
to roughly estimate the total person-time of exposure for a particular drug.

If prescription statistics are available, the number of cases reported per pre­
scription may actually be a better estimate of the risk to outpatients than if the
number of treatment weeks are calculated from sales data, at least for antibiotics
where doses and treatment times may vary with patient age and indication.

If information from an efficient spontaneous reporting system can be combined
with drug sales and prescription statistics, it may be possible to derive rough
estimates of the frequency or incidence rate of an ADR. Such estimates will not
be as accurate as those derived from clinical trials or formal epidemiological
post-marketing surveys; however, they can serve as a first indicator of the size of
a potential problem and for very rare reactions they may be the only possible
measure.

Spontaneous reporting is recognized as the most effective method to discover
rare but serious adverse reactions, but it is not thought to yield valid estimates of
frequency or risk. This is probably most often the case when considering drug-re­
lated beneficial or adverse effects in situations where the ADR is a type Areaction,
as type Areactions are the most common. There are situations, however, where
the ADR of concern is a rare type B reaction, for which the background incidence
of the disease is low, and where it seems possible to obtain valid data with the
approach outlined in the examples above.

If the background incidence of a disease is known or can be estimated from
other sources, it is sometimes possible to obtain rough estimates of rate ratios and
rate differences from spontaneously-reported data on ADRs and sales and pre­
scription statistics. This technique was first applied in 1983 during an investigation
of a possible relationship between a new anti-depressant drug and the development
of Guillan-Barre syndrome in patients experiencing flulike hypersensitivity reac­
tions from this new medicine [20].

Risk estimates derived from the Swedish spontaneous monitoring system and
from an international case-control study of blood dyscrasias were compared
(Tab. 6). In both cases the estimates of relative and excess risks were similar
enough to have led to the same clinical and regulatory evaluations of butazones,
cotrimoxazole, and sulfasalazine.
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Conclusion

The number of ADRs reported annually for NSAIDs has increased with time , and
the total number is now quite substantial. To evaluate the implications of these
reports it is imperative to know the size and characteristics of the population
exposed to the drugs as well as the rate of reporting. As a consequence of
underreporting and selective reporting, results based on studies of spontaneous
reports must always be interpreted cautiously and should be supplemented by
formal epidemiologie studies. Unfortunately, for many serious ADRs reported for
NSAIDs, formal studies are lacking. Generally speaking, serious adverse reac­
tions to NSAIDs are rare, and the NSAIDs available in Sweden are acceptably
safe if used with proper care.
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Introduction

A complex tenninology is presently used to indicate various approaches to the
post-registration monitoring ofdrug exposure , according to extent ,circum stances,
and subsequent consequences of such exposure. Tenns currently in vogue include
drug utilization studies (DUS), pharmacoepidemiology, post-marketing surveil­
lance (PMS), phase IV studies, and health service research. Although these tenns
are somewhat differently defined [1,2] and often inconsistently perceived, the
concepts and objectives are more or less similar, viz. to contribute to our under­
standing of benefit/risk and cost/effectiveness ratios of drug interventions and the
interrelationship of these ratios (Fig. 1). In relevant contexts the scope of post­
marketing monitoring may be expanded to include non-drug interventions of a
diagnostic, preventive, curative, and/or symptomatic nature.

The comprehensive definition of drug utilization [3], i.e. "the marketing,
distribution, prescription and use of drugs in a society, with special emphasis on
the resulting medical , social and economic consequence s" calls for a "compIete"
medico-social and health economic audit [4-6] involving:

1. collection and compilation of all relevant facts and premises;
2. data organization and analysis by competent auditors; and
3. decisions at various levels ofthe drug and health care chain , implementation

of these decisions, and their perireevaluation and (if necessary) adjustment.

In other words, the general aims of drug utilization studies are (a) to identify and
define the problem(s); (b) to analyse problems according to their significance,
causality, and consequence s; (c) to establish a weighted basis for decisions and
solutions to problems (Fig. I); and (d) to assess the effects of the actions and
interventions taken.
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HEALTH

Benefits:
Favorable preventive and therapeutic

effects

- reduced rates of complications,

disability, and mortality

- more rapid restitution and

symptom relief

- enhanced quality of life

ECONOMY

Effectiveness:
Favorable profits and social welfare

budgetary investments

+ - productivity gain
- reduced need for health and social

care

- trans ient

- permanent

Risks:
Deficient beneficial effects

Adverse effects of interventions

Cost:
Deficient effectiveness

Other direct and indirect expenses, e.g.:

- drugs, diagnostics

- related and other interventions

- salaries to health and social

workers, hospital and primary

health care bill (including

transport)

- siek leave compensation

- disability pension

- premature death, .mon-justified' '

prolongation of life

Fig. 1. Some elements to be weighted in a health-economic balance (see [6])

Design, data sourees, approaches and methods in DUS

The design of DUS has to consider the type of users to be addressed, i.e., whether
they are health administrators or health authorities, drug manufacturers, health
professionals (academie and clinieal), social scientists and economists, the media,
and/or consumers. The documentation has to be sufficiently uniform to ensure
appropriate communication between users, particularly with respect to the inter­
pretation of data. Above all, the limitations of separate and often fragmentary
studies must be thoroughly considered.

A common core of methodologies together with a wide range of data sources
and analytical approaches have been adopted, described and discussed [4-13] .

Basic data sources include appropriate drug, health and morbidity, demo­
graphie, and other relevant general statistics . These statistics must be supple­
mented by a wide range ofstudy approaches to accommodate the type of problems
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being addressed. The complexity of drug-related problems often calls for analyses
at the site of action (the patient, the disease , the doctor, the drug, the event level)
rather than distant monitoring . A combination of epidemiological methods such
as cohort and case-control studies, controlled clinical trials and non-intervening
clinical observations, other types of PMS/databases related to therapeutic and
adverse events, socio-anthropological studies to better understand perception/
attitude/compliance problems, quality-of-life estimates, various clinical phar­
macological approaches (drug kinetics , pharmacodynamics, genetics, etc.) and
health economic evaluations, is necessary.

Whether prospective, sometimes intervention-based studies or retrospective
studies are desirable has to be weighted against scientific needs, ethics, and
feasibility. The aforementioned approaches require: (i) continuous or regular
intermittent monitoring and surveillances (comprehensive sample/event studies,
multiple record linkages) ; (ii) stand-by preparedness (set-up of databases , study
prototype protocols); and (iii) separate ad hoc studies. It should be clearly
emphasized from the outset whether the studies are intended to be descriptive,
analytical, or problem/intervention-based, and if feedback to specific target
groups is relevant.

May the risks exceed the benefits of drug interventions?

Stigrnatized drugs

There are many historical examples of unacceptable iatrogenic drug complica­
tions (e.g. [14-15]). However, even among "clearcut" examples like arsenic,
mercury, antimony, bismuth compounds , chloroform, thalidomide, clioquinols
(iodochlorhydroxyquins), and phenacetin, some doubts about their discon­
tinuance may persist if emotions are set aside and the situations examined calmly
and rationally. Excessive marketing, inappropriate use, and easy access to more
attractive alternatives tend to be more important determinants of drug discon­
tinuance than medico-legal actions proscribing their dissemination and use.

Recent examples of discontinued non-steroidal anti-inflammatory drugs
(NSAIDs) include phenylbutazone [15], benoxaprofen [16], and zomepirac [17].
DUS are challenged to justify a nearly worldwide ban on these drugs. Phenylbu­
tazone and oxyphenebutazone were stigmatized as being the most toxic NSAIDs.
This has been confirmed vis-ä-vis agranulocytosis and aplastic anemia [18];
however, indomethacin and some other NSAIDs seem to present similar risks
[19]. These risks are generally quite low when the drugs are used in an appropriate
manner. However, benoxaprofen, which rapidly gained a major part of the NSAID
market in the U. K. and some other countries due in part to unjustified promotional
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claims, eaused severe (sometimes lethai) liver damage in a number of patients
[17]. Another peculiar feature of benoxaprofen was its propensity to eause
phototoxie skin reaetions.

Zomepirae, launehed mainly as an analgesie, may not have been fully reeog­
nized as an NSAID, for it eame as somewhat of a surprise when a number of lethai
idiosyneratic reaetions oeeurred. The justifieation for zomepirae 's permanent
withdrawal may be harder to understand. A major reason may be that these adverse
events oeeurred eoneomitantly with the stigmatization (rightly or wrongly) of
several other NSAIDs.

Controversies in the area of drugs and therapeutics usually foeus on speeific
drugs and drug produets. This may have oeeasionally diverted drug eontrol bodies,
the health professions, the media, and the public away from more fundamental
issues of therapeutics. There are many possible reasons for foeussing on specific
items sueh as minor differenees between closely-related single drugs and drug
produets, uneven doeumentation of the exeessive number of available drugs, and
the often arbitrary adoption of widely-different drug therapy praetiees. Thus,
balaneed and qualified opinions are diffieult to eome by, as the eonsequenees are
only partly elueidated through DUS and related approaehes.

To treat or not to treat - major areas of conflict and concern

The basie purposes for administering drugs are: (a) to eure diseases and their
eomplieations; (b) to prevent diseases and their eomplications; Ce) to alleviate
symptoms; and (d) to faeilitate other interventions, e.g. surgery, psychosocial, and
physical rehabilitation, etc. The available evidenee indicates that the potential
curing effects of drugs are limited, at least from a long-term perspective; anti-in­
feetives and some cytostatics serve as relevant examples of this viewpoint. Thus,
it should be reeognized that drugs mainly serve purposes (b}-(d).

During the last 20-30 years, increasing efforts have been undertaken to
doeument the clinical value and risks of drugs in relation to prevalent diseases
such as eardiovascular disorders, peptic ulcer, and rheumatism and other arthritic
disorders. Controlled clinical trials, often in the form of huge Phase IV studies,
are adopted as the main tools. In some areas, such as thrombolytic therapy [20],
impressive favorable effects have been obtained for reduced reinfarction and
medium-term mortality. In other areas, like mild and moderate hypertension [21],
the beneficial effects are marginal and some risks, especially related to acute
myocardial infarction , may outweigh the benefits.

More recently, coneern is inereasing as to the relevanee of eontrolled clinieal
trials when the results are extrapolated to everyday clinical practice. One short­
eoming of these trials is that most of them are of much shorter duration than what
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may be the intention in clinical practice, so important clinical end-points may not
be elucidated. Another confounding factor relating as well to major long-term
trials is that the design (inclusion/ exclusion criteria, limited possibilities for
individualized treatment, close control and intensive monitoring) may produce
results which are not directly transferable to routine medical practice. Con­
sequently, results from clinical practice might be more and less beneficial than
those derived from controlled trials.

The following examples illustrate these dilemmas:

A. The mortality rate of patients who had suffered myocardial infarctions and
were undergoing long-term treatment with several anti-arrhythmic drugs was
more than double that of patients in a placebo group [22]. These findings
should not have come as a complete surprise, as various re-evaluations of
earlier studies indicated some risk of increased mortality for a number of
anti-arrhythmic drugs [23,24]. Although selective categories ofpatients were
studied (mainly those with ventricular arrhythmia in post-infarction situa­
tions), these findings call for more restricted clinical practice, especially so
far as non-symptomatic arrhythmias are concemed. On the other hand,
intermittent treatment may still be life-saving or, more importantly, may have
positive effects on the quality of life of patients with severe symptomatic
arrhythmias.

B. Tendencies to start drug treatment in mild to moderate hypertension have
varied extensively over the years [4,25,26]. Likewise, the tendency to con­
sider hypertension in the context of concomitant cardiovascular diseases and
other risk factors has also been unclear. Disturbingly, the findings in arecent
screening and follow-up study in four Norwegian counties indicated excess
mortality from all causes in the treated groups [27]. This provocative study,
which closely reflected clinical practice, also suggested that excess mortality
is higher in mild and moderate hypertension than in more severe hyperten­
sion. Quality of life aspects obviously add to these dilemmas .

C. Arecent meta-analysis of the six major anti-lipidemic drug and diet studies
produced results similar to those mentioned in examples A and B. Except for
one of the re-analysed studies, total mortality was at least as high in the
intervention groups as in the control groups [28]. The mortality in the former
was partly due to deaths of a violent nature, which might reflect psychiatric
disturbances related to drug and dietary interventions. Again, quality of life
indicators should be thoroughly considered.
None of the above examples can be considered final and definitive proofs of
the unfavorable effects of these common interventions. However, they raise
extremely important clinical and ethical questions, the responses to which
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also have health economic implications. Above all, they indicate the need for
comprehensive DUS.

D. A somewhat different but nonetheless extremely challenging area is the
present state ofintervention approaches for peptic ulcer and similar disorders.
Successful drug interventions during the last 15-20 years has dramatically
reduced the need for surgery and sick leave, thereby reducing total costs for
several of these disease entities [29]. However, the situation is not without
problems such as extensive relapse rates even during continuous drug treat ­
ment and a potentially increased risk ofacute complications [30]. The relapse
rate seems to be lowered by using old drugs like bismuth compounds,
preferably in combination with anti-infectives to eradicate Helicobacter
pylori, which is associated with some forms ofulcer [31]. This approach, still
in the experimental stage, may solve some problems while introducing others

such as microbial resistance, additional gastrointestinal (GI) adverse effects,
and bismuth toxicity.

Potential of NSAIDs: benefits and risks

No firm evidence presently exists to suggest that NSAIDs, unlike other drugs used
for rheumatic disorders (gold, penicillamine, etc.) can modify the fundamental
disease processes [32]. When NSAIDs are used in acute injuries, however, a slight
reduction in recovery time may be noted. The main beneficial roles of NSAIDs
are relief of painful stiffness, improved functional capacity within the limits set
by the stage ofdisease, and facilitated rehabilitation through physiotherapy. There
is no doubt that NSAIDS can contribute significantly to the quality of life.

The predominant indications for NSAIDs refer to continuous or long-term
intermittent use in osteoarthritis and rheumatoid arthritis [33]. They are also used,
though less frequently, for a wide range of musculo-skeletal disorders, for cancer
pain relief, and for acute trauma. About two-thirds of these drug s are consumed
by the elderly (>60-65 years of age).

The potential risks of NSAIDs have caused extensive and sometimes exag­
gerated concerns. Some 15-20% of the reports collected in spontaneous ADR

reporting systems refer to NSAIDs [34]; most of these reactions are of a moderate
or severe nature. According to controlled pre- and post-registration clinical trials
[35] severe ADRs (most often of a GI nature, i.e. ulcers with subsequent perfora­

tions and bleeding [36-38]) occur in 1-2% of selected patient cohorts. The
importance of drug formulations should also be emphasized [39]; in this context,
the sustained-release indomethacin product Osmosin is a quite distinct example.

The ADR profile of various NSAIDs is qualitatively uniform and extends
beyond GI complications to encompass idiosyncratic reactions, bone marrow
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depression (agranulocytosis, aplastic anemia [18,19]), hepatic damage, renal
failure, electrolyte/fluid balance disturbances (sometimes with secondary
hemodynamic implications), and central nervous system adverse experiences
[40]. The relative incidence of such reactions is more variable [33,41], a matter
which has been subject to extensive disputes at regulatory, drug industry, pre­
scriber, and consumer levels.

Various rankings of risks according to type and severity of ADRs do not allow
firm conclusions about the safety ofNSAIDs, except that ibuprofen in the dosage
presently recommended for over-the-counter (OTC) sale seems relatively safe,
and that benoxaprofen and sulindac have a greater tendency to cause liver damage
than most other NSAIDs. There is still some concern about NSAIDs with long
half-lives, however. The relative risk of aspirin has partly been related to the type
of formulation [39], but from a systemic point of view the relative risk is unclear.
With considerable reservations one may tentatively conclude that the risk of any
particular NSAID is, to some extent, related to its therapeutic potential and dosage.

During the early and mid-1980s much attention was focussed on the assumed
excessive risk of one of the world 's leading NSAIDs, Feldene (Pfizer 's brand of
piroxicam). One of its main competitors, Naprosyn (naproxen, manufactured by
Syntex) had never been stigmatized to that extent. In Norway, Sweden, and several
other countries a vigorous marketing campaign gave Feldene a 20-25% share of
the NSAID market soon after registration (Fig. 2). This fact may not have been
fully appreciated when an apparently excessive number of ADRs were received
by ADR committees and substantiated clinically by gastroenterologists [42]. The
ensuing uproar caused sales of Feldene to plummet dramatically. This led to
Pfizer's undertaking a multicenter double-blind phase IV study to compare
Naprosyn and Feldene vis-ä-vis efficacy and safety in a cohort of 2,035 patients
suffering from osteoarthritis, aged 17 years and upwards, recruited from the
general population [35]. The treatment period was 12 weeks, and the initial doses
were 750 mg and 20 mg for Naprosyn and Feldene, respectively. After 4 and 8
weeks control and monitoring took place, with the option that doses could then
be reduced to 500 mg ofNaprosyn and 10 mg ofFeldene, according to the clinical
situation. No major differences in efficacy or safety were observed between the
two drugs in terms of pain relief or functional activity, and the 1% rate of moderate
to severe ADRs found for the drugs corresponded to what had been seen in
pre-registration trials. Surprisingly, an inverse correlation was found between
adverse events and age.

This study, one of the largest comparative phase IV studies on NSAIDs ever
performed, was subject to quite extensive criticism, not the least being in Norway
[43]. A major criticism concerned the justification of performing such a large study
to confirm what was in fact already broadly known. Nonetheless, the number of
patients was far too small to be able to detect statistically meaningful differences
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Fig. 2. Sales of NSAIDs and other anti-rheurnatic drugs in Norway between 1973 and 1989, in
Defmed Daily Doses (DDD)/1000 inhabitants/day. "Others" refers to sulindac (0.9 DDD in
1989), gold, penicillamine, and chloroquine preparations. (From [45].)

in the ADR rate (1.0% vs. 1.5%) between the two drugs; to do so would have
required 5,000-6,000 patients in each group, but still with some doubts about the
equivalence of the doses compared.

This controlled study, due to the exclusion/inclusion criteria and other study
design elements, is actually quite far removed from everyday clinical practice.
One may still assurne, however, that the apparently excessive ADR rate, at least
during the early post-registration phase, was real, and was likely related to the
frequency of use of the new drug; i.e., physicians are always tempted to use a new
drug whenever patients have not tolerated or responded satisfactorily to other
drugs within a therapeutic class. Nonetheless, the above study was probably of
major importance to Pfizer which, during a subsequent FDA hearing, was able to
save for itself a substantial share of the world NSAID market [44]. Needless to
say, the producer of Naprosyn, Syntex, was somewhat less enthusiastic about this
outcome [45].

As seen in Fig. 2, Feldene never fully regained its market share in Norway. In
that country, total NSAID sales, excluding aspirin, have stabilized at around 20
Defined Daily Doses (DDD)/l,OOO inhabitants/day, corresponding to a "continu­
ous" exposure of some 2% ofthe population [46]. Aspirin use decreased by more
than 50% in the period 1977-1989 (Fig. 3), reflecting recommendations to the
public that paracetamol is a safer choice for minor pains and fever. Packages
containing more than 20-30 tablets (about 10-15 g) of aspirin and paracetamol
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Fig. 3. Sales distribution (%) of antipyretic analgesics (ATC class N 02 B) in Norway between
1977 and 1989. (From [45].)

are now prescription drugs. Ibuprofen in smaller packages is allowed as an OTC
drug, with the recommendation that daily doses for self-medication not exceed
800-1 ,000 mg.

Recent sa1es data on NSAIDs from the five Nordic countries (Tab. 1) show
that sales figures for Norway remain remarkably stable and low compared to
Denmark, Fin1and, Iceland, and Sweden [47]. The number of drug entities and
relative preferences also vary widely from country to country.

General comments and conclusions

NSAIDs comprise a wide range of drugs, of which 10-12 are in wide use, and
which are assumed to elicit their actions by influencing the prostaglandin cascade
and various other biological systems [32]. The relevance of these mechanisms of
action to the observed clinical effects is not fully known . A lack of fundamental
understanding of rheumatic disease proces ses adds to the gap between what is
ideally intended and what is feasible by drug and other interventions.

The separate evaluation of benefits and risks from drug interventions remains
problematic [48]. Unpredictable disease and genetic factors may contribute posi­
tively or negatively to any interventions, including ADRs. The firm clinical
experience of patient preference between alternative NSAIDs is very difficult to
prove or disprove in controlled clinical studies, but should be viewed in the context
of .A.DRs and dosage. Concomitant supplementary interventions also add to
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Table 1. Statistics on NSAID sales and product registration in Nordic countries (from [45,46]).

Year Denmark Finland Iceland Norway Sweden

Total sales 1987 22.9 32.4 29.8 18.8 21.0
(DDD/ l,ooo 1988 23.3 35.4 30 .1 19.6 23.4
inhab./day) 1989 24 .7 42.8 32.5 20.0 25.9

No. of NSAIDs
registered 15 12* 9 7 11

* Finland has by far the highest products/brands ratio

evaluation difficulties when groups of patients are compared. These aspects
require more problem-oriented and comprehensive studies, and it is of utmost
importance to design clinical observation studies reflecting everyday clinical
practice as a supplement to controlled trials.
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Post-marketing surveillanee (PMS) of drugs involves a number of procedures for
observing and registering the benefits and risks of drugs following their approval
for general use. Unfortunately, in Germany most PMS aetivities are sporadic,
non-coordinated, and restricted to the short term, and spontaneous reporting of
adverse drug reactions (ADRs) remains the only continuously-maintained PMS
proeedure since it was instituted in 1961 by Gertrud Hohmann, then secretary of
the Arzneimittelkommission der Deutschen Ärzteschaft (Commission on Drugs
of the German Physieian 's Association [1D.

In Berlin in 1971 we undertook a PMS projeet with Wemer Altwein whieh led
us to join the Boston Collaborative Drug Surveillance Program a year later [2]. In
this report, some of our data on analgesies and non-steroidal anti-inflammatory
drugs (NSAIDs) eollected between 1971 and 1980 are presented. These data are
of two types: those on hospital admissions due to ADRs to analgesies and
NSAIDs, and those on ADRs to the same drugs occurring in-hospital,

The first set of data is an expansion of that published in collaboration with
Professor M. Levy in 1980 on ADR hospital admissions in Jerusalem and Berlin
[4].

In the Boston Collaborative Drug Surveillanee Program, data were colleeted
on all conseeutive admissions without further seleetion. Patients were questioned
about the medications they used during the 4 weeks prior to admission, and the
admitting doctor was asked whether the present admission could have been eaused
by an ADR. The doctor's answer to this question, including the implieated drug,
was considered a suggestion to be critically assessed on the basis of that physi­
cian's experience, professional education, and knowledge and awareness ofADRs
from the medical literature and other sources. One-sided views may have been
"smoothed out" by the large number of attending physicians who shared the duty
of admitting patients. The reaetions described were regarded as the major but not
neeessarily the sole eause of hospitalization. The data refleet neither relative nor
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absolute risks, nor are they to be construed as generally or universally repre­
sentative; rather, they are an indication of the magnitude, severity, and type of
drug-induced diseases occurring in the community of Berlin-Steglitz during the
years 1975-1980. It is noteworthy, however, that there is an astonishing conform­
ity between the data from Berlin-Steglitz and those obtained at other acute-care
hospitals in other parts of the world.

The usual rate of ADR admissions ranges from 2% to 7%; in our hospital it
was 6%. The rate of admissions due to adverse reactions (ARs) to analgesics or
NSAIDs was 74 out of a total of 6,000 admissions, corresponding to 1.2% of all
admissions and almost 20% of all ADR admissions (Tab. 1).This is commensurate
with the heavy use of such drugs in the community. Fourteen percent of the
admitted patients had used medications for headache (principally aspirin) during
the preceding 4 weeks, and 17% had used mostly non-aspirin NSAIDs. These high
exposure rates demonstrate that many people are willing to take the chance of
relieving pain by taking one or two tablets which they consider to be relatively
harmless. Indeed, these drugs rarely produce life-threatening or even serious
ADRs. Due to the low incidence of adverse events and the frequent use of drug
combinations, quantitative comparisons of different compounds are difficult to
analyze.

Table I. Boston Collaborative Drug Surveillance Program at Berlin-Steglitz, 1975-1980.

No. of Patients % ofTotal

Total 6000 100.0

Patients using analgesics for headache (4 weeks before 834 13.9
admission)

Patients using NSAlDs (4 weeks before admission) 1022 17.0

Admissions for ADRs to analgesics and NSAIDs 74 1.2

Table 2 gives an idea of the confounding factors introduced by concomitant
use of two or more analgesics and NSAIDs. With respect to ADR admissions,
aspirin was the drug with the highest exposure rate, closely followed by pyra­
zolones (e.g., dipyrone, or metamizol); exposures to phenacetin (which has been
gradually replaced by paracetamol) and phenylbutazone (which has been subject
to ever-increasing legal restrictions) were considerably lower. Use of phenacetin
and phenylbutazone has been largely supplemented by indomethacin, diclofenac,
and ibuprofen, which are arylacetic acid/arylpropionic acid derivatives.
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Table 2. Hospital admissions due to ADRs to analgesics and NSAIDs.

No. of Patients

Total 74

Drug exposure 4 weeks prior to hospital admission:*

Aspirin 44

Pyrazolones 36

Phenacetin/paracetamol 19

Phenylbutazone 14

Arylacetic acids/arylpropionic acids 12

* some patients concomitantly took more than one type of drug, hence a per-drug total>74.

Table 3 shows a breakdown by symptoms and signs of ADR hospital admis­
sions in relation to the implicated drugs . The most frequently-encountered serious
ADR requiring hospitalization was major gastrointestinal (GI) bleeding, which
has a mortality of almost 10%. In about half the cases of GI bleeding aspirin was
considered the causal drug, though it was very often used in combination with
other analgesics, particularly paracetamol and/or pyrazolones. Phenylbutazone
without aspirin was associated with a somewhat lower incidence of GI bleeding,
and indomethacin was associated with a still lower incidence of GI bleeding.

Curiously, thrombocytopenia was often considered to be caused by aspirin or
aspirin in fixed combinations, whereas pyrazolones were suspected of causing
thrombocytopenia in only one case. Two cases of aplastic anemia were associated
with the use of phenylbutazone, and in one case diclofenac was thought to be the
causal drug. Aplastic anemia is certainly one ofthe most worrisome drug-induced
diseases, since it is almost irreversible and has a mortality rate of 50% within 2
years of onset [5].

In contrast, agranulocytosis has a much better prognosis, patients having a
good chance of full recovery without sequelae within one or two weeks. Acute
mortality for agranulocytosis is around 10%, especially for those cases which are
not diagnosed early enough and the responsible drug is not discontinued [5].

Hemolytic anemia was probably caused by an aspirin combination in one case
and by a pyrazolone combination in another. Both patients were concomitantly
exposed to aspirin and pyrazolones, again totally confounding the analysis.

A number of cases of nephropathy caused by chronic and/or heavy use of
analgesics are diagnosed every year. In OUf study we encountered five such cases,
three due to phenacetin and two due to paracetamol, all in fixed combinations with
aspirin and caffeine. Therefore, the effects of phenacetin and paracetamol vis-ä-vis
nephropathy were totally confounded by both aspirin and caffeine . Other investi-
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Table 3. Symptoms leading to ADR hospital adm issions and the implicated drugs.

Reaction Drug No. of Patients

Gastrointestinal bleeding Aspirin 5
Aspirin eombinations 20

Phenylbutazone 3
Phenylbutazone eombinations 7

Indomethacin 4
Indomethacin combinations I

Pyrazolones 3

Arylpropionic acids 2

Total 45

Thrombocytopenia, Aspirin 3
abnormal eoagulation Aspirin eombinations 7

Pyrazolone 1

Total 11

Aplastic anemia, Phenylbutazone 1
paneytopenia PhenyIbutazone eombinations 1

Diclofenae (arylacetie acid) 1

Total 3

Agranulocytosis, Pyrazolone 1
Ieucopenia Pyrazolone combinations 1

Total 2

Nephropathy Phena cetin combinations 3
Paraeetam ol eombinations 2

Total 5

Allergie reaetions Aspirin eombinations I
Pyrazolone I
Pyrazolone combinations 2

Total 4

Vertigo , Aspirin eombinations 2
tinn itus

Hemolytic anemia Aspirin eombinations 1
Pyrazolone eombinations 1

Total 2
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gators had the same problem with eases of drug-indueed nephropathy, and it is
not yet clear whether the monopreparation or the eombination with either aspirin
and/or eaffeine are required to eause renal damage .

In 4 eases of allergie reaetions involving intense urticaria and fever, 3 were
probably eaused by pyrazolones and 1 by aspirin, though the pyrazolones were
formulated as eombinations eontaining aspirin. Tinnitus and severe vertigo ap­
peared in two eases ; in both eases aspirin was the suspeeted eompound.

Table 4 summarizes ADR hospital admissions aeeording to drug type and
adverse event. It is noteworthy that 50% of the ARs were attributable to aspirin,
whereas only 13% were attributed to pyrazolones. These two kinds of analgesics
are generally eonsidered equipotent with regard to pain and fever remission.
Phenylbutazone and indomethacin have similar indications and shared the same
risks : both were implicated in eausing GI bleeding and aplastie anemia. It is likely
that exposure rates for phenylbutazone and indomethaein were not very different ,
albeit mueh lower (perhaps one-tenth) than for aspirin or pyrazolones. However,
phenylbutazone and especially indomethacin were usually preseribed on a
longterm basis for the treatment of ehronic eonditions.

All of the ARs deseribed above required hospitalization for periods generally
ranging from one to three weeks (Tab. 5). Patients with agranulocytosis or vertigo
stayed in hospital for I week, whereas those with aplastic anemia or nephropathy

Table 4. Analgesies and NSAIDs implicated in ADR hospital admissions.

Drug Adverse Reaction No. of Patients

Aspirin GI bleeding 25
Aspirin combinations Thrombocytopenia, abnormal eoagulation 10

Allergie reactions I
Vertigo, tinnitus 2
Hemolytic anemia I

PhenyIbutazone GI bleeding lO

Phenylbutazone eombinations Aplastie anemia , paneytopenia 2

Pyrazolones GI bleeding 3
Pyrazolone combinations Thromboeytopenia, abnormal eoagulation I

Agranulo eytosis, leueopenia 2
Allergie reaetions 3
Hemolytic anemia I

Indomethacin and other GI bleeding 7
Arylaeetie/arylpropionic aeids Aplastic anemia I

Phenacetin eombinations Nephropathy 5
Paraeetamol eombinations

Total 74
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Table 5. ADR hospital admissions and days of hospital treatment.

Reaction No. of Patients days in hospital (mean) min.smax,

Gastrointestinal bleeding 45 16 6-45

Thrombocytopenia 11 16 9-30

Nephropathy 5 22 13-30

Aplastie anemia, paneytopenia 3 17 10-21

Agranulocytosis, leueopenia 2 6 4-8

Allergie reaetions 4 14 4-30

Vertigo, tinnitus 2 8 8- 8

Hemolytie anemia 2 12 11-13

needed hospital care for 3 weeks. In cases of aplastic anemia and nephropathy,
however, many further hospital admissions can be expected over the ensuing
months or years, with the life expeetaney of these patients probably being
considerably redueed.

Although the above data on ADR hospital admissions are not sensu stricto
suitable for formal statistical analysis, they may in fact be extremely valuable in
understanding to what extent therapeutically-useful drugs can eause serious health
problems in the community. An ADR hospital admission rate of 6% is on a par
with those values for diabetes mellitus or pulmonary infection. Such an admission
rate is remarkable not only in terms of individual and public health but also in
terms ofhealth costs and patient care capacities.lf, based on our data, one assurnes
15 hospital admissions per year due to analgesie and NSAID ADRs, and only half
of the ADR cases are properly recognized as such, then there would be ca. 300
ADR admissions per annum in the former West Berlin area; for a population of
2.1 million inhabitants, the annual incidence rate would be 300/2,100,000 or-3 per
21,000 .

A different but nonetheless pertinent phenomenon is ADRs in patients treated
with analgesics or NSAIDs who are already hospitalized for other, unrelated
ailments. In this study, which followed a multiarmed cohort design, each admitted
patient was monitored daily and every AR to any drug recorded by a specially­
trained nurse. Table 6 contains data on four drugs which had likewise been
examined vis-ä-vis ADR hospital admissions: aspirin, metamizol, indomethacin,
and phenylbutazone. While some "normalization" for sex, age, indication, and
diagnosi s would have been appropriate, it is still useful to directly eompare the
ADR rates for these drugs. As in the case of ADR hospital admission data, ARs
to analgesics and NSAIDs by already-hospitalized patients were most often
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Table 6. ADRs to analgesics and NSAIDs during in-hospital care*.

No. of ADRs attributable to:

Adverse reaction Aspirin Metamizol Indo- Phenyl-
methacin butazone

Gastrointestinal bleeding 11 6 16 3

Sedation, tinnitus, vertigo 12 2 7 0

Thrombocytopenia 2 4 0 0

Leucopenia 0 1 0 0

Al1ergie reactions 0 7 1 1

Hypotension 1 0 0 1

Total 26 20 24 5

No. of ARs 425 1,956 257 101

Total/No. of ARs (x 100%) 6.1% 1.0% 9.3% 5.0%

*1975- 1980: 6,000 patients
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Fig. I. Date of birth of 3049 victims of thalidomide embryophaty born in the Federal Republic
of Germany.
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manifested as GI traet disturbanees, exeept for metamizol where allergie reaetions
were more eommon ADRs. Central nervous system impairment rather than
thromboeytopenia was the next most frequent AR after GI disturbanees for aspirin
and indomethacin, for metamizol thromboeytopenia and leueopenia were the next
most eommon ARs after allergie reaetions . These data supplement and confirm
our earlier observations relating to ADR hospital admissions.

Unfortunately the PMS deseribed in this report has been terminated and has
not been replaeed by any other PMS programs anywhere in Germany.

A final point eoneems the early deteetion of serious unforeseeable drug-in­
dueed diseases. Fig. I (from [3]) shows the ineidenee of phokomelia over some
years. A similar situation, in whieh so many eases of a physiological disturbance
oeeurred before its eausal eonneetion to drug use was identified, must not be
allowed to reeur. At present, nearly 30 years after the thalidomide disaster, we still
do not have any PMS to quiekly alert praetitioners and the publie of possible
drug-indueed maladies; in fact, there is not even any widespread support for
developing sueh an instrument. Post-marketing drug surveillanee is urgently
needed in Germany on a formal and eoordinated basis. Regrettably, it would
appear that our society is not yet ready to support sueh work.
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This article is concerned with the analytical epidemiological approach to the
evaluation of adver se drug reactions (ADRs), as exemplified by studies relating
to non-steroidal anti-inflammatory drugs (NSAIDs). The advantage of analyt ical
epidemiological studies of ADRs lies in their capability to quantify risk without
evaluating causality for individual cases.

Methods Used for the Analytical Epidemiological Evaluation of Adverse
Drug Reactions

Experimental Studies

Experimental studies , i.e., randomized controlled clinical trials, are a regular part
of the pre-marketing phase of pharmaceutical development and are usually of
limited clinical application, size , and duration. Detection of severe ADRs during
the pre-marketing stage norrnally leads to discontinuance of the drug . Most of the
data gathered during clinical trials of NSAIDs concern mild gastrointestinal (GI)
disturbances. Since subjects must be randomly assigned to treatment and followup
group s, experimental studies of ADRs in the post-marketing phase are difficult.
Nonetheless, experimental studies should be considered in special circumstances.

Non-Experimental (Observational) Studies

In non-experimental studies there is no manipulation of drug exposure; whatever
occurs is observed and recorded. Required data can be obtained from epidemio­
logical surveillance systems monitoring drug exposures and ADRs as they occur
in patient populations [1]. Another approach is to use record linkage systems of
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computerized databanks, such as those containing information on drug prescrip­
tions and registries ofpatient diagnoses [2]. Such multipurpose data systems are
useful either to test or generate causal hypotheses, as, for example, in the study of
NSAID use and GI bleeding. So far, however, most of the non-experimental
studies have required the organization of ad hoc data collection systems.

A. Cohort studies
Cohort studies compare patients exposed to a drug with those not so exposed
vis-ä-vis eventsfollowing exposure. The advantage of cohort studies is thatduring
follow-up all events can be recorded and evaluated regardless of apriori suspi­
eions as to whether they are in fact drug-related. If long-term follow-up is
maintained, cohort studies can also be used to detect late effects. Cohort studies
are costly and therefore applicable only to relatively common ADRs such as
venous thromboembolism following oral contraceptive use [3]. They can be used
to study the common (mainly non-specific) GI complaints reportedly experienced
in up to one-third ofNSAID users [4]. For the serious butrare ADRs to NSAIDs,
cohort studies are impractical.

B . Case-Control studies
In contrast to cohort studies, case -control studies are useful for studying rare
events. Cases with speeific well-defined ADRs are compared to controls without
the ADR vis-ä-vis rates ofdrug use and other characteristics. Case-control studies
enable evaluation of multiple causes of a particular ADR, which is an obvious
advantage for the study of NSAID-related adverse events. The efficiency of
case-control studies decreases when exposure is rare. Case-control studies have
become the main source of most current epidemiological research on the causes
of disease [5,6].

The methodological issues relevant to the design of case-control studies are
based on common scientific principles: rigorous definition of the event to be
studied and of the criteria for measuring ofdrug exposure (taking into account the
etiologically-relevant period), systematic ascertainment ofcases, proper selection
of controls, and consideration of validity.

C. The quantitative estimation 0/risk
The basic estimate of an association between drug exposure and adverse event is
the relative risk or rate ratio, defined as the ratio of the rate of occurrence of an
event in those exposed to a drug (Er) to the rate of occurrence in those not exposed
to that drug (Nr) [7]. Incohort studies, where rates ofdisease are calculated directly
among exposed and non-exposed comparison groups, the relative risk is derived
by dividing the rates, i.e., Er/Nr. In case-control studies the rates obtained are of
exposure among those with and without the event under study. The relative risk
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is estimated by the odds ratio. The relative risk provides information about the
stength of association between a drug and an adverse event.

A more important measure of risk is the excess risk, defined as the total
incidence of an event among users of a drug minus the baseline incidence. The
excess risk provides information about the number of cases to be expected among
drug users as a consequence of exposure to that drug. For rare conditions (e.g.
aplastie anemia) the relative risk can be quite misleading, as large rate ratios
translate into low excess risks; on the other hand, for common diseases low relative
risks translate into large excess risks.

Risk has also to be measured in terms of time. An etiologically-relevant period
("exposure window") has to be determined, which in turn depends on the kinetie
properties of the event and of the drug.

In the evaluation of risk, the confounding effects of other drugs as well as
non-drug factors have to be controlled.

Studies 0/ADRs to NSAIDs

It is their anti-inflammatory and analgesie properties which make NSAIDs the
most commonly used drugs; in 1985 the worldwide market for NSAIDs was
estimated as US$ 2.1 billion [4]. The most common adverse effects associated
with NSAIDs are GI disturbances, particularly GI bleeding and perforation and
gastric ulcers. Also of special concern with NSAIDs are nephrotoxicity, hepa­
totoxicity (including Reye's syndrome), blood dyscrasias, hemorrhagic diathesis,
and anaphylactic and anaphylactoid skin reactions [8-10].

Major ADRs to mild analgesics - unless these drugs are abused or taken in
high doses - are rare, and the risk to the individual is small. Nevertheless, because
of the massive and universal use of these drugs, quantitative measurement of the
risk involved (i.e. the public health hazard) is imperative. It is only by conducting
epidemiological studies that data leading to decisions based on scientifically
sound judgements can be obtained [11]

Analytical Epidemiological Studies 0/GI Reactions to NSAIDs

All NSAIDs are known to cause adverse GI reactions. Epidemiological studies
relate to issues of gastric and duodenal ulceration, and GI bleeding and perfora­

tion.
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A. Aspirin and GI bleeding
That aspirin causes major upper GI bleeding was first suggested many years aga
by Douthwaite [12]. In the 1950s and 1960s anumberof case-control studies were
published, all showing a positive association between major upper GI bleeding
and aspirin use. However, methodological deficiencies with regard to selection of
cases and controls, the definition of exposure, and the control of confounding cast
serious doubts on the validity of these studies. As is often the case, it could not be
distinguished whether aspirin was taken before the bleeding commenced or
whether the condition that caused the bleeding provoked aspirin use [13].

In 1974, a case-control study based on hospital admissions in the Boston area
identified newly-diagnosed cases with gastric ulcer, duodenal ulcer, and upper GI
bleeding with no other predisposing condition [14]. To ensure that aspirin use
antedated the onset of illness , only regular aspirin use of three months' duration
was analyzed. Heavy use (i.e. 4 days/week) was associated with bleeding (rate
ratio, 2.1) and benign gastric ulcer (rate ratio, 3.4), whereas for duodenal ulcer or
with less regular aspirin use there was no evidence for an association. An attempt
to quantify the attributable (excess) risk for heavy, regular aspirin use produced
estimates of 15 cases of massive upper GI bleeding and 10 cases of gastric ulcer
per 100,000 users per annum. It is now recognized that these estimates are
probably too low.

Case ascertainment was incomplete in this case-control study. Short and
irregular aspirin use was included in the reference category, and aspirin use was
defined in relation to hospital admission date rather than to the onset of symptoms .
In 1983 Coggon et al. [15] compared aspirin and paracetamol consumption in
matched pairs of patients experiencing major upper GI bleeding and community
controls. Higher rates of drug use were found for the patients with GI bleeding.
However, for aspirin an association was found between drug use and GI bleeding
for both recent and habitual use, whereas for paracetamol an association was
evident only for recent use, which could have been related to symptoms of the
disease. It was indirectly estimated (based on hospital admission rates for major
upper GI bleeding of 1 per 2,000-2,500 per year for the general population) that
the excess risk for regular aspirin users amounts to ca. 40 per 100,000 per year,
and that the risk of being admitted to hospital for major upper GI bleeding was 1
per 250,000 aspirin doses .

The obvious point that drug histories have to antecede the day on which
symptoms commence rather than the day of hospital admission was considered
in two recent case-control studies [16,17]. The risk of first episode of major upper
GI bleeding in subjects not known to be predisposed to this problem was assessed
in relation to the use of NSAIDs. In the study of Levy et al. [16], for aspirin use
for at least four days within the week before the onset of symptoms the rate ratio
estimate was 15 (lower 95% confidence limit (c.l.), 6.4), while for occasional use



45

the rate ratio estimate was 5.6 (c.l., 2.7). In Kaufman et al.'s study [17], the overall
rates were smaller and seemed to be dose-related; however, even low doses of
aspirin (such as those taken for prophylaxis against myocardial infarction) ap­
peared to be associated with GI bleeding . While the methods used in these two
studies do not allow estimation of excess risk, the results suggest that the risk of
GI bleeding to aspirin users is substantially higher than previously thought. In
another case-control study it was found that elderly persons who had taken aspirin
were two to three times more likely to be admitted to hospital with bleeding ulcers
than elderly persons not taking aspirin. When all NSAIDs were considered, it was
suggested that those drugs were responsible for over a third of admissions for
bleeding peptic ulcers in the elderly [18].

Further support for the association between aspirin and GI bleeding came from
post-myocardial infarction cohort studies, in which excessive GI bleeding was
found in the aspirin-treated group, including those who took 325 mg every other
day, compared to those treated with a placebo [19-21].

B. Non-aspirin NSAIDs (NANSAIDs) and upper GI bleeding
In the hospital-based control study described earlier [16], the risk of a first episode
of major upper GI tract bleeding in subjects not known to be predisposed to this
ailment was also assessed in relation to the use of NANSAIDs. For regular
NANSAID use during the week before onset of symptoms , the adjusted rate ratio
estimate was 9.1 (c.l., 2.7-3.1); there were insufficient data to evaluate individual
drugs or occasional use. Other case-control studies of GI bleeding and NAN­
SAIDs have also shown a significant association, although the estimates of
relative risk were somewhat lower [22-24]. Elderly patients receiving NAN­
SAIDs are more likely to develop GI complications. NANSAlDs were taken more
than twice as often in patients with small and large bowel perforation and
hemorrhage compared to controls [25].

The cohort approach for the study of GI bleeding in relation to NANSAlDs
was attempted using the prescription-event monitoring system ofthe drug surveil­
lance research unit of the University of Southampton (U. K.) and other data linkage
systems, as weIl as group insurance and other relevant schemes. In the first system
[26] comparisons were made during and following treatment with benoxaprofen,
fenbufen , zomepirac, piroxicam and osmosin (indomethacin). No noteworthy
differences were apparent in the proportion ofserious complications (i.e. bleeding
and perforation) either between the five drugs or between the treatment and
follow-up period with any of the five drugs. However, the methods used were
insufficiently sensitive to detect the effects the authors sought to observe. Insuffi­
cient power may also account for the other studies in which less significant or
non-significant associations were reported [27-29].

It should be stressed that so far only relative estimates of the risk of GI bleeding
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in NSAID users have been measured. Comparable estimates of the excess inci­
dence of bleeding among users of different NSAIDs are not yet available. Only
such measures will enable evaluation of whether the increased risk outweighs the
expected benefits (principally symptomatic control ofusually non-fatal diseases).
The need to estimate excess risk has not been sufficiently recognized in the past.
A modest elevation in the relative risk can, if the event under study is common,
translate into a strikingly high excess risk. The need for epidemiological studies
was clearly demonstrated when suggestions were raised (subsequently refuted)
that piroxicam has an unusually high risk for causing GI bleeding [30,31].

Analytical Epidemiological Studies 01Hematological Reactions to NSAIDs

Most of the available data on hematological NSAID reactions consist of case
reports, usually either poorly documented statistics concerning frequencies of
spontaneous reports to national registries or hospital surveys of diagnoses such as
agranulocytosis, aplastic anemia, or thrombocytopenia. There have been a few
attempts at epidemiological studies , including studies of phenylbutazone and
oxyphenbutazone in relation to aplastic anemia, and the International Agranulocy­
tosis and Aplastic Anemia Study (lAAAS).

A. Buta zones and aplastic anemia
Two estimates of the risk of aplastic anemia due to butazones appeared in the
1970s, one from Sweden by Bottiger and Westerholm [32] and the other from the
U. K. by Inrnan [33]. The first was based on reports to the Swedish Adverse Drug
Reactions Committee concerning cases of aplastic anemia thought to be caused
by butazones. Denominators were derived from data on Swedish drug sales. The
authors calculated a rate of 1 in 99,000, and further estimated that since only one
in three cases was actually reported to the Committee, the true rate should be 1 in
33,000. Inman's study was based on data from death certificates and a survey of
general practitioners' prescriptions. He estimated that the mortality from aplastic
anemia was 2.2 per 100,000 users for phenylbutazone and 3.8 per 100,000 users
for oxyphenbutazone.

In both studies, diagnostic criteria were not rigorous, and there were multiple
potential sources for bias relating to the ascertainment of the cases and to the
information about drug use. In computing the estimates multiple assumptions
were made, and it is unclear exactly what the rates referred to, i.e., whether they
were per prescription or per exposed individual, nor was there reference to
duration of exposure. Therefore it still remains unclear how to interpret the risk
described in these report s.
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B. The International Agranulocytosis and Aplastic Anemia Study (IAAAS) and
NSAIDs
The methods used in this population-based case-control study have been pub­
lished [34,35]. Drug use, including NSAID use, during the week before onset
of clinical illness was compared between 221 confirmed cases of agranulocytosis
and 1,425 hospital controls identified by study centers in Jerusalem, Berlin,
Ulm, Milan, Barcelona, Sofia, Budapest, and Stockholm . The study base
comprised the total experience in these areas in the years 1980-1984, amounting
to 80 million person-years . NSAlD use from 29 to 180 days before hospital
admission was also compared between 113 cases of aplastic anemia and 1,724
controls. For agranulocytosis and aplastic anemia the IAAAS estimated a
somewhat elevated rate ratio for salicylates, but these results should be con­
sidered tentative and some elaboration of the data should be published shortly.
For butazones rate ratio estimates were 3.8 (95% c.l., 1.3-10.7) for agranulocy­
tosis and 8.7 (3.4-22) for aplastic anemia. The excess risk for agranulocytosis
was 0.2 cases per million for any "butazone" exposure during a one-week
period. For aplastic anemia the estimate was 6.6 cases per million for any
exposure during a five-month period.

The estimated rate ratio for indomethacin was 8.9 (c.l., 2.9-28) for agranulocy­
tosis and 12.7 (c.l., 4.2-38) for aplastic anemia, respectively. Excess risks were
0.6 per million for any exposure during a one-week period and 10.1 per million
for any exposure during a five-month period. The IAAAS had limited data on the
new NSAlDs; however, there was sufficient information to evaluate diclofenac.
For that drug there is an association with aplastic anemia (estimated rate ratio, 8.8;
c.l., 2.8-27). The excess risk für any exposure during a five-month period was
estimated at 6.8 per million.

Conclusions

Limited progress was made during the last decade in pharmacoepidemiological
research of adverse reactions to NSAIDs. The most striking discovery was the
drug etiology of Reye 's syndrome [36]. Estimates of excess risk for agranulocy­
tosis and aplastic anemia from several NSAlDs became available, but these values
require confirmation; the ADRs are rare and the excess risks are smalI. For the
less rare event of major GI bleeding an association with NSAIDs has been
repeatedly shown and rate ratios determined, while estimates of the excess risks
are still pending. Aspirin-induced GI bleeding appears to bemore common than
previously thought, and mayaiso occur after occasional use. Estimates of risk are
not yet available either for most NSAIDs or for many ADRs.
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For any given drug, the evaluation is seldom complete when only one outcome
has been studied; moreover, judgments can only be made if comparable data is
available for alternative drugs . If one drug is to bereplaced by another, the relative
risks must be known. The availability of comparable quantitative data for all major
adverse events to NSAIDs and the identification of subpopulations carrying
higher risks should be goals for the coming decade. A change from pharma­
copolitics to pharmacoepidemiology is a formidable challenge for the phar­
maceutical industry, health authorities, and academia.
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Introduction

The SPALA ("Safety Profile of Antirheumatics in Long-Term Administration")
project, planned and initiated in 1987-1988 by members of F. Hoffmann-La
Roche AG (Basel, Switzerland) and the Institut für Pharmakologie und Toxiko­
logie der Universität Erlangen-Nürnberg (Germany), was intended to identify,
collect, classify, and quantify adverse events (AEs) occurring during or after
treatment with non-steroidal anti-inflammatory drugs (NSAIDs). Data were col­
lected from a cohort of approximately 30,000 patients who received NSAIDs
during hospitalization or ambulatory treatment in participating rheumatological
centers distributed over a wide geographical area in Germany, Austria, and the
German-speaking part of Switzerland (Tab, 1). The project was conducted in
conformity with the applicable laws in each of these countries. Detailed descrip­
tions of SPALA have already been published [1,2]. Briefly, data were collected
by trained physicians and nurses specifically employed for this project. A three­
part questionnaire was utilized to document patients' medical histories, treatments
during the observation period, and AEs. The latter were registered once a week
after a simple standard question to the hospitalized patients. Additional informa­
tion was obtained from physicians, nurses, and medical records . Outpatients were
asked the same question during every visit to the medical centers. Questionnaires
were mailed to a professional data processing company (Post-Marketing Surveil­
lance (PMS), Ltd., London, a subsidiary of IMS International); data were entered
into a computer, classified, and analyzed. Classification of diseases (according to
the World Health Organization International Classification of Diseases (WHO
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Table I. Persons and institutions participating in the SPALA project,

Project plan
R. Lanz, H. Fenner (Basel); M. Kurowski, K. Brune (Erlangen).

Project management
M. Kurowski (Erlangen).

Advisory board
E. Weber (Heidelberg); K. Brune (Erlangen); M. Franke (Baden-Baden);
H. Kewitz (Berlin); K. H. Kimbel (Köln); R. Repges (Aachen).

"In case" experts
M. Schneider, Gastroenterology (Erlangen) ; T. Ruzicka, Dermatology (München);
J. Mann, Nephrology (Nümberg); W. Heit, Hematology (Ulm).

Participating centers and physicians in charge of monitoring

Germany
U. Botzenhardt (Bremen); D. Jentsch, E. Keck, K. Miehlke (Wiesbaden) ;
G. Josenhans (Bad Bramstedt) ; E.-M. Lemmel (Baden-Baden);
H. Menninger (Bad Abbach); M. Schattenkirchner (München); H. Sörensen (Berlin);
T. Stratz (Bad Säckingen); H. Zeidler (Hannover).

Austria
R. Eberl, A. Dunky (Wien); G. Kolarz (Baden); O. Scherak (Baden); N. Thumb (Baden).

Switzerland
P. Mennet (RheinfeIden); W. Müller (Basel); F. J. Wagenhäuser, M. Felder (Zürich).

Data management
G. Kiep, K. Szendey (Frankfurt).

IeD), 9th revision) and AEs (according to the WHO Adverse Reaction Ter­
minology (ART)) was performed by PMS, Ltd. in collaboration with the project
management. Immediately reportable adverse events (IRAEs) were reported
directly to the responsible authorities, the manufacturers of the administered
drugs, and the head of the SPALA advisory board. The planning, execution, and
evaluation of SPALA was supervised by an advisory board consisting of ex­
perienced specialists in relevant disciplines.

Experts in gastroenterology, hematology, dermatology, and nephrology were
available to assist in the diagnosis of severe adverse drug reactions (ADRs).
Participating persons and institutions are listed in Table I. This report contains a
summary of the collected data; further analyses of these data will subsequently be
performed and published.
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Definitions

Adverse event (AE): every clinically relevant deterioration in a patient's condi­
tion, whether or not it appears to be connected with the medication; every
symptomologic deterioration and every appearance of irregularities in the clinical
picture or in laboratory values considered to be clinically relevant by the doctor
and temporally (during or following), but not necessarily causally, related to the
medication.

Immediately reportable adverse event (IRAE): every adverse event which
- is fatal;
- is life-threatening or permanently disabling; or
- requires hospitalization or prolongation of hospitalization.

Adverse drug reaction (ADR): every detrimental and unintended reaction to a
drug administered at a dosage recommended for prophylaxis, diagnosis, or
therapy (excluding the absence of any therapeutic effect).

Observation period: period of NSAID treatment of a patient at one of the
monitoring centers. For hospitalized patients, the observation period ended no
later than the day of discharge from the clinic . For ambulatory patients the
observation period ended no later than the date of the last consultation at the clinic,
defined as the visit followed by aperiod 6 weeks during which the patient did not
seek an additional consultation. Spontaneous reports of ABs were recorded up to
6 weeks after the end of the observation period, though such reports were no longer
collected systematically.

Treatment case (TC): under certain conditions patients could be included and
registered more than once, either by the start of a new NSAID therapy after the
end of an observation period, by patient transfer from one participating hospital
to another, or by a change in patient status from ambulatory to in-hospital or vice
versa. The primary data evaluation and results refer to TCs. Subsequent analysis
will include the reduction of TCs to patients.

Adverse event case (AEC): a TC who experienced at least one AB is denoted as
an ABC. The number of AEs (9,480) was greater than the number of AECs (5,457),
with an overall AE/AEC ratio of 1.7.
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Data sources

The following sections describe the participating centers , the patients , the dis­
eases, the prescriptions, and the AEs. Table 2 presents an overview of the database
for completely documented cases.

Description 0/the centers

The medical centers participating in SPALA were located in Austria (4), Germany
(9), and Switzerland (3). The number of monitored TCs per center ranged from
506 to 4,482. Table 3 illustrates some differences between the various centers
regarding their contributions to the final results. The differences in AE(fC ratios
(last column ofTable 3) at the participating centers require some further explana­
tions, as consideration of center effects in the AE reporting frequency (AE(fC) is
aprerequisite for an evaluation ofthe summarized data . Possible explanations for
these differences include different patient populations, different diseases,different
prescription patterns for NSAIDs, and different intensities of and variations within
AE monitoring. The observed AE rates for hospitalized patients , approximately
double that for outpatients, might be due to the more intensive monitoring and the
collection of more comprehensive medical information during hospitalization.

Table 2. Overall Result s.

Male Female Total

No~ of TCs (at least one NSAID prescription) 10,504 18,560 29,064

No. and percentage of TCs with at least one AE 1,439 4,018 5,457
(AECs) (13.7%) (18.1 %) (16.5 %)

No. of diagnoses indicating NSAID treatment 11,050 19,507 30,557

No. of NSAID prescriptions 12,946 23,201 36,147

No. of AEs 2,257 7,223 9,480

Average no. of NSAID prescriptions per TC 1.2 1.3 1.2

Average no. of AEs per AEC 1.6 1.8 1.7

Average no. of NSAID prescriptions per AE 5.7 3.2 3.8
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Table 3. Breakdown ofparticipating centers in terms ofTCs, NSAID prescriptions , and AEs.

Treatment NSAID prescriptions Adverse events
cases (TC)

# # #{fC # sttc:
Baden (2 centers) 1,061 1,447 1.36 439 0.41

Baden (l center) 506 795 1.57 121 0.24

Bad Abbach 1,489 1,821 1.22 439 0.29

Bad Bramstedt 4,482 5,668 1.26 1,964 0.44

Bad Säekingen 547 754 1.38 154 0.28

Baden-Baden 3,569 4,422 1.24 1,159 0.32

Basel 2,1l5 2,909 1.38 569 0.27

Berlin 1,707 2,225 1.30 1,714 1.00

Bremen 1,495 1,930 1.29 782 0.52

Hannover 1,211 1,358 1.12 190 0.16

München 1,674 1,907 1.14 452 0.27

Rheinfelden 938 1,079 1.15 152 0.16

Wien 1,195 1,566 1.31 289 0.24

Wiesbaden 2,597 2,954 1.14 529 0.20

Zürich 4,478 5,312 1.19 527 0.12

Out-hospital 9,095 10,828 1.19 1,798 0.20

In-hospital 19,969 25,319 1.27 7,682 0.38

Total 29,064 36,147 1.24 9,480 0.33

Description 0/the patients

Data have not been assigned to specific patients; rather, each datum is associated
with a particular TC. Table 4 illustrates the TC distribution by sex, country, and
hospitalization status. The gender distribution in the three countries varies con­
siderably, the highest portion of female cases being in Austria and the lowest in
Switzerland. A somewhat higher proportion of female cases was registered among
in-hospital TCs than among ambulatory TCs.

The age distribution for TCs and AECs according to gender is presented in
Table 5. The age distribution ofTCs differs from that of AECs, with a shift towards
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Table 4. TCs by gender, country, and hospitalization status.

Male Female

Country Austria 854 1,908

Germany 6,152 12,619

Switzerland 3,498 4,033

Status In-hospital 6,645 13,324

Out-hospital 3,859 5,236

Totals 10,504 18,560

Adverse event cases
Age dist ribution
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Table 5. Percentage of different age classes, separated by gender, for TCs and AECs.

Age dass (years) < 20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 >90

TCs

Male (%) 2.2 9.8 14.3 22.3 26.6 14.6 8.0 2.2 < 0.1
Mean age: 50 years

Female (%) 1.6 5.1 7.9 16.3 22.3 23.8 17.7 5.3 0.1
Mean age: 58 years

Total (%) 1.8 6.8 10.2 18.5 23.8 20.4 14.2 4.2 0.1
Mean age: 55 years

TCs with at least 1 AEC

Male (%) 2.0 7.1 11.4 22.5 27.0 16.4 10.1 3.4 0.1
Mean age: 53 years

Female (%) 1.7 3.6 6.0 13.7 19.5 25.5 22.1 7.7 0.2
Mean age: 61 years

Total (%) 1.8 4.5 7.4 16.0 21.5 23.1 19.0 6.5 0.1
Mean age: 59 years

higher ages in the latter group (Fig. I). For both sexes the average age difference
between TCs and AECs was 3 years.

Diseases

Among rheumatic diseases, degenerative disorders generally prevail. However,
the spectrum of diseases treated at medical centers participating in SPALA was
clearly different from what is more commonly observed in the population at large.
The diagnoses of the rheumatic disorders have been registered and classified
according to the WHO ICD code. A large variety of diseases is covered by the
term "rheumatic disorders"; therefore, to give an overview ofthe diagnoses which
led to treatment with NSAIDs, a rough breakdown into four classes was used:
(i) primarily inflammatory rheumatic disorders;
(ii) primarily degenerative rheumatic disorders;
(iii) other rheumatic disorders;
(iv) other disorders.

The latter group is comprised of disorders which are not strictly classified as
"rheumatic", but for which an NSAID was indicated. The distribution of the total
30,557 diagnoses is depicted in Figure 2.



58

Indications tor NSAID-treatment
(total n=30557 diagnoses)

otner
4.6

prIm degenerallve
16.2

einer rneurncuc
26.8

Fig.2.

Treatment with NSAlDs

~ 6 weeks
9.5%

< 6weeks
32.3%

< 3weeks
30.0%

The number and variety of available NSAIDs was substantially different in the
three participating countries. The prescribed preparations, including generic pro­
ducts, numbered 35 in Austria, 76 in Switzerland, and 182 in Germany. In
accordance with German law, the only criterion for the use of a drug in obser­
vational PMS studies like SPALA is medical necessity, and the physician's
selection of medication must not be otherwise influenced. Thus the proportions
ofprescribed medications reflect the actual prescription patterns in the participat­
ing centers. Despite the variety of drugs available, the four most commonly-pre­
scribed NSAIDs accounted for> 70% ofthe total of36,147 prescriptions (Fig. 3).

Table 6 lists the ten most frequently prescribed drugs, which amounted to
32,937 (91%) out of a total number of 36,147 prescriptions. These prescriptions
include all available formulations and strengths. If, during the course of treatment,
it was found that a patient never used the prescribed NSAIDs due to bad
compliance or any other reason, that patient was excluded from the evaluation.

Patients were usually prescribed new drugs when commencing in- or out­
hospital treatment. The average duration of treatment was relatively short; there­
fore, long-term therapy effects could only be monitored in a small population. The
percentage distribution of NSAID prescriptions with regard to the length of
treatment was:
1 day < lweek
13.9% 14.3%
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Each prescnption was registered at the beginning and end of treatment,
including the reason for discontinuation. In addition , routes of administration as
weIl as dosage strength s and schedules were recorded, but this first evaluational
report does not take the doses into account.

Adverse events

The physicians responsible for data coIlection in each center were trained con­
tinuously in the monitoring and documentation of AEs in order to keep similar
standards in the various centers. Despite these efforts, differences in AE recogn i­
tion and reporting cannot be excluded.
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Table 6. NSAID prescriptions.

Drug No. of prescriptions

Diclofenac 14,477

Ibuprofen 4,037

Indomethacin 3,896

Acemetaein 3,633

Piro xicam 1,645

Acetylsalicylic acid 1,211

Ketoprofen 1,183

Tenoxicam 1,075

Naproxen 1,067

Etofenamate 713

Subtotal: 32,937

Total no. of prescriptions 36,147

A total of 9,480 AEs were reported. Some of these refer to more than one
NSAID; if one NSAID was taken up to 6 weeks before the onset of an AE, oll of
the administered NSAIDs were defmed as linked to the event. The events were
classified according to the WHO ART under the guidance of an experienced
supervisor. Table 7 lists IONSAIDs associated with AEs and the number of
reported AEs per drug. The proportions of total prescriptions and of AEs for the
four most frequently-prescribed NSAIDs are compared in Figure 3, from which

Table 7. AE distribution of the IONSAIDs most frequently associated with AEs.

Drug No. of prescriptions associated with AEs

Diclofenac 4,891

Indomethacin 1,693

Acemetaein 1,553

Ibuprofen 1,110

Piroxicam 488

Ketoprofen 448

Tenoxicam 359

Naproxen 282

Acetylsalicylic acid 250

Pirprofen 188
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it will be seen that there is a good corre1ation between the frequency of NSAID
prescriptions and the frequency of AE reports.

The c1assification of AEs according to system-organ c1asses revea1ed addi­
tional characteristics exhibited by the group consisting of dic1ofenac, in­
domethacin, acemetaein, and ibuprofen. Despite the simi1arity of AE patterns for
all NSAIDs, some drug-specific differences were noted (Figs. 4 and 5), e.g. centra1
nervous system AEs accompanying medication with indomethacin. Also, the 1arge
percentage of gastrointestinal (GI) tract AEs observed with acemetaein remains
to beexplained (Fig. 4).

Generally speaking, the GI tract is by far the most frequently-affected system,
followed by the skin, the nervous system, the body as a whole, and the respiratory

Diclofenac
% ot n- 4891 adverse events

Indometacin
% ot n- 1693 adverse events

gastro-lntHtlnal '-iiiiiiiiiiiiii-i-i gQltJ'O~IDt••ueer '-iiiiiiiiiiiiiiiii - '
,tin

urlnalY

general

varloal .I!!!!!I!I!!!!L_ _~_---"-_~

re.plrotory

centr ./pe,. nl ••••

,tin

varlO'I!l . • I!!!!.I!!!!I!II!!!!_-,--~-~

general

arlnal,

re.plralorr

centr.!p.,. nl

bepatobillary

10 20 30 <0 50 10 20 30 <0 50

Ibuprofen
% of n- lllO adverse events

Acemetaein
% ot n- 1553 adverse events

50<0302010

Itln

Tallou• • !I!!!!!I!...~__~_--l_~

general

arlnary

,.,plratory

cent,.!p.,. n.

bepatoblllatJ

gClltft)~ID.t..tlDal '-iiiiiiiiiiiiiiiiiiii'

50<0302010

varloa, .I!!!!!I.~__L_~_~

arlna"

respirator,

bepatobillarr

Fig.4.



62

All NSAIDs
% ot n- 9480 adverse events

geatrct"-lnl..Unal ••••"-••••' 1
,tin

beJKllObtllarr

general

urlna"

retplratDry

Fig.5.

10 20 30 00 00

Abbreviation
gastrointestinal
skin
CNS/pNS
hepatobiliary
general
urinary
respiratory
various

WHO system-organ dass
gastrointestinal system disorders
skin and appendages disorders
central and peripheral nervous system disorders
liver and biliary system disorders
body as a whole - general disorders
urinary system disorders
respiratory system disorders
AEs affecting systems not included in the above

system. Since the WHO category "body as a whole - general disorders" comprises
all forms of edema, it is conceivable that such effects caused by NSAIDs via the
kidneys and the cardiovascular system fell into this system-organ class.

At the present stage of analysis, the final step in the quantification of AEs is
their linkage with prescriptions, expressed as AE/prescription ratios. These AE
frequencies for the four principal NSAIDs and the most commonly-affected
system-organ classes are presented in Table 8. These frequencies should be
regarded as rough estimates of risks, to be used and interpreted with great caution,
as many possible confounding factors have not yet been critically examined, and
should thus serve merely as a guideline for further studies and evaluations.

Immediately reportable adverse events

In order to meet the various national legal requirements for reporting serious
adverse drug reactions and to have a means of quickly disseminating information
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Table 8. Frequencies of AEs (AEINSAID prescriptions).

System-organ dass Didofenac Ibuprofen Indomethacin Acemetaein

Gastro -Intestinal system 14.1% 11.2% 15.9% 19.1%

skin and appendages 3.5% 3.3% 3.5% 4.5%

Central and peripheral 2.5% 3.0% 7.9% 4.8%
nervous system

Liver and biliary system 2.2% 0.7% 1.8% 1,5%

Body as a whoIe - general 2.7% 2.2% 3.1% 4.1%

NO.ofNSAID 14,477 4,037 3,896 3,633
prescriptions (100%) (100%) (100%) (100%)

about serious AEs, the participating medical centers reported all such events
directly to the project management. All deaths, life-threatening or permanently­
disabling events, or situations necessitating or prolonging hospitalization accord­
ing to the project guideline had to be reported within one working day. The project
manager, in turn, informed the authorities, the manufacturers, the advisory board ,
and other concemed institutions.

A total of 220 IRAEs were reported in the course of this project (2.3% of all
registered AEs or 0.8 IRAE/1 00 TCs) . Thirty-four deaths were reported, but none
of these are believed associated with NSAID consumption. Fifty-six IRAEs were
considered to be associated with the use ofNSAIDs. Table 9 shows the distribution
of IRAEs among the prescribed NSAIDs and the WHO system-organ classes .
Some patients received more than one NSAID, either consecutively or simul­
taneously, before onset of an IRAE, thus the higher number of prescriptions (71)
compared to the number of IRAEs.

Conclusions

SPALA was designed for the health systems and the legal situations in those
countries where the participating hospitals were located. As an instrument for
recognizing and quantifying AEs it produced results similar to the spontaneous
reporting system of the Drug Commission of the German Medical Profession
(Arzneimittelkommission der deutschen Ärzteschaft). In recent publications [3,4]
it was noted that both SPALA and the German Spontaneous Reporting System
produced similar results . Experience with the installation and operation of such
systems, especially in Germany, is limited considering the size of the NSAID
market and the manufacturing potential for these drugs; this discrepancy can be
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Table 9. Association of 56 IRAEs with prescribed NSAIDs and WHO system-organ classes.

Prescribed NSAIDs No. of prescriptions System-organ class afTected No.of
withIRAEs IRAEs

Diclofenac 21 GI system 21

Ibuprofen 11 Blood (red cells, white cells, 18

Indomethacin 7 platelets)

Acemetaein 5 Urinary system 5

Piroxicam 5 Respiratory system 5

Tenoxicam 5 Body as a whole 2

Acetylsalicylic acid 5 CNS andPNS 1

Ketoprofen 3 Cardiovascular system 1

Pirprofen 3 Skin and appendages 1

Naproxen 2 Musculoskeletal system 1

Tiaprofenic acid 2 Liver and biliary system 1

Benorylate 1

Diflunisal 1

explained in tenns of costs, legal obstacles, and the complicated nature of the
health system.

Some major problems with SPALA were a consequence of the legal conditions
imposed on participating hospitals by their host countries. For instance, no control
group without NSAID treatment was observed simultaneously to allow for
comparison of AE rates in patients exposed to different NSAIDs while precluding
a comparison of incidence rates of AEs in the exposed group with those in an
unexposed group, i.e. the calculation of the relative risks of NSAID treatment.
The data base was different for each drug, since the numbers of prescriptions
varied considerably. Also , some AEs were not recorded as a consequence of the
transfer of patients to other wards or hospitals.

The distribution of diseases among patients was certainly not representative of
NSAID consumers in general. For instance, there was a high proportion of
primarily inflammatory rheumatic diseases due to the inclusion ofhighly-special­
ized centers of internal medicine in this study. This distribution would have been
considerably different had orthopedic departments also been included in SPALA.
Observation of AEs by practitioners in private medical practice was not included
in this project; thus, some of the results may not be applicable to NSAID use under
these conditions.
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A cursory examination of the data reveals different kinds of clusters, which
have yet to be analyzed. For instance, preferences for certain medications or
increased alertness for certain AEs in some centers could skew the AE profiles .
Some of these distorting factors will be analyzed and accounted for in the course
of subsequent data assessment.

During the period of data collection it was found that differences between AE
profiles for different NSAIDs tended to diminish with increasing numbers of
prescriptions. No new types of AEs or strikingly different patterns were recog­
nized. The value of this project can be seen in the complete documentation of the
safety of NSAIDs for a large cohort of patients. This type of study became
necessary after some NSAIDs had to be withdrawn from the market over the past
few years due to ADRs. It is hoped that the results of SPALA will help to
reestablish confidence in the safety of these important drugs, which chronically
ill patients need to cope with their diseases. Such studies result in both physicians
and patients obtaining more detailed information about the type and frequency of
AEs associated with drug intake. In addition, the SPALA database contains over
200 stored items for each TC, which can be combined in different ways in order
to answer particular questions concerning drug risks.
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In 1971 a research group in the Department of Clinieal Pharmacology at the
University of Heidelberg (Germany) started to assess phenomena whieh the
attending physieians suspected to be adverse drug reactions (ADRs) in the
University Hospital. Different methods of documentation and evaluation were
checked. Over the entire period of the project (1971-1989) a clinical pharmacol­
ogist and a specially-trained staff member collected reports on ADRs observed by
doctors during their twice-weekly ward rounds . At the end of 1989 the project had
to beabandoned due to lack of funds.

Between 1971 and 1979 about 63,000 hospital admissions were surveyed; from
1980 through 1987 more than 77,000 admittances (corresponding to about 60,000
patients ) were analyzed . In the latter sample non-narcotic analgesics (NNAs),
especially non-steroidal anti-inflammatory drugs (NSAIDs) were not prescribed
very often: in 1980 one of these drugs had been prescribed at least once in 27%
of the hospitalizations, but by 1987 the frequency had dropped to 17%. Very few
ADRs were observed with NNAs, and practically none of the ADRs that were
observed were classified as "severe",

To give a quantitative idea of the ADRs due to NNAs, reference is made to
data covering the period 1971-1980 [1]. Between 1971 and 1978 all patients '
medical charts were reviewed and the drugs precribed were recorded. In 1978 a
detailed, comprehensive analysis of drug prescribing was undertaken, and for the
next two years drug utilization was precisely measured. From the drug utilization
data the incidence of ADRs was calculated.

Eleven thousand three hundred ADRs were reported between 1971 and 1980.
In 101 patients (54 men, 47 women) ADRs due to propyphenazone and
aminophenazone (11), metamizol (dipyrone) (43) and acetylsalicylic acid (ASA,
aspirin , used only as an analgesie) (45), or combinations of these drugs (2) were
observed . Metamizol, propyphenazone, and ASA had been prescribed during
11,500,3,000, and 3,500 hospitalizations, respectively. The overall incidence of
ADRs for these substances varied between 0.9% and 2.2% during the period under



68

review, except for 1973 when the ADR frequency rose to 4.0%. Three life­
threatening ADRs were reported. ASA is believed to have provoked gastrointesti­
nal bleeding (GIB) leading to a hemoglobin value of6.3 g/IOOml in a54-year-old
woman suffering from polycythemia vera . A 64-year-old woman had to be
admitted for emergency surgery due to massive bleeding from a duodenal ulcer
after treatment with ASA. FinaIly, a 42-year-old man who had been treated with
metamizol after a heart valve operation suffered sepsis due to agranulocytosis.

When reviewing the above data, it should beborne in mind that the mean value
for a hospital stay was 13.9 days in 1975 and 12.1 days in 1978, so that the duration
of treatment was relatively short. In 1978 the mean duration of treatment with
metamizol was 3 days (range, 2-32), with aminophenazone 3 days (range, 2-54),
and with ASA 6 days (range , 2-41). The incidence rate for ADRs followed the
same order: 0.3% for metamizol, 0.3% for aminophenazone, and 0.8-1 .3% for
ASA. Also, the dosages used were very low; mean daily doses for metamizol,
aminophenazone, and ASA were 0.820 g, 0.222 g and 1.059 g, respectively.

Between 1971 and 1978 there were 37 hospital admissions due to ADRs after
using an NNA. Metamizol was involved in 7 cases (including one case each of
agranulocytosis, LyeIl's syndrome, shock, and hypotension); 6 ADRs were at­
tributable to propyphenazone (including one case each of panmyelophtisis, pan­
cytopenia, agranolocytosis, anaphylactic shock, and status asthmaticus); and 21
ADRs (including 2 cases of peptic ulcer, 13 cases of GIB, and one case each of
pancytopenia, agranulocytosis, thrombocytopenia, and macrohematuria) were
associated with ASA. Combinations of these three drugs were involved in addi­
tional incidences of ADRs.

Hospital admissions due to GIB in 1988 and 1989

In 1988 and 1989 a special effort was undertaken to document in detail all severe
ADRs . Ninety-nine ADRs after treatment with NSAIDs were recorded for 1988
and 120 for 1989. Asubstantial portion ofwhich (32 in 1988 and 20 in 1989) were
due to GIB and required hospitalization. Only 5 GIB ADRs occurred in-hospital,
mostly in connection with thrombolytic procedures. These 57 cases (32 + 20 + 5)
were analyzed in an effort to answer the following questions:
- At what point did bleeding occur after starting treatment with an NSAID?
- Were peptic ulcers detectable? If so, in what percentage of cases?
The 57 cases were allocated to 3 groups (Tab. 1). Group 1 comprised all cases
treated with non-aspirin NSAIDs; other drugs were also used , and in some patients
interactions with drugs promoting bleeding are likely to have occurred. Group 2
consisted of patients treated with ASA as weIl as other drugs; none of these other
drugs are known to support GIB. Group 3 consisted of all patients to whom ASA
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Table 1. Patients suffering from GIB treated with NSAIDs .

Year Group 1 Group 2 Group3 Totals

1988 8 20 3 31

1989 5 14 7 26

Totals: 13 34 10 57

Group 1: patients treated with NSAIDs (except ASA); partly concomitant medication, some of
which may promote bleeding .

Group 2: patients treated with ASA ; partly concomitant rnedication, none of which is known
to promote bleeding.

Group 3: patients treated with ASA and other drugs, all of them known to promote bleeding.

was co-administered with substances known to enhance GIB. NSAIDs were
administered in standard daily doses. In nearly all patients treated with ASA, less
than I g was taken; in most cases the dosage was 500 mg.

Tables 2-4 show at which moment GIB occurred in relation to the onset of
analgesie treatment and in how many patients gastric or duodenal ulcers were
demonstrable. The numbers in Groups I and 3 suggest a slight tendency for onset
of GIB within the first few days of treatment. This is in accordance with the fact
that patients in these groups received NSAIDs plus other drugs, interactions
between which were likely to promote GIB. The percentage of patients with ulcers
in Groups 1,2, and 3 was high: ulcers were demonstrable in 9/13 patients in Group
1, in 28/34 patients in Group 2, and in 7/10 patients in Group 3, for a mean
percentage of77%. Data conceming the onset of bleeding are summarized in Fig.
1, and strengthen the impression of an early onset of GIB if other bleeding-pro­
moting drugs are involved and a delay in GIB when bleeding-promoting drugs
are not co-administered.

The results of this survey are not unassailable, nor are they based on a
sufficiently large number of cases to allow an unequivocal, unambiguous state­
ment of the relationship between NSAIDs and GIB. However, as a consequence
of these results, it is of interest to evaluate further cases. Indeed, there are other
indieations that GIB generally does not occur within the first few days oftreatment
with NSAIDs provided no contraindieations like ulcers or drug interactions are
present. On this basis, the prophylactie use of ASA as an antithrombotic agent was
investigated in a number of large prospective studies about 20 years ago. Analyz­
ing all prospective randomized, placebo-controlled studies in whieh ASA was
tested as an anti-thombotic agent for 2 or 3 weeks after different kinds of surgery
in a total of 5,444 patients, none of the few cases of GIB were clearly attributable
to ASA. The dosage in most instances was 1.5 g ASA per diem [2]. In his analysis
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Table 2. Time interval between the start of treatment with NSAIDs and the onset of GIB in
Group 1 patients . For characterization of the Groups , see legend of Table 1.

Duration of therapy Total

7-21 days Several -6 months 1- several years Unknown

No. of Group 1 7 2 3 1 13
patients

No. of Group 1 4/7 2/2 3/3 1/1
patients with ulcers

Table 3. Time interval between the start of treatment with ASAand the onset of GIB in Group 2
patients . For characterization of the Groups , see legend of Table I .

Duration of therapy Total

1-24 days 1-10 months 1-11 years Unknown

No. of Group 2 9 8 15 2 34
patients

No. of Group 2 7/9 7/8 12/15 2/2
patients with ulcers

Table 4. Time interval between the start of treatment with ASA and the onset of GIB in Group 3
patients . For characterization of the Groups, see legend of Table I.

Duration of therapy Total

1-13 days 4 months 1 year Unknown

No. of Group 1 4 2 1 3 10
patients

No. of Group 1 3/4 1/2 1/1 2/3
patients with ulcers

of a study in which ASA was prophylactically used, Bousser et al. [3] concluded
that most GIB occurred only after about 11 months . Carson et al. [4], examining
computerized Medicaid data, found that in 47,136 patients treated with NSAIDs
(but not ASA) hospitalization for GIB (155 patients) peaked after the fourth
prescription for an NSAID, or roughly four months after the commencement of
treatment. A plot of patient hospitalization vs. prescription number generated a
quadratic curve that declined precipitously after the fourth prescription.
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Days Months Years

Figure 1. Time interval between the start of treatment with different NSAlDs and the onset of
Gm. For characterization of the Groups, see legend to Table I.

Evidence suggests that GIB due to non-antirheumatic doses of ASA is dose­
dependent

Questions about the ASA dose dependence of GIB are not as banal as they might
seem. Apart from some correlations between GIB and damaged gastric mucosa,
and a certain disposition to GIB arising from a1cohol abuse and some diseases of
the GI tract, little is known about the factors contributing to GIB or which persons
are particularly at risk. Weber et al. [5] reviewed 62 long-term studies on ASA, in
which the drug had been used for different purposes , mainly as secondary
prophylaxis of myocardial infarction and cerebral ischemia , in daily doses ranging
from 900-1,500 mg or 100-325 mg. Nineteen of these 62 studies met the
following criteria: prospective, placebo-controlled, double-blind, randomized;
one group treated with ASA or ASA + dipyridamole (a coronary vasodilator);
adequate documentation of ADRs. Analysis of these 19 long-term studies indi­
cated that an ASA dose dependency for GIB exists, though unambiguous confir­
rnation of this conclusion could not be obtained . In the U.K. TIA study [6], in
which daily doses of 300 mg and 1,500 mg of ASA were tested against a placebo,
fewer ADRs, including GIB, were found at the lower ASA dose. Since the same
clinical effect seemed to be obtained with low doses (100-325 mg) of ASA as
with conventional doses (900-1,500 mg), there is no doubt that, at least for
purposes of drug safety, low doses should be used when prophylaxi s is intended.
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Implications of pre-operative administration of ASAfor patients undergo­
ing coronary artery bypass grafting

In a prospective randomized placebo-controlled study, either 325 mg of ASA once
or three times daily , or 325 mg of ASA once daily + 75 mg ofdipyridamole or 267
mg of sulfmpyrazone three times daily, or a placebo were administered. The cohort
consisted of 772 pre-operative patients due to undergo coronary artery bypass
grafting. Sethi [7] convincingly demonstrated that , compared to the non-ASA
groups, the ASA groups had greater volumes in their ehest tube drainage, more
post-operative bleeding episodes requiring re-operation, and a longer interval
between completion of cardiopulmonary bypass and wound closure, meaning that
more time was necessary to achieve adequate hemostasis in the operating room.
Patients in the ASA groups also received more blood and blood products (except
whole blood). The overall in-hospital mortality rate and 30-day operative mortal­
ity rate was 2.3%. It was 2.5% forpatients in the ASAgroups and 2.0% forpatients
in the non-ASAgroups (p =0.619). These results clearly indicate that practitioners
should refrain from prescribing ASA if cardiac surgery is to be performed within
the next few days; moreover, it is a general rule that cardiac surgery be postponed
until 5 to 7 days after cessation of treatment if the patient has been undergoing
treatment with ASA.

References

1. Weber, E. et al., Unerwün schte Wirkungen nachPyrazolonderivaten und Acetylsalicyl säure.
In: Kornrnerell, B. et al. (Eds .), Fortschritte der Inneren Medizin . Springer-Verlag, Berlin
1982, pp. 363-369.

2. Piazolo, A., Zum Auftreten gastrointestinaler Blutungen unter Acetylsalicylsäure als Pro­
phylaktikum thromboembolischer Ereignisse unter Berücksichtigung der Dosisabhängig­
keit. Dissertationsschrift, Universität Heidelberg (1989).

3. Bousser, M. G. et al., "AICLA" controlled trial of aspirin and dipyridamole in the secondary
prevention of athero-thrombotic cerebral ischemia. Stroke 14: 5-14 (1983).

4. Carson, 1. L. et al., The association of nonsteroidal anti-inflammatory drugs with upper
gastrointestinal tract bleeding. Arch. Intern. Med. 147: 85-88 (1987) .

5. Weber, E. et al. (1991), Is gastrointestinal bleeding following the intake of aspirin dose-de­
pendent? In: Brune, K., and Santoso, B. (Eds .), Antipyretic Analgesics: New Insights.
Birkhäuser Verlag, Basel 1992, pp. 49-55.

6. UK-TIA Study Group , United Kingdom transient ischaemic attack (UK-TIA) aspirin trial:
interim results. Br. Med. J. 296: 316--320 (1988) .

7. Sethi , G. K. et al., Implication of preoperative administration of aspirin in patients under­
going coronary artery bypass grafting. 1. Am. Coll, CardioI.l5: 15-20 (1990) .



Adverse Aeactions 10 NSAlD:ClinicaJ Phannacoepilerniology
00. byM.Kurowski
© 1992Bir1dläuser Verlag Basel

Gastrointestinal Tract Toxicity ­
A Risk Factor for Non-Steroidal
Anti-Inflammatory Therapy

C. J. Hawkey

Department ofTherapeutics, University Hospital , Queen's Medical Centre,
Nottingham NG7 2UH, United Kingdom

The gastroduodenal side effects of non-steroidal anti-inflammatory drugs
(NSAIDs) have received much attention recently, but there are widely discrepant
views regarding the magnitude of risk entailed by taking these drugs [I].

The range of opinion

While it has been claimed that "as a group these drugs are probably the safest used
in medicine today", endoscopic studies have revealed the incidence and preva­
lence of ulcers in patients using NSAlDs. Various studies of patients chronically
receiving NSAID s have put the prevalence of gastric ulcers at between 9% and
22% and the prevalence of duodenal ulcers at between 5% and 22% [1-5]. In three
recent studies on the prophylaxis ofNSAlD ulcers , patients with no ulcers at initial
endoscopy who received NSAlDs without prophylactic co-therapy developed
gastric ulcers (6-22%) and duodenal ulcers (3.5-8%) over aperiod oftwo to three
months [6-8] . None of these studies had a control group of patient s not taking
NSAlDs but their implications are alarming and suggest that patients taking
NSAlDs might be 100 times more likely to develop gastric ulcers than those not
using these drugs.

Case-control studies

Case-control studies [9-15] present a picture very different from that ofthe studies
cited above (Fig. 1). For example, meta-analysis suggests that the chances of
presenting with hematemesis and melena are increased 3.3-fold (95% confidence
interval 2.4-4.5) for aspirin and 3.1-fold (95% c.l. 2.3-4.2) for non-aspirin
NSAlDs (NANSAlDs) [I]. Moreover, most deaths occur in the elderly. It is with
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this group that the principal hazard lies, for the elderly consume most NSAIDs.
However, even where patients present relatively involuntarily as with hemateme­
sis and melena, it can be argued that case control studies are subject to some bias.

Cohort studies

Cohort studies, in which patients are followed prospectively, are less subject to
bias, and two such studies have suggested that NSAIDs only enhance the risk of
bleeding by approximately 50% [16,17] . In one ofthese studies the increase was
statistically significant, while in the other study it was not.

A different cohort study [18] (data not shown on Fig. 1) which examined both
bleeding and perforation of ulcers reported a somewhat higher overall relative risk
[2. ll-fold (95% c.l, 1.57-2.84) for males and 2.05-fold (95% c.l. 1.63-2.50) for
females] , which was somewhat lower than the risks computed from case control
studies and markedly lower than the risks implied by endoscopic surveys. The
relative risks did not show an obvious progression with age although the attribu­
table risk did, i.e., elderly patients are not necessarily more sensitive to NSAIDs
but they are more prone to ulceration, a situation exacerbated by their being more
likely to consume NSAIDs than younger patients . This study also reported an
association between NSAID use and all upper gastrointestinal events (World
Health Organization International Classification of Diseases, 9th edition, codes
520-579 and 787). Attributable event rates of 20 to 110 per 1,000 NSAID users
over two years (depending on age) reported in this study have been used to suggest
that the problem is ofgreater magnitude than previously recognized [19]. However
these WHO ICD codes include triviallesions and some maladies, such as dental
caries , Costen's syndrome, and gallstones, where the association may arise
because NSAIDs are a therapy for the condition rather than the cause of it.
Moreover, the Office of Population Census and Surveys statistics for ulcer
mortality report that in the year 1988 769 people over the age of60 died ofbleeding
gastric ulcers and 835 died of bleeding duodenal ulcers in the United Kingdom.
If one-third of these deaths are attributable to NSAIDs, then the absolute death
rate from bleeding ulcers due to NSAIDs is ca. 500 per annum.

Underestimated risk?

It has been suggested that a higher proportion of NSAID-related deaths occur at
horne , making the attributable risk derived from hospital-based studies an under­
estimate [2]. However, it seems unlikely that this inflates the ulcerogenic mortality
attributable to NSAID use by more than 25% [21] . This in turn implies that the
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prognosis of an NSAID-induced ulcer is worse once bleeding has begun, whereas
the existing evidence generally runs counter to that view [22].

Low-dose aspirin

There is yet a fourth, albeit ad hoc, cohort study on the risks of NSAIDs, viz. the
U. S. Physicians ' Study [23]. In this study subjects were randomized to receive
325 mg of aspirin or placebo on alternate days. The incidence of myocardial
infarction appeared to be halved in the patients receiving aspirin, but there was a
highly significant increase (ca. 50%) in these patients in the rate ofpresentation
with melena. This figure is similar to that reported for full-dose NSAIDs, and
raises the possibility either that low-dose aspirin is of comparable toxicity to the
gastric mucosa as full-dose aspirin, or that the anti-hemostatic effects of NSAIDs
are important when patients present with hematemesis and melena.

What process underlies the risk?

The discrepant estimates of risk discussed above cannot be reconciled if it is
assumed that each estimate measures the same processes. It seems highly likely
that uncontrolled endoscopic studies detect and classify as ulcers trivial lesions
which are not particularly harmful to the patient and which may disappear
spontaneously by adaptation to continued NSAID use. It is also of interest that
endoscopic studies predominantly detect gastric ulcers, whereas both gastric and
duodenal ulcers are equally represented in studies of patients presenting with
hematemesis and melena, a proportion similar to that seen in patients not taking
NSAIDs . Although fewer studies address this particular matter, non-ulcer bleed­
ing likewise appears to be increased in patients taking NSAIDs [1,11]. These
findings , considered jointly with the findings of the U. S. Physicians' Study and
with evidence that many episodes of hematemesis and melena occur early during
NSAID treatment, raise the possibility that the anti-hemostatic effect of NAN­
SAIDs and aspirin is at least partially responsible for presentation with hemateme­
sis and melena. The most extreme view compatible with the available evidence is
that lesions detected in acute endoscopic studies are entirely harmless and that
presentation with hematemesis and melena occurs solely because the anti-hemo­
static actions of NSAIDs cause preexisting chronic silent ulcers to bleed. The
implications of this hypothesis for prophylaxis differ from those of the conven­
tional belief that the ulcerogenic effects per se of NSAIDs are responsible for
presentation with hematemesis and melena.

The truth probably lies somewhere between these two points of view. In order
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to understand how such risks may arise, it is useful to review the actions of
prostanoids and the effects of NSAIDs which may underlie mucosal toxicity and
hemostasis.

Mechanism of injury

In 1971 Vane suggested that inhibition of prostaglandin synthesis was the basis
ofboth the therapeutic and adverse effects ofNSAIDs. It remains the best unifying
hypothesis about the effects of these drugs, but other actions have since been
recognized. The protective actions of prostaglandins that are impaired by drugs
inhibiting their synthesis include :

1. Mucus. The thickness of the mucus coat is enhanced by prostaglandins and
impaired by NSAIDs , though whether this is an effect on mucus synthesis or
secretion has not been fully established [24].

2. Surface epithelial bicarbonate secretion. Duodenal bicarbonate secretion
is more substantial in the duodenum than in the stomach [25].
Between them, mucus and bicarbonate slow acid diffusion four-fold and act
as a barrier to macromolecules.

3. Surface epithelial cell barrier. The hydrophobicity of the waxy phos­
pholipid cell membrane is impaired by aspirin [26].

4. Mucosal blood flow. Vasoconstriction by agents including indomethacin
renders injurious concentrations of bile acids that would otherwise be harm­
less [27].

5. Cytoprotection. This term usually describes the phenomenon of mucosal
protection by prostaglandins rather than a specific mechanism. Nevertheless,
some authors have reported that indomethacin is injurious to isolated human
gastric glands and that this injury can be prevented by prostaglandins [28].

6. Water flux. Prostaglandins increase serosal mucosal water flux and may
"histodilute" injurious agents [29].

Role of prostaglandins

Inhibition of prostaglandin synthesis by NSAIDs is not sufficient to bring about
injury to the gastric mucosa . Inthe absence oftopical irritants no injury may arise
from the profound inhibition of gastric mucosal prostaglandin synthesis by
NSAIDs [30]. Non-topically-induced injury requires inhibition of prostaglandin
synthesis but does not correlate with its extent [31]. These relationships are
illustrated by salicylates, which are topical irritants. Aspirin inhibits prostaglandin
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synthesis and injures the mucosa; in contrast, sodium salicylate does not inhibit
prostaglandin synthesis and is only injurious in the copresence of parenteral
indomethacin [32]. In humans , the presence of an acetyl moiety in the salicylate
molecule and the ability to inhibit prostaglandin synthesis are jointly required for
significant injury to occur [33].

Basis of topical irritancy

The basis of topical irritancy is not known . Irritancy is accompanied by electro­
physiological changes construed as a manifestation of the breakdown of the
mucosal barrier. Underlying events may include disruption of tight junctions, or
a metabolic effect on the metabolism of epithelial ceIls such as uncoupling of
oxidative phosphorylation.

Other actions of NSAIDs

NSAIDs have actions whose existence, relationships to prostaglandin synthesis,
and importance vis-ä-vis the gastric mucosa are less firmly established. These
include:
(a) enhancement of oxygen free radical production, possibly as a consequence

of reperfusion ;
(b) increased production of cytokines such as interleukin-I [34];
(c) substrate diversion from prostaglandins to more toxic substances such as

leukotrienes. This appealing notion has never been clearly demonstrated but
is worth reinvestigation in view of:

(d) neutrophil adhesion to blood vessels . This process as weIl as NSAID-induced
injury are prevented in animals by neutropenia, although not by leukotriene
antagonists [35].

Effect of NSAIDs on re pair processes

Following superficial injury the gastric mucosa reconstitutes itself by a process
known as rapid epithelial restitution (RER). RER occurs within minutes or hours
and does not involve cell division . In vitro studies show that prostaglandins and
NSAIDs have no direct effect upon RER; however, NSAIDs and other vasocon­
strictors reduce secretion of bicarbonate below the epithelial cap of desquamated
fibrin and cells, resulting in a fall in juxtamucosal pR which inhibits RER in viva
[36].
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Processes other than RER must be involved in ulcer healing. At some stage
cell division must occur, and formation of granulation tissue in the base and rims
of the ulcer are an important aspect of healing. A number of studies have shown
that prostaglandins stimulate cell division [33] and that cell division is acutely
inhibited in the absence of prostaglandin synthesis [37]. Unfortunately the picture
is confused, since long-term treatment with low doses ofindomethacin also results
in stimulated cell division and hyperplasia. It seems likely that this is a secondary
adaptive response to indomethacin-induced injury.

Other data suggest that prostaglandins play a critical role in new vessel
formation in the granulation tissue of ulcers . In indomethacin-treated animals,
ulcers which heal have fewer new vessels and are more fibrous and less contractile
than control animals not treated with indomethacin [39,40].

Is an anti-hemostatic effect of NSAIDs important?

There are several lines of evidence to support the suggestion that impaired
hemostasis contributes to the development ofhematemesis and melena in patients
taking NSAIDs:
(i) Bleeding often occurs early in the course of treatment with NANSAIDs or

after casual aspirin use. Bleeding risk appears to rise to a maximum after four

scripts and then declines.
(ii) Bleeding from acute lesions caused by piroxicam becomes significant when

serum concentrations of piroxicam reach levels capable of inhibiting platelet
function [41] .

(iii) Different therapeutic strategies have been shown to reduce the number of
acute erosions (enteric coating [42]) or affect their tendency to bleed (changes
in pR [43,44]).

(iv) The amount of bleeding induced by mucosal biopsy is greater in subjects
taking aspirin compared to control conditions [45] .

Synopsis

The above information does not allow one to draw conclusions about the relative

roles of mucosal injury and hemostasis in the development of hematemesis and

melena. While the greater vascularity of ulcers in animals not given NSAIDs
enhances their healing rate, it also makes them more likely to bleed following

exposure to an anti-hemostatic agent.
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Practical prophylaxis

Four studies have addressed the issue of practical prophylaxis [6-8,46] . Two
studies of ranitidine ("Zantac") showed that normal doses have no significant
effect on the development of gastric ulceration but are capable of preventing the
development of acute duodenal ulcers in patients also taking NSAIDs; in contrast,
misoprostol, an anti-ulcerative prostaglandin EI analogue, is capable ofreducing
the incidence of acute gastric ulceration compared both to placebo and to sucral­
fate while its effects on the duodenum remain uncertain. It should be emphasized
that these studies addressed the issue of primary prophylaxis (i.e., prevention of
ulcers) developing in patients not previously known to have ulcers. The issue
facing the clinician is that of secondary prophylaxis, or how to prevent ulcer
recurrence in a patient with an uncomplicated or bleeding ulcer. There are no data
clearly addressing this important point. Whatever the truth, the very high
frequency of lesions classified as ulcers in acute endoscopic studies raises some
doubts about the validity of these studies in identifying proper prophylactic
strategies.
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Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most commonly­
prescribed drugs in Germany, and the tendency to prescribe NSAIDs is increasing.
In 1988 354,000,000 defined daily doses (DDD) of NSAIDs were prescribed in
West Germany, a 6.1% increase over the 1987 figure. A great variety of NSAIDs
are known (propionic acid derivatives, oxicam derivatives, arylacetie acid deriva­
tives, nicotinic acid derivatives, acrylacetic acid derivatives, anthranilic acid
derivatives, indoleacetic acid derivatives, and pyrazolone derivatives), but the
market is controlled by only a few products. The most frequently-prescribed
NSAID was the arylacetie acid derivative diclofenac (50% of all prescriptions),
followed in descending order by indomethacin, ibuprofen, and piroxicam [1].
NSAIDs of all groups are weIl known for their various cutaneous side-effects [2].
The ability to cause photosensitivity (i.e, phototoxic reactions) is recognized far
the phenylpropionic acid derivatives benoxaprofen, carprofen, ketoprofen, tia­
profenic acid, and naproxen as weIl as the oxicam derivate piroxicam [3].

Most of the literature on cutaneous side effects of NSAIDs consists of case
reports; a notable exception is Stern 's paper [2] on the speciality-based system for
spontaneous reporting of adverse reactions (ARs) to NSAIDs. In this study a
variety of cutaneous reactions were documented: vesiculobullous reactions, toxie
epidermal necrolysis (TEN), erythema multiforme, erythroderma exfoliativa,
anaphylaxis, angioedema, urticaria, serum sickness, vasculitis, purpura petechiae,
photosensitivity, fixed drug eruptions, exanthema, pruritus with and without rash,
skin pain , nail disorders, lichenoid reactions, granulomatous eczematous reac­
tions, and alopecia. Cutaneous ARs occurred most commonly with piroxicam,
zomepirac sodium, sulindac, meclofenamate sodium, and benoxaprofen [2].

The list ofcutaneous ARs associated with NSAIDs may be extended by reports
of syringomatous hyperplasia and eccrine squamous syringometaplasia [4], hy­
persenisitivity angiitis [5], pseudoporphyria [6,7], generalized eruptive pustular
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drug rash [8], a dermatomyositis-like syndrome [9], and a rash with pulmonary
eosinophilia [10].

Although most reactions are self-limited and without sequelae [2], NSAIDs
are also reported to be associated with the severe skin reactions TEN [2,11-24]
and Stevens-Johnson syndrome (SJS) [24]. Both TEN and SJS are characterized
by acute onset, fever, mucosal involvement, and target lesions (SJS) or extensive
blistering (TEN) [21,25]. TEN is characterized by a ca. 30% mortality rate
[23,26].

As with all adverse drug reactions, it is critical to establish whether certain
NSAlDs are associated with an increased risk for inducing TEN and SJS. Follow­
ing the 1985 discovery in France of several cases of TEN associated with the
oxicam derivative isoxicam [20,22], epidemiological studies were performed in
France [23] and Germany [26] to determine the incidence of TEN and SJS, the
demographic characteristics of these conditions, and the identity of the drugs and
classes of drugs involved.

Methods

Medical centers in West Germany considered likely to treat severe skin reactions
were contacted. These included dermatology departments, units equipped with
facilities for treating severe bums, and intensive care units devoted to general
or specialized medical care (but excluding pediatric wards). A total of 1,139
medical centers were contacted by letter; many letter-contacts were followed
up by telephone calls and personal visits. All severe skin reactions occurring
between 1981 and 1985 that required hospitalization were documented, accord­
ing to information provided by participating institutions in response to ques­
tionnaires.

TEN and SJS were defined in accordance with criteria established by an
international group of dermatologists [25]. Drugs causally related to TEN and
SJS were defined as those which had "been taken close enough prior to the
onset of any symptom (i.e, 21 days)" and believed to reveal a "definite, probable,
possible" relationship to the condition. If the AR regressed during continued
administration of the drug, a causal relationship between the drug and the AR
was deemed unlikely; such drugs were regarded as playing only a "conditional
or doubtful" role in the etiology [27]. If, in a single patient, several drugs came
under suspicion, they were all taken into account. Assessment of incidences of
SJS or TEN caused by medication was based on defined daily doses (DDDs)
of drugs sold by pharmacies during the years 1981-1985. A DDD is defined
as "the mean dosage of a drug for the main indication given to a 70 kg adult
patient" [1].
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The overall chance of developing either TEN or SJS (incidence rate for TEN
or SJS, IR) was calculated according to the fonnula

IR =D/(P)(C)(Y) ,

where

D = number of cases of TEN or SJS diagnosed
P = mean population of West Gennany from 1981 through 1985 inclusive
C = fraction coverage (fraction of TEN or SJS cases documented)
Y = number of years investigated .

Results

With coverage rates estimated to be 91% for TEN and SJS (i.e., C =0.91),259
cases of TEN and 315 cases of SJS were identified. Using values of 61,400,000

for P and 5 for Y, incidence rates were calculated as 0.93 and 1.1 per 1,000,000
persons per year for TEN and SJS, respectively.

A history of treatment with a drug having a "definite, probable, possible"
relationship to the skin reaction could be established in 89% of patients with TEN
and 54% of patients with SJS. No association with previous medication could be
traced for 31% of the SJS cases and 3% of the TEN cases.

Antibiotics were the most common causative drugs for TEN (42%) and SJS
(34%), followed by analgesics (TEN, 23%; SJS, 33%). NSAlDs were causative
for 19% of TEN cases and 14% of SJS cases (Tab. 1).

Table I. Comparison of the main medication groups for drug-induced TEN and SJS.*

Disease TEN SJS

Patients with drug-induced TENjSJS 216 164

Causative drug dass % ofcases % ofcases

Antibiotics 42 34

Analgesics 23 33

NSAIDs 19 14

Anti-Gout drugs 15 5

Psycholeptics 11 7

Cough and cold preparations 6 21

* A case may be inc1uded in more than one medication group.
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Table 2. Sales (per 1 million DDDs), number of cases of TEN (N), and incidences of TEN (per
1 million DDDs) .

Drug ingredient Sales N Incidence

Benoxaprofen 4 1 0.25

Pheny Ibutazone, dexamethasone, propyphenazone, 5 1 0.22
thiamine, orphenadrine citrate

Lonazolac 8 1 0.14

PhenyIbutazone 21 2 0.11

Oxyphenbutazone 30 2 0.07

Phenylbutazone, metamizol, diphenhydramine, 32 2 0.07
aneurine, cyanocobalamine

Isoxicam 28 1 0.04

Tiaprofen ic acid 30 1 0.04

Diclofenac 507 12 0.03

Piroxicam 219 5 0.03

Indomethacin 414 7 0.02

Ketoprofen 84 1 0.01

Considering only drugs or drug combinations with DDDs of more than
2,500,000 the highest incidences for TEN were found for some sulfonamides and
certain other antibiotics . For NSAlDs, incidences ranged from 0.01­
0.25/1,000,000 DDD in TEN patients (Tab. 2) and from 0.005-0.25/1,000,000
DDD in SJS patients (Tab. 3).

Discussion

Case reports as weIl as studies by Stern [2] and Roujeau [23] indicate that NSAlDs
definitely contribute to the incidence of TEN and SJS. Previous case reports on
TEN associated with benoxaprofen [2,17,18], piroxicam [22,23], isoxicam
[20,22,23], indomethacin [23,28], phenylbutazone [12-16,22], and oxyphenbuta­
zone [15,19,21-24] were confirmed by our study. The NSAIDs ketoprofen,
tiaprofenic acid, lonazolac, and propyphenazone have now also been found to be
associated with TEN. Drugs not included in our study which have been implicated
as causative agents of TEN include flurbiprofen [22], diclofenac [23,29],
zomepirac sodium [2,30], niflumic acid [22], tolmetin [2], fenbufen [22,23], and
sulindac [2].
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Table 3. Sales (per I million DDDs), number of cases of SJS (N), and incidences of SJS (per
I million DDDs) .

Drug ingredient Sales N Incidence

Dexamethasone, salicylamide, mofebutazone, magnesium 13 3 0.25
gluconate, trimethylhe speridin chalcone

Benoxaprofen 4 I 0.24

Phenylbutazone, dexamethasone, propyphenazone, 5 1 0.21
thiamine, orphenadrine citrate

Isoxicam 28 4 0.15

Oxyphenbutazone, propyphenbutazone 15 2 0.15

Phenylbutazone 21 2 0.10

Phenylbutazone, metamizol , diphenhydramine, aneurine , 32 3 0.10
cyanocabalamine

Oxyphenbutazone 30 2 0.07

Phenylbutazone, dexamethasone, cyanocobalamin, 38 I 0.03
aneurine chloride , aluminium glycinat

Piroxicam 219 3 0.01

Indometh acin 414 2 0.01

Diclofenac 507 2 < 0.005

Incidenees ealcu1ated from DDD data shou1d be eautious1y interpreted, with
eomparisons restrieted to drugs within a single drug group rather than between
drugs in different NSAID classes . For drugs belonging to the same NSAID class
we found differenees in the ineidenees for TEN and SJS of up to 25/1,000 ,000
DDDs, whereas Roujeau [23] reported differenees as great as 38/1,000,000 DDDs.
Within a class of closely-re1ated drugs a differenee in ineidenees of more than
10/1,000,000 DDDs was thought to be signifieant. In Franee, isoxieam was
withdrawn from the market following aseries of ease reports on its assoeiation
with TEN [20] and on the basis of a differenee of 10 for ineidenees of TEN for
isoxieam eompared to the other oxieam derivative (piroxieam) on the market. In
the German study there was no differenee in the incidenee ofTEN per 1,000,000
DDDs between isoxieam and piroxicam (Tab1e 4).

Conclusion

There is no doubt that NSAlDs eontribute to a variety of skin reaetions, including
the severe reaetions known as TEN and SJS. As ealcu1ations of incidenees per
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Table 4. TEN associated with drugs: eomparison of sale numbers per million DDD s (sale no.),
numbers of eases where the drugs were mentioned (no. eases) and incidenees ofTEN per million
DDD s (ine. no.) between the German [26] and Freneh [23] studies for the years 1981-1985.

Drug groups Schö pf et a l. Roujeau et al.

Sale no . Abs. no. Inc, per Sale no. Abs. no. Inc, per
in DDD of eases 1 mill . in DDD of eases 1 mill.

DDD DDD

Anti biotics
Sulfonamides
- Pyrimethamine,

Sulfadoxine 6 6 1.14 - - -
- Cotrimoxazol 153 34 1.25 203 21 0.103

ß-Lactams
- Ampicillin 12 8 0.73 85 8 0.094*
- Amoxieillin 25 5 0.22 342 12 0.035

Tetracyclines
- Doxyeyeline 205 3 0.09 - - -
NSAIDS
- Benoxaprofen 4 1 0.25 - - -
- Oxyphenbutazone 30 2 0.07 112 18 0.1607
- Isoxieam 28 1 0.04 34 13 0.382
- Diclofenae 507 12 0.03 524 6 0.014
- Piroxieam 219 5 0.03 371 13 0.035
- Indomethacin 414 7 0.02 272 3 0.01

Anti-Go ut d rugs
- Allopurinol 926 30 0.04 837 7 0.013 *

Psycholeptics
- Phenytoin 199 10 0.06 43 4 0.14 *
- Carbamazepine 103 4 0.04 99 6 0.06

Analgesics
3§- Paraeetamol 165 0.02 1800 27 0.015*

- ASA 398 3§ 0.01 3600 13.1 0.008 *

*incidences were ealculated for every ease when a drug was mentioned.
§ sum of all drugs and drug combinations where substance was included .

1,000,000 DDDs show differences up to 25 [26] or 38 [23], some NSAIDs may
be associated with an elevated risk . Due to other ARs the NSAI Ds with the highest
incidences of TEN and SJS per 1 million DDDs in the German study (benoxa­
profen, oxyphenbutazone) have already been withdrawn from the market. Severe
adverse skin reactions may be a first sign of toxic ity of a drug and thus should be
cautiously monitored.
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Summary

A retrospective epidemiological study was conducted in West Germany with the
aim of collecting all hospitalized cases of toxic epidermal necrolysis (TEN) and
Stevens-Johnson syndrome (SJS) between 1981 and 1985. Two hundred and
fifty-nine cases ofTEN and 315 cases of SJS were identified; with coverage rates
estimated at 91%, these case loads correspond to incidence rates of 0.93 per
1,000,000 persons per year for TEN and 1.1 per 1,000,000 persons per year for
SJS. A history of treatment with a drug having a "definite, probable, [or] possible"
relationship to the skin reaction could be establi shed in 89% of the patients with
TEN and 54% ofthose with SJS. Antibiotics were involved in 42% ofTEN cases
and 34% of SJS cases, whereas analgesics were involved in 23% of TEN cases
and 33% of SJS cases. NSAlDs accounted for 19% ofthe TEN cases and 14% of
the SJS cases. In patients treated with NSAIDs, incidences ofTEN and SJS ranged
from 0.1-0.25 per 1,000,000 defined daily doses (DDD) and 0.005-0.25 per
1,000,000 DDD, respectively.
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) include such diverse sub­
stances as salicylates (aspirin, sodium salicylate, diflunisal, trisalicylate), pyra­
zoles (phenylbutazone, oxyphenbutazone, azapropazone , feprazone), indene
derivatives (indomethacin, sulindac, tolmetin, zomepirac), propionic acid deriva­
tives (fenoprofen , flurbiprofen, ibuprofen, naproxen), fenamates (mefenamic
acid, flufenamic acid), oxicams (piroxicam), and acetic acid derivatives (di­
clofenac, fenclofenac). The therapeutic effectiveness and a substantial part ofthe
adverse effects (AEs) ofNSAIDs have been attributed principally to their ability
to decrease prostanoid formation by inhibition of the cyclooxygenase activity of
prostaglandin endoperoxide synthase (EC 1.14.99.1), the initial enzyme in the
synthetic pathway for prostaglandins (PGs) and thromboxanes (TXs) [1-3]. A
good correlation exists between the rank order of potencies for inhibiting prosta­
glandin formation and the reduction of experimental edema in vivo [4]. Pros­
tanoids sensitize peripheral nociceptors in the presence of adefinite degree of
tissue damage, which may explain why NSAIDs are not analgesie in the absence
of inflammation.

There are profound and mostly still-unexplained differences in the sensitivity
of diverse biological systems to various NSAIDs and in the pattern as weIl as the
probability of side-effects. These differences might be caused by different drug­
specific mechanisms of inhibition of cyclooxygenase. Subtle interindividual or
tissue-specific variations of cyclooxygenase structure and susceptibility towards
NSAIDs , or different rates of penetration by different NSAIDs to the correct active
site of the enzyme, or different rates of metabolism of different NSAIDs might
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also account for the variety of bioresponses to NSAIDs. In this context, it is
noteworthy that aspirin binds irreversibly to the active site of cyclooxygenase,
whereas indomethacin, ibuprofen , and ibuprofen analogues are competitive inhib­
itors of cyclooxygenase and can protect the enzyme from deactivation by salicy­
lates [5].

In vitro results suggest that different NSAIDs have different biological effects
besides cyclooxygenase inhibition . NSAIDs exhibit substantial differences in
their ability to scavenge oxidants or to prevent their formation [6], they exert
differential effects on neutrophil function (superoxide anion generation, lysozyme
and arachidonic acid release) and plasma membrane viscosity [7], and appear to
interfere specifically with post-receptor signalling events such as G-protein func­
tion [8,9], protein kinase activity [10], and calcium release from inositol tri­
phosphate-independent intracellular storage pools [11]. However, the clinical
relevance of these observations remains to beestablished.

This short review on adverse renal reactions to NSAIDs focuses on clinically­
relevant differences between various NSAIDs. After introducing the main renal
effects attributed to PGs, renal syndromes associated with NSAIDs will be
considered, followed by an analysis of the different renal effects of various
NSAIDs.

Renal effects 0/PGs

Prostanoids directly influence renal vasculature, renal excretory functions, and
renin release [12,13] (Tab. 1). They exhibit complex interactions with the renin­
angiotensin-aldosterone system and the kinins, and appear to regulate the synthe­
sis and secretion of atrial natriuretic peptide [14]. Since prostanoids synergize with
other inflammatory mediators, their removal reduces the effectiveness of sub­
stances such as histamine or bradykinin [4]. The pattern of locally-synthesised
prostanoids exhibits a specific intrarenal distribution [12], and the amount of
prostanoid synthesis appears to depend strictly on the relative availability of
glutathione as a cofactor.

Table 1 lists the main sites of renal PG synthesis and actions. The available
evidence indicates that PGs produced in the cortex regulate cortical function and
PGs of the medulla act on medullary function, but cortical PGs do not act on the
medulla and vice versa. This separation of action is ascribed to regional hetero­
geneity of PG synthesis and the separate vascular supply of the renal cortex and
renal medulla.

PGE2 and PGh are potent renal vasodilators. In healthy sodium-replete
euvolemic subjects vasodilator PGs have little influence on renal function;
however, when the activity of renal vasoconstrictors such as catecholamines
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Table 1. Major effects and sites of action of prostaglandins in the kidney*

Site PG Action

Vasculature h Vasodilation

Glomerulus h ,Ez Maintains GFR

TXAz Reduces GFR

Collecting tubule Ez, Fza Enhances NaCI and HzO excretion

Medullary interstitial cells Ez Vasodilation and natriuresis

* adapted from [12]

and angiotensin II is prevailing (as in shoek or dehydration), PGE2 and PGh
physiologieally antagonize vasoeonstrictor activity and eontribute to the main­
tainanee of renal perfusion and filtration. In addition, PGE2 has diuretic and
natriuretic properties in the medulla . In the eortex TXA2 is a vasoeonstrictor
which reduees the glomerular filtration rate (GFR). This eicosanoid has been
implieated in the pathogenesis of glomerulonephritis and aeute renal transplant
rejection [ISa].

Renal syndromes associated with NSAlDs

The main unwanted struetural and funetional effeets of NSAIDs are listed in
Table 2. Interstitial nephritis has been reported at least for fenoprofen, in­
domethacin, naproxen, tolmetin, piroxicam, and sulindae [2,16,17]. This renal
inflammatory disease differs from the ordinary drug-induced allergie interstitial
nephritis in that (a) it is often associated with a nephrotic syndrome, and (12)
systemic signs of allergy (eosinophilia , skin rash, fever) are uncommon . However,

Table 2. Renal adverse effects of NSAIDs

Functional adverse effects
Acute and chronic renal insufficiency
NaCI and water retention
Hyperkalemia
Inhibition of diuretic and antihypertensive drug action

Structural adverse effeets
Interstitial nephritis
Interstitial nephritis with nephrotic syndrome
Analgesie nephropathy
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case reports of systemic illnesses such as tubulointerstitial nephritis with uveiti s
(TINU syndrome) [17], have appeared. The nephrotic syndrome is due to changes
in the glomerular basement membrane indistinguishable from minimal change
disease (lipoid nephrosisj.In rare cases minimal change lesions in the absence of
interstitial inflammation have been described. Interstitial nephritis has been
observed 0.5-18 months after initiation of NSAID therapy. It usually resolves
within several weeks to several months after withdrawal of the offending drug. It
has been proposed that cyclooxygenase inhibition may shunt arachidonic acid to
the lipoxygenase pathway with subsequent T cell activation by eicosatetraenoate
metabolites. T cells would then be responsible for minimal change disease of the
glomeruli and for interstitial cell infiltration [2].

A second structural renal disorder associated with many NSAIDs is analgesie
nephropathy, which accounts for 5-20% of our hemodialysis population. Risk
factors for this disease include being of the female sex, use of combination
analgesics, and polytoxicomania. The prevalance of analgesie nephropathy is
higher in urban areas than in rural areas, and shows remarkable regional variation.
Arecent survey indicates that phenacetin and acetaminophen, but not aspirin , are
clearly associated with chronie renal failure [18,19]. There is evidence that other
non-salicylate NSAIDs mayaiso rarely lead to analgesie nephropathy [20].
Caffeine, a frequent additive to analgesie mixtures, had been previously thought
to be only a stimulant for continued drug intake, though this adenosine antagonist
is now itself considered a possible toxic substance for the kidney [19]. Adenosine
reduce s oxygen consumption in several parts of the tubular system; inhibition of
adenosine could lead to an imbalance between oxygen supply and tubular meta­
bolie activity, leading to cell death.

Funetional aeute renal failure due to NSAIDs (renal failure without initial
structural damage to the kidney) is frequently encountered in nephrology clinics .
As a rule, this side effect does not affect healthy subjects (implying that long-di s­
tance running while taking NSAID medication is unhealthy). Anumber of clinical
risk factors for NSAID-induced renal functional impairment have been identified
(Tab. 3); they are characterized by low circulatory volume and/or low cardiac
output. Vasopressor systems are usually very active in these situations ; the kidney
is thus protected by PGs from overvasoconstriction. Inhibition of vasodilatory
PGs by NSAIDs exposes the kidney to unopposed vasoconstriction, a classic
cause of acnte renal failure.

Contrary to common believe , acute renal failure can be an immediate rather
than a late consequence of NSAID administration; patients at risk for NSAID-in­
duced renal impairment (Tab. 3) must therefore be closely observed shortly after
initiation of NSAID therapy. If a rise in serum creatinine occurs, withdrawal of
NSAID and administration of fluid usually reduces creatinine levels to baseline
values within days.
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Table 3. Functional renal failure during NSAID treatment: predisposing factors.

Reduced etTective plasma volume
Diuretic treatment
Low-sodium diet
Diarrhea, vomiting
Shock (including septic shock)
Liver cirrhosis with ascites
Pancreatitis

Low cardiac output
Congestive heart failure
Anesthesia

Renal disease including nephrotic syndrome

Reduced renal function including aged ''normal'' kidney

Hyperkalemia is another unwanted effect ofNSAIDs. It has been attributed to
the suppression of renin release and subsequent diminution of aldosterone secre­
tion (hyporeninemic hypoaldosteronism) [20a]. NSAID-induced hyperkalemia
occurs especially in patients predisposed for this electrolyte disorder (elderly, low
fluid intake, azotemia, intake of potassium-sparing diuretics, intake of angiotensin
converting enzyme (ACE) inhibitors, diabetes).

Sodium retention is likewise a common consequence ofNSAID treatment [2].
The anti-natriuretic effect of NSAIDs paralleIs their inhibitory action on renal PG
production [21], suggesting a cause-effect relationship. The anti-natriuresis of
aspirin and indomethacin in humans is independent of changes in whoIe kidney
blood flow and glomerular filtration [21a], indicating a tubular site of action.
NSAIDs also blunt the action of diuretics [22]. Sodium retention in individual
patients on continued NSAID treatment may be massive, but mild edema forma­
tion is by no means a rare event [2].

Water metabolism may be affected by NSAIDs, since PGs interfere with the
diluting and concentrating capability of the kidney. NSAIDs can reduce free water
clearance, in part by enhancing the action of anti-diuretic hormone [2]. The latter
action is exploited in patients with central and nephrogenic diabetes insipidus .
When water retention is no longer coordinated with sodium retention, the result
is hyponatremia. Hyponatremia is more likely to develop in patients with
diminished free water clearance at the start of NSAID therapy, e.g. in renal failure,
during diuretic treatment, or in congestive heart failure.

The efficacy of a number of antihypertensive agents (ß-blockers, diuretics, and
ACE inhibitors) is blunted by NSAIDs [12]. The duration and extent of this
interaction is variable, but no studies have investigated whether the interaction is
sustained for more than a few weeks.
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The incidence of unwanted renal effects of NSAIDs is low «1 % of chroni­
cally-treated patient s), [23,24]. Even with study populations ranging from 1,000
to >70,000 patients , elevations of serum creatinine are only found in isolated cases.
Fox et al. [25] identified 1,222 consecutive in-patients receiving NSAID s (time
and dose, not defined; mean hospital stay, 12 days). A rise in blood urea was found
in 1.1% ofthese cases ,compared to 1.3% in 40,196 controls receiving no NSAIDs.
The authors also followed about 70,000 out-patients on NSAID treatment (chronic
treatment in about 5% ofthe out-patients). No case ofhospital admission for acute
renal disease was reported . Bonney and coworkers [26] published a meta-analysis
of the renal side-effects of two NSAIDs in several double-blind trials. Drug
treatment lasted for 0.5-1 year (oxaprozin, n =847; aspirin, n =439; ibuprofen,
n =182). Prospective measurements identified 3 patients in which serum creat­
inine increased to over 2 mg/dl, all of whom were on diuretics. Less serious
increases in serum creatinine or blood urea nitrogen were detected in 4-6% of the
patients, without any differences between the three drugs . Placebo treatment was
not included in these protocols.

Nephrology departments in tertiary referral centers may see 2 to 4 cases of
NSAID-related acute renal failure per year. Nevertheless, many patients on
NSAID therapy may experience substantial reductions in GFR without their
serum creatinine titers exceeding the normal range. This is especially true in
patient s with reduced skeletal muscle mass, which frequently occurs in rheuma­
tologie disease s. A fall in GFR from, e.g. , 110 ml/min to 70 ml/min may be
reflected by an increase in serum creatinine from 0.9 to 1.2 mg/dl. Such an increase
is likely to go unnotieed in most clinical settings. Therefore, the incidence of such
NSAID-induced mild renal impairment is unknown, as are its long-term con­
sequences for the kidney.

Possible differences in renal effects ofNSAIDs

Higgs et al. [4] established a rank order of potency of NSAIDs with respect to
inhibition of prostanoid synthesis in vivo. This rank order paralleled the relative
ability of these drugs to reduce inflammatory edema formation in vivo, but there
is no relationship between the rank potency of prostanoid inhibitors and the
probability of adverse effects. For example, the high incidence of gastrointestinal
complieations due to NSAIDs can be markedly reduced by using non-ulcerogenie
sodium salicylate, whieh reduces prostanoid formation in inflamed tissues without
affecting gastric mucosal cyclooxygenase [27]. Some NSAIDs have also been
found to exhibit differential effects on myelomonocytie migration [27a,28] and
on lipoxygenase activity [29-31]. These results imply that the development of
well-tolerated NSAIDs is feasible.
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"Renal Sparing"

The possibility of "renal-sparing" by NSAIDs, mainly aspirin and sulindac , has
been weIl discussed in the medicalliterature.

Low-dose aspirin «100 mg/dnO kg) inhibits platelet cyclooxygenase while
the renal enzymic activity remains normal due to continued synthesis of cyclooxy­
genase. Higher doses of aspirin (e.g. 1 g i.v.) will affect the kidney as discussed
above for other NSAIDs.

There has been a widespread interest in sulindac since the demonstration of a
renal sparing effect for this drug, which has an anti-inflammatory potency com­
parable to that of indomethacin [32]. An indoleacetic acid derivative, sulindac is
a prodrug which is rapidly converted to a sulfide metabolite that is the likely
pharmacophore [33]. Ciabattoni et al. (1980) showed that, in contrast to in­
domethacin, renal prostanoid synthesis and furosemide-induced renin release are
not altered by sulindac either under basal conditions in female volunteers or under
conditions of chronicaIly-enhanced prostanoid synthesis such as Bartter 's syn­
drome. Ciabattoni et al. [34] later showed a consistent reduction in GFR in patients
with chronic glomerular diseases treated with ibuprofen (1.2 g/d) but not with
sulindac (0.4 g/d). Serum TXBz was similarly reduced by both drugs , while
urinary excretion of 6-keto-PGFla. and PGEz was blunted by ibuprofen only.

Arecent study on rheumatologic patients with mild azotemia of unknown
origin reported a significant increase in serum creatinine titers in 3 of 12 patients
on ibuprofen. This AR did not occur when the same patients were challenged with
sulindac and piroxicam (ll-day treatment). Urinary PG excretion was similarly
reduced by all 3 drugs [35]. Analysis of plasma pharmacokinetics indicated that
sulindac and piroxicam continued to accumulate even after 11 days of treatment.
In other high-risk groups the potential of sulindac to inhibit renal PG production
and to impair GFR has been demonstrated. Quintero et al. [36] reported that a
3-day course of sulindac (0.4 g/d) resulted in a ca. 40% reduction in GFR in five
patients with decompensated cirrhosis of the liver; plasma concentrations of
sulindac in these patients were about four times higher than control values.
However, Laffi et al. [37] were unable to demonstrate a reduction in GFR in
patients with decompensated cirrhosis of the liver during 5 days of treatment with
0.4 g/d of sulindac despite a reduction in PGEz but not in 6-keto-PGFla..

A large number of studies comparing the renal effects of sulindac with other
NSAIDs in various patient populations (congestive heart failure, nephrotic syn­
drome, cirrhosis, treated hypertensives, etc.) have been published. Most of the
data (Tab. 4) indicate that sulindac affects renal function less than other NSAIDs,
at least the doses and over the timespans investigated.

The aforecited clinical data and the correlation between effective inhibition of
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Table 4. Evidenee in favor and against a renal-sparing effect of sulindae.

Author Paradigm Reference drug

In Favor

Ebel [41]
Koopmans [42]
Lewis [43] Naproxen
Mills [44] Interferenee with Piroxieam
Puddey [45] antihypertensive drugs Indomethaein
Salvetti [59.60]
Steiness [46]
Wong [47]

Vriesendorp [48] Nephrotie syndrome Indomethaein

Ciabattoni [34] Glomerulonephritis Ibuprofen

Kamper [49] Glomerulonephritis Naproxen

Whelton [35] Chrome renal failure Ibuprofen

Laffi [37] Liver eirrhosis Ibuprofen

Daskalopoulos [50] Liver eirrhosis Indomethaein

Guarner [51] Liver eirrhosis None

Eriksson [52] Heart failure Naproxen

Beerrnann [53] Heart failure Naproxen

Sedor [54] Natriuresis Indomethaein

Ciabattoni [61] Volunteers None

Mistry [55] 5/6 nephrectorny Indomethacin

Agai nst

Blaekshear[56] 1 patient None

Corwin [57] 1 patient None

Quin tero [36] Liver eirrhosis None

Zambraski [58] Liver disease in dogs None

Brater [62] Liver disease in dogs Naproxen

Henrieh [63] Hemorrhage in dogs Indomethaein

Brater [64] Volunteers Indornethae in
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platelet cyclooxygenase and preservation of renal cyclooxygenase activity after
sulindac administration [32] suggests several plausible explanations:

1. the existence of a lower sensitivity of the renal enzyme to the inhibitory action
of the sulfide metabolite was hypothesized. In fact, there is strong evidence
that different aspirin-like drugs exhibit selective inhibition of cyclooxy­
genases from different tissues [38];

2. a differential distribution and formation of the sulfide metabolite within the
kidney is possible. Segregation of the cyclooxygenase in different renal
compartments has been proposed [39];

3. there is some evidence for inactivation of the active moiety of sulindac in
renal tissue [12].

Conclusions

The incidence of severe renal ARs due to NSAIDs is low and generally restricted
to specific risk groups. In contrast , the incidence of mild renal impairment and its
long-term consequences are largely unknown, but careful small sample size
studies indicate that such ARs may be common. Low-dose aspirin is "renal
sparing" and aspirin use is not associated with analgesic nephropathy.

The bulk ofevidence indicates that sulindac is less inhibitory towards renal PG
formation and renal hemodynamics (GFR, renal blood flow) than other NSAIDs
under many but not all circumstances. In particular, GFR may be reduced by
sulindac in cases of circulatory compromise. However, in almost all comparative
studies (Tab. 4), fixed doses of sulindac and other NSAIDs were used for 1-2
weeks. It is entirely possible that the renal sparing effect would not be observed
with higher doses ofsulindac or with longer duration of treatment. In fact, Roberts
et al. [40] reasoned that sulindac is a generally weaker cyclooxygenase inhibitor
(not only for the kidney) than other NSAIDs . Dose-response relationships must
obviously be established when the relative potencies of several drugs are to be
compared. However, this proposal can only rarely be followed in clinical research.
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