
Adverse drug reactions

Adverse drug reactlons: definitionso diagnosisn and management

I fralph Edwards, Jeffrey K Aronsan

We deffne an adver$e drug teaction as ran appreciably harmful or unpleasant reaction, lesultlng from an Intorvention
relatad to the use of a medlelnal pmduct, whleh predlcs haard from firture admlnlstrutlon and rrarrants preventlon or
epecific treatment, or alteration of the do*age regimen, or wfthdrawal sf the prduct,'n Such reactiong are currently
reported by use of WXO's Adverse Reaction Termlnologly, ulrich rrltl eventually tecome a suhset of the lnternatlonal
Glassiffcatlon of Dlseases. Adverse drug reactlons are classlfied into six types {wlth mnemonlcs}: dos*related
{Augmented}n nondosarelated {Bizarre}, doserelated and time'related {Ghronie}n time-related (Delayed}, w}thdrawal
{End of use}, and fallure of t{rerapy {Fallure}" Tlmlng, the pattera cf lllness, the results of Investlgatlons, and
rechallenge ean help attdbute causallty to a suspted adverse drug reactlon. illanagement Includes wlthdrawal of
the drug if possible and speciflc treatment of its effects" Suspected adverse drug reaetlons should k repoÉed.
Suroeillance methods can de*ect rcac{ions and prove assacfatfons.

Any substance that is capable of producing a therapeutic
effect can slso produce unwanted or adverse effects. The
risk of such effects ranges from near zero {with" for
example, nystatin and hy-drcxacabalamin) to high fÀ,'ith,
fcr example, immunosuppressive ar antinecpiastic drugs).
Here we define the terms used to describe adverse effects,
explain their classification, and discuss the general rvays in
u'hich they can be diagnosed, maaaged, and manitored-

Seflriffons
WHO's definition cf an adverse drug re*ction, *'hich has
been in use fcr abcut 30 years, is "a respc{rse to a drug that
is noxious and unintended and cccurs at doses normally
u*ed in man for the prophylaxis, diagnosis or therapy of
disease, or for mcdificatian af ph3siological functicn".'
!,Iorrever, in its use of the ra'ard "noxious" {defined in rhe
úxfortl English Dirtionary as "injurious, hurtful, harmful"),
this definition is ìrague; does it, far example, include all
adverse reactions, no matrÈr horv minor? Such
inclusiveness would defeat surveillance systems as they
currently operirte. I-surence's definitiont specifically
excludes minor unx"anted reactions (eg, a slight dryness af
the mcuth): "A harmful ar significantly unpleasant effect
c*used b-v a drug at doses intended for therapeutic effect
[or prophylaxis or diagnosis] rvhich rverrants reduction of
das* orwithdrawal of the drug andlor fcretells hazard frcm
future administration-" Flor+'ever, these definitions {and
others revie*'ed elserr*reret) exclude error as a source of
adsetse effects.a Moreover, they exclude reactions due tc
ccntaminants (eg, in herbal medicines) or supposedly
inactir.-e excipients in a fcrmulation. Indeed, there is a case
far talking about adverse reacticns to rnedicines or
ruedicaments, rather than adverse drug reacticns, since
medicinal pmducts cantain ingredients ather than active
principles. Others, in the context of adverse events, have
used the definiticn of o'&n injury resulting from medical
interventicn related to a drug".5 But other problems arise
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from this definition; for instance, fhe words "injury" and
"medical" are ambiguous and there is no reason why an
inten'ention shouid necessarily be medical to cause an
adverse effect-

\b'e therefore propùse the folloting definition of *n
adverse drug reaction: "An appreciably harmful or
unpleasant reac{icn, resulting from an inten'ention relatert
to the use of a medicinal product, rvhich predicts hszard
from future administration and warrants prevention or
speci*c treatxìfent) ar alteraticn af the dosage regimenu *r
withdrau.al of the prcduct."

The term "sdverse effecf is preferable tc other îerms
such as "toxic effect" or "side effect". A toxic effect is one
ttrat occurs as an exaggeration of the desired therapeutic
effect, and rr{rich is not common at normal dr:ses" Fof
example, a headache due ta a caicium antagonist is a î$xie
effect-it ùccurs by the same rnechanism as the therapeutic
*ffect ft'ascdilatarion). A toxic effect is alu'ays dose-relater{.
On the other hend, an unu'anted side effect occurs vig-
some ather mechanism and may be dose-related or not.
Iìor example, the dose-related antichoiinergic effect of n
tricyclic antidepressant is a side effect, since this actinn is
not associated with the rherapeutic effect; similarlS,', non-
dcse-related *naphylaxis rvith a penicilfin is a side effecr' A
WHO deiinition says ambiguously that a side effect "in
related tc the pharmaccl*gical properties of the drug";u
ho$'ever, this definiticn was formulated to include sids
effects that, althaugfi n*t the rnain aim of therapg mey hs
beneficial rarher than harmful. Such an effect may or may
not occur thraugh the pharmacological action for which
the drug is beìng used- For example, ueating hlpemension
with a p-blocker may, by $-blackade, also relieve the
paîient's angina, a beneficial side effecq altematively" a
depressed patient nith irritable bo'wel sy'ndrome m*Y
incidentally benefit from the antichalinergic side effect ai a
tricryclic antidepressant ris well as from its antidepressant
acticn. The term "adverte effecî'i encomp&gseg ell
unwanted effects; it makes no assumptions aboui
rnechanisrn, evokes no ambiguity, and avoids the risk of
misclassific*îion.

The terms "adverse rÈaction" and t'adverse effect" ai"*
interchangeable, excepî rhat an adverse effect is seen from
ttre point of qierv of the d*g, rvhereas an adverse reacdon
is seen from the paint of view of rhe patient. However, the
terms t'àdverse effect'' and "adverse reaction" must be
distinguished fram "adeerse event". An adverse effÈst il* an
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Typof rerulion

A; hso*datad

B: liondma.rslatsd

;tnetrpdc Fedwes exarq#s Uanagisnent

Aqgmented .Comman
t Related ls a phaffrwol€l{Èl
action of the drtg
r PEdictable
r Low rmrtalitl,

r îarie ef,ects:
Digoxin Ìsxicivì serstonin sFrdmne with SSRIs

o Side eftfects:
Anùchclinergic efects cf triqclic
an1jdeilessants

. Reduce &se or withtscld
r Consider effects of conúEmitani therupy

Biane
tt

r Unmmmsn
. l.lst related t0 a

Smrmacol€ircal aetian of the dng
r Unwediglaùle
. High mortaliù

o lmmunological reffitiens:
Penicilli n hypersensiîivity

c ldio$]nctatic reagticns
tuute po*h$ia

Malignant hyprthermia
Pseudaallergi {eg, ampíci'lin rashi

r tÀlthlratd and avoid in future

0: harffi adfànerdnbd Chranic t Urtrmmon
. Related ta ihe curnulatite dose

r $'pctfialanic-pit;itarydrcnal axis suFpessbn
bv corticssteraids

r Reduce dose or withhold: withdrawal
may hare ia be prolanged

D; Tims*elated Delaled

E:l{lîddrawd

É lhexpcttd ffiue dtlwrmy Failure

End cú use I Uncommcn
I Occurs sosn ater ìdthdra\.al
oÍrhe drug

r leratogenesis i4, \6ginal adenocarcinoma o Often intractable
with diethylstilbestralj
. Carsin€enesis
rTardiw $skinesia

. Opiate withdrawal syndrome
| tr{Scaîdial ischaemia {Fblodcer wlthdnual}

r Reintroduce and withdraw slowlv

. Uncommon

. Us{Jally dos+€tafed
r Qcwrs ar becomes apF€nt
ssnletime atertle use 0f lte drug

o Cgmmon
. Dos*related
r Sten caused by dn4gìntertrtìcns

. lnadequate dosage oí an aml contrace$ive,
particularlywten used with qecifh

enaÀne ilducers

r Increase dosage
o Consider effects of concomitant therapy

SSFIs=serotonirselective reuptake inhibitors.

Table 1: Class|fbatlon of adverce drug reactlons

adverse outcome that can be attributed to sorne action af a
drug; an adverse event is an adverse outcorne that sssurs
whiie a patient is t*king a drug but is not sr not necessarily
attributable to it. This distinction is irnportxrt, for
example, in clinical trials, in which not all events af,e
necessariiy drug-related. *e describing adverse ùutcomes as
events rather than {drug-related) eff€cts, investigators
acknowledge that it is not always possible to ascribe
cflusaliq'- This disrincîicn is also tacitly acknar*{edged in
the definition proposed above.

In addition to definiticns of these genersl terms, specific
definitions cf adverse efecîs îhemselres $or example,

Panel 1: $oma adverce drng reastlon terms and thèir
def,nitlons

"Unexpcted adverse rcmtbn"
r An adverse reaction, the nature or seve rlty of wtrich is not
consistenl with domestic labelling or market authorisation. or
expected *om characteristiss of the drug

"Sè?icus dveÉe efuctn
r Any untoward medical ùffurrence that at any dos€ resuhs in death,
requires hospital admission ar prolongation cf exisling hospital stay,
results in pcr$istent or signitcant disabilig/incapaclty, *r is fife
threatening

I Cancers and soilgenital anomalies or birth defecls shoufd be
regarded as serious

r M*dical events that wor"lld be regarded as serious if lhey had nst
reepanded lo aclÌte treatmeni should also be considerèd serious

I The term 'severe" is aften used to describe the intensig {severig}
of a medical event, as in the gading "mild". *il:sderale". and
n$ÉVsré'; thus a severe skin leaction need not be seriouls
'rldvgse eventladyerss exprlstce"
tl Any untoward occu$ence that rnay present dudng treatment with a
F|}Armsceutical product but $rhhh does nst neces$arih have a causa*
felstlon to the treatment

"$igpal"
r Reported infarmation on a pcssible ca*sal relaticn bet*reen an
*dvé$é €vert and a drug, tl*e relation hing prevlausly unkncwn ar
incamplele$ documented

r Usually more lhan a single repon is reguired to generate a signsf,
depending on the sedousness ofthe Èvent and the quatity oflhe
information

anaphylaxis, apnoea, arrhSîhmia) have been fcrmulated rn
a series of papers by the Council for Intemational
Grganizarions af Medicai Scienceso starting in 199216 and
have been used in computerised databases. Some orher
terrns rh*t may be useful are given in panel 1.

The currently accepted intemational terminology for
reporting of, adirerse drug reactions is WHO's Adverse
Re*ction Terminology flfirHO-ART).? This terminology is
hierarchical, and links system or organ classes to îhree
rypes of terms: broad "high-level" lermsl moîe specific and
disease-related or symptorn-related "preferred" îerms; and
Snall-v the *equently reported altemative "included" term
and tnre s)"non)"ms- This terminology is intended for use
alongside the general disease terminology-the Inter-
natianal Classificaticn of Diseases fICD). \lfork is being
undertaken to link these classifications) so thattùflHO-ART
will become a subset of ICD.

Another iniriadve is the medical terminology for drug
regulatory authorities {MedDRA,)"8 This terminology
includes historical terms &om 1ffHO-ART, ICD9, and
COSTART {Cading Syrnbols for a Thesaurus of "A.dverse
Reaction Terms; used in the past by the US Food snd
Drug Administration). MedDRA is currently being
prcmcted ccmmercially and is *ccepted by the European
IJnion, the USA, and Japan. However, compatibility with
ICD and Iù(/HO-ART is no longer complete, since
MedDRA has more terms and ancther ler.el in itn
hierarch;', so that the links be*neen terms may be different
frcm tlrose in SfHO-ART, even when there is
csrres$CIndence in individual terms. MedDRA alss h*e
many mcre lor*'-levei terrns' u'hich are designed ttr halp in
the coding of published case reports; they may do this, but
the inclusion of imprecise and unscientific teîrns could
present challenges in using data derived from ttrem. FEr
example, the link between a teffn such as "immune
reaction" and more precise teflns is diffrcult, \Fe look
farr*'ard ta better use sf infarmation technoloff tCI allow
reccrding *nd use of text data, so îhat nothing is iost
benreen îhe narrative report and what is stcred and
searchabie in a database af reports.

Recent publications have gwen severity gradings ta
specific reacîion t5{pes (eg, the Common Toxicity Criteria;
http:/lctep-infc.nih.g*r"lCTC3.,ctccbtinfo.htrn). Alth*ugh
these may be usefnl in sorne settings, such gradings do not
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have internationai acceptance" Furthermore: many af them
have discontinuity in their lcgic; fcr ex*mple, is taxic
epidermal necralysis fl seyere skin rash or is it a distinct
enti4,'?

Glassffication
The farerunner of fte modem pharm*cologicatr
classificatian of adverse drug reactians distinguished dase-
related and ncn-das+-related reactions, rvhich r+ere *rst
called type A and type B, respec*vely.t I-ater, fbr
mnemonic pu{poses: they were labelled "Augmented" and
"Biaarre".to Subsequentlg twa firrtheî q,Tles of reaction
were added: reactions related to both dose and time, and
delayed reactionsrtt later labelled types C and D.'! The last
of these categories can be split into nro: time-related
fesetisn* and withdrawaÌ effects. More recently, a sixth
68tegory has been proposed: unexpected failure of
îherapy.'u This classificatian is shown in table lo rvirh
examples of adverse drug reactions in each categcry and
nstè$ on their ruanagement.

Of course, it is not ah*'ays possible ta classifi' an adt'erse
drug reaction into ane of these categories, but that is
in rhe nature of classificstion. As more becomes
knou'n ebcut the mechanisms of specific adverse drug
effects, thìs classification will be revised further and
elassification of currentlv unclassifiable reactions will
become easier

ffiuÉmeis aild atùibution of Gausatity
The diagnosis of an adverse drug reacticn is part of the
broader di*gnosis ìn a patienî. If a p*tient is taking
medicines, the differential diagnosis should include the
pcssibility af an adr"'erse drug reacticn. The first problem is
to find out uùether a patient is taking a medicinal product,
ineluding: over-the-counter formulations; praducts that
rnay not be rhnught of as medicines {such as herbal or
tr*ditional rernedies, recreational drugs, or drugs of
etru*e); and lang-tenn lreatments that the patient may
farget isuch as aral contraceptives)"

The next step is tc find out r*hether the effect could be
due to a medicine. If the patient is taking several
inedicines, the problem is to disringuish which, if an5', is
causative" This problem is complex, because some of the
p*tient's complaints rnight be due to other diseases or to
sne sr rnore of the drugs. There are manyformal methods
for assigning prohability of causation îo a suspected
adverse drug reaction. r'tr5

Iiming
The time relation benireen the use of the drug and the
tJteurîence of the reaction should be assessed. Are thev
plausibly linked? For example:
r Does the reaction occur or get worse as the dsse of the

drug reaches steady state or when the steady-state dose
is increased {for doss-reiated reactions)?

t Does tlre reaction abate or disappear as dte dose of the
drug is reduced or the drug is withdrawn (fbr dase-
related reactians)?

r If a drug interaction is suspected, does ttre timing of
intraduction or withdrawal of the interacîing drug fit?

r If there are features of *n allergic reaction, has the
patienî previouslybeen exposed? Lack of prernious
exposure does not rule out an allergic reaction, but
previous exposure is consistent r+"ith such a renction.

r If rtre effect is a congenital abnormali4l did drug
expCIsure occur at the apprapriate gestational time?

r If ttre efect is a tumour, was the"time lag sufficiently
long for the tumour to have grcurrì The ansvver ta this
will depend on a knor*4edge of tumour kinetics.

Panel 2: CausaFty asessment of euspcted adveree drug
rcac'tfons

Certaln
. A clinical event, including a laboratory test abnormality, that occurs
in a plausible tirne relatisn to drug administtation, and which cannot
be explained by concurrent disease sr other drugs or chemicals

r The response to withdrawal of the drug idechallenge) should be
clinically plausible

r The event rnust be definitive pharmacological$ or
phenomenchgically, using a satisfactory rechallenge pracedure if
necessary

PmMh/likely
r A clinieal event, including a labcratory test abnormality, with a
reascnabie tirne ralation lCI administration of the drug. unlikety to be
atùibuted to concunent disease or other drugs or chemicals, anci
which fallows a clinically reasonable response on whhdrawal
{dechallenge}

r Rechallenge information is not required ta fulf,l this definition

Possible
r A ctinical event including a laboratory lest abnormality. with a
reassnabie time relation to adrninistration cf the drug, but which
could also be explained by concurrent disease or other drugs cr
chemicals

r lnfsrmatien on drug wÍthdrawal may b* lacking or unclear

Unlikety
r A clinical event, including a labaratary tesl abnormality, with a
temporal relation to adrninistration of the drug, which makes a causal
relation improbable, and in which ather drugs, chemicals, cr
underlying disease provide plausible expla nations

Cond itbnaf unclasslf led
I A clinical event. including a labotatory lest abnormality. reported 85
an adverse reaction, about which mare data are essential for a propr
assessment or the additional data are being examined

UnasessablslunclassHable
r A report suggesìing an adverse reaction Lhat cannot be judged,
because infonnatlon is insuffrcient or contradictory and cannot be
supplemented cr vedfied

Fatfern recugniti n
The p*ttem of the adverse effect may fit rhe knoum
pharmacolory or allergy pattem of one of the suspected
medicines, cr of chemically related or pharmacol*gically
rela.ted compaunds- Some Fattems are pathognomcnic nr
nearly" sol for example, in a patìent t*king digoxin, a
cambination of heart block and an ectopic arrhy*rmia will
aknost certainly be due to the drug, llowevet, thia
inforrnaticn should not be used to rule out an association,
particularly with a new medicine" since an adverse drugr
îeaction may not be kecr*mì or e!"en predictable, from the
pharrnacolagl. For instance, corticosteroids, commonly
used to suppress immune responses, can cause allergic
reactions.

Nlext, one shsuld consider the background frequency ilf
the event and how often it is associated with drugs.
Headache is relatir.ely cùmmonr so its association wi*t *
medicine may be by chance. trn contrast, aplastic ansefidfl'
has a iow backgraund incidence and is often associated
with medicines; it is therefole more likei-v to be an adverse
drug reaction.

fnrestrgatrons
Investigations {such as plasma concennation measure-
ment, bi*psies, and allergy tests) can aid diagnosis,
establish baselines f*r crg*n function (eg, liver, kidneyr *r
thyraid function), and provide a means for manitoríng
what happens after changes in therapy. They may also rule
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out altemative diagnoses- Sornetirnes it is wise to establish
baseline functions at fhe start cf fherapy in anticip*tion of
an adverse drug reaction; far example, haseline thyrcid
function tests sre rcutinely ordered before gtving
amiodarone, which can nor only cause thyroid disease but
rshich also alters thyraid functicn îests, even $Jhen thyrcid
function is normal, making itterpretation di$cult- In other
cases, such anticipation is of na help; for ex*rnple, the
*'hite-cell cùunt during carbimazole er methimazcle
therapy d*es not predict neutropenia, which can be
diagnosed only when it occurs.

Finally, rechalleage rciîh the drug shculd be cansidered,
particularly if the patient is like$ to benefit directly from
the knowledge gained

At the end of this exercise, it should be passible tc
attrihute caus*lity-. Numerous schemes far classi{ication of
causaliry have been proposed *nd *re used in different
ccunîries.'ó We prefer the scheme cutlined in panel ?.itt

iltlffiqgeil€út
Rapid action is sometimes impcrtant because of the
serious nature af a suspected adverse drug rÈaction' fsr
e*aurple anaphylactic shock- Ernergency treatment and
withdr*rval of all medicines is occssionally essenti*I, in
u'hich cese cautious reintroduction of essential medicines
eliauld be considered. Otherwise, using clinical benefit-risk
judgment, tcgether 'trith help from investigaticns, one
decides r*'hich medicine or medicines shauld be t'ithdrawn
ffi a trial. A problern imrnediately arises if one or mare of
the medicines is essential to ttre patienr If the culprit is
faidy clear, a benefit-risk decisicn needs to he tsken about
the need for the drug (are there equally ef;tbctiqe
substitutes fhat are unlike$ to produce the sarne adverse
drug reaction?), rhe severity of the reaction, its
potential for treatrnent. If several medicines could be
causativeJ the non-essential medicines should be
r+'ithdr*rrn first, prefer*bly one at a time, depeading on the
ilet'erity of the reaction. If the reaction is likely ta be dase-
related, dose reduction should he c*nsid*red. Many
prescribers unnecessarily withhald a drug *'hen inter-
aetions are suspected, rather than adiusting the dose-

The patient shculd be observed during withdrawal. The
waiting period rvill wrg, depending on rhe rate cf
elimination of the drug from the body and the type of
pathology" For example, urticaria usually disappears
quickly ra{:en the drug is elimin*ted, w*tereas fxed
psoriatic skin reactions can take nreeks to resolve. $ the
pà,tient is clearly getting better, in keeping rvith the

prediction, alternative medicines for the basic disease can
be introduced if necessary. If the patient is not doing well
after withdrar+al cf the first drug the next msst likely
culprit should be consideredn and the process repeated. On
the orher hand, the parient may be suffering through being
deprived af the medicine withheld. In ttrat case, eiî}ter
another suitable drug should be substituted (remembering
rhe possibility of cross-sensitivity), or the same drug should
be aied at a lo\+'er dcsage (far a dcse-related reaction).
The latter appro*ch should be tried if more than one drug
was withheld" for instance if an interaction was suspected
ar if the serio:rsness cf the reacticn made it wise îc
withhold several possible drugs. Reinnoduce apparÉíitly
essential medicines ùne at a time, starting with the one
least likeiy tc be the culprit.

tf the patient cannst msnage without a mediclne ftflt
has c*used an adverse reacîion) provide symptomatic relief
while continuing rhe essential treatnent. For example,
severe rrsuseà. and l-amiting are routinely trgflî*rl
symptomatically in patients receiving anti-cancer drugs.
F{oweve4 when treating an advetse drug reactionr l? I$
impartant not to introduce more medicines than *r*
essential- Ahvays have a clear therapeutic obiective in
mind, do not areat fùr longer than is necÈssary, and review
rhe patient regular$ and loak for ways to simptiff
management.

Surucillance
Surseillance methods for drug reactions, and population
methods for proving associations are summarised ia
îsble 2.'o-o' Outside of formal surveillance $ysîe$isr sli
health-care professianals hase a responsibiliry to ìnform
their colleagues ab*ut clinically important adverse drug
resctions that they detect, even if a well-recognised or
causal link is uncertain. krformation on what has happened
and how the diagnosis has been made should be fonvarded
to a national centre u'ith responsibility for giving gsnÈrgl
information about drugs and fbr takrng regulatory action.
National centreri send this information îo the WHO
r+"crldi*-ide datahase- This giobal information is analyr*d
by the lfHO Collaborating Centre for Intemational Drug
Monitoring (the Uppsala Monitoring Centre), now with
artifrcial intelligence in rhe farm of a Ba-t'esian Confidense
Pmpagaticn Neural Netu'or\ w"hich allows the analysin *f
all the r.ari*bles in a report against the background
informaticn cantained in the tùfHO database of over
2 million repofis.'* This nncrk supports the review ef
infcrmation in all member national centres around the

,{needstal reporting {eg, in joumalsi

Voluntary arganized rÈporting* {docbrs, $ramadsts.
pharunaceutical companiesi

I ntensive event rnonitorirìg

Cohcrt studies

Casecontral str"tdies

ease+ohort studies

Papalation statislics

Record linkage

Meta€na$sis

Simple; chmp

Sim$e

Easily ùrganised

Can be pruq]e$ivei gaod atdetectir€ e{ects

Excellent îor tdidatiqn ard assessnent

Gmd for stu$,ing rare effects with high F$€r

Large numkrs can be studied

Exc€llent if cornprehensiw

LlsÈs dala ttsat fH\€ alîead!'been oblained

lXsdr.art€F
r r  r  f  0 F

Relies on indMdual vi$lance and astuteness; may oniy
detect relatiìEv c€mmon efiects

UndeÈ$portirg; reporting hias b! "bandwagon" effest

selected population studied for a short time

Very large numbers required: very expensive

Will not d€tect new effects; expensive

As fBr ffihort and case{ontrol stt$ies: complex
calculations

Si{îisult to sardinatei quali} of information may be poor:

tm Gaarse

Timsccnsuming; expensive; retrospective; relies on
accuÉÎe fecofds

l'leed to abtain unpublished data; heterogeneity cf difrerent
studies

ruvs@s

*|ncludingcomputerised$}.stemsinvaIting,forexamp|e.WH0'smonitoringprogfamrr'e.ftheCornmitte€onSaietyafÀjl€dicines.yel|owcardsJstem.gandtheFoodandD

Administratian's Aóerse Dng Reacticn file system.}

Table 2: Su$eilknre m€lùods fo: a*verse dnrg reactlons and metùods of proving assocletionsa
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world {currently 59} and an international expert review
panel.

Fnture devetopmentg
The work of the 

.sÍ.HO 
monitoring programrne in Uppsala

is described in detail elsewhere-" Tfte Frogrsmme alsc
supports rhe Europe*n.?harrnacovigilance Research
Group, which has allowed regulators and drug-safeqy
speciaiists fmm a variety af Eumpean ccuntries tù ccme
together to plan csordinated drug-safbty sercises.
Initiatives like these may pave the way for much tnore
logical develcpment and inr-estigaticn of drug safetg signals
worldwide. '{rnong *re developmerìts planned for t}re
llHO programme are:
r An extension af the method rf Bayesian a:tificial neuml

nefirorks for the analysis of large amounts of data, in the
hape of detecting hitherto unrevealed risk factors for the
development of drug-related ailrnents

I lrnprovemÈnts in the classificatiorì systems of taditional
hsrbal remedies

r Mettrods for improving communications in
pharmacavigilance, es set out in the Erice declaration2t

r Cooper*tion wirh organisations interested in developing
Èsrly signals of significance, including the International
$ocieqy for Pharmacoepidemiolagy,
which is specifically interes:ed in the science af
pharmacovigilance, and rhe Council for Intemational
Organizations of Medical Sciences, which is pivotal in
brinsing interested parties tagether to mount various
eullaborative proiects.
eDnieal pharmacology has a. very exciring future,

because of possibilities af interfering uith disease Frscesses
at escr more basic and specific levels. Knowledge of, the
hurnan genome will allow us to predict susceptibility to an
increasing number of diseases, *nd drug-induced disease
will also be bener understood as we gain knowledge of

Senetic influences on drug pharmacokinetics and
pharmacad3namics: rve already use phenotlprng and
gÈnotyping to predict some drug problems related to drug
il:etabolism. Further genomic developments will *llow us
îs develop predictive tests for the actions of drugs,
ineluding adverse drug reactions, holding ùut the
pos$ibilify of more accurate tailoring of therapy to the
individual-

*\s we accumulatÈ more and more information on drug
re$Fonses, 1rye must not lose sight of the sabering f,act that
about half Ére cases of druprelated iniury are from
potentially avoidable adverse drug reactiorìs.qrî
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