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Abstract

Anecdotal reports of adverse drug reactions are generally regarded as being of

poor evidential quality. This is especially relevant for postmarketing drug safety
surveillance, which relies heavily on spontaneous anecdotal reports. The numer-
ous limitations of spontaneous reports cannot be overemphasised, but there is
another side to the story: these datasets also contain anecdotal reports that can be
considered to describe definitive adverse reactions, without the need for further
formal verification. We have previously defined four categories of such adverse
reactions: (i) extracellular or intracellular tissue deposition of the drug or a
metabolite; (ii) a specific anatomical location or pattern of injury; (iii) physiologi-
cal dysfunction or direct tissue damage demonstrable by physicochemical testing;
and (iv) infection, as a result of the administration of an infective agent as the
therapeutic substance or because of demonstrable contamination. In this article,
we discuss the implications of these definitive (‘between-the-eyes’) adverse

effects for pharmacovigilance.

Anecdotal reports are generally regarded as being
of poor evidential quality. However, we have pre-
viously proposed that some anecdotal reports of
adverse drug reactions are underappreciated sources
of definitive associations.!" In this article, we extend
our discussion to a detailed consideration of the
relevance to pharmacovigilance of such reactions,
which we propose can serve as perfect gold stan-
dards, or at least very high-grade ore.

We first reiterate briefly our previous observa-
tion, namely that there are at least four categories of
adverse events that can provide definitive evidence

of true drug-event associations, without the need for
formal validation. The four groups, examples of
which are listed in table I, are as follows:

1. Extracellular or intracellular tissue deposition of
the drug or a metabolite.

2. A specific anatomical location or pattern of inju-
ry.

3. Physiological dysfunction or direct tissue damage
demonstrable by physicochemical testing.

4. Infection, as a result of the administration of an
infective agent as the therapeutic substance or be-
cause of demonstrable contamination.
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Table |. Definitive anecdotal adverse drug reactions

Event Drug examples

Confirmatory tests/characteristics

1a. Extracellular deposition of drug or metabolite
Biliary lithiasis or
pseudolithiasis
Nephrolithiasis

Ceftriaxone, sulindacl®#

Aciclovir, amoxicillin, ciprofloxacin, ephedrine/guaifenesin,
felbamate, indinavir, magnesium trisilicate, methotrexate,
primidone, sulfasalazine, sulfonamides, triamterenel56]

Conjunctival cysts Tetracyclinel”8!

Exogenous lipoid Mineral oil(®!

pneumonia

Pharmacobezoars Colestyramine, sucralfate, modified-release formulations,
guar gum, ion exchange resins!'®

Baroliths Barium('!l

1b. Intracellular deposition of drug or metabolite
Ciprofloxacinl?

Gold!™3

Methoxyflurane,'l canthaxanthin('®!

Corneal microprecipitates

Crystalline retinopathy
Crystal-storing histiocytosis Aluminium-containing vaccines!'®
Clofaziminel!”]

Intraglomerular crystal Foscarnet!'8!

deposition

Lymphadenopathy Gold9
Deposition in nails or Tetracycline?®!
lunulae Clofazimine?'l

Skin pigmentation Amiodaronel??]

2. Specific anatomical location or pattern of injury

Esophageal ulcers Bisphosphonates, potassium chloride, quinidine,
tetracyclines?®

Extravasation reactions Cancer chemotherapeutic agents?4!

Inadvertent intrathecal ionic contrast medium, 25!

inadvertent intrathecal vincristine!2%!

Fulminant
encephalomyelitis
Nodulosis Apomorphinel?”l

Topical oral salicylates,?® topical ecstasy!?°]
Topical cocainel®

Thorotrasti®]

Oral damage
Nasopalatal damage
Haemangiosarcoma

3. Physicochemical dysfunction or tissue damage

Oligohidrosis Topiramatel®2
Zonisamidel33.34
Photosensitivity Carbamazepine, dapsone, fenofibrate, flutamide, certain

NSAIDs, triflusall®s-37]
Certain NSAIDs!®!
Omeprazolel®d

Taste disturbance
Dry mouth

Infrared spectroscopy

Infrared spectroscopy, x-ray diffraction, mass
spectroscopy

Wood’s lamp
Gas chromatography/mass spectrometry

Visual inspection

X-ray, visual inspection

Scanning EM, HPLC

Confocal microscopy

HPLC

Electron microprobe analysis

Visual inspection, polarising microscopy
Fourier transform infrared spectroscopy

Light microscopy, scanning EM
Wood’s lamp
Light microscopy

HPLC, EM, energy dispersive x-ray
microanalysis

Localisation to areas of oesophageal lesions

Anatomical contiguity to drug administration
Anatomical pattern of injury

Anatomical contiguity to drug administration
Application site localisation
Application site localisation

Anatomical localisation in sites of drug
accumulation or persistence

lontophoresis
Acetylcholine loading test, heat-loading test
Phototesting, photopatch testing

Gustatometry, electrogustatometry
Measurement of salivary flow

Continued next page
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Event Drug examples

Confirmatory tests/characteristics

4. Infection-related

Sepsis unrelated to

product contamination vaccinel*?

Sepsis due to product Intravenous gentamicin,*3! propofoll*4l

contamination

Bacille Calmette-Guérin,*9! lactobacillus,*! mumps

Polymerase chain reaction, DNA enzyme
immunoassay electrophoresis, bacterial culture,
strain typing, DNA fingerprinting

Endotoxin assay, plasmid and restriction-
endonuclease analysis

EM = electron microscopy; HPLC = high-performance liquid chromatography.

We have colloquially called these reactions ‘be-
tween-the-eyes’ reactions, because the diagnosis is
obvious, or almost so, in the individual patient. In
some cases, the diagnostic value of the event can be
enhanced by further investigation, but the conclu-
sion will always be related to the individual affected.

This gives a new perspective on anecdotal reports
of adverse drug reactions, predicated on concepts
that are not included in traditional causality assess-
ment procedures, which tend to emphasise chrono-
logical characteristics of reported associations (i.e.
the time courses of challenge, dechallenge and
rechallenge).*3461 We intend no criticism of these
traditional criteria, which can provide good evi-
dence for causation, for example in well document-
ed cases of immediate (e.g. ‘end-of-the-needle’)
events, in which the temporal relation is so striking
in otherwise stable circumstances that alternative
causes can be excluded.

We begin with a general discussion of gold stan-
dards in pharmacovigilance and other biomedical
settings. We then discuss the need for gold standards
in pharmacovigilance and finally the availability of
such gold standards.

1. Thesis: the Demand for Gold
Standards in Biomedical Science

There are many publications on gold standards in
the context of medical screening, diagnostic tests
and epidemiological studies. The use of an imper-
fect gold standard can introduce bias into the calcu-
lation of standard performance parameters (for ex-
ample, sensitivity, specificity, predictive value and
receiver operating characteristic curves).[*’#1 The
significance and direction of such bias depends on
multiple factors, including whether the new test and
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the reference standard are ‘conditionally indepen-
dent’, the quality of the imperfect gold standard (that
is, how well the imperfect gold standard correlates
with the outcome of interest) and the specific metric
being considered.*”!

Gold standards can only provide useful perform-
ance estimates if they are highly correlated with an
outcome of interest and if the research question is
framed in appropriate common sense terms.[48-30!
Clinical scenarios often lack ‘perfect’ or ‘pure’ gold
standards, because the target environment or out-
come of interest is imprecise.*3%311 Even assess-
ment of tissue pathology is associated with inter-
observer variability.l?]

Other approaches can be used to improve esti-
mates derived from proxy gold standards in screen-
ing, diagnosis and epidemiological studies, includ-
ing discrepant analysis, latent class models and
Bayesian methods.33! There is a growing body of
epidemiological research on making causal infer-
ences from observational data when there are multi-
ple sources of bias and error. These have yet to be
specifically applied to pharmacovigilance, but they
are worthy of exploration.l>*3]

2. Antithesis: the Need for Gold
Standards in Pharmacovigilance

Pharmacovigilance has a dual nature: the search
for ‘signals’ of adverse events that are novel in terms
of their nature, severity and/or frequency is accom-
plished by evaluation of single reports and case
series,’%371 as well as numerical approaches akin to
‘anomaly detection’ in other forms of public health
surveillance.®® Thus, signal detection and evalua-
tion is a multi-step process that often uses multiple
tests and data streams.

Drug Safety 2007; 30 (8)
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Spontaneous reporting systems, composed large-
ly of anecdotal case reports that are not peer re-
viewed, are currently the cornerstone of postmarket-
ing signal detection. Such databases may be very
large, sparse and plagued by data distortion and
corruption at the level of the individual report. Fur-
thermore, the overall sampling mechanism reflects a
convenience sample, based on differential reporting
across drugs and events. In addition, the data lack
information on the numbers of patients exposed or at
risk.

Causal assessments in pharmacovigilance can
occur at the level of both the individual case report
and the overall association (i.e. the case series).
These are not independent processes, as the amount
of information contained in individual cases deter-
mines the number of cases required to achieve a
critical evidentiary mass for the purposes of decision
making; on average, the more definitive the evi-
dence per case (either for or against causality), the
lower is the critical evidentiary mass of cases. It may
be possible to pin down causally a drug-event asso-
ciation with sufficient certainty with only a few
cases if certain causality features are well document-
ed and to implicate the drug with high probability in
each case. If the report contains less information and
the probability of causation is lower per report,
coincidental associations are more likely and more
cases will be required to achieve the critical eviden-
tiary mass. This underlines the need for comprehen-
sive reporting of individual cases.!

With increasingly large databases and massive
influxes of reports of adverse events, statistical data-
mining algorithms (DMAs) are being more often
promoted to assist the process of signal detection in
pharmacovigilance. Most contemporary DMAs are
variations of ‘disproportionality analysis’ and can
be broadly classified into frequentist types (propor-
tional reporting ratios and reporting odds ratios) and
Bayesian types (Bayesian Confidence Propagation
Neural Network, and the multi-item gamma Poisson
shrinker).["! There is considerable controversy
about the value and optimal use of these methods.®!]
Each has case-dependent strengths and weakness-
es,!%? and all have significant limitations. "]
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Pharmacovigilance DMAs are typically studied
by retrospective application to authentic spontan-
eous reporting systems (although some advocate
database simulations as the definitive approach to
validation).[%%:931 Attempts to test, validate and inter-
pret results from these tools are complicated by
various factors, both non-methodological, such as
potential commercial and intellectual conflicts of
interest, and methodological.[®*! The latter include
confirmation bias, the abundance (or perhaps over-
abundance) of available data-mining options and
configurations, the ad hoc and subjective nature of
threshold selection, the need to assess both ‘dynam-
ic’ (i.e. ‘time-to-signal’) and traditional ‘static’ per-
formance metrics, such as sensitivity, specificity
and predictive value, and a claimed lack of gold
standards for adjudicating causality in spontaneous
reports.[°001 The last problem pertains to decisions
about which spontaneously reported adverse events
should be included in reference sets for testing
DMA:s. In real time, the detection of an event pre-
cedes its verification. In the current context, event
verification is a prerequisite for assessing the proce-
dures and tools that are used in event detection.
Reference sets must be constructed from spontane-
ously reported associations that were unknown at
the time of marketing, which can be classified as
causal or non-causal with a reasonable degree of
confidence (true positive and true negative, respec-
tively), and for which there is a reasonably specific
terminology in the adverse effects dictionary used to
encode the data.

Causal classification requires a reasonably relia-
ble gold standard for designating a drug-event asso-
ciation as a case or non-case. Here we refer to ‘case’
versus ‘non-case’ at the level of the reported drug-
event association, rather than the level of individual
reports. A purported association may be an ensem-
ble consisting of definitive cases, probable or poss-
ible cases, and non-cases. That is to say, the total
corpus of reports of a particular drug-event combi-
nation may include distinct subpopulations of cases,
some demonstrably causal, some causal but not con-
clusively demonstrated as such, and some not causal
at all.

Drug Safety 2007; 30 (8)
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3. Synthesis: the Availability of Gold
Standards in Pharmacovigilance

Given the data limitations delineated in the pre-
vious section, it is not surprising that the claimed
lack of gold standards for assessing causality is
among the most frequently cited of all obstacles in
testing DMAs. Its most extreme expression is the
objection to the use of associations for which there is
‘no guarantee’ of causality. This viewpoint may be
of philosophical interest, but it should not be selec-
tively applied to shield emerging methods from
scientific scrutiny or to object to findings because
they are disagreeable. There are alternative ways to
think about case definitions in terms of outcomes of
interest that are logically sound and may have great-
er practical utility in real-world pharmacovigilance
scenarios.[® This includes the value of effective
surveillance systems in promoting a greater aware-
ness and understanding of complex, dynamic and
uncertain environments,[® which in the case of
pharmacovigilance includes warning signs of prob-
ably causal but unproven associations with potential
public health implications.

What constitutes a gold standard for designating
cases and non-cases varies according to the circum-
stances in which it is applied and the objectives of
the surveillance system. The range of observed
event frequencies in patients taking a drug relative
to the corresponding background incidence!®®! indi-
cates that establishing definite or probable associa-
tions (i.e. suitable reference events) across the spec-
trum of pharmacovigilance scenarios requires ana-
lysis of the full range of datasets from case reports,
observational studies and randomised clinical
trials’®7! and must exploit both clinical observations
and numerical data; this has been termed ‘teleoanal-
ysis’.[5%68] Nothing is ever irrefutably proven, and
even the most pure gold standard is established with
a degree of probability, albeit a high one. Therefore,
we believe that much of the discussion about abso-
Iute or perfect gold standards is too restrictive and
demonstrates an under-appreciation of both the un-
certainty of the target environment and the range of
events of legitimate interest to pharmacovigilance
professionals.[6!

© 2007 Adis Data Information BV. All rights reserved.
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Thus, immediate (e.g. ‘end-of-the-needle’)
events, which are replicated with well documented
positive rechallenges (i.e. close temporal proximity
between each drug exposure and an objective event
that is not a manifestation or complication of the
treatment indication), corroborated by robust epide-
miological methods, independently detected in large
postmarketing clinical trials and/or supported by
cogent clinical pharmacological data, are reasonable
proxy gold standards and can provide useful infor-
mation on the ability of emerging quantitative meth-
ods to help identify actionable associations, al-
though each may not reflect the full spectrum of
phenomena encountered in pharma-
covigilance).[6%-721

We believe that there are spontaneously reported
events, largely ignored in this context, that may
constitute a valuable component of reference sets
used to measure data-mining performance, in that
they are definitive adverse reactions that can be
regarded as being pure gold or of extremely high-
grade ore.

4. Definitive Anecdotal Adverse
Drug Reactions

As sources of pure gold, we have specifically
suggested four groups of spontaneously reported
adverse events, for which causal or contributory
attribution to the drug is either irrefutable or demon-
strated with a high level of confidence.['! The four
groups are listed, with examples, in table 1.4 We
propose that the principles illustrated define a set of
gold standards that can be used to supplement those
requiring clinical judgment and those defined with
reproducible results in independent samples.

It should be borne in mind that the four descrip-
tive categories and corresponding examples are not
mutually exclusive or exhaustive. For example, in-
jection-site reactions to aluminium-containing vac-
cines!'® have characteristics that are consistent with
more than one category, since there is anatomical
contiguity (category 2) and electron microprobe
analysis has shown features of aluminium crystal-
storing histiocytosis (category 1). Fixed drug erup-
tions add an additional element of physical specifici-

Drug Safety 2007; 30 (8)
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ty that can further strengthen associations demon-
strated with traditional provocative rechallenge.

In all cases, additional evidence (for example, a
convincing time course) may be adduced to boost
the strength or ‘caratage’ of an association. For
many of the tests, scenarios, and procedures de-
scribed in the following sections, such as photopatch
testing and physiological testing of sweat and sali-
vary gland function, positive rechallenge can also
contribute, in which case blinding and the use of a
placebo can further increase the evidentiary value of
a single case. For example, positive rechallenge in
an individual case is enhanced when the patient is
unaware of the re-administration!”> or when place-
bo-controlled rechallenge is used.[™

4.1 Extracellular or Intracellular Tissue
Deposition of the Drug or Metabolite

The first category includes adverse events in
which the injury is due to either extracellular or
intracellular deposition of a drug or metabolite (i.e.
the pathological lesion is composed of the drug or
metabolite) as demonstrated by objective physico-
chemical testing. The feasibility of such testing in
these cases usually implies that the lesion itself is
either extrinsic to body tissues or involves tissues or
body fluids that are accessible for biopsy or some
form of in situ examination. These events can be
considered pure gold in the counterfactual sense,”!
in that the events could not have occurred in the
absence of the drug.

It is important to recognise the distinction be-
tween a lesion caused by the compound and one in
which the compound is an innocent bystander. By
way of example, renal stones associated with efavi-
renz have been described as containing 50% meta-
bolites of efavirenz and 50% unspecified pro-
teins;7®! this may not be enough to exclude an
innocent bystander effect, since the primary phe-
nomenon may have been protein concretion. In well
documented cases in which the calculus is com-
posed entirely or predominantly of drug or metabo-
lite, as has been reported for example with triamter-
ene,>91 one can exclude pure confounding and infer
either that an adverse drug reaction has occurred or

© 2007 Adis Data Information BV. All rights reserved.
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at least that the drug played a major contributory
role by way of a drug-disease interaction.

4.2 A Specific Anatomical Location or
Pattern of Injury

The second category includes adverse events in
which the anatomical location and/or pattern of inju-
ry is sufficiently specific to attribute the effect to the
drug without the need for implicit judgment or for-
mal investigation. The mechanism of injury can be
related to physicochemical or pharmacological
properties of the drug.

It is tempting to add certain intramuscular injec-
tion site reactions in this category, but caution is
warranted. A distinctive example is Nicolau’s syn-
drome (embolia cutis medicamentosa), a rare, acute,
necrotic, livedoid dermatitis reported with intramus-
cular injection of various drugs, including bismuth,
modified-release  formulations of  penicillin,
NSAIDs and glucocorticoids.”7-8 Experimental ev-
idence supports the theory of inadvertent intra-arte-
rial or paravascular injection, leading to structural or
functional vascular occlusion, but the relative con-
tributions of needle injury, volume effect and/or
physicochemical characteristics of the drug (for ex-
ample, fat emulsion or microcrystal deposition)
have not been conclusively determined. Similarly,
reports of injection-site reactions with intramuscular
and subcutaneous injections of drugs that are con-
tained in bottles or cartridges containing latex
plungers and diaphragms may reflect latex allergy
rather than a reaction to the drug.®'$?) Nevertheless,
in these cases, the event could be classified as a
definitive adverse reaction to the whole formulation
rather than to the drug itself.

4.3 Physiological Dysfunction or Direct Tissue
Damage Demonstrable by
Physicochemical Testing

The third category includes adverse events that
involve physiological dysfunction or tissue damage
for which documentation by physicochemical test-
ing is feasible. Drug-event associations in this cate-
gory may not all be pure gold, in that some of the
confirmatory test procedures may not be foolproof

Drug Safety 2007; 30 (8)
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and may be operator or situation dependent. Howev-
er, when properly performed and interpreted they
can provide a level of confidence in attribution
suitable for informed decision making in pharma-
covigilance. An example is photopatch testing for
photo-allergy. False-negative results are problemat-
ic in this setting: a positive result could reflect a
local irritant effect of the drug interacting additively
with a subclinical effect of the ultraviolet light
source. Nevertheless, when drug versus vehicle and
irradiated versus non-irradiated controls are proper-
ly used, these tests have been reported as being
diagnostic in individual cases.

4.4 Infection, Either Due to the
Administration of an Infective Agent as the
Therapeutic Substance or to
Demonstrable Contamination

The fourth category includes adverse drug reac-
tions related to infections. These can be due either to
the contaminating presence of the organism or be-
cause the product itself consists of live microbes.
Confirming causality would involve proving identi-
ty between the infecting organism and the organism
contained in the product and/or confirmation of
matching batch-specific distribution of the contami-
nation and the event.

5. Discussion

We have proposed a framework, with illustrative
examples, of types of drug-event associations that
can be considered to be definitive (‘between-the-
eyes’ adverse effects) based on one or a small num-
ber of cases.[! Preliminary data-mining analyses
have already been performed for some of these
associations.®

Given the wunique character of pharma-
covigilance, namely the variety of events under sur-
veillance and the need for qualitative and quanti-
tative probabilistic assessments at the level of single
reports and causally heterogeneous case series, it is
appropriate to consider how we can test the deci-
sion-making potential of pharmacovigilance sys-
tems and tools. A key question is the construction of
reference sets of suspected adverse drug reactions

© 2007 Adis Data Information BV. All rights reserved.
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classified with a reasonable degree of confidence as
true-positive associations. Definitive adverse reac-
tions could contribute to that.

The adverse drug reactions we have discussed
here do not represent a ‘skeleton key’ that will
unlock the gate to a full understanding of the per-
formance of pharmacovigilance tools and systems.
They represent one subset, and a small one at that, of
the ‘sample space’ of adverse drug reactions. One
could not validate pharmacovigilance systems by
extrapolating from this subset of events alone. How-
ever, the range of test scenarios and datasets should
mirror the richness and variety of real-world
pharmacovigilance; these types of events could
form a valuable part of that range.

A fair question, along similar lines, is what is the
relevance of findings from quantitative pharma-
covigilance tools to reported adverse drug reactions
that are definitive or highly probable based on clin-
ical specificity? Should the application and testing
of quantitative tools be limited to adverse events that
are distinctive only by virtue of quantitative repre-
sentation? Our response is 3-fold. If, in the real
world, each and every spontaneous report from the
first submission was definitive, and thus immediate-
ly recognisable, quantitative methods would offer
little incremental value for prospective surveillance
of these types of events. However, pharmacovigi-
lance experience shows that complete documenta-
tion is the exception rather than the rule, and that
there may be a significant time lag until the first well
documented report. Secondly, a potential function
of DMAs is to provide a safety net against human
cognitive gaps in signal detection procedures based
on manual review. Finally, the use of such events to
help establish ‘assay sensitivity’ is related to, but
distinct from, the question of how these events could
be detected prospectively. In other words, the ability
of quantitative tools to highlight such events may
provide an additional element of reassurance in their
power to detect credible phenomena. Therefore,
these types of events are relevant both from the
perspective of testing and for prospective surveil-
lance.

Drug Safety 2007; 30 (8)
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It is also important to evaluate ‘true negatives’
when testing classifier technology. This is challeng-
ing, since today’s ‘true-negative’ association could
become tomorrow’s ‘true-positive’ association in
the light of additional data. We offer the following
possibilities, more as a starting point for discussion
rather than as foolproof solutions.

Perhaps the most basic approach is to use report-
ed drug-event associations that are generally regard-
ed as non-causal after extensive experience with the
drug. These could suffice for real-world pharma-
covigilance purposes, despite objections based on
theoretical or philosophical considerations of abso-
lute certitude. There are other possibilities. For ex-
ample, collections of spontaneous reports may con-
tain helpful data, i.e. as of the fourth quarter of 2004,
there were >1500 adverse event reports listing pla-
cebo as a suspect medication. Studies of adverse
non-drug events and nocebo responses are notable
for the inclusion of non-serious and/or subjective
events, but some of the data reported with placebo in
the US FDA Adverse Event Reporting System
(AERS) database are medically serious and can be
associated with statistical disproportionalities.!®3!
These reported associations might be considered as
true negatives in drug-adverse event reference sets.
Although some may object that these do not truly
represent spontaneous reports, spontaneous report-
ing system databases are plagued by numerous for-
ms of reporting artifacts, leading to reporting that is
not truly spontaneous; this is just one example in
which the artifact is readily identifiable as such, and
for which conclusive causality assessment can be
made. In addition, some associations that were pre-
viously classified as true positives have been dis-
counted over time (for example, ‘phantom
ships’),®* and some of these may serve as true-
negative reference associations. A good example is
congenital anomalies reported anecdotally with
Bendectin®/Debendox® 1 (doxylamine/dicyclover-
ine/pyridoxine), which was thoroughly discounted
over time,® yet has been shown to be associated
with a signal of disproportionality in one prelim-
inary data-mining exercise.[!

Hauben & Aronson

Other possible true-negative reference events
would be those that challenge fundamental scientific
principles, i.e. the reporting of phototoxicity with
potassium chloride, in which the absence of a re-
quired action spectrum would be sufficient to refute
the reported association.[®]

When evaluating signal-detection methods with
the aforementioned reference associations and con-
cepts, the usual prerequisites apply: initial detection
after marketing authorisation, the existence of spon-
taneous reports and a reasonable dictionary coding
scheme to represent the reported effects. In the
absence of detailed case narratives, and when the
confirmed case is a literature report that is not con-
tained in the database used for analysis, it is as-
sumed that one or more reports of the association in
the database are clinically consistent with the con-
firmed case. Therefore, not every example will nec-
essarily be applicable, but collectively they can be
building blocks in reference sets used to test
pharmacovigilance systems. The associated con-
cepts can be used to identify additional events wor-
thy of consideration. We also hope that this analysis
will stimulate discussions of causality assessment of
individual reports and optimising clinical cognition
in signal detection and evaluation.

6. Conclusions

In this article, we have established the notion that
isolated reports can be definitive in constructing
gold standards in pharmacovigilance. We stress that
we are not proposing a new classification of adverse
drug reactions; we have merely described categories
of reaction that can be regarded as definitive when
described anecdotally. Our list of categories is prob-
ably not exhaustive. In addition, although we have
identified adverse effects that would not need con-
firmation in formal studies, studies with indepen-
dent datasets would still be necessary to quantify the
risk.

What we have not established here are best prac-
tices for designing and interpreting validation and
testing using such gold standards. Our analysis does

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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not obviate the need for continuing discussions
about broader issues in the testing of emerging
pharmacovigilance technologies, such as the inher-
ent limitations of all forms of disproportionality
analysis, the relevance of tests in isolation (the ana-
logue of so-called ‘test research’) versus the study of
the incremental contribution of the new tools to
existing methods (so-called ‘diagnostic re-
search’)881 and the optimal deployment of emerging
technologies within comprehensive signal detection
programmes based on multiple methods and data
streams.

Perhaps more fundamentally related to the issue
of gold standards is the nature of a ‘signal’ itself.
Some formulations of signal detection performance
are based on the availability of associations that are
provable without any residual uncertainty. We think
this may be a limited and unproductive approach
that misses the value of ‘situational awareness’ in
real-world pharmacovigilance.[®6!

Spontaneous anecdotal reports have limitations,
but we believe that they can also be rich sources of
gold nuggets, which can be mined for possible inclu-
sion in reference sets for testing any method used to
support the signal detection process. This is in the
spirit of others who have discussed the tendency to
undervalue observations from case reports.[®°! Be-
cause the types of events we describe are diverse but
relatively uncommon, pure gold and high-grade ores
do not substitute for reference events traditionally
used to test signal-detection tools. By themselves
they would constitute a quantitatively inadequate
and biased reference set. Rather, we believe that
they can supplement and enrich the usual approach-
es.
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