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ABSTRACT
Background and Objective The availability of accurate product-specific exposure information is essential in the pharmacovigilance of
biologicals, because differences in the safety profile may emerge between products containing the same active substance. In spontaneous
adverse drug reaction (ADR) reports, drug exposure may, however, be misclassified, that is, attributed to the incorrect product. The aim
of this study was to explore the effect of exposure misclassification on the time to detection of product-specific risks in spontaneous reporting
systems.
Methods We used data simulations to explore the effect of exposure misclassification. We simulated an active substance-specific subset of
a spontaneous reporting system and used the proportional reporting ratio for signal detection. The effect of exposure misclassification was
evaluated in three test cases representing product-specific ADRs that may occur for biologicals and studied in relative terms by varying the
model parameters (market share and relative risk).
Results We found that exposure misclassification results in the largest delay in identification of risks that have a weak association (relative
risk< 2 or 3) with the product of interest and in situations where the product associated with the unique risk has a large (>50%) market share.
The absolute public health impact of exposure misclassification, in terms of cases/time to detection, varied considerably across the test cases.
Conclusion Exposure misclassification in ADR reports may result in a delayed detection of product-specific risks, particularly in the
detection of weak drug–event associations. Our findings can help inform the future implementation and refinement of product-specific
and batch-specific signal detection procedures. Copyright © 2015 John Wiley & Sons, Ltd.
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INTRODUCTION

The availability of accurate exposure information is
essential in pharmacovigilance. Incorrect information
regarding an individual’s exposure status, including
underascertainment and misclassification of exposure,
may bias measures of association in drug safety

research.1–3 There are multiple facets to the character-
ization of exposure (product, dosage, treatment com-
pliance, etc.), and the required level of detail depends
on the drug–event combination under study. Adverse
drug reactions (ADRs) can be evaluated at different
levels (Figure 1), most typically on the level of the
active substance (e.g., progressive multifocal
leukoencephalopathy associated with rituximab,4) or
therapeutic group (‘class effects’, e.g., infections with
tumor necrosis factor alpha inhibitors).5 Evaluations
for manufacturing source-specific risk are uncommon
for small-molecule drugs, notwithstanding exceptions
like bowel perforation with Indosmos,6 but are
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routinely required for biologicals. The safety profile of
biologicals is highly dependent on the manufacturing
conditions and formulation process, and variability in
these conditions within or across products, could
potentially result in product-specific or batch-specific
risks. An example hereof is the risk of epoetin-
associated pure red cell aplasia, which was linked to
a single manufacturing source of epoetin for which
formulation changes had been issued (Eprex).7

Because subtle differences in manufacturing condi-
tions for biologicals may give rise to previously
unobserved adverse reactions, product-specific and
batch-specific information is required for adequate safety
evaluations of biologicals.8 Previous studies have shown
that batch-specific data is infrequently available in
spontaneous ADR reports,9–12 although product-specific
exposure information is commonly provided for biolog-
icals.10–12 The validity of the product and batch informa-
tion is, however, unknown. Reporters may, for example,
habitually provide a brand name, without verifying the
actual product dispensed or used. The recently reported
discrepancy between the high market share, but low
number of ADR reports for generics,13,14 suggests that
ADR reports could sometimes be incorrectly attributed
to branded innovator drugs in clinical practice. This mis-
attribution of generic-associated ADRs to innovator
products in spontaneous ADR reports could result in a
delayed detection of potential product-specific safety sig-
nals, although no examples hereof have been reported in
literature, to our knowledge.
Because the number of biosimilars is expected to

expand over the coming years,15–17 product-specific
safety evaluations of biologicals will become increas-
ingly important. Spontaneous ADR reports are essen-
tial in product-specific pharmacovigilance. Many
recent product-specific signals for biologicals that
emerged after approval have been detected through
case reports.7,18,19 Regular screening of spontaneous
reporting system databases for undiscovered product-

specific safety signals may contribute to a timelier
identification of product-specific risks, allowing for a
timely implementation of risk mitigation strategies.
Such screening involves the use of quantitative signal
detection methods, in which the relative reporting of
a given drug–event combination is compared to the
relative reporting of that event for all similar biological
products.20,21 For example, data for Eprex should be
assessed in relation to the aggregated data on all other
products containing the active substance epoetin alfa.
Drug exposure misclassification (i.e., between similar
products) may however distort such product-specific
signal detection procedures, though the actual impact
hereof is unknown. In this study, we therefore aimed
to explore the effect of exposure misclassification on
the time to detection of product-specific risks in spon-
taneous reporting systems.

METHODS

We used data simulations to explore the effect of ex-
posure misclassification. We simulated an active
substance-specific subset of a spontaneous reporting
system, in which the proportional reporting ratio
(PRR) was used for signal detection. The effect of ex-
posure misclassification was evaluated in absolute
terms (cases/time to detection) in three test cases
representing product-specific ADRs that may occur
for biologicals. Furthermore, the overall impact of
exposure misclassification was studied by varying the
model parameters and assessing the effect of misclas-
sification in relative terms.

DATA SIMULATION PROCEDURE
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Figure 1. Different levels of exposure information.
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database for a given drug–event combination (Ni, j) can
be approximated by the following equation:22–24

Ni;j ¼ Ii �Ej �RRi;j �pi;j
In this equation, Ii describes the background inci-

dence of event i in the treatment population, Ej

describes the patient exposure to drug j; RRi,j describes
the relative risk of event i for patients exposed to drug
j, and pi,j describes the reporting probability for the
drug–event combination. The reporting probability is
determined by many factors, including, but not limited
to, the seriousness and expectedness of the event, and
the time since initial marketing of the drug.

Spontaneous reporting system database

As schematically represented in Figure 2, signal
detection from a spontaneous reporting system data-
base is based on a cross-tabulation of all drug–
event combinations (Ni,j) that have been reported
at least once. In this study, we only simulated a
substance-specific subset for similar biological prod-
ucts of the database.

Signal detection method

Several measures of disproportionality are available to
screen spontaneous reporting systems for unidentified
associations between drug exposures and events.20,21

Most measures are—in essence—based on a two-by-
two cross-tabulation of the database (Figure 2), com-
paring the relative reporting for a given drug–event
combination to the relative reporting of that event for
other drugs. For this study, we used the PRR for signal
detection, which method is also used by the European
Medicines Agency.25 Drug–event combinations for
which at least three reports have been received, and
for which the lower bound of the 95% confidence
interval (95%CI) for the PRR is at least 1, are consid-
ered to represent signals of disproportionate reporting
(i.e., safety signals):

PRR ¼ A= Aþ Bð Þ
C= C þ Dð Þ

95% CI ¼ eln PRRð Þ±1:96
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1
Aþ1

C� 1
AþB� 1

CþD

p

TEST CASES FOR DATA SIMULATION

Three test cases with product-specific ADRs were se-
lected for this study, for which the characteristics of
the drug–event combination were estimated from liter-
ature sources (Box 1). Each of the test cases contained
one unique ADR (event) that has a true association
(RRi,j>1) with one product, but no association (RRi,

j=1) with any of the similar products. In two cases,
the background incidence of this unique event was
low (≤25/100,000patient-years) and the relative risk
high (RR≥5), whereas, in the third case, the back-
ground incidence was high (5,000/100,000patient-
years) and the relative risk low (RR=1.5). The com-
bined incidence of all other ADRs was equal for all
products. The reporting probability was assumed
non-differential and 0.1 for any drug–event combina-
tion. The full list of model parameters assumptions
for the test cases is provided in Table 1.

Box 1. Background information on test cases.

Case 1: Hypersensitivity reactions to infliximab

Hypersensitivity reactions (HSR), including infusion-
related reactions, are a common ADR of infliximab.
In recent studies, between 3% and 10% of the patients
experienced HSR during infliximab treatment.26 The
risk was higher among patients who had developed
antibodies to infliximab, and numerically (albeit not sta-
tistically significant) differed between similar
infliximab-containing products, with a factor of 1.25-
fold to 3-fold across studies. Although the differences
in incidence of HSR may have been a chance finding,
potential differences in immunogenicity between prod-
ucts, which is known to be associated with an increased

Figure 2. Schematic representation of spontaneous reporting system database (left) and two-by-two cross-tabulation of spontaneous reporting system (right).
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risk of infusion-related reactions,27 may have contrib-
uted to the observed differences.

Case 2: Interferon beta-induced thrombotic
microangiopathy

Thrombotic microangiopathies (TMA) comprise a di-
verse group of severe microvascular occlusive disorders
associatedwith haemolytic anaemia, thrombocytopenia,
and organ injury.28 A recent case series described the
unexpected occurrence of TMA amongmultiple sclero-
sis patients treated with Rebif™ (interferon beta-1a).19

Because the increase in TMA cases (no data on relative
risk available) coincided with the introduction of a new
formulation of Rebif™, the risk has been suspected to
relate to changes in manufacturing conditions. The
cases of Rebif™-associated TMA predominantly com-
prised thrombotic thrombocytopenia purpura and
hemolytic-uremic syndrome. Both disorders are ex-
tremely rare, and the combined population incidence
has been estimated to be between 2.2 and 11.3 per
1,000,000person-years,29,30 although the background
incidence in multiple sclerosis patients is unknown.

Case 3: Epoetin alfa-induced pure red cell aplasia

Pure red cell aplasia (PRCA) is a rare condition of
profound anaemia, which may occur as a result of
anti-erythropoietin antibodies, secondary to treatment
with recombinant human erythropoietin (epoetin). As
exemplified by previous incidents, the risk is highly
dependent on the manufacturing and formulation
process and may accordingly vary between different
formulations of epoetin.7,31 Recent data from
prospective registries showed that the background
incidence of PRCA among patients exposed to
epoetin alfa is between 14.0 and 35.8 per
100,000 patient-years.32 The incidence may how-
ever increase up to 17-fold, as estimated for the
post-manufacturing change formulation for Eprex.33

EVALUATION OF THE IMPACT OF EXPOSURE
MISCLASSIFICATION

Direction of exposure misclassification

In this study, we assumed misclassification of drug ex-
posure to be non-differential of the outcome (i.e., irre-
spective of the type of ADR) and to occur in one
direction only. That is, a varying proportion of all
events for the product associated with the unique risks
was misattributed to any of the similar products. We
thereby specifically aimed to study the impact of the
previously reported finding that reporters may tend to
misattribute generic-associated ADRs to innovator
products (i.e., in one direction). Also, considering that
the reporters are unaware of the specific product used
by the patient, the misclassification was considered to
be non-differential of the type of ADR reported.

Effect of exposure misclassification in test cases

For the three test cases, we calculated the number of
cases and years to detection of the unique risk,
along various levels (0–50%) of exposure misclassi-
fication. For this, we calculated the required patient
exposure to generate a safety signal in the spontane-
ous reporting system for each test case in the situa-
tion of no misclassification and compared this with
the situation in which exposure information was
misattributed. As described above, two conditions
should be met to generate a safety signal: [I] the
lower-bound of the 95% CI of the PRR should be
at least one, and [II] at least three reports should
be available for the drug–event combination. The re-
quired patient exposure to generate a safety signal
was calculated by combining the two conditions
with the equation for the expected number of spon-
taneous ADR reports for a given drug–event combi-
nation (Ni,j), as further explained in the Supporting
Information.

Table 1. Parameter values for data simulations

Test cases

Parameter HSR—infliximab TMA—interferon beta PRCA—epoetin alfa Overall impact assessment

Background incidence unique event
(per 100,000 patient-years)

5000 10 25 1:100*

Relative risk for unique event 1.5 5 17 [1.5; 3; 5; 10; 15]
Incidence all other events
(per 100,000 patient-years)

10,000 10,000 10,000 100:1*

Reporting probability 0.1 0.1 0.1 n/a
Total market (patients per year) 50,000 50,000 100,000 n/a
Market share product with unique risk 50% 50% 50% [5%; 50%; 95%]

PRCA, pure red cell aplasia, TMA: thrombotic microangiopathy; HSR, hypersensitivity reactions.
*The incidence rate ratio between the unique event and all other events is 1:100.
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All simulations were performed in Microsoft Excel
2013 (Microsoft, WA, USA). The tool we developed
can be used to test additional scenarios and can be
freely downloaded from escher.tipharma.com/tool.

Overall impact assessment of exposure
misclassification

The overall impact of exposure misclassification was stud-
ied in general terms by varying the model parameters (rel-
ative risk and product market share) as described in Table 1
and assessing the effect of misclassification (0–99%) in
relative terms. A number of model parameters (total patient
exposure and background incidence unique event) were
not included in this evaluation, because these parameters
do not impact on the relative effect.

RESULTS

The analyses on the three test cases gave insight in the
range of absolute effects of misclassification that can
be expected in real-life signal detection, whereas the
overall impact assessment shows which parameters
are most affected by exposure misclassification.
For the case of hypersensitivity reactions to infliximab,

which assumes a high background incidence but weak as-
sociation with the product of interest (RR=1.5; Table 1),
we observed a large impact of exposure misclassification.
As shown in Figure 3, the product-specific increased inci-
dence is detectable through signal detection after the oc-
currence of 956 cases (of which 10% is assumed to be

reported), which takes 0.5years, in the situation where
all ADR reports are attributed to the correct product (no
misclassification scenario). In a scenario of 20% exposure
misclassification, an additional 478 cases are required to
detect the product-specific risk, taking an additional
0.25years. This corresponds to a 49% increase in time
and cases as compared with situation with no misclassifi-
cation. A doubling in cases and time to detection of the
product-specific risk was observed in the scenario of
34% misclassification.
As shown in Figure 4, a smaller impact of exposure

misclassification was observed for the case of throm-
botic microangiopathy with interferon beta, which as-
sumed a low background incidence but relatively
strong association (RR=5) with the product of interest.
In the scenario of 20% misclassification, an additional
30 cases are required, taking an additional 2.4years to
detect the product-specific risk. This corresponds to a
34% increase in cases and time as compared with situ-
ation with no misclassification. A doubling in cases
and time to detect the product-specific risk was ob-
served in the situation of 40% misclassification.
For the case of epoetin alfa-induced PRCA, which as-

sumes a low background incidence and very strong as-
sociation (RR=17) with the product of interest, we
observed only a modest impact of exposure misclassifi-
cation. As shown in Figure 5, up to 22% misclassifica-
tion will not result in a delayed identification of the
safety signal, but, in contrast, in an earlier identification.
This finding may be explained by the fact that low levels
of exposure misclassification ensure that sufficient data
is available in the reference category (i.e., PRCA cases
for other products) for the disproportionality measure
to reach statistical significance. It should, however, be

‡See Table 1 for model parameter assumptions. *In absence of exposure
misclassification, it takes 956 cases/ 0.5 years (assuming 90% underreporting)
to detect the product-specific risk.
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Figure 3. Effect of exposure misclassification on the ability to detect a product-specific risk for hypersensitivity reactions to infliximab.‡
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noted that the detection of product-specific risks is in
similar scenarios, in which an event with a low back-
ground incidence has a (very) strong association with
one product, is mainly determined by the required time
to have at least one case in the reference category. This
was, however, not a condition in our model in which
continuous variables (i.e., also values smaller than
one) were allowed, and the actual impact of exposure
misclassification may therefore even be smaller within
similar scenarios.

In relative terms, the effect of exposure misclassifi-
cation was found to be mostly dependent on the
market share of the product, and to a lesser extent of
the relative risk of the unique risk. As shown in
Figure 6, for products with a low market share, 50%
misclassification will result in an approximate 100%
delay (i.e., doubling in cases and time) to recognition
of new safety signals, largely irrespective of the rela-
tive risk of the event (Figure 6(A)). By contrast, for
products with a high market share, 5% misclassifica-
tion will already result in a doubling in cases and time
to detect new safety signals with a low relative risk
(Figure 6(C)). As shown in the situation for products
with a 50% market share (Figure 6(B)), the relative
delay increases with lower relative risks.
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§See Table 1 for model parameter assumptions. *In absence of exposure
misclassification, it takes 89 cases/ 7.1 years (assuming 90% underreporting)
to detect the product-specific risk.
¶See Table 1 for model parameter assumptions. *In absence of exposure
misclassification, it takes 88 cases/ 0.4 years (assuming 90% underreporting)
to detect the product-specific risk.
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DISCUSSION

This study shows the effect of exposure misclassifica-
tion (i.e., incorrect exposure attribution) in spon-
taneous ADR reports on the time to detection of
product-specific risks in spontaneous reporting sys-
tems. More specifically, we focussed on situations
where product-specific signal detection is performed,
and an ADR associated with one particular product
(e.g., a biosimilar) is incorrectly attributed to another
product containing the same active substance (e.g., the
innovator) or vice versa. We found that exposure
misclassification results in the largest delay in the
identification of risks that have a relative weak associ-
ation with the product of interest and in situations in
which the product associated with the unique ADR
has a large market share. By contrast, the detection of
strong drug–event associations was found to be rela-
tively robust to low levels of exposure misclassifica-
tion. The absolute public health impact of exposure
misclassification, in additional time and cases to
detection of the product-specific risk, is highly
dependent on the characteristics of the drug–event
combination (patient exposure, background incidence
event, etc.) and should therefore be assessed on a case-
by-case basis.

The finding that the identification of strong drug–
event associations is particularly robust to the effects
of exposure misclassification is important. Spontane-
ous reports are highly effective in detecting events that
are strongly associated with a certain exposure, but
have a low background incidence in the treatment pop-
ulation. Well-known examples hereof include the risk
of progressive multifocal leukoencephalopathy with
natalizumab,34 rhabdomyolysis with cerivastatin,35

and the occurrence of congenital anomalies with thali
domide.36 Events that are, by contrast, only weakly as-
sociated with a certain exposure but occur with a rela-
tive high background rate are particularly difficult to
detect. From the reporter’s perspective, it may be diffi-
cult to recognize commonly occurring events (e.g., car-
diovascular disease) as drug-induced, particularly
when the drug only imparts a small risk.37 Moreover,
as previously demonstrated,23 only strong associations
may sufficiently ‘compensate’ for the variability in
reporting to generate a signal in a spontaneous
reporting system. For the detection of weak drug–event
associations, which nevertheless may have a significant
public health impact (e.g., cardiovascular events with
rofecoxib38), one should therefore resort to other
methods, and the observed effect of exposuremisclassi-
fication in spontaneous reporting may be less relevant.

Figure 6. Delay in identification of product-specific safety signals (in percentage terms) through exposure misclassification, stratified by market share and
relative risk.
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A second finding from our study was that the prod-
uct market share largely determines the relative impact
of exposure misclassification. While a doubling in
time and cases to detection was observed when 50%
of the ADR for products with a low (5%) market share
were misattributed, a similar effect was already ob-
served when 5–10% of the ADR reports for products
with a high (95%) market share were misattributed.
The finding that products with a low market share
are more robust to exposure misclassification is impor-
tant, as it may be expected that the potential for mis-
classification will be higher for these products. For
example, when a new product is gradually taken up
in clinical practice, healthcare professionals and pa-
tients may initially not be familiar with the new prod-
uct and, therefore, more likely to incorrectly attribute
the ADR to the innovator product.
In this study, we focused on the occurrence of

product-specific ADRs among biological, and explored
the effect of exposure misclassification in product-
specific signal detection procedures. Our findings may,
however, also apply to evaluations for other manufactur-
ing source-specific risks. Previous studies have, for
example, shown that quantitative signal detection
methods could also be used to study potential formu
lation-specific (e.g., haemolytic events with liquid and
lyophilized formulations of immunoglobulin39) and
batch-specific ADRs (e.g., local reactions and fever with
different batches of pandemic influenza vaccines40).
Within batch-specific signal detection methods, the
ADRs reported for a single batch are compared with
the ADRs reported for all other batches of the same prod-
uct. Although misclassification on the batch level may
resemble the effects observed in this study, it is consid-
ered unlikely that reporters may misattribute ADRs to a
specific batch, as was assumed for generic-associated
ADRs to innovator products in this study. The main
challenge for batch-specific safety evaluation is the gen-
eral poor availability of batch-specific exposure informa-
tion, as shown by previous studies,9–11 which may
hamper the timely identification of batch-specific safety
signals. It is important to note that quantitative signal
detection methods are not the only strategy through
which product-specific safety signals may be identified
in spontaneous reporting systems. Historically, the
detection of safety signals has been based on the manual
review of every ADR report sent to a spontaneous
reporting system. Such case-by-case evaluations are still
routinely carried out and play an important role in the
identification of new ADRs.41 These case-by-case eval-
uations may have a particular important role in the iden-
tification of strong drug–event associations. In this
study, we found that for very high relative risks, the

time/cases to detection of the signal is largely determined
by the time required to have at least one case in the ref-
erence category (i.e., for the products not associated with
the ADR). As this may result in a delayed detection of
the safety signal, the quantitative method could therefore
not be relied upon alone. Apart from this, it should be
noted that quantitative signal detection methods are only
used to highlight potential signals for further (manual)
review. For the actual confirmation of the safety signal,
a careful review of the individual case reports is required,
including a clinical assessment of the strength and likeli-
hood of the causal association. For such case-by-case
evaluations of ADR reports, it will be important to have
reliable data on the product-specific exposure, and the
impact of misattributed reports has not been evaluated.
In this study, we made several assumptions for the

data simulation procedure, which should be taken into
account when interpreting the results. First, we assumed
the ADR reporting patterns to be similar across similar
biological products, because no differences in reporting
probabilities can be expected when reporters are un-
aware of the product-specific exposure status. The actual
reporting pattern may in practice, however, very well
differ between similar biological products, as shown
by a recent analysis of the Italian pharmacovigilance da-
tabase.12 Patients and health professionals may particu-
larly be triggered to report ADRs for novel biosimilars,
as these products will be under increased scrutiny, which
could lead to the generation of false positive product-
specific signals. Also, the overall underreporting rate
was considered 90% in this study, irrespective of the
drug-event combination. In clinical practice, the
underreporting may, however, be highly variable, rang-
ing from 36% up to>99%, as shown by a systematic re-
view.42 As shown in Figure S1, the absolute impact of
exposure misclassification will be higher in scenarios
of higher levels of underreporting, though the relative
impact was unaffected in our simulation model.
A second point to consider is that we did not include

the underlying discrete probability distribution for the ex-
pected number of ADR reports in our model. As shown
in a previous simulation study,23 the expected variance
in reporting may result in the reporting of non-causal as-
sociations (i.e., false positive signals). Thirdly, we as-
sumed the misclassification to occur exclusively in one
direction and to be non-differential of the type of ADR
reported. These assumptions were made because we spe-
cifically aimed to explore the impact of the previously re-
ported finding that reporters may tend to misattribute
generic-associated ADRs to innovator products. Expo-
sure information may, however, instead also be
misclassified in two directions or reported on active sub-
stance level rather than product level. The latter will
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resemble the effect of underreporting, for which the im-
pact has been evaluated elsewhere.43

In conclusion, the present study is, to our knowledge,
the first study to evaluate the direction and magnitude
of the effect of incorrect exposure attribution in sponta-
neous ADR reports on the time to detection of product-
specific safety signals. The largest effect was observed
in the detection of weak drug–event associations,
although the absolute public health impact of exposure
misclassification was highly dependent on the charac-
teristics of the drug–event combination, such as the
patient exposure, and background incidence of the
event. Because the extent of potential exposure misclas-
sification in spontaneous ADR reports is currently
unknown, no recommendation on how to correct for this
issue in signal detection procedures can be provided,
other than raising awareness for this potential phe-
nomenon. With the increasing availability and use of
biologicals, including biosimilars, product-specific
safety evaluations will become increasingly important
in the near future. When product-specific signal detection
will be implemented in the upcoming years and methods
are refined for use in daily practice, it is therefore impor-
tant to keep in mind the challenges that we identified.
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KEY POINTS

• Signal detection procedures for biologicals should
be specific to the product, apart from to the active
substance, because differences in the safety profile
may emerge between products containing the same
active substance. Previous studies have, however,
suggested that reporters may tend to misattribute
generic-associated ADRs to innovator products.

• This simulation study shows the direction and
magnitude of the effect of exposure misclassifica-
tion (i.e., incorrect exposure attribution) in ADR
reports on the time to detection of product-
specific risks in spontaneous reporting systems.

• We show that exposure misclassification results
in the largest delay in identification of risks that
have a weak association with the product of in-
terest (RR<2 or 3) and in situations where the
product associated with the unique risk has a
large (>50%) market share.
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