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of safety signals relating to rare events of atypical presentation, it needs to be completed with
pharmacoepidemiology activities for more common events, either multifactorial or frequently
classified as idiopathic. The pharmacoepidemiological monitoring developed in Europe was elab-
orated before the first SARS-Cov-2 vaccines where marketed, taking into account the lessons
learned from the vaccination campaign against 2009 A (H1N1) influenza. It includes numer-
ous academic studies as well as studies performed within vaccines risk management plans. In
terms of safety, those defined a priori mostly concerns a list of pre-established health events
of specific interest. Aside of these planned activities, ad-hoc studies will be latter developed
on purpose to investigate safety signals or potential signals that could be identified as the
result of pharmacovigilance activities. Aside of these regulated activities, as for today, very
few studies have been published regarding SARS-Cov-2 vaccines; most of the existing consist in
preprints that should be considered with caution. Pharmacoepidemiology of vaccines is thought
to allow near-real time monitoring that needs sufficient time to provide with valid results. In the
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constant urge for information that accompanies COVID-related science, it is important not
to make haste the enemy of speed and to let pharmacoepidemiology provides with what it
is expected to do: rock-solid scientific information contributing to evidence-based decision-

making.
© 2021 Published

by Elsevier Masson SAS on behalf of the Société francaise de pharmacologie et de thérapeutique.

Abbreviations

ACCESS vACCine covid-19 monitoring readinESS

AESI adverse event of specific interest

CNAM  French Health Insurance (Caisse nationale de
[’Assurance maladie)

COVID-19 coronavirus disease 2019

EMA European Medicines Agency

ENCEPP EMA European Network of Centers for Pharma-
coepidemiology and Pharmacovigilance

FDA Food and Drug Administration

GIS EPIPHARE Groupement d’intérétspécifique EPI-PHARE

mRNA  messenger RNA

RMP risk management plan
SARS CoV-2 severe acute respiratory syndrome coronavirus
2

SPEAC Safety Platform for Emergency vACcines

Introduction

The marketing authorization granted to vaccines indicated
for the prevention of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and severe infection
was accompanied by reinforced safety monitoring plans.
These concerns the four vaccines currently authorized in the
European Union, two mRNA vaccines (the Pfizer-BioNTech
Comirnaty® and the Moderna® SARS-CoV-2 messenger RNA
[mRNA]-1273 vaccine) and two adenovirus-vector based vac-
cines (the Oxford AstraZeneca Vaxzevria® and the Janssen
COVID-19 Ad26.COV2-S [recombinant] vaccine).

The implementation of these enhanced measures was
part of the usual logic of post-marketing surveillance of
new health products, particularly innovative ones. It was
also especially adapted to the context of post-marketing
monitoring of drugs developed according to the usual sci-
entific standards of quality but in an accelerated schedule,
a context likely to increase the mistrust specifically linked
to vaccines in the population.

In Europe, the reinforced surveillance system in place
relies on the complementary strengths of pharmacovigilance
and pharmacoepidemiology.

For the early identification of safety signals, the perfor-
mance of pharmacovigilance and the analysis of spontaneous
reporting databases are unequalled to date [1]. From a
limited number of very unusual cases, pharmacovigilance

activity can allow detecting very quickly safety signals
relating to adverse effects not previously identified dur-
ing preclinical or clinical studies including large phase llI
randomized clinical trials. This ability to rapidly spot such
safety signals is due to the extraordinary surveillance capac-
ity of the globalized pharmacovigilance system to which
each country or group of countries contributes.

In the case of France, as detailed in the article by Micallef
et al., the cases reported continuously to the system are
analyzed daily by the Regional Pharmacovigilance Centers
[2]. The results of this medico-pharmacological analysis,
together with the information on the case that is com-
pleted whenever necessary by a return to the reporter, are
also transmitted daily to the National Pharmacovigilance
Database. Shared at the European level, this information
and the synthesis of the expertise that is carried out each
week allows for the detection of safety signals in real time,
the only limits of which are linked to: 1- the analysis and
processing capacities (in terms of human resources), 2- the
frequency of occurrence and notification of adverse events
(also relating to the rhythm of the vaccination campaigns
and the number of vaccinated subjects), and 3- the possi-
bility of identifying cases with an atypical presentation.

The rapid identification in the European Union of
AstraZeneca vaccine Vaxzevria® adverse reactions consisting
in venous thromboembolism of atypical locations, whether
or not accompanied by thrombocytopenia, is a perfect illus-
tration of the capabilities and strength of this activity [3].
It is also a perfect example of the type of events for which
these capacities are maximal: rare events of atypical pre-
sentation.

The limits of the detection of safety signals based on
the pharmacovigilance clinical and pharmacological analy-
sis of individual cases are, on the other hand, marked when
it comes to events of common occurrence in the popula-
tion and which presentation in the reported cases does not
present any particular specificity. In this case they are even
more important for common events which are generally of
multifactorial origin [4]. It is also limited for events that
can be less frequent but for which the etiological research
is often negative and for which a conclusion of idiopathic
origin is common in the current state of knowledge.

For these events, the pharmacovigilance analysis must
be completed by a pharmacoepidemiological analysis [5,6].
However, this analysis cannot be general and extended to
all events, as is the case for pharmacovigilance. This is
because it is not based on a generalized system, with spe-
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cific resources, and shared between countries, which would
ensure a permanent data watch. And because the data
sources that it can use are not adapted to the study of all
types of effects.

For these reasons, the pharmacoepidemiological surveil-
lance of vaccines indicated for the prevention of coronavirus
disease 2019 (COVID-19) infection is necessarily targeted.
For these reasons also, it is necessarily delayed in time
compared to the pharmacovigilance evaluation. At best,
pharmacoepidemiological assessment of vaccines can thus
consist in near-real time evaluation [7].

These characteristics explain the modalities chosen for
the pharmacoepidemiological surveillance of vaccines indi-
cated for the prevention of COVID-19 infection, which are
latter detailed. These modalities have been elaborated by
regulators considering the lessons learned from the last
worldwide mass vaccination campaign performed during the
2009 A (H1N1) influenza virus pandemic for which delays
could be prolonged between the emerging of an interro-
gation and the final pharmacoepidemiological answer that
could be provided, as it was the case for narcolepsy [8—10].

Pharmacoepidemiological strategies and
planned activities for SARS-CoV-2 vaccine
monitoring

In order to allow the near-real time pharmacoepidemiologi-
cal evaluation of SARS-CoV-2 vaccines to provide with some
results as early as possible, an important common monitor-
ing plan has been developed for all vaccines to be marketed
in this indication in Europe.

This focuses on a list of health events of specific interests,
determined with regards to the safety issues or questions
that can have concerned existing vaccines indicated for the
prevention of other diseases and with regards to health
events constituting specific complications of SARS-CoV-2
infections.

The list of these adverse events of specific interests has
been defined by the Safety Platform for Emergency vACcines
(SPEAC) and the Brighton Collaboration, and was com-
pleted in Europe with additional events. It initially included
enhanced disease following immunization, multisystem
inflammatory syndrome in children, acute respiratory dis-
tress syndrome, acute cardiovascular injury, coagulation
disorder, acute kidney injury, acute liver injury, generalized
convulsion, Guillain-Barré syndrome, meningoencephali-
tis, acute disseminated encephalomyelitis, anosmia and
dysgueusia, chilblain—like lesions, single organ cutaneous
vasculitis, multiform erythema, anaphylaxis, acute aseptic
arthritis, thrombocytopenia. It was completed in Europe
with narcolepsy, transverse myelitis and events relating
to pregnancy outcome (preterm birth, major congenital
anomalies, microcephaly, fetal growth restriction, gesta-
tional diabetes, preeclampsia, termination of pregnancy for
fetal anomaly, neonatal death, and spontaneous abortions
and stillbirth).

In Europe, the European Medicines Agency (EMA) con-
tracted with the vACCine covid-19 monitoring readinESS
(ACCESS) consortia [11], coordinated by the Utrecht Univer-
sity, to conduct the pharmacoepidemiological monitoring of

the COVID vaccines. The developed monitoring plan com-

prises:

e activities allowing to determine baseline incidence rates;

e activities allowing to assess the effectiveness of COVID-19
vaccines in preventing hospitalizations for COVID-19 and
mortality due to COVID-19;

e Jctivities allowing to monitor and assess the safety of
COVID vaccines in real-life setting.

These includes first field cohort studies with solicited
adverse event reporting aiming to assess the incidence
of adverse events in vaccinated subjects. Noticeably, the
European study there used common procedures elaborated
disregarding the informatics infrastructure of pharmacovig-
ilance systems. This will potentially be responsible for
pharmacovigilance overload as the solicited reporting is
likely to retrieve an important amount of common side
effects (e.g. reactogenicity, headache, nausea) of no inter-
est for signal detection, little interest for safety monitoring,
and high treatment burden for pharmacovigilance systems
which will have to treat these data as any other report.

Aside of these, these mostly include study per-
formed through the secondary use of electronic healthcare
databases (German, Dutch, Danish, Spanish, Italian, British,
Norwegian, and French). In those, detection analyses will
be run in first step, which results will be enriched by rapid
assessments using ecological or self-control risk interval
methods, before ad-hoc studies are performed if needed to
confirm/finally quantified risk increase and associations.

Similar activities including rapid cycle analyses and ulte-
rior ad-hoc studies investigating specific safety signals are
planned by the US Food and Drug Administration (FDA) in
the context of the Sentinel Network activities.

Finally, national regulators also have scheduled some
pharmacoepidemiological activities, as it is the case in
France through the ‘‘Groupement d’Intérét Spécifique EPI-
PHARE’’ (GIS EPI-PHARE), a joint structure from the French
ANSM and the French Health Insurance (CNAM). Only its gen-
eral action programme (SARS-Cov-2 vaccine monitoring) is
known to date [12]. These activities are notably facilitated
by the collection of specific national data regarding vac-
cines, COVID hospitalizations and COVID screening tests in
addition to the usual health care reimbursement collected
data, which will be soon made accessible to all researchers
by the French Health Data Hub.

In addition to the regulators actions, the risk mana-
gement plans accompanying marketing authorization also
include some specific pharmacoepidemiological studies to
be led by the pharmaceutical companies [13—16].

The Comirnaty® Pfizer-BioNTech risk management plan
thus includes four non-interventional studies to be per-
formed from. These comprise three secondary databases
analyses aimed at estimating incidence rates of safety
events of interest, one in a cohort of US active military and
their families, one in a cohort of US veterans, and one in
a cohort of COVID-19 vaccinated subjects in the EU, and a
field cohort study of vaccinated EU citizens which will mon-
itor the safety of the vaccine in real-world setting. Similar
studies are comprised in the Vaxzevria® Oxford AstraZeneca
vaccine risk management plan, which includes a pregnancy
subcohort, and which planned secondary health data sources
studies both aims at assessing baseline incidences and
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estimating relative risk of safety concerns including adverse
event of specific interest (AESIs) among all populations
targeted for vaccination and in specific populations as in
patient with immunodeficiency or treated with immunosup-
pressants. The Moderna® SARS-CoV-2 mRNA-1273 vaccine
risk management plan also includes a pregnancy study and
pharmacoepidemiological studies aiming to provide AESIs
incidence as well as association estimates using US and EU
secondary datasources.

Finally, all vaccines risk management plan (RMP) addi-
tionally include studies aiming to evaluate the effectiveness
of the vaccines in real-world setting.

Pharmacoepidemiological data and
publication regarding SARS-CoV-2 vaccines
monitoring

As of 2021 May the 10th, very rare publications have been
done regarding these vaccines. The earlier one consisted in
a study of vaccine hesitancy [17]. The first available phar-
macoepidemiology data concerned Israel, which vaccinated
rapidly and massively. Dagan, et al. were thus able to quickly
confirm experimental data regarding the effectiveness of
Comirnaty® Pfizer-BioNTech vaccine in population by using
Israel’s health care organization data for almost 600,000
vaccinated subjects [18]. Indeed, Israel is today the coun-
try with the largest cohort of patients fully vaccinated with
two doses of Comirnaty® Pfizer-BioNTech vaccine (72% of
the 6.5 million people on April 3, 2021) allowing to highlight
the effectiveness in preventing SARS-CoV-2 infections and
COVID-19-related hospitalizations, severe disease, or death
[19].

In the following, researchers from Scotland associated
with the Scottish Health Insurance have released data from
a similar study demonstrating the effectiveness of a first-
dose of Comirnaty® Pfizer-BioNTech or Vaxzevria® Oxford
AstraZeneca vaccines [20]. More recently, an observed to
expected study was published analyzing the possibility that
the reporting of venous thrombosis with Vaxzevria® Oxford-
AstraZeneca vaccine would be coincidental [21]. The latter
appeared to provide an answer to a question that did not
correspond to the interrogation existing at that time, that
already targeted specific uncommon venous thrombosis and
not any venous thrombosis. Focusing on a much larger group
of events was thus heavily at risk of conveying a dilution
bias. Additionally, as always for such analyses, it needed to
warn strongly against results that compare expected based
on incidence data, and observed based on reporting ones.
For such type of analyses, as reporting is not meant to reflect
incidences, negative results are so often the rule that they
should always be considered with caution.

Finally, as usual since the start of the COVID pandemic,
some publications have arisen that did not go through the
peer-review process to date.

This is both the case for the AESI incidence estimate
results provided by the ACCESS and the OHDSI consortia, the
first of which can be accessed through the EMA European
Network of Centers for Pharmacoepidemiology and Phar-
macovigilance (ENCEPP) [22], and the second on the now
well-known preprint Medrxiv platform [23].

Additionally, and very lately, a study was published by
Oxford researchers that compared the risk of venous cere-
bral thrombosis in patients vaccinated with mRNA vaccines
and in patients infected with SARS-CoV-2 [24]. Using a differ-
ent datasource, the authors completed their investigation
by evaluating also the risk for patients vaccinated with
Vaxzevria®. Many comments can be made regarding this
study, the first of which questioning the relevancy of com-
paring the risk of such events in healthy vaccinated vs.
infected. The very recent publication on Nationwide health-
care registers in Denmark and Norway could constitute the
perfect counter-example, both in term of methodological
robustness and in term of compliance to the peer-review
process [25]. This study showed increased rates of venous
thromboembolic events, including cerebral venous throm-
bosis, with Vaxzevria® vaccine. The authors highlighted and
remind that these events, which remain rare, should be con-
trasted with the proven beneficial effects of the vaccination.

Let’s hope here that preprints and non-validated results
will not turn deleterious. No one will disagree that near-real
time monitoring and early pharmacoepidemiological results
are of utmost need in the context of SARS-CoV-2 vaccine
surveillance. But to be more accurate, the real need is of
pharmacoepidemiological valid results. In the context where
vaccination is of such importance, and trust in vaccines
is always frail, validity and methodological compromises
should never be the price to pay for earlier results. This is
partly what led to hydroxychloroquine false hopes, this must
not be what would compromise the true ones SARS-CoV-2
vaccines are.

Conclusion

A tremendous effort of pharmacoepidemiological moni-
toring has been developed to accompany and complete
pharmacovigilance activities in the context of the enforced
surveillance systems implemented for SARS-CoV-2 vaccines.
Most of it has been carefully planned and prepared to allow
these real-time monitoring activities, the first results of
which have already been make public but did not go through
peer-review.

A former EMA Pharmacovigilance Risk Assessment Com-
mittee chair used to wisely say ‘‘Let’s not better be the
enemy of good’’. In the context of SARS-CoV-2 monitoring,
the publication of its results, and the urge for information
both arising from the publics and the politics, it would also
be wise to give pharmacoepidemiology science the times it
need to provide with valid results concerning SARS-CoV-2
vaccines, and not to make haste the enemy of speed.
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