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1. Abstract
Title

Post-Authorization Active Surveillance Safety Study Using Secondary Data to Monitor Real-
World Safety of Spikevax in Europe

Key words
Observational study; Multi-database study; COVID-19; Spikevax
Rationale and background

The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes the
coronavirus disease 2019 (COVID-19) and has led to a global pandemic. A mass vaccination
campaign has been underway in Europe since early 2021. Spikevax (elasomeran), is currently
authorised in the European Union and in the United Kingdom for use in persons 6 months of
age or older.

This Fourth Interim report was prepared according to the reporting schedule outlined in the
Study Protocol Version 1.3, dated 27 September 2022; and according to the SAP Version 2.0,
dated 17 June 2022.

Research question and objectives

The overarching research question of this study: Is the occurrence of each adverse event of
special interest (AESI) among persons vaccinated with Spikevax in Europe higher than the
occurrence of that AESI that would have been expected in the same population in the absence
of Spikevax?

Primary objective:

e To assess whether vaccination with Spikevax (by dose number where feasible and for
any dose) is associated with increased rates of the AESI compared with the expected
rates overall and stratified by country, sex, and age group.

Secondary objective:

e To assess whether vaccination with Spikevax is associated with increased rates of the
AESI compared with the expected rates in subpopulations of interest: women of
childbearing age, patients who are immunocompromised, patients previously diagnosed
with COVID-19 infection, patients with chronic health conditions, and patients with
autoimmune or inflammatory disorders.

In accordance with the reporting schedule, this Fourth Interim Report addresses selected
study objectives using data available in the most recent data extraction, covering up to 1.5
years after Spikevax availability.
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Study design

Per protocol, this study has two phases: signal detection and signal evaluation. For the signal
detection phase, a cohort design was applied to obtain age- and sex-standardised morbidity
ratios (SMRs) to compare observed vs expected AESI event in the Spikevax recipients. To
estimate the expected number of events, country-specific historical general population
background rates of the AESI were used. For identified signals, signal evaluation was
conducted using an AESI-appropriate study design, choosing between self-controlled designs
(self-controlled case series [SCCS] and self-controlled risk interval [SCRI]) and cohort design.
The cohort design was also applied in the study of the AESI vaccine-associated enhanced
disease (VAED). The cohort design was also used to describe cases of myocarditis and
pericarditis according to previous exposure to the COVID-19 vaccination.

Setting

This study is based on electronic, routinely collected data from regional databases or national
databases of the participating countries. Per protocol the participating countries (databases)
are Denmark (national registries), Italy (Agenzia Regionale di Sanita’ della Toscana, ARS),
Norway (national registries), Spain (Sistema d'Informacié per al Desenvolupament de la
Investigacié en Atencié Primaria, SIDIAP), and the United Kingdom (UK, Clinical Practice
Research Datalink, CPRD). All participating countries have universal health care for the
inhabitants, and their participating databases contain linkable routinely collected data from the
primary and/or secondary health sector, including information on births, deaths, vaccines,
diagnoses, and prescribed drug use.

Subjects and study size, including dropouts

Owing to lack of data access by the current data custodian, Italy (ARS) did not contribute to
this Fourth Interim Report. All individuals in a database-specific data extraction were eligible
for inclusion. Spikevax recipients were identified from 11 January 2021 until 31 December
2021 in Norway, until 21 March 2022 in the UK, and until 30 June 2022 in Denmark and
Spain. Cohorts of Spikevax recipients were defined separately for first, second, and third
Spikevax dose receipt. The expected events in the vaccinated were estimated based on
population-based, country-specific historical background rates of the AESIs estimated in each
participating database before the COVID-19 pandemic (2017-2019; for Norway 2018-2019).
Exclusion criteria were missing data on age and sex, and, for the Spikevax cohorts, receipt of
another type of COVID-19 vaccine on the date of a given Spikevax dose receipt. To ensure
inclusion of incident AESIs, persons with a given AESI in the 2 years before the follow-up start
were excluded from the analysis. Thus, the total data coverage from the lookback period for
the historical cohort until the end of the follow-up in the current analysis extended from 01
January 2015 until 30 June 2022.

Variables and data sources

This Fourth Interim Report includes available results from the databases in Denmark, Norway
Spain, and the UK. All participating databases have routinely collected data on COVID-19
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vaccines, diagnoses recorded in primary and/or secondary care, and outpatient dispensings of
prescription medications. The exposure was defined by record of a given dose of Spikevax.
The AESIs, subgroups, and other conditions were defined based on routinely recorded
primary- or secondary-care diagnoses, and/or medication proxies.

We assessed 38 AESIs, identified as important in studying vaccine safety. Furthermore, we
described cases of myocarditis and pericarditis.

In addition to prespecified stratifications on age and sex, subpopulations examined included
women of childbearing age, patients with chronic health conditions, patients with autoimmune
or inflammatory disorders, patients with indicators of immunocompromised status, and
patients previously diagnosed with COVID-19 infection. Covariates included age, sex, and
comorbidity burden as measured by the Charlson Comorbidity Index, markers of health care
resource utilization, and previous vaccinations. Availability of the covariates were database-
specific.

Main statistical methods

Incidence rates were computed and reported per 100,000 person-years. Persons with a
prevalent AESI event in previous 2 years were excluded from computation of a given AESI
rate. Based on observed vs expected counts, country-specific standardised morbidity ratios
(SMRs) were estimated overall and stratified on sex, and age groups. An SMR = 2.0 based on
a case count = 5 was defined as signal and are examined further in signal evaluation. The
signal evaluation analysis was restricted to the AESIs that were identified as signals in the
Third Interim Report and fulfilled the criteria for being evaluated using the SCCS design. In the
SCCS the incidence rate ratios (IRRs) were estimated using the standard published methods.
For each AESI the main signal evaluation analyses were conducted for specified populations,
doses, and risk windows. In a series of sensitivity analyses, robustness of the main analyses
was tested against alternating doses, populations, risk windows, and censoring rules. In the
cohort design of VAED, logistic regression was used to estimate crude and adjusted odds
ratios.

Results

Per the Protocol’s reporting schedule, the Fourth Interim Report includes available preliminary
results from Denmark, Norway, Spain (SIDIAP), and the UK (CPRD). The following results are
included: population description and selection for Denmark, Norway, Spain, and the UK; crude
AESI rates in historical and Spikevax cohorts for Denmark, Norway, and Spain; signal
detection for Denmark, Norway, and Spain in analyses stratified on age and sex (not analyses
stratified on subpopulations); signal evaluation for Denmark, Norway, and Spain; analysis of
VAED in Norway; description of cases of myocarditis and pericarditis in Denmark and Norway.

During the study period covered by the current data extraction, the number of eligible
Spikevax recipients with at least one dose of Spikevax and no previous record of a COVID-19
vaccine was 564,137 in Denmark, 543,429 in Norway, 621,240 in Spain, and 228,889 in the
UK. Rates of the AESI varied widely across the databases. The variation is attributable both to
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the database characteristics, to algorithm refinement activities that are in progress within the
VAC4EU network, and to data limitations (specifically, in Norway, inflation of some rates was
due to lack of specific diagnosis subcodes in the current data extraction, which will be
corrected for the final report).

We identified more than 50 strata with SMR =2.0 based on =5 Spikevax-exposed cases in at
least one country for the AESIs diabetes type 1, idiopathic thrombocytopenia, heart failure,
myocarditis, pericarditis, pulmonary embolism, splanchnic vein thrombosis, coagulation
disorders, acute liver injury, acute kidney injury, generalised convulsions, acute respiratory
distress syndrome, anosmia/ageusia, multisystem inflammatory syndrome, and death of any
cause. There were a maximum of 11-50 signals in at least one country for the AESIs
microangiopathy, coronary artery disease, arrhythmia, cerebrovascular disease, single organ
cutaneous vasculitis, encephalitis/meningoencephalitis, Bell’s palsy, erythema multiforme, and
anaphylaxis. We did not identify any signals for narcolepsy, cerebral venous sinus thrombosis,
Kawasaki disease, transverse myelitis, and sudden death. For the remaining AESIs, there was
a maximum of 10 signals for each country. Most signals were detected in Spain (SIDIAP).

In the SCCS signal evaluation analyses, incidence rate ratios with point estimates exceeding
1.5 were observed in at least one of the three countries for the AESIs (idiopathic)
thrombocytopenia, stress-induced cardiomyopathy, myocarditis, pericarditis, splanchnic vein
thrombosis, Acute liver injury, Generalised convulsions, anaphylaxis, and Vaccine-induced
immune thrombotic thrombocytopenia. The largest effect sizes were observed for myocarditis
and pericarditis.

No indication of VAED was identified in Norway, the only country for which these analyses
were performed in this Interim Report. Concerning cohort analyses of myocarditis and
pericarditis, the majority of myocarditis and pericarditis cases was male; among the Spikevax
exposed the majority had received the second dose of Spikevax before diagnosis of
myocarditis in Norway and Denmark or before the diagnosis of pericarditis in Denmark.

Discussion

This Fourth Interim Report includes available preliminary results from Denmark, Norway,
Spain (SIDIAP), and UK (CPRD). On the signal detection stage, for each examined AESIs and
in each country, SMRs were computed for 840 strata, for all possible combinations of Spikevax
doses, time intervals, age, and sex strata. There were more than 50 strata with signals (SMR
> 2.0 based on =5 Spikevax-exposed cases) in at least one country for the AESIs diabetes
type 1, idiopathic thrombocytopenia, heart failure, myocarditis, pericarditis, pulmonary
embolism, splanchnic vein thrombosis, coagulation disorders, acute liver injury, acute kidney
injury, generalised convulsions, acute respiratory distress syndrome, anosmia/ageusia,
multisystem inflammatory syndrome, and death of any cause.

Signal evaluation confirmed previous findings of increased rates of myocarditis and pericarditis
0-7 days after the second dose of Spikevax in young males.

Variations in historical rates were observed in the current report owing to differences in setting

Page 8 of 111

Document Number: VV-CLIN-010242 eDMS Version: 1.0



(secondary care only or combination of primary or secondary care), limitation in detail level of
extracted diagnostic codes in Norway, where only 3-digit ICD-10 codes were available, and
because of still ongoing refinement of the AESI-finding algorithms. Main limitations of the
analysis include potential misclassification of the study variables, residual confounding
unavoidable in observational designs, low precision of some estimates, and potentially high
rate of false-positive findings due to multiple comparisons.

The findings of this study based on analysis of secondary routinely collected data with its
known strengths and limitations must be interpreted in the context of all available evidence
from diverse sources, populations, designs, and disciplines, and based on biological plausibility
underlying any putative associations. The results reported here should be considered
preliminary and are not interpretable as indicative of any changes to the current benefit-risk
profile of Spikevax.
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6. Rationale and background

The novel coronavirus SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) causes
coronavirus disease 2019 (COVID-19) and has led to a global pandemic (1), and a mass
vaccination campaign has been underway in Europe, since 2021 (2, 3). The mRNA-1273
SARS-CoV-2 vaccine, currently known as Spikevax (4), combines mRNA (messenger
ribonucleic acid) delivery platform with the stabilised SARS-CoV-2 spike immunogen.

In the pivotal (Coronavirus Efficacy, COVE) phase 3 randomised controlled trial (RCT),
Spikevax showed 94.1% efficacy at preventing COVID-19 illness, including severe disease.
Aside from transient local and systemic reactions, no safety concerns were identified during
the RCT (5). Initial analyses of the ongoing phase 3 COVIAAD RCT (6), assessing safety,
reactogenicity, and immunogenicity of Spikevax in patients with rheumatic diseases showed
no evidence of an association of the vaccine with severe disease flares (7). There are ongoing
trials investigating Spikevax safety and immunogenicity in adults with solid organ transplants
(8); and effectiveness and safety among adolescents ages 12-<18 years (9) and among
children between ages 6 months and 12 years (10). Spikevax received Conditional Marketing
Authorisations by the European Commission on 06 January 2021 (11) and by the United
Kingdom (UK) Medicines and Healthcare products Regulatory Agency (MHRA) on 08 January
2021 (12). The EMA has subsequently converted the conditional authorisation to standard
authorisation (13). Since February 2022, Spikevax is indicated for active immunisation to
prevent COVID-19 caused by SARS-CoV-2 in individuals 6 years of age and older (4). In
October 2022, EMA’s Committee for Medicinal Products for Human Use (CHMP) recommended
including the use in children aged 6 months to 5 years for Spikevax (14). The recommended
primary series dosing of Spikevax 0.2 mg/mL is 2 doses 0.5 mL each 28 days apart for
individuals 12 years of age and older; 2 doses 0.25 mL each 28 days apart for children 6
through 11 years of age. The recommended dosing for Spikevax 0.1 mg/mL primary series for
children 6 years through 11 years of age is 2 doses 28 days apart 0.5 mL each, containing 50
micrograms mRNA each. The recommended dosing for Spikevax 0.1 mg/mL primary series for
children 6 months through 5 years of age is 2 doses 28 days apart 0.25 mL each (13).

Table 1 shows the number of Spikevax doses administered in the participating countries.

Table 1. Number of Spikevax doses administered in the participating countries

Country Data updated on N Spikevax doses* administered

Denmark 19 August 2022 1.7 million

Italy 06 September 2022 34 million

Norway 19 August 2022 2.3 million

Spain 19 August 2022 24 million

United Kingdom (UK) 23 August 2022 3.2 million first and second doses,
9.4 million booster doses

*Includes booster doses unless otherwise specified; as the same person may receive more than one dose, the
number of doses is higher than the number of people in the population. (Source for Denmark, Italy, Norway, Spain:
https://ourworldindata.org/covid-vaccinations “Which vaccines have been administered in each country?”(2);
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Source for the UK: gov.uk (15)).

Figure 1 provides an overview of the rollout of COVID-19 vaccines in the participating
countries in relation to Spikevax launch.

Page 16 of 111

Document Number: VV-CLIN-010242 eDMS Version: 1.0




Figure 1. Licensing and delivery of the first dose of Spikevax, and starting weeks of the rollout of the primary COVID-19
vaccine series (any vaccine) for selected target groups in the participating countries (week 49/2020 - week 14/2022)

Year 2020 2021
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The European Union (EU) Risk Management Plan (RMP) for Spikevax, version 6.3 dated 06
December 2022, lists myocarditis and pericarditis as important identified risks and vaccine-
associated enhanced disease (VAED), including vaccine-associated enhanced respiratory
disease (VAERD), as an important potential risks. Missing information includes use in
pregnancy (addressed in a separate protocol (39)), and while breastfeeding, long-term safety,
use in immunocompromised subjects, interaction with other vaccines, use in frail subjects with
unstable health conditions and chronic co-morbidities (e.g., chronic obstructive pulmonary
disease (COPD), diabetes, chronic neurological, disease, cardiovascular disorders), and use in
subjects with autoimmune or inflammatory disorders (40).

The COVID-19 Vaccine Safety Update for Spikevax dated 11 May 2021, cites reports of cases
of myocarditis/pericarditis among mRNA-based vaccinees, warranting further monitoring by
the European Medicines Agency (EMA)’s Pharmacovigilance Risk Assessment Committee
(PRAC) (41). On 09 July 2021, PRAC indicated that myocarditis and pericarditis can occur in
very rare cases following vaccination with mRNA COVID-19 vaccines, primarily within 14 days
after vaccination, more frequently after the second dose. Young age and male sex were the
risk factors for the myocarditis/pericarditis occurrence, while among those with
myocarditis/pericarditis, older age and comorbidity were risk factors for poor prognosis (42).
In an epidemiologic registry-based Danish study of the mRNA COVID-19 vaccines and risk of
myocarditis and pericarditis, among 498,814 Spikevax vaccinees, 21 developed myocarditis or
myopericarditis within 28 days of vaccination (28-day risk 4.2 per 100,000). The adjusted
hazard ratio compared with unvaccinated was 3.92 (95% confidence interval [CI] 2.30 to
6.68); the largest risk among the vaccinated was observed among persons 12-39 years of age
and among men, however, the absolute risks were low in all subgroups (43). A subsequent
study in four Nordic countries (44) corroborated the Danish findings, as did the study in Italy
among mRNA COVID-19 vaccinees ages 12-39 years, reporting the highest risks in males of
12 to 39 years and in males and females 18 to 29 years vaccinated with Spikevax, with risk
windows ranging between 7 and 28 days. This study reported increased risk after both
primary doses of Spikevax (45). All current evidence points to highest risk in younger age
groups, a benign course in most cases, and to the need for additional evidence on risk factors
(46). To date, most evidence regarding myocarditis and pericarditis originates from routinely
collected data without endpoint validation.

This post authorisation safety study (PASS) is a part of the Spikevax RMP and aims to advance
evidence about the safety of Spikevax in routine clinical practice. Safety is being examined
using the prespecified adverse events of special interest (AESIs), over a longer-term, and in
subgroups of individuals not included or under-represented in the trial populations (47).
Among the prespecified AESI, this study uses epidemiologic methods to formally address the
important identified risks including myocarditis and pericarditis, and, to the extent possible,
VAED and VAERD. This study is being conducted using routinely collected (secondary) data
from nationwide or regional databases in five European countries: Denmark, Italy, Norway,
Spain, and the UK. The databases were selected based on availability of specific data
elements, including information on vaccine brand, frequency of updates, and data
recency/lags.
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This Fourth Interim Reports addresses selected study objectives using data available in the
most recent data extraction, covering up to 1.5 years after Spikevax availability. Annex 2 in
Section 16 provides an overview of the analyses available in the current report. Owing to data
access issues, this report does not contain results from Italy, details provided in Section 8.

7. Research question and objectives
The overarching causal research question of this study is (48):

Is the occurrence of the AESIs among persons vaccinated with Spikevax in Europe higher than
the occurrence of that AESI that would have been expected in that population in the absence
of Spikevax?

The AESIs and the main measure of association for each AESI are listed in Section 9.1, Table
2.

7.1. Primary objective

To assess whether vaccination with Spikevax (by dose number where feasible and for any
dose) is associated with increased rates of the AESI compared with the expected rates overall
and stratified by country, sex, and age group.

7.2. Secondary objective

To assess whether vaccination with Spikevax (for any dose or by dose if feasible) is associated
with increased rates of the AESI compared with the expected rates in subpopulations of
interest: women of childbearing age, patients who are immunocompromised, patients
previously diagnosed with COVID-19 infection, patients with chronic health conditions, and
patients with autoimmune or inflammatory disorders.

8. Amendments and updates

The following amendments to the Study Protocol have been noted in the Statistical Analysis
Plan (SAP).

Deviation Minor/ Description
no. major
1 Minor The AESIs not observable in historical data, VAED and

vaccine-induced immune thrombotic thrombocytopenia
(VITT), are not included in the signal detection. These AESIs
enter into signal evaluation directly.

2 Minor For the signal evaluation using cohort study with matching on
historical controls we now propose to adjust for comorbidities
(CCI) instead of matching to enhance efficiency. We still
match on age and sex. Adjustment is equivalent to matching
and more efficient with respect to computer run time.

Note: not included in the Fourth Interim Report. Will be
included in the Final Study Report.

3 Minor For signal evaluation using self-controlled risk intervals (SCRI)
design, in the protocol we had written that control windows
would have the same length as the risk windows. We now
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propose that the control windows will be longer than the risk
windows (maximum 42 days) to gain better precision in the
analyses.

Note: not included in the Fourth Interim Report. Will be
included in the Final Study Report.

In addition, the following deviations occur for this interim report:

Deviation Minor/ Description
no. major
4 Major

Data from the ARS database is not available for reporting
at this time. ARS is an agency of the Tuscany Region of
Italy, and acts as a technical and scientific consultant
both to the regional government and to the Regional
Council. The Tuscany Region transmits a copy of its
healthcare administrative data banks to ARS, which is
entitled by regional law to process them for its
institutional purposes, upon permission of a board
representing the Regional Council. In Spring 2022, a
communication of the Italian National Authority for Data
Protection suggested that this procedure is insufficient
when data is used for research purposes. At the same
time, invitations to revise data access processes for
purposes of research have been shared by the Authority
with other research institutions in Italy. Multiple initiatives
are ongoing to respond to such invitations. One set of
initiatives aims to clarify what procedure would be
compatible with the current implementation of the GDPR
in the Italian legislation in the specific case of drug safety
studies: preliminary legal assessments indicate that this
case may fall under special authorization, and allow
expedite data access, after communication or agreement
with the Italian Regulatory Authority. Another set of
initiatives indicate that an update of the legislation would
be advisable, to encompass a larger set of data
processing activities, and include in a more specific
manner the indications of the General Data Protection
Regulation. Pending resolution of this legal concern,
inclusion of data from ARS in the final study report is
considered at risk.

9. Research methods

This report was prepared according to the Study Protocol Version 1.3, dated 27 September
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2022 and registered in The European Union electronic Register of Post-Authorisation Studies
(EU PAS Register) (49); and according to the SAP Version 2.0, dated 17 June 2022. This
Section describes only the research methods applicable per results reported in this Fourth
Interim Report. Table 2 gives and overview over the AESI we examined.

Table 2. List of the AESIs and overview of study design

Body system/
Classification

AESI

Auto-immune diseases

Guillain-Barré Syndrome (GBS)

Acute disseminated encephalomyelitis (ADEM)

Narcolepsy

Acute aseptic arthritis

Diabetes type 1

(Idiopathic) Thrombocytopenia

Cardiovascular system

Microangiopathy

Heart failure

Stress-induced cardiomyopathy

Coronary artery disease

Arrhythmia

Myocarditis

Pericarditis

Cerebrovascular disease

Circulatory system

Deep vein thrombaosis (DVT)

Pulmonary embolism (PE)

Single Organ Cutaneous Vasculitis

Cerebral venous sinus thrombosis (CVST)

Splanchnic vein thrombosis (SVT)

Coagulation disorders

Disseminated intravascular coagulation (DIC)

Kawasaki disease*

Hepato-gastrointestinal and
renal system

Acute liver injury

Acute kidney injury

Nerves and central nervous
system

Generalised convulsions

Encephalitis/meningoencephalitis

Transverse myelitis

Bell’s palsy

Respiratory system

Acute respiratory distress syndrome (ARDS)

Skin and mucous
membrane, bone and joints
system

Erythema multiforme

Chilblain - like lesions

Other systems

Anosmia, ageusia

Anaphylaxis

Multisystem inflammatory syndrome

Vaccine-associated enhanced COVID-19 disease (VAED) or
vaccine associated enhanced respiratory disease (VAERD)

Vaccine-induced immune thrombotic thrombocytopenia

Sudden death

Death of any cause

* More commonly described as an autoimmune disease (50)
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9.1. Study design

For signal detection, the cohort study design was used to estimate Standardised Morbidity
Ratios (SMRs) by comparing observed number of AESI with the expected number of AESI
based on historical rates (see Section 9.1.1). However, signal detection was not performed for
the AESIs VITT and VAED, because historical rates was not available, as they, by definition,
can only be observed in COVID-19 vaccinees. VITT was examined in self-controlled designs,
while VAED was investigated using a cohort design in a subset of the study population (see
Section 9.1.3).

For signal evaluation, we, depending on the nature of an AESI, either applied self-controlled
designs or cohort designs, as described in Section 9.1.2.

Finally, outcomes of myocarditis and pericarditis were examined using cohort design in a
separate study population, as described in Section 9.1.4.

The analyses we provide results for in the Fourth Interim Report is specified in Annex 2 in
Section 16 according to country.

9.1.1. Signal detection

Signal detection proceeded by comparing the number of observed vs. expected events for
each AESI, as previously described in the ADVANCE Report on appraisal of vaccine safety
methods, referenced by the European Network of Centres for Pharmacoepidemiology and
Pharmacovigilance (ENCePP)’s guidelines on monitoring vaccine safety and effectiveness (51,
52). Indirect standardization according to age and sex was used (53) to estimate the
Standardised Morbidity Ratio (SMR), as the number of observed events divided by the number
of expected events in Spikevax vaccinees. The expected events in the vaccinated were
estimated based on population-based, country-specific historical background rates of the
AESIs estimated in each participating database before the COVID-19 pandemic (2017-2019;
for Norway 2018-2019 [explained in Section 9.9.5]) (54). The cohort definitions are
visualized, using visualisations by Schneeweiss et al.(55), in Figure 2 for the Spikevax cohort
and in Figure 3 for the historical cohort.

To ensure capture of potential AESIs both in short - and long-term following a vaccination, the
SMRs were estimated in the following time intervals following each dose of Spikevax: 0-2
days, 0-14 days, 0-28 days, 0-42 days, and 0-end of follow-up. The SMRs were stratified by
country, age, and sex for the primary objective.
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Figure 2. Visualisation of the design for the Spikevax cohorts used to obtain the
observed number of AESIs after each dose of Spikevax

Start of follow-up
(date of receiving each dose of Spikevax)
Day 0

Not available in database or not born
during the period
Days [-730, -1] (2 year period)

Previous registration of AESI of interest
Exclusion Days [-730, -1] (2 year period)

Assessment
Windows

Other COVID-19 vaccines than Spikevax
Days [8-DEC-2020, -1]

No information on date of birth or
sex=other or unknown*
Days [0]

Sex, women of childbearing age
Days [0]

Chronic health conditions, autoimmune or
inflammatory disease,
Covariate/ immunocompromised status
subpopulation Days [-730, -1] (2 year period)
Assessment
Windows COVID-19 infection
Days [01-JAN-2020, -1/date of stop of mass
COVID-19 testingt]

Age
Days [0, end of follow-up?]

Follow up Window
Days [0, end of follow-up?]

Follow-up

Time
* Exclusions applied as data on age (calculated from date of birth) and sex (female or male) are required for indirect

standardization.

T The strategy for testing for COVID-19 disease has varied over the epidemic. In more recent periods, mass testing was
stopped, with testing primarily reserved for special situations or specific groups of patients. Therefore, we only included
COVID-19 diagnosis occurring before the stop of mass testing/adherence to mass testing in each country (12-FEB-2022
in Norway; 9-MAR-2022 in Denmark, 28-MAR-2022 in Spain, and 31-MAR-2022 in UK) (see Section 9.9.5 for details).

$ Earliest of AESI of interest (only for estimation of observed events), death, database disenrollment, another dose of
Spikevax or another COVID-19 vaccine, end of a given risk window (day 2, 14, 28, 42, or last data availability), or last
date with available data (31-DEC-2021 in Norway, 21-MAR-2022 in the UK, and 30-JUN-2022 in Denmark and Spain).
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Figure 3. Visualisation of the design for the historical cohort used to obtain the
estimate of expected rates of AESIs

Start of follow-up End of study period
(01-JAN-2017 or date of birth if born (31-DEC-2019)
01-JAN-2017 to 31-DEC-2019)
Day 0

Not available in the database or not born in
database during the period
Days [-730, -1] (2 year period)

Exclusion . 1 ) :
Assessment Previous registration of AESI of interest
Window Days [-730, -1] (2 year period)

No information on date of birth or
sex=other or unknown*
Days [0]

Sex, women of childbearing age

Days [0]
Covariate/ Chronic health conditions, autoimmune or
Subpopulation inflammatory disease,
Assessment immunocompromised status
Windows Days [-730, -1] (2 year period)

Age
Days [0, end of follow-upt]

Follow-up Days [0, end of follow-upt]

Follow up Window

—

Time
* Exclusions applied as data on age (calculated from date of birth) and sex (female or male) are required
for indirect standardization.

T Earliest of AESI of interest, death, database disenrollment, or 31-DEC-2019.

Note: for the fourth interim report the start of follow-up in Norway was 01-JAN-2018 (see Section 9.9.5 for
details).
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9.1.2. Signal evaluation

In this Fourth Interim Report we aimed to conduct a signal evaluation for VITT and for the
signals detected in the Third Interim Report, which included signal detection results for the
ARS database covering the Italian Tuscany region until 31 December 2021.

The prespecified signal evaluation criteria were (see also Figure 4):
For a given AESI, a signal required the following conditions to be met:

1) An SMR =2 in a country-specific overall, age- or sex-specific, or subpopulation-specific
analysis AND

2) The number of Spikevax-exposed cases =5 in a population/stratum giving rise to that SMR.

The a priori defined criteria were chosen to balance the risks of false positive against false
negative signals. In the absence of a consensus about the thresholds, the criteria were based
on the regulatory recommendation and ongoing research in using the observed-to-expected
analyses in assessment of vaccine safety (56-60). For example, in previous studies, a relative
estimate of a minimum of 2 has been described as a threshold for a weak signal (61, 62). In
addition, we allowed for a signal evaluation based on a judgement of clinical and/or public
health relevance, even if the above criteria were not fulfilled.
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Figure 4. Decision framework for subjecting an AESI to a signal evaluation

AESI available in historical
data?

Country-specific SMR22.00 overall, in
any strata given by sex, and/or age or

any subpopulation for the AESI?

Is the number of AESIs in Spikevax
recipients 25 in any of the
strata’s/subpopulations with

SMR22.007?
A4

Perform signal evaluation

Is there a clinical or public health
reason to do signal evaluation?

No signal evaluation

Identification of study design for signal evaluation of each AESI

For signal evaluation, we could use self-controlled designs (self-controlled case series [SCCS]
and self-controlled risk interval [SCRI]) or cohort designs (matched cohort study with
historical comparators or cohort study with contemporaneous comparators). Figure 5 displays
the decision flowchart to determine the design to be employed for signal evaluation. The
decision depended on characteristics of the AESI, including type of onset (rapid vs insidious),
hypothesised length of induction/latency period, ability to define risk periods, the extent to
which the AESI affects the likelihood of subsequent vaccination (63, 64). As self-controlled
designs inherently adjust for time-invariant confounding (64), they are suitable for AESIs for
which it is difficult to identify an unconfounded comparator or to measure confounding, both of
which are likely scenarios during a mass vaccination campaign. Therefore, self-controlled
designs were the preferred method of signal evaluation, while cohort design was used for
signal evaluation of AESIs that could not be accommodated by a self-controlled design (e.g.,
AESIs with no rapid onset or without a well-defined risk period).
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Figure 5. Decision framework for selection study designs in signal evaluation

Type of onset of AESI?

Insidious

Length of induction/latency period?

Well defined risk period?

AESI a permanent contraindication of Spikevax?

AESI available in historical data?

v
Time-varying confounders Risk period €42
(e.g. age or season)? days?

Adjusted Unadjusted SCCS with follow-up Cohort study Cohort study with
SCCS and SCCS and starting at each dose of with historical contemporaneous
SCRI SCRI Spikevax and SCRI comparators comparators

For each AESI undergoing signal evaluation, decision regarding the study design chosen for
signal evaluation was documented in an AESI-specific form, including rationale for the
decision. Table 3 presents the framework applied to make decisions regarding the main
population, the primary risk window, and the dose of Spikevax to be used as the main analysis
of the signal evaluation. If there was only limited evidence to answer the different questions
based on the results of signal detection for a specific AESI, then we decided to use the study
design prespecified in the SAP for that particular AESI.
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Table 3. Selection framework to identify main population, main risk window, and dose
of Spikevax for signal evaluation

Characteristics

Questions to consider?

Comments

females and males?

Is the signal only detected for
females?

Is the signal only detected for
males?

Age Are there any age-groups not Evaluation of this was based on:
recommended vaccination A ded
during the study period * ngakgroups recommende
covered by the data (e.qg., pikevax
children)? e Results of signal detection in
Is the signal only observed for each-country (e.g., SMR close

to 1 in some age groups and
some age groups (e.g., adults 5 i X d
>
aged 30-45 years; elderly B -m ot er.age g.I‘Ol..IpS wou
indicate a signal limited to a
above 75 years) -
specific age group)

e External information (e.g.,
reports from other countries,
regulatory requests)

Sex Is the signal detected for both Evaluation of this was based on:

e Results of signal detection in
each country (e.g., SMR close
to 1 in females and =2 in
males would indicate males)

e External information (e.qg.,
reports from other countries,
regulatory requests)

Subpopulation

Is the signal only present in
subpopulations?

Evaluation of this was based on:

e Results of signal detection in
each country (SMR close to 1
in general population and =2 in
patients with autoimmune or
inflammatory disorders would
indicate patients with
autoimmune or inflammatory
disorders)

e External information (e.g.,
reports from other countries,
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Characteristics Questions to consider? Comments

regulatory requests)

Dose of Is the signal detected for all Evaluation of this was based on:
Spikevax doses or only specific dose

numbers? e Results of signal detection in

each country (SMR close to 1
for first dose and =2 after
second dose would indicate
second dose; similar SMR’s for
all doses would indicate any
dose)

e External information (e.g.,
reports from other countries,
regulatory requests)

Risk window In what time period after Evaluation of this was based on:
vaccination does the risk

seems to be most increased? e Results of signal detection in

each country (SMR close to 1
for 0-7 days after vaccination
and =2 for 0-42 days would
indicate risk window between
8-42 days)

e External information (e.g.,
reports from other countries,
regulatory requests; biological
plausibility; information from
studies on other vaccines)

Spikevax might be given to persons outside the target group. For example, Spikevax might be
given to children below 12 years (indication during most of the period covered by the current
data extraction) if they have a severe underlying morbidity. We did not include Spikevax
vaccinated persons from non-indicated populations in the main analysis to avoid distortion of
results by biases related to reasons for off-label use. However, we considered if we had
enough data to make a sensitivity analysis including persons who had gotten Spikevax despite
being in a non-indicated population. The indications for Spikevax have changed over the study
period. Therefore, the indicated population was defined according to the broadest indication
that had been used in each country from the first distribution of Spikevax until the date of the
data extraction The indicated population for the Fourth interim report was persons =12 years
and the non-indicated population was persons <12 years.
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With a few exceptions (see explanation in Section 9.9.5), we always performed sensitivity
analyses for the following populations if not equal to the main population of a given signal
evaluation analysis:

e A population including all ages with recommendations for Spikevax and both females
and males.

e If one sex was excluded from the main population, analyses were performed for the
excluded sex.

e If the age was restricted in the main population (other than due to exclusion of persons
with an age range outside Spikevax recommendations) analyses were performed
separately in the population with age above the main population and in the population
with age below the main population (but only including the age groups above the
minimum recommended age for Spikevax vaccination).

e In the main population, we performed sensitivity analyses for the dose definitions not
included in the main analysis (if it is possible in that particular design). Overall, we
aimed to examine any dose of Spikevax and each dose number of Spikevax separately.
Thus, if any dose was included in the main analysis, we performed sensitivity analyses
separately for dose one, dose two, and dose three.

Furthermore, sensitivity analysis of risk windows was always performed for the main
population when feasible.

Finally, in a sensitivity analysis, SARS-COV-2 infection was an additional censoring criterion, if
not included as a censoring criterion in the main analysis.

Overview of selection of study design, primary dose of Spikevax, and main and sensitivity
populations
Table 4 gives an overview of AESIs for which signals were detected in the Third Interim Report
and the study designs selected for the signal evaluation in the Fourth Interim Report including
main measures of association and the reason for selection of the study design.

Table 4. Overview AESIs for which signals were detected in the Third Interim Report,
and study design and main outcome measure planned for signal evaluation in the
fourth interim report.

Primary | Main
dose of measure | o con
Body Pri Spikeva | of
. rimary ... | for
System/ Signal X associati .
- .. | AESI study selecting
Classificati detected . on for
design . study
on signal -
. | design
evaluati
on
Auto- Guillain-Barré
immune Syndrome No NA NA NA NA
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Primary | Main
dose of measure Reason
Body . Spikeva | of
. Primary ... | for
System/ Signal X associati .
.’ .. | AESI study selecting
Classificati detected . on for
design . study
on signal desi
. esign
evaluati
on
diseases Acute
disseminated _ No NA NA NA NA
encephalomyeli
tis
Narcolepsy No NA NA NA NA
Acute aseptic
arthritis No NA NA NA NA
Cohort No well-
Diabetes type 1 Yes his Any HR defined risk
window
(Idiopathic) Fulfil
Thrombocytope Yes SCCS Second IRR criteria for
nia SCCS
. . No well-
Microangiopath Yes Cohort Second HR defined risk
y his .
window
Cohort No well-
Heart failure Yes his Second HR defined risk
window
Stress-induced Fulfil
cardiomyopath Yes SCCS Second IRR criteria for
y SCCS
No well-
Coronary Yes Cohort Any HR defined risk
artery disease his .
window
Cardiovascul Fulfi
ar svstem Arrhythmia Yes SCCS Any IRR criteria for
Y SCCs
Fulfil
Myocarditis Yes SCCS Second IRR criteria for
SCCS
Fulfil
Pericarditis Yes SCCS Second IRR criteria for
SCCS
No clear
pattern,
Cel_‘ebrovascula Yes SCCS Any IRR use SAP
r disease pre-
specificatio
n$
No clear
Deep vein pattern,
Circulatory | 1 L ombosis Yes sccs Any IRR use SAP
system (DVT) pre-
specificatio
n$
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Primary | Main
dose of measure Reason
Body . Spikeva | of
. Primary ... | for
System/ Signal X associati .
.’ .. | AESI study selecting
Classificati detected . on for
design . study
on signal desi
. esign
evaluati
on
Pulmonary
embolism (PE) No NA NA NA NA
Single Organ
Cutaneous No NA NA NA NA
Vasculitis
Cerebral
Venous sinus
thrombosis No NA NA NA NA
(CVST)
No clear
Splanchnic vein Egétg&}’,
thrombosis Yes SCCS Second IRR ro-
(SVT) pre-
specificatio
n$
. No well-
Coagulation Cohort ) .
disorders Yes his Any HR deﬂ_ned risk
window
Disseminated
mtravasc_ular No NA NA NA NA
coagulation
(DIC)
Kawasaki
disease No NA NA NA NA
No clear
pattern,
Hepato- ﬁ:;ldtf/ liver Yes SCCS Second IRR user:AP
gastrointesti specificatio
nal and renal ns
system . No well-
Ac_ute kidney Yes Cohort Any HR defined risk
injury his .
window
Generalised Fulfil
convulsions Yes SCCS Any IRR criteria for
SCCS
Nerves and Encephalitis/m
central eningoencephal No NA NA NA NA
nervous itis
system
Transverse No NA NA NA NA
myelitis
Bell’s palsy No NA NA NA NA
Acute
: respiratory No well-
Respiratory distress Yes Cohort Any HR defined risk
system contem .
syndrome window
(ARDS)
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Primary | Main
dose of measure Reason
Body . Spikeva | of
. Primary ... | for
System/ Signal X associati .
.’ .. | AESI study selecting
Classificati detected . on for
design . study
on signal desi
. esign
evaluati
on
Skin and Erythema
MUCOUS multiforme No NA NA NA NA
membrane, . . .
bone and Fh!'b'a'” - like No NA NA NA NA
joints system esions
Anosmia, No NA NA NA NA
ageusia
Fulfil
Anaphylaxis Yes SCCS First IRR criteria for
SCCS
Multisystem
inflammatory No NA NA NA NA
syndrome
Can only be
indirectly
assessed
Vaccine- by
associated comparing
enhanced severity of
COVID-19 COVID-19
disease (VAED) depending
oth or vaccine NA* Cohortt NA OR on
ter associated exposure
systems enhanced status
respiratory (Spikevax
disease vaccination
(VAERD) or no
COVID-19
vaccination
)
Vaccine-
e
. NA* SCCS Second IRR criteria for
thrombotic
SCCS
thrombocytope
nia
Sudden death No NA NA NA NA
No well-
Death of any Yes Cohort Any HR defined risk
cause his .
window
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Primary | Main
dose of measure Reason
Body . Spikeva | of
. Primary ... | for
System/ Signal X associati .
.’ .. | AESI study selecting
Classificati detected . on for
design . study
on signal desi
. esign
evaluati
on

Abbreviations: Cohort contem=Cohort study with contemporaneous comparators; Cohort his=Cohort study with
matched historical comparators; HR=hazard ratio; IRR=Incidence rate ratio; NA=Not available; OR=0dds ratio;
SCCS=self-controlled case series* Historical rates cannot be used for these AESIs, as they can by definition only be
observed in COVID-19 vaccinees. Therefore, no signal detection results were available.

T This cohort study is designed specifically for this outcome and are described in Section 9.1.3

$ When the evidence from signal detection needed to decide on the study design was limited for a specific AESI, then
we used the design prespecified in the SAP for that AESI. For instance, that occurred when only few signals were
detected for an AESI and other SMRs were close to 1.

Note: For the Fourth Interim Report, it was not possible to perform cohort studies with matched historical
comparators.

The implementation of the planned analyses was challenged by the complexities associated
with the analysis itself, heterogeneous multi-database, multi-health care setting setup,
adaptation of novel tools, and short timelines. Therefore, the Fourth Interim Report contains a
selected subset of the final planned analyses from selected databases (See Annex 2 in Section
16 for an overview). Since the Third Interim Report, advances have been made towards all
planned analyses and quality assurance. This section described only the methods relevant for
the results reported in the Fourth Interim Report.

Table 5 gives an overview of the main population and sensitivity populations selected for each

AESI.

Table 5. Overview of age and sex of the main population and the sensitivity
populations according to AESI requiring signal evaluation

Sensitivity
Sensitivity Sensitivity population
AESI Main population | population 1 | population 2 3
Females and
Diabetes type 1 Females and Males aged males aged
males aged 12 to | Females aged 12 to 44 12 years or
44 years 12 to 44 years | years older
(Idiopathic) Females and Females aged Males aged
Thrombocytopenia males aged 12 12 years or 12 years or
years or older older older NA
Females and Females aged Males aged
Microangiopathy males aged 12 12 years or 12 years or
years or older older older NA
Females and Females aged Males aged
Heart failure males aged 12 12 years or 12 years or
years or older older older NA
. Females and Females aged Males aged
Stress-induced
cardiomyopathy males aged 12 12 years or 12 years or
years or older older older NA
Females and Females aged Males aged
Coronary artery disease males aged 12 12 years or 12 years or
years or older older older NA
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Sensitivity

Sensitivity Sensitivity population
AESI Main population | population 1 | population 2 3
Females and Females aged Males aged
Arrhythmia males aged 12 12 years or 12 years or
years or older older older NA
Males aged Females aged
Myocarditis Males aged 12 to | Females aged 18 years or 18 years or
30 years 12 to 30 years | older older
Males aged Females aged
Pericarditis Males aged 12 to | Females aged 18 years or 18 years or
30 years 12 to 30 years | older older
Females and Females aged Males aged
Cerebrovascular disease males aged 12 12 years or 12 years or
years or older older older NA
. . Females and Females aged Males aged
Deep vein thrombosis
(DVT) males aged 12 12 years or 12 years or
years or older older older NA
Females and
Splanchnic vein Females and Females aged Males aged males aged
thrombosis (SVT) males aged 12 12 years or 12 years or 65 years or
years or older older older older
Females and Females aged Males aged
Coagulation disorders males aged 12 12 years or 12 years or
years or older older older NA
Females and Females aged Males aged
Acute liver injury males aged 12 12 years or 12 years or
years or older older older NA
Females and Females aged Males aged
Acute kidney injury males aged 12 12 years or 12 years or
years or older older older NA
Females and Females aged Males aged
Generalised convulsions males aged 12 12 years or 12 years or
years or older older older NA
. . Females and Females aged Males aged
Acute respiratory distress
syndrome (ARDS) males aged 12 12 years or 12 years or
years or older older older NA
Females and Males aged
Anaphylaxis Females aged 12 | males aged 12 | 12 years or
years or older years or older older NA
Vaccine-induced immune Females and Females aged Males aged
thrombotic males aged 12 12 years or 12 years or
thrombocytopenia years or older older older NA
Females and Females aged Males aged
Death of any cause males aged 12 12 years or 12 years or
years or older older older NA

Abbreviations: NA=Not available

Self-controlled case series design

Self-controlled designs are case-only designs, i.e., they are restricted to individuals who
experience the specified AESI in a pre-specified time window. The SCCS design uses a pre-
specified observation period anchored in calendar time (or age) (65). In the SCCS analysis we
included Spikevax recipients who experienced the AESI from the date of the first distribution
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of Spikevax in each country and until the last date with available data. To ensure
completeness of inclusion of Spikevax vaccinees, we assumed that the date of distribution in
each country was the date Spikevax was shipped to that country (11 January 2021 for
Denmark, Norway, and Spain, and 1 April 2021 for the UK). The pre-specified observation
period is split into a risk period/window with hypothesised increased risk of the AESI, control
periods/windows without increased risk, and potentially other windows with hypothesised
altered risk. Each person serves as his/her own control, thus removing time-invariant
confounding, but the analyses are still susceptible to time-varying confounding from e.g.,
season (64, 66). It is important to note that methods to adjust for time-varying confounders
in the SCCS design are available.(67, 68). In the Fourth Interim Report, we adjusted for
month and year using dummy variables in the SCCS design for AESIs where time-varying
confounding might be a possibility as further specified in Section 9.9.2. A key assumption of
the SCCS design is that an AESI should not appreciably affect subsequent exposures (69).
This assumption is likely violated for many of the AESIs included in this study. Therefore, for
AESIs that are contraindications to vaccination or are likely to reduce the likelihood of ever
getting Spikevax, we did the SCCS analysis separately for each dose of Spikevax and
restricted to vaccinated cases with observation starting after each dose of Spikevax (66, 69).
That is, we performed SCCS separately for each dose of Spikevax beginning the observation
period at the date of vaccination. Figure 6 visualises the SCCS design by dose for the risk
window 0 to 2 days. For AESIs that might rather temporarily reduce the likelihood of
vaccination, we introduced a healthy vaccinee window/pre-exposure risk window of 14 days
before each dose of Spikevax, where we would expect a lower rate of AESIs (66, 69). This
window was excluded from the control window. As an example, Figure 7 visualises the design
of the standard SCCS with the risk window 0 to 14 days.

Figure 6. Visualization of SCCS design by dose with the risk window 0 to 2 days

Start date for AESI assessment Cohort entry date dose 1 Cohort entry date dose 2 End of AE_SI HSS_ESSment
(Date of first distribution of {date of first Spikevax) {date of second Spikevax) {Last date with available data)
Spikevax) Day 0 Day 0 Day MAX

No AESI during study period
Days [0, max]
Other COVID-19 vaccine than Spikevax Other COVID-19 vaccine than Spikevax
Days [8-DEC-2020, -1] Days [8-DEC-2020, -1]

Exclusion Available in database or born in Available in database or born in
Assessment database during the period database during the period
Window Days [X-730, X-1] (2 year period) Days [X-730, X-1] (2 year period)

Previous registration of AESI of Previous registration of AESI of
interest interest
Days [X-730, X-1] (2 year period) Days [X-730, X-1] (2 year period)

sex=other or unknown sex=other or unknown
Outside age or sex range specified Qutside age or sex range specified

No information on date of birth or No information on date of birth or
for the analysis for the analysis

First dose Risk Window

DEVES[ R |

Follow-up
Windows,
Spikevax
recipients Risk
Second dose Window
Days [0, 2]

@- >

Time
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Note: Date of first distribution of Spikevax was 11-JAN-2021 in Denmark, Norway, and Spain and 01-APR-
2021 in the UK.

Follow-up was also stopped on the earliest of following events if they occurred inside one of the specified
windows: death (only if the AESI do not increase the risk of death), database disenrollment, or last date
with available data (31-DEC-2021 in Norway; 21-MAR-2022 in UK; 30-JUN-2022 in Denmark and Spain).

Figure 7. Visualization of standard SCCS design with the risk window 0 to 14 days

Cohort entry date Date of first dose of Date of second End of follow-up
(Date of first distribution of Spikevax) Spikevax dose of Spikevax (Last date with available data)
Day X Day Y Day MAX

ay
No AES| during study period
Days [0, max]

Other COVID-19 vaccine than Spikevax
Days [8-DEC-2020, -1]

Exclusion Available in database or born in
Assessment database during the period
Window Days [X-730, X-1] {2 year period)
Previous registration of AESI of No information on date of birth or
interest sex=other or unknown
Days [X-730, X-1] {2 year period) Outside age or sex range specified
for the analysis
First dose Risk Window
Days [X, X+14]
Follow-up
Windows, F——— Risk Window
Spikevax Days [Y, Y+14]
recipients
Combined windows to Risk
be used in analysis* Window 1 Window 2
Time-varying
Covariate Month and year
Assessment Days [0, MAX]
Windows

Time

Note: Date of first distribution of Spikevax was 11-JAN-2021 in Denmark, Norway, and Spain and 01-APR-
2021 in the UK.

Follow-up was also be stopped on the earliest of the following events if they occurred inside one of the
specified windows: death (only if the AESI do not increase the risk of death), database disenrollment, get
another COVID-19 vaccine, or last date with available data (31-DEC-2021 in Norway; 21-MAR-2022 in UK;
30-JUN-2022 in Denmark and Spain).

* If a time period was a risk window for any Spikevax doses, then it was a risk window in the combined
definition. If a time period was an induction/wash-out window and not a risk window for any Spikevax
doses, then it was an induction/wash-out window in the combined definition. If a time period was a healthy
vaccinee window and not a risk window or induction/wash-out window for any Spikevax doses, then it was a
healthy vaccinee window in the combined definition. If a period was a control window and not a risk
window, induction/wash-out window, or healthy vaccinee window for any Spikevax doses, then it was a
control window in combined definition.

Table 6 summarises design decisions for each AESI which we investigated with SCCS.
Decisions about selection of the primary and sensitivity doses followed the principles described
above in Table 3. However, for AESIs that could be contraindications to further Spikevax
vaccinations we could not include an analysis of any dose, because we could only perform
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analyses separately for each dose of Spikevax. Decisions about primary risk windows followed
the principles described above in Table 3 and we further considered below rules for identifying
different types of windows in the SCCS design:

We only considered risk windows in the interval 0-42 days after each dose of Spikevax.

Days between day 0 and 49 relative to each dose of Spikevax was assumed to be an induction
window or washout window if it is not included in a risk window. Thus, these days would not
be included in the control window.

Fourteen days to one day before each administration of each Spikevax dose was defined as a
healthy vaccinee window/pre-exposure risk window if it was not included in a risk window or a
washout/induction window.

For AESIs that were not considered contraindications to Spikevax vaccination we performed
the standard SCCS, where control windows included all time between the date of distribution
of Spikevax and end of follow-up except windows specified as risk windows, induction/washout
windows, or healthy vaccinee windows as illustrated in Figure 7.

For AESIs that were considered contraindications to Spikevax vaccination or thought to reduce
the likelihood of ever getting Spikevax, we could only perform SCCS separately for each dose
of Spikevax with inclusion at the date of the specified dose. Control windows were selected
independently for each dose to ensure that we would not include days in the control window
where the patient could have been vaccinated with the next dose of Spikevax according to the
official information about time intervals between subsequent doses. We set the start of the
control windows earlier than in the standard SCCS to enhance the chance of observing enough
days in the control windows and because AESIs that are contraindication to vaccination are
likely to be proximal in time to the date of vaccination. This also means that the length of
induction/wash-out windows was reduced. For the first dose of Spikevax, we pre-specified that
the control window should end no later than day 27, because the minimum recommended
interval between dose 1 and 2 of Spikevax was 28 days. For the second and third dose of
Spikevax, we pre-specified that the control window should end no later than day 75. The
selection of the end of the control window was based on the minimum interval between
subsequent doses recommended in any of the settings and with exclusion of the 14-day
healthy vaccinee window. In the UK, the minimum recommended interval between the second
and third dose was 3 months (=90 days) (70). In Denmark and the UK, those special groups
that have been recommended a fourth dose earlier than the general population had an interval
of minimum 3 months between the third and the fourth dose (71, 72).

In all analyses, follow-up ended at database disenrollment (for other reasons than death) or at
the last date of available data. Whenever the AESI is assumed not to increase the risk of
death, we assumed that the event was independent of the end of follow-up and we stopped
follow-up at time of death (68). If the AESI is not a contraindication to COVID-19 vaccination
(and thus analysed by what we term standard SCCS), we censored follow-up if a person got a
different COVID-19 vaccine (or fourth dose of Spikevax). We assumed that getting another
vaccine would impact the risk of getting the AESI. This type of censoring does not violate any
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SCCS assumptions, if getting the AESI and changing vaccines are independent events which
we assumed they were (68). We did not include receipt of other COVID-19 vaccines a reason
to end follow-up in the by dose design performed for AESIs that might be a contraindication to
vaccination. Getting another COVID-19 vaccine could be an indication that the AESI had not
yet occurred, as the AESI would most likely also be a contraindication to other COVID-19
vaccines. Thus, stopping follow-up at other COVID-19 vaccines would be informative end of
follow-up. However, we limited the observation period after each dose of Spikevax to the
minimum interval recommended between consecutive doses as described above, to minimize
the risk of including time windows with exposure to other COVID-19 vaccines into the control
windows.

For the analyses, we defined all AESIs as non-recurrent events (i.e., only included their first
occurrence within the study period), because of difficulty in distinguish an ongoing condition
from a new onset within the relatively short study periods using the secondary routinely
collected data at hand.

Table 6. Overview of SCCS design for each AESI

AESI Analysis* Doses Risk Control End of follow-
investigated | windows, windows, upt
days days
(Idiopathi | By dose Primary dose: | 0-14 43-75 Leave the
C) Second dose (primary); 0- database, or last
Thromboc 14 and date with
ytopenia removing any available data
time that are
also part of
healthy
vaccinee
windows
(sensitivity);
0-42
(sensitivity);
7-14
(sensitivity)
Sensitivity 0-14 15-27
dose 1: First
dose
Sensitivity 0-14 43-75
dose 2: Third
dose
Sensitivity NA NA
dose 3: NA
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AESI Analysis* Doses Risk Control End of follow-
investigated | windows, windows, upt
days days
Stress- Standard Primary dose: | 1-42 First Receive another
induced SCCS Second dose (primary); 1- | distribution of covid-19 vaccine
cardiomyo 42 and Spikevax to end | or fourth dose of
pathy removing any | of follow-up Spikevax, leave
time that are disregarding the database, or
also part of time in risk last date with
healthy windows, available data
vaccinee healthy
windows vaccinee
(sensitivity); window and
1-28 induction/wash
(sensitivity); out windows
15-42
(sensitivity)
Sensitivity 1- 42
dose 1: Any
dose
Sensitivity 1- 42
dose 2: First
dose
Sensitivity 1- 42
dose 3: Third
dose
Arrhythmi | Standard Primary dose: | 1-42 First Receive another
a SCCS Any dose (primary); 1- | distribution of COVID-19
42 and Spikevax to end | vaccine or fourth
removing any | of follow-up dose of
time that are disregarding Spikevax, leave
also part of time in risk the database, or
healthy windows, last date with
vaccinee healthy available data
windows vaccinee
(sensitivity); window and
1-28 induction/wash
(sensitivity); out windows
15-42
(sensitivity)
Sensitivity 1- 42
dose 1: First
dose
Sensitivity 1- 42
dose 2:
Second dose
Sensitivity 1- 42
dose 3: Third
dose
Myocarditi | By dose Primary dose: | 0-7 (primary); | 28-75 Leave the
S Second dose 0-21 database, or last
(sensitivity date with
Sensitivity 0-7 8-27 available data
dose 1: First
dose
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AESI Analysis* Doses Risk Control End of follow-
investigated | windows, windows, upt
days days
Sensitivity 0-7 28-75
dose 2: Third
dose
Sensitivity NA NA
dose 3: NA
Pericarditi | By dose Primary dose: | 0-7 (primary); | 28-75 Leave the
S Second dose 0-21 database, or last
(sensitivity date with
Sensitivity 0-7 8-27 available data
dose 1: First
dose
Sensitivity 0-7 28-75
dose 2: Third
dose
Sensitivity NA NA
dose 3: NA
Cerebrova | Standard Primary dose: | 1-42 First Receive another
scular SCCS Any dose (primary); 1- | distribution of covid-19 vaccine
disease 42 and Spikevax to end | or fourth dose of
removing any | of follow-up Spikevax, leave
time that are disregarding the database, or
also part of time in risk last date with
healthy windows, available data
vaccinee healthy
windows vaccinee
(sensitivity); window and
1-28 induction/wash
(sensitivity); out windows
15-42
(sensitivity)
Sensitivity 1- 42
dose 1: First
dose
Sensitivity 1- 42
dose 2:
Second dose
Sensitivity 1- 42
dose 3: Third
dose
Deep vein | Standard Primary dose: | 1-42 First Receive another
thrombosi | SCCS and Any dose (primary); 1- | distribution of covid-19 vaccine
5 adjustment 42 and Spikevax to end | or fourth dose of
for month removing any | of follow-up Spikevax, leave
and year time that are disregarding the database, or
also part of time in risk last date with
healthy windows, available data
vaccinee healthy
windows vaccinee

(sensitivity);
1-28
(sensitivity);

window and
induction/wash
out windows
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AESI Analysis* Doses Risk Control End of follow-
investigated | windows, windows, upt
days days
15-42
(sensitivity)
Sensitivity 1- 42
dose 1: First
dose
Sensitivity 1- 42
dose 2:
Second dose
Sensitivity 1- 42
dose 3: Third
dose
Splanchni | Standard Primary dose: | 1-42 First Receive another
c vein SCCS and Second dose (primary); 1- | distribution of covid-19 vaccine
thrombosi | adjustment 42 and Spikevax to end | or fourth dose of
s for month removing any | of follow-up Spikevax, leave
and year time that are disregarding the database, or
also part of time in risk last date with
healthy windows, available data
vaccinee healthy
windows vaccinee
(sensitivity); window and
1-28 induction/wash
(sensitivity); out windows
15-42
(sensitivity)
Sensitivity 1- 42
dose 1: Any
dose
Sensitivity 1- 42
dose 2: First
dose
Sensitivity 1- 42
dose 3: Third
dose
Acute Standard Primary dose: | 1-42 First Receive another
liver SCCS Second dose (primary); 1- | distribution of covid-19 vaccine
injury 42 and Spikevax to end | or fourth dose of
removing any | of follow-up Spikevax, leave
time that are disregarding the database, or
also part of time in risk last date with
healthy windows, available data
vaccinee healthy
windows vaccinee
(sensitivity); window and
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AESI Analysis* Doses Risk Control End of follow-
investigated | windows, windows, upt
days days
1-28 induction/wash
(sensitivity); out windows
15-42
(sensitivity)
Sensitivity 1- 42
dose 1: Any
dose
Sensitivity 1- 42
dose 2: First
dose
Sensitivity 1- 42
dose 3: Third
dose
Generalis | Standard Primary dose: | 0-14 First Receive another
ed SCCS Any dose (primary); 0- | distribution of covid-19 vaccine
convulsio 14 and Spikevax to end | or fourth dose of
ns removing any | of follow-up Spikevax, leave
time that are disregarding the database, or
also part of time in risk last date with
healthy windows, available data
vaccinee healthy
windows vaccinee
(sensitivity); window and
0-2 induction/wash
(sensitivity); out windows
0-28
(sensitivity)
Sensitivity 0-14
dose 1: First
dose
Sensitivity 0-14
dose 2:
Second dose
Sensitivity 0-14
dose 3: Third
dose
Anaphylax | By dose Primary dose: | 0-2 (primary); | 7-27 Leave the
is First dose 0-6 database, or last
(sensitivity) date with
Sensitivity 0-2 28-75 available data
dose 1:
Second dose
Sensitivity 0-2 28-75
dose 2: Third
dose
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AESI Analysis* Doses Risk Control End of follow-

investigated | windows, windows, upt

days days

Sensitivity NA NA

dose 3: NA
Vaccine- By dose Primary dose: | 0-14 28-75 Leave the
induced Second dose (primary); 0- database, or last
immune 21 date with
thromboti (sensitivity); available data
C 7-27
thromboc (sensitivity)
ytopenia

Sensitivity 0-14 15-27

dose 1: First

dose

Sensitivity 0-14 28-75

dose 2: Third

dose

Sensitivity NA NA

dose 3: NA

Abbreviations: NA=Not available

* For AESIs that were not a contraindication to Spikevax vaccination, we performed standard SCCS using control
windows both before and after Spikevax vaccination (if within the defined study period). For AESIs specified as a
contraindication for Spikevax or for which medical doctors or patients are likely to perceive them as a contraindication,
the analysis was done by dose with population selection decided for each dose and only time after that specific dose
was included in the analysis.
T For all AESIs we also included a sensitivity analysis where infection with COVID-19 was included as an additional

criterion for end of follow-up.

9.1.3. Cohort study of VAED

As the base population for this cohort, we identified those who were alive, members of a given
database and diaghosed with COVID-19 (based on positive polymerase chain reaction (PCR)
test result or diagnosis code for COVID-19) from the first distribution of Spikevax in each
country (11 January 2021 in Denmark, Norway, and Spain and 01 April 2021 in UK) and until
30 days before last date with available data. We excluded persons that had received COVID-
19 vaccines other than Spikevax before the COVID-19 disease. Thus, we defined the exposed
group as those receiving any Spikevax vaccination before the COVID-19 disease and the
unexposed group was those without a record of a COVID-19 vaccination before the COVID-19
disease. We followed the included patients for 14 days for hospitalisations and 30 days for
intensive care unit admissions and mortality. The design is illustrated in Figure 8.

Figure 8. Visualization of the design of the cohort study to examine VAED
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Start of follow-up
(Date of first registration of COVID-
19 diagnosis*)
Day 0

Available in database or born in database during the
period
Days [-730, -1] (2 year period)

Exclusion . .
Assessment Other COVID-19 vaccines than Spikevax
Windows Days [8-DEC-2020, -1]

No information on date of birth or sex=other or
unknown. Date after the stop of mass
testing/adherence to mass testing?®

Days [0]
AEXPOS:]ren ;W Administration of Spikevax
S\:I?:jov‘j Days [11-JAN-2021 in EU/1-APR-2021 in UK, -1]
Age, sex, smoking, BMI, month and year
Day [0]
Covailate Charlson Comorbidity index, chronic health
P ——— conditions , autoimmune or inflammatory disease,
Windows immunocompromised status
S Days [-730, -1] (2 year period)
Health care utilization, other vaccines
Days [-365, -1] (1 year period)
Follow-up Window
Follow-up - Days [0, 14/30]°

Tim
* We only included COVID-19 diagnosis after the first distribution of Spikevax (11-JAN-2021 in Denmark, Norway, and

Spain and after 1.APR-2021 in the UK) and until 30 days before the last date with available data (31-DEC-2021 in
Norway; 21-MAR-2022 in UK; 30-JUN-2022 in Denmark and Spain)

1 The strategy for testing for COVID-19 disease has varied over the epidemic. In more recent periods, mass testing for all
have been stopped and testing have been reserved for special situations/patients. Therefore, we exclude persons
recorded with COVID-19 after the stop of mass testing/adherence to mass testing in each country (12-FEB-2022 in
Norway; 9-MAR-2022 in Denmark, 28-MAR-2022 in Spain, and 31-MAR-2022 in UK). For further information see Section
9.9.5.

$ The patients were followed for 14 days for recordings of hospital admissions and for 30 days for recordings of
admissions to intensive care units and deaths.

9.1.4. Cohort study of outcomes of myocarditis and pericarditis

In the cohort study to assess outcomes of myocarditis/pericarditis, we included all cases of
myocarditis and pericarditis in Spikevax vaccinated persons and persons not vaccinated with
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any COVID-19 vaccines at any time prior to event onset. We followed these patients for
hospitalisations and deaths within 30 days and hospitalisations and deaths until end of follow-
up. The design is illustrated in Figure 9.
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Figure 9. Visualization of the design of the study of outcomes of myocarditis and
pericarditis

Start of follow-up
(Date of first registration of myocarditis or pericarditis*)

Day 0
Available in database or born in database
during the period
Days [-730, -1] (2 year period)
Exclusion
Assessment
Window Other COVID-19 vaccines than Spikevax
Days [08-DEC-2020, -1]
No information on date of birth or
sex=other or unknown
- Days [0]
Exposure Administration of Spikevax
Assessment 4 Days [11-JAN-2021 in EU/01-APR-2021 in
Window UK, 1]
i Age, sex, smoking, BMI
Day [0]
Charlson Comorbidity index, history of
cardiac events, chronic health conditions ,
autoimmune or inflammatory disease,
immunocompromised status
. Days [-730, -1] (2 year period)
Covariate i
Assessment
Windows
Health care utilization, other
vaccines
Days [-365, -1] (1 year
period)
COVID-19 diagnosis
Days [01-JAN-2020, -1/date of stop of
- mass COVID-19 testingT]
New hospitalisations Follow-up Window
within 30 days Days [1, 30]
Other outcomes Follow-up Window
Follow-up within 30 days Days [0, 30]
Outcomes Follow-up Window
any time Days [0, end of follow-up?]
New hospitalisations Follow-up Window
- any time Days [1, end of follow-up®]

Time
* We only included patients diagnosed with myocarditis/pericarditis after the first distribution of Spikevax (11-JAN-2021
in Denmark, Norway, and Spain and after 1.APR-2021 in the UK) and until 30 days before the last date with available
data (31-DEC-2021 in Norway; 21-MAR-2022 in UK; 30-JUN-2022 in Denmark and Spain)
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T The strategy for testing for COVID-19 disease has varied over the epidemic. In more recent periods, mass testing for all
have been stopped and testing have been reserved for special situations/patients. Therefore, we only included COVID-19
diagnosis occurring before the stop of mass testing/adherence to mass testing in each country (12-FEB-2022 in Norway;
9-MAR-2022 in Denmark, 28-MAR-2022 in Spain, and 31-MAR-2022 in UK). For further information see Section 9.9.5.

$ earliest of outcome of interest, death, database disenroliment, or last date with available data (31-DEC-2021 in
Norway; 21-MAR-2022 in UK; 30-JUN-2022 in Denmark and Spain).

9.2. Setting

This study is based on electronic, routinely collected data from regional or national databases
of the participating countries. All participating countries have universal health care for the
inhabitants, and their participating databases contain linkable routinely collected data from the
primary and/or secondary health sector, including information on births, deaths, diagnoses,
and prescribed drug use (Section 9.4 provides additional details).

9.2.1. Study periods

For the analyses involving Spikevax recipients, the earliest inclusion date was the date of first
distribution of Spikevax: 11 January 2021 in Denmark, Norway, and Spain; and 01 April 2021
in the UK. The follow-up ended on the date recommended for each database based on
reliability of the data on the date of the most recent extraction: 31 December 2021 in Norway,
21 March 2022 in the UK, and 30 June 2022 in Denmark and Spain. The purpose of the
historical cohort was to define background rates of the AESI, from 01 January 2017 until 31
December 2019. To ensure inclusion of incident AESIs, persons with a given AESI in the 2
years before the follow-up start were excluded from the analysis. Thus, the total data
coverage from the lookback period for the historical cohort until the end of the follow-up in the
current analysis extended from 01 January 2015 until 30 June 2022.

9.3. Subjects

The overall source population is the population contributing to the participating databases. The
inclusion and exclusion criteria for the study populations based on study phase/design are
described below.

9.3.1. Signal detection
For the sighal detection phase, we defined the Spikevax cohort and the historical cohort.

Spikevax cohort

The source population for this cohort were members of a given database who had a record of
receiving at least one dose of Spikevax in the period from 11 January 2021 in Denmark,
Norway, and Spain; and from 01 April 2021 in the UK and until the last date with available
data in each database (see Section 9.2.1). The inclusion and exclusion criteria were reapplied
on each date of Spikevax vaccination for each person, thus creating a separate cohort defined
by each dose of Spikevax. We applied the following exclusion criteria:

1. Age = 2 years on the date of Spikevax vaccination and were not members of the
database in the previous 2 years before administration of Spikevax (no 2-year
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lookback)

2. Age < 2 years on date of Spikevax vaccination and not a member of the database since
birth

3. Missing date of birth
4. Missing data on sex

5. In each AESI-specific analysis, persons with a prevalent AESI in 2 years before the
Spikevax administration

6. Receipt of another COVID-19 vaccine before the date of receiving Spikevax

The follow-up started on the date of receiving each dose of Spikevax. As increased rates for
some AESIs might only be expected during a limited time interval after vaccination with
Spikevax, analyses were performed with follow-up ending on the following number of days
after each dose of Spikevax vaccination (also known as the end-of-risk-window): 2, 14, 28,
42, or until last date with available data (note: the specified days will be included for
assessing AESIs and person-years at risk). Thus, in the analyses to identify observed events
subjects were followed until the earliest date of the following: AESI of interest, death,
database disenrollment, receipt of another dose of Spikevax or another COVID-19 vaccine,
end-of-risk-window, or last date with available data. In analyses to identify the person years
to be used to estimate expected events, subjects were followed until the earliest date of the
following: death, database disenroliment, receipt of another dose of Spikevax or another
COVID-19 vaccine, end-of-risk-window, or last date with available data.

Historical cohort

The source population for this cohort were members of a given database who either were alive
on 01 January 2017 (01 January 2018 in Norway) or were born between 01 January 2017 (01
January 2018 in Norway) and 31 December 2019 followed through 31 December 2019. We
applied the following exclusion criteria:

1. Age = 2 years on 01 January 2017 (01 January 2018 in Norway) and were not a
database member between 01 January 2015 (01 January 2016 in Norway) to 31
December 2016 (31 December 2017 in Norway) (no 2-year lookback)

2. Age <2 years on 01 January 2017 (01 January 2018 in Norway) and not a member of
the database since birth.

3. Missing date of birth
4. Missing data on sex

5. In each AESI-specific analysis, persons with a prevalent AESI in 2 years before start of
follow-up

Persons in this cohort were followed from 01 January 2017 (01 January 2018 in Norway) (or
from date of birth if born after 01 January 2017 [01 January 2018 in Norway]) and until the
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earliest date of the following: AESI of interest, death, database disenrollment, or 31 December
2019.

9.3.2. Signal evaluation
Self-controlled case series design

For SCCS we identified all persons who had a recording of the specified AESI during the study
period running from 11 January 2021 (Denmark, Norway, and Spain) or 01 April 2021 (UK) to
31 December 2021 (Norway), 21 March 2022 (UK), or 30 June 2022 (Denmark and Spain).

Among these persons we made the following exclusions:
1. Did not get any Spikevax vaccination during follow-up

2. Age = 2 years on the date of cohort entry and were not members of the database in the
previous 2 years before administration of Spikevax (no 2-year lookback)

3. Age <2 years on date of cohort entry and not a member of the database since birth
4. Missing date of birth
5. Missing data on sex

6. In each AESI-specific analysis, persons with a prevalent AESI in 2 years before the
cohort entry

7. Receipt of another COVID-19 vaccine before the date of cohort entry

In this population, we further selected the main population and sensitivity populations based
on age and sex as specified in Table 5, Section 9.1.2.

For the standard SCCS the date of cohort entry was the start of the study period 11 January
2021 (Denmark, Norway, and Spain) or 01 April 2021 (UK), for the SCCS by dose the date of
cohort entry was the date of vaccination with each dose of Spikevax.

9.3.3. Cohort study of VAED

The source population for this cohort were members of a given database who had a record of
COVID-19 infection in the period from 11 January 2021 in Denmark, Norway, and Spain and
from 01 April 2021 in the UK and until 30 days before the last date with available data in each
database (31 December 2021 in Norway, 21 March 2022 in the UK, and 30 June 2022 in
Denmark and Spain). We applied the following exclusion criteria on the date of the recording
of COVID-19 infection:

1. Age = 2 years on the date of COVID-19 infection and were not members of the
database in the previous 2 years before COVID-19 infection (no 2-year lookback)

2. Age < 2 years on date of COVID-19 infection and not a member of the database since
birth
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3. Missing date of birth
4. Missing data on sex
5. Receipt of another COVID-19 vaccine before the date of COVID-19 infection

6. The date of recording COVID-19 infection was after the of stopping mass
testing/adherence to mass testing in each country (12-FEB-2022 in Norway; 9-MAR-
2022 in Denmark, 28-MAR-2022 in Spain, and 31-MAR-2022 in UK). For further
information see Section 9.9.5.

9.3.4. Cohort study of outcomes of myocarditis and pericarditis

Identification of myocarditis and pericarditis cases was done as two separate cohorts, but
following the same principles as described below.

We identified all persons who had a recording of myocarditis/pericarditis during the study
period running from 11 January 2021 in Denmark, Norway, and Spain; from 01 April 2021 in
the UK and until 30 days before the last date with available data in each database (31
December 2021 in Norway, 21 March 2022 in the UK, and 30 June 2022 in Denmark and
Spain).

We applied the following exclusion criteria on the date of the recording of
myocarditis/pericarditis:

1. Age = 2 years on the date of myocarditis/pericarditis diagnosis and were not members
of the database in the previous 2 years before myocarditis/pericarditis diagnosis (no 2-
year lookback)

2. Age < 2 years on date of myocarditis/pericarditis diagnosis and not a member of the
database since birth.

3. Receipt of another COVID-19 vaccine than Spikevax before the date of
myocarditis/pericarditis diagnosis.

4. Missing date of birth

5. Missing data on sex

9.4. Variables

9.4.1. Exposure: Spikevax vaccination

We used dates of Spikevax vaccination as recorded in the routinely collected data in the
participating databases. Whenever the administration date of Spikevax vaccination was
recorded, this was used as the date of Spikevax vaccination. If the administration date was
not recorded, the date of recording of the Spikevax vaccination was used as the date of
Spikevax vaccination. Whenever dates of Spikevax vaccination were 20 or less days apart, the
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earliest date of Spikevax vaccination was retained. We chronologically classified doses of
Spikevax vaccination dose 1, dose 2, dose 3, or later doses.

9.4.2. Adverse events of special interest

For the Fourth Interim Report, we identified the AESIs other than “"Death of any cause” based
on diagnosis codes recorded during routine health care, using database specific standard
vocabularies (ICD-10 [Danish modification] in Denmark, ICD-10CM in Spain, ICD-10 in
Norway, and MEDCODEIDs in the UK). Codes were identified by mapping relevant concepts in
a clinical definition using the application CodeMapper with a subsequent clinical review, to
make a semiautomatic and transparent identification of case definitions using codes from
different coding systems (73). As CodeMapper does not include MEDCODEIDs, all codelists in
the CPRD were mapped manually using previous evidence and local clinical expertise. Many of
the definitions have been used in the ACCESS project, an EMA-commissioned study to
estimate background rates of the COVID-19 vaccine AESIs (64, 74). Whenever necessary, the
ACCESS definitions were refined and missing definitions added. Whenever relevant, published
studies have been consulted for earlier definitions. The process of refinement has been
ongoing since the Third Interim Report. The process of technical and clinical review is ongoing
and is being currently conducted by the VAC4EU task force dedicated for this task.

For the AESIs anaphylaxis, diabetes type 1, and heart failure, definitions of prevalent events
were broader than definitions of incident events. For anaphylaxis and diabetes type 1,
prevalent events were identified based on medication proxy in addition to a diagnosis code.
For heart failure, definition of prevalent events included chronic conditions. The principle
behind this approach is prioritizing sensitivity of an algorithm when excluding persons with
prevalent events and prioritizing specificity of an algorithm when identifying endpoints.
However, for Norway it was not possible to use medication proxies (see more in Section
9.9.5). An overview of the included codes is given in the standalone document Appendix
1_codelist and algorithms.

The AESI “Death of any cause” was defined for persons with a non-missing date of death using
the recorded death date.

In some countries it was not possible to measure some of the AESIs for reasons such as
lacking extraction of the needed codes, missing codelists for a specific vocabulary, codes only
available for some of the study period, and codes only extracted on “parent” level (e.g., ICD10
codes on the three-digit level). Overall, this resulted in no reporting on acute kidney injury
and multisystem inflammatory syndrome in Denmark, no reporting on narcolepsy, sudden
death, chilblain-like lesions, anosmia and ageusia, erythema multiforme, anaphylaxis, and
multisystem inflammatory syndrome in Norway, and no reporting of narcolepsy and sudden
death in Spain (Specific reason for each country and AESI is given in Section 9.9.5). In
Norway, due to unavailability of specific ICD-10 codes 101.2 “Acute rheumatic myocarditis”,
109.0 “Rheumatic myocarditis”, and 151.4" “Myocarditis, unspecified”, persons identified with
AESI myocarditis may also include persons with all subcodes of the respective parent codes
I01 “Rheumatic fever with heart involvement”, 109 “Other rheumatic heart diseases”, 151
“Complications and ill-defined descriptions of heart disease”. The AESI pericarditis in Norway,
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in addition to the specific codes “"101.0 Acute rheumatic pericarditis” and “124.1 Dressler’s
syndrome”, the AESI definition includes all subcodes in the respective codes 101 “"Rheumatic
fever with heart involvement”, and 124 “Other acute ischaemic heart diseases”. Because of
myocarditis and pericarditis being a known signal and for the sake of transparency, it was
decided to proceed with signal detection and evaluation of the AESI myocarditis and AESI
pericarditis in all countries with available data. For the sake of simplicity, in this Fourth Interim
Report, the terminology “myocarditis” and “pericarditis” has been retained.

9.4.3. Other outcomes

Table 7 gives an overview of the outcomes included in the study of VAED. It was not possible
to distinguish if the outcome occurred because of COVID-19 or if the outcome occurred in
persons having COVID-19, but without the two events being related.

Table 7. Overview of outcomes included in the analysis of VAED

Outcome Definitions

Hospitalisation A record of a hospitalisation from the date
of COVID-19 diagnosis and the subsequent
14 days

Admission to intensive care A record of an admission to an intensive

care unit from the date of COVID-19
diagnosis and the subsequent 30 days

Death Date of death from the date of COVID-19
diagnosis and the subsequent 30 days

9.4.4. Subpopulations

Per protocol, the following five subpopulations were identified for the secondary objectives.

¢ Women of childbearing age, defined as females who were between 12 and 49 years of
age (both ages included) at the start of follow-up

e Patients with chronic health conditions (used in current analysis as a proxy to RMP-
specified subgroup “frail subjects with unstable health conditions and chronic co-
morbidities”)

e Patients with autoimmune or inflammatory disorders
e Patients with indicators of immunocompromised status

e Patients previously diagnosed with COVID-19 infection
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Table 8 gives an overview of the conditions included in each subpopulation identified based on
diagnosis codes. Table 8 also include information related to the use of medication proxies for
some categories (no medication proxies were applied in Norway for the current report).

Table 8. Overview of the definitions of the subpopulations.

Subpopulatio | Main disease Sub-disease categories (all Medicatio
n categories identified by diagnosis codes) n proxies
Patients with Cardiovascular disease Infarction myocardial Yes
chronic health Angina pectoris
conditions Arrhythmia
Heart failure
Myocarditis
Pericarditis
Heart disease valvular
Haemorrhage cerebral stroke
Infarction cerebral stroke
Capillary leak syndrome
Deep vein thrombosis
Hypertension
Microangiopathy
Vascular disease peripheral
Arterial thromboembolism
Cardiomyopathy
Pulmonary embolism
Ischemic cerebral attack transient
Vasculitis any
Thromboembolic venous all
Diabetes types 1 and 2 Yes
Chronic Neurological Generalised convulsions No
diseases Dementia No
Demyelination multiple sclerosis No
Hemiplegia No
Parkinson’s disease No
Neuron motor disease No
Down's syndrome No
Learning disability No
Cerebral palsy No
Haemorrhage cerebral stroke No
Infarction cerebral stroke No
Ischemic cerebral attack transient No
COPD Yes
Patients with Arthritis rheumatoid No
autoimmune or | Autoimmune thyroiditis No
inflammatory Vasculitis any No
disorders Gout No
Diabetes type 1 Yes
Demyelination multiple No
sclerosis
Systemic lupus No
erythematosus
Psoriatic arthritis No
Sjégren's syndrome No
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Subpopulatio | Main disease Sub-disease categories (all Medicatio
n categories identified by diagnosis codes) n proxies
Polymyalgia rheumatica No
Psoriasis No
Inflammatory bowel No
disease, (ulcerative
colitis, and Cohn’s
disease)
Arthritis spondylarthritis, No
any
Patients with Autoimmune or Arthritis rheumatoid No
indicators of inflammatory disorders Autoimmune thyroiditis No
immunocompro Vasculitis any No
mised status Gout No
Diabetes type 1 Yes
Demyelination multiple sclerosis No
Systemic lupus erythematosus No
Psoriatic arthritis No
Sjogren's syndrome No
Polymyalgia rheumatica No
Psoriasis No
Inflammatory bowel disease, No
(ulcerative colitis, and Cohn’s disease)
Arthritis spondylarthritis, any No
Immunodeficiencies, any No
Specific haematological No
neoplasms
Organ transplant No
recipient
Patients COVID-19 No
previously Defined based on diagnosis codes
diagnosed with and/or PCR test results
COVID-19
infection

An overview of the included codes is given in the standalone document “Appendix 1_codelist
and algorithms.xls”.

9.4.5. Co-morbidities

For each person we estimated the Charlson co-morbidity index based on diagnosis codes
recorded within the two years preceding the start of follow-up (75). We grouped the score on
the Charlson co-morbidity index into the following groups: 0, 1, or 22.

For the analysis of the outcomes of myocarditis and pericarditis, we defined the variable
“History of cardiac events” as a record of diagnosis codes for any of the conditions listed below
within the two years preceding the start of follow-up:

e Heart failure

e Myocarditis

e Pericarditis
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e Heart disease, valvular
e Cardiomyopathy
e Arrhythmia

An overview of the included codes is given in the standalone document Appendix 1_codelist
and algorithms.

9.4.6. Health resource utilization

We defined several variables that would indicate the use of health care within the year before
the start of follow-up:

e At least one vaccine (other than COVID-19 vaccines): Yes, no
e At least one inpatient hospitalisation: Yes, no
e At least one outpatient hospital or specialist contact: Yes, no

e Primary care contacts: 0-1, =22

9.4.7. Other variables

We defined sex as recorded in each database.

We defined age based on the date of birth. We measured age in years and grouped age into
the following age groups for reporting of results:

o Children and adolescents (0-17 years)
= Children (<12 years)
= Adolescents (12 - 17 years)

o Adults (18 - -64 years)

= 18 - 24 years

= 25 - 34 years
= 35 -44 years
= 45 - 54 years
= 55 - 64 years

o Elderly (=65 years)
= 65 - 74 years

= 75 -79 years
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= >80 years

9.5, Data sources and measurement

Below is first an overall description of all participating databases, which is followed by a more
detailed description of the data sources used for different variables.

9.5.1. Data sources
Denmark: National reqgistries

All Danish registers used in this study have a nationwide coverage and an almost 100%
capture of contacts covering information on currently 5.8 million inhabitants plus historical
information (76). Unambiguous person-level linkage across all data sources is possible via a
unique identifier used in all Danish public records, originally developed for taxation. Results on
this study are based on data from the following registries: the Danish National Prescription
Registry (tracks dispensing of prescription medications from 1995, including dispensing date,
Anatomical Therapeutic Chemical (ATC) code, product code and amount). The Danish National
Health Service Register (records general practitioner (GP) contacts including examinations,
procedures, pregnancy-related visits and vaccinations [other than COVID-19], but no
diagnosis codes are included); the Danish Civil Registration System (sex, date of birth,
migration, vital status); the Danish National Patient Registry (records diagnoses and
procedures from all hospitalizations since 1977 and all hospital encounters since 1995);
Danish Vaccination Registry (COVID-19 vaccinations). The Danish databases were
characterised in the ADVANCE project and considered fit for purpose for vaccine coverage,
benefits, and risk assessment and could participate in near real-time monitoring (77). Danish
registries are listed as a resource in the EU PAS Register
(https://www.encepp.eu/encepp/viewResource.htm?id=42187).

Norway: National registries

All Norwegian registers used in this study have a nationwide coverage and an almost 100%
capture of contacts covering information on currently 5.4 million inhabitants plus historical
information. Many population-based health registries were established in the 1960s, with use
of unique personal identifiers facilitating linkage between registries. The mandatory national
health registries were established to maintain national functions. They are used for health
analysis, health statistics, improving the quality of healthcare, research, administration and
emergency preparedness. The Norwegian national identity number was introduced in the
1960s. This identifier is assigned to every person at birth or upon immigration; it is 11 digits
long and encodes date of birth and sex. The identifier is included in all national registries,
allowing accurate linkage among them. The Norwegian data sources included the following
national registers: the National Registry and Statistics Norway (data on sex, date of birth,
migration, vital status); the Norwegian Immunisation Registry (SYSVAK) (information on
COVID-19 vaccinations and other vaccines); the Norwegian Surveillance System for
Communicable Diseases (information on results of PCR SARS-Cov-2 tests), and the Norwegian
Patient Registry.
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Spain: SIDIAP

The Information System for Research in Primary Care (Sistema d'Informacio per al
Desenvolupament de la Investigacié en Atencié Primaria’ - SIDIAP; www.sidiap.org) was
created in 2010 by the Catalan Health Institute (CHI) and the IDIAP]Gol Institute (78). It
includes information collected since 01 January 2006 during routine visits at 278 primary care
centres pertaining to the CHI in Catalonia (North-East Spain) with 3,414 participating GPs.
SIDIAP has pseudo-anonymised records for 5.7 million people (80% of the Catalan population)
being highly representative of the Catalan population. The SIDIAP data comprises the clinical
and referral events registered by primary care health professionals (GPs, paediatricians, and
nurses) and administrative staff in electronic medical records, comprehensive demographic
information, community pharmacy invoicing data, specialist referrals and primary care
laboratory test results. It can also be linked to other data sources, such as the hospital
discharge database, on a project-specific basis. Health professionals record this information
using the clinical modification of International Classification of Diseases, 10th Revision (ICD-
10CM) codes, ATC codes and structured forms designed for the collection of variables relevant
for primary care clinical management, such as country of origin, sex, age, height, weight,
body mass index, tobacco and alcohol use, blood pressure measurements, blood and urine
test results. In relation to vaccines, SIDIAP includes all routine childhood and adult
immunizations, including the antigen and the number of administered doses. Encoding
personal and clinic identifiers ensures the confidentiality of the information in the SIDIAP
database. The SIDIAP database is updated annually at each start of the year. With the COVID-
19 pandemic, there is the possibility to have shorter term updates to monitor the evolution of
the pandemic. Recent reports have shown the SIDIAP data to be useful for epidemiological
research. SIDIAP is an ENCePP centre
(https://www.encepp.eu/encepp/viewResource.htm?id=4646). The SIDIAP database was
characterised in the ADVANCE project and considered fit for purpose for vaccine coverage,
benefits and risk assessment (77).

UK: CPRD

The CPRD from the UK collects the computerised medical records of general practitioners
(GPs) in the UK who act as the gatekeepers of healthcare and maintain patients’ life-long
electronic health records. As such they are responsible for primary healthcare and specialist
referrals, and they also record information stemming from specialist referrals, and
hospitalizations. Secondary care teams also feedback information to GPs about their patients,
including key diagnoses. The data recorded in the CPRD include demographic information,
prescription details, clinical events, preventive care, specialist referrals, hospital admissions,
and major outcomes, including death. Most of the data are coded in MEDCODEID, which are
unique codes used by CPRD for the medical terms selected by the GPs (Read and SNOMED
codes). The dataset is generalizable to the UK population based upon age, sex, socioeconomic
class, and national geographic coverage. There are currently approximately 41 million patients
(including transferred out and deceased patients acceptable for research purposes) — of which
13 million are active (still alive and registered with the GP practice) - in approximately 1345
practices (https://cprd.com/Data).
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CPRD data includes information on demographics, GP/primary care healthcare professional
consultations (phone, letter, email, in surgery, at home), diagnoses and symptoms, laboratory
test results, primary care prescriptions, immunisations and preventive treatments, death
(date) and referrals to other care settings.

GPs receive information on diagnoses and procedures from hospital discharge and clinic
summaries which, although not comprehensively recorded by GPs, can be coded in the GP
medical records and translated into MEDCODEID codes within CPRD. Furthermore, information
from hospital discharge and clinic summaries recorded by GPs as free text information is not
available in CPRD.

CPRD is listed under the ENCePP resources database, and access was provided by the Drug
Safety Research Unit (DSRU). The CPRD was not yet characterised in the ADVANCE project,
where the UK THIN and RCGP databases were used, but has been used in vaccine studies.

9.5.2. Measurement
COVID-19 vaccines

In Denmark, information on COVID-19 vaccination, including the date and the manufacturer,
was obtained from the register of COVID-19 vaccines, which is a COVID-19 vaccination related
subset of the Danish Vaccination Registry (79, 80). In Norway, information on COVID-19
vaccination, including the date and the manufacturer, was obtained from the Norwegian
Immunization Registry (81). In Spain, information on all vaccines administered at primary
care centres and at mass vaccination centres are available and include type of vaccine, the
date of vaccination, and, for COVID-19 vaccine, the vaccine manufacturer. In the UK,
information on COVID-19 vaccination is updated in the GP medical records by the NHS in
connection with the administration of vaccines, conducted during consultations or from other
NHS immunisation services. Dates of COVID-19 vaccination are recorded as the date
associated with the vaccination and are available in the CPRD drug issue table. Information on
the manufacturer is available from the product identification number.

Diagnoses and medication use

For this interim report, we defined the AESIs, the subpopulations, and co-morbidities based on
diagnosis codes from various sources and in some cases, medication proxies from
prescriptions or dispensings.

In Denmark information on diagnoses was obtained from the Danish National Patient Registry,
which records diagnoses according to the Danish version of ICD-10 for all contacts with Danish
hospitals. Information on medication use from the Danish National Prescription Registry
included information on dates of dispensing and ATC-codes.

In Norway, information about hospital contacts was available from the Norwegian Patient
Register, which used ICD-10 codes. Medication use was not available in the data extraction
available for this report (see Section 9.9.5).

In Spain, the diagnoses originate from two different sources. 1) The registry of primary care
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diagnoses includes medical diagnoses registered using ICD-10CM codes in primary care either
as a result of a physical visit, telephone consultation or based on information obtained from
other health care providers (e.g., hospital physicians). 2) The registry of hospital discharges
included diagnoses registered during hospital contacts and are recorded according to ICD-
10CM codes. In the current data extraction, only data since 2016 on hospital discharges were
available. In SIDAP, information on medication originates from the registry of drug
prescriptions redeemed at community pharmacies using ATC codes. Over the counter
medication is not included and medication dispensed at hospital pharmacies are not included.

In the UK, information on diagnosis codes, in the form of MEDCODEIDs, were available in the
CPRD table for observations, either as a result of a physical visit, telephone consultation or
based on information obtained from other health care providers (e.g., hospital physicians). It
is compulsory for specialists and hospitals to send a letter to GPs with information on the
health service provided to the GP’s patients during specialist or hospital contact. The GP or a
trained staff member may update GP medical records based on information from specialists
and hospitals that then become available in the CPRD observations table. However, free-text
information from the patient’s GP medical records is not available in CPRD. Information on
medication use, in the form of PRODCODEIDs, were available in the CPRD Drug issue file
which contains details of all prescriptions on the GP system. This file contains data relating to
all prescriptions (for drugs and appliances) issued by the GP. We identified the PRODCOIDs for
the medication proxies used for this report.

Health care resource utilization

Table 9 gives an overview of the availability of information on different variables of health care
resource utilization in each database and, if available, the source of the information.

Table 9. Overview of availability and source of information on health resource
utilization according to database

Availability, source

Variable Denmark Norway Spain UK (CPRD)
(SIDIAP)

Vaccinated The Danish The Norwegian SIDIAP CPRD
with other National immunization vaccination Observation
vaccines than Health Service registry table file and Drug
COVID-19 Register issue file
vaccines
during the
previous year
At least one The Danish The Norwegian Hospital Not available
inpatient National Patient Register discharge for this interim
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Availability, source

Variable Denmark Norway Spain UK (CPRD)
(SIDIAP)

hospitalisation Patient database report

within the Registry

previous year

At least one The Danish The Norwegian SIDIAP Not available
outpatient National Patient Register database and for this interim
hospital or Patient hospital report
specialist Registry discharge

contact within database

the previous

year

Primary care The Danish Not available for SIDIAP CPRD
contacts National this interim database Consultation
within the Health Service report file

previous year Register

Basic demographic characteristics: Deaths, database disenrollment, date of birth, sex

In Denmark, data on demographic characteristics were obtained from the Danish Civil
Registration System, which records information on vital status, sex, and migrations
(enrolment/disenrollment) of all Danish residents.

In Norway, data on demographic characteristics were obtained from the Norwegian Population
Registry and from Statistics Norway, which record information on sex, vital status, and
migrations (enrolment/disenrollment) for all Norwegian residents.

In Spain, the basic demographic characteristics are collected in the registry of persons
assigned to a primary care physician in the Catalan region. A person keeps the same ID
number even if they change primary care physician.

In the UK, the basic demographic characteristics are collected from a table of patients
registered in a GP practice, which contribute to the CPRD. For persons above 15 years only
year of birth is recorded, therefore we defined the date of birth as 01 July of the specified year
of birth. For persons aged 0 to 15 years both month and year of birth is recorded, therefore
we defined the date of birth as the 15 of the specified month and year. Persons are included in
the CPRD database from the date they enrol in a practice contributing to CPRD, when the
patient de-register from that practice the patient will be recorded as disenrolled. If the patient
later should register at another practice contributing to CPRD, the patient will get an additional
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record with a new id and enrolment date (it is not possible to link such records). If the patient
later re-enrols at a practice where they have previously been enrolled, the earliest recordings
of enrolment and disenrollment dates will be removed and only the latest enrolment (and
potentially disenroliment) date will be retained.

COVID-19 cases

Presence of COVID-19 infection was defined using a combination of diagnosis codes for
COVID-19 (identified in the same registries as described in Section 9.5.1) or positive PCR tests
for COVID-19. Both primary and secondary diagnosis codes were used in identification,
implying inclusion of persons contacting hospitals because of COVID-19 and because of other
reasons with COVID-19.

In Denmark, information on positive COVID-19 PCR tests was obtained from the Danish
Registry of COVID-19 tests. The Danish Departments of Clinical Microbiology and Statens
Serum Institut carried out laboratory analysis, registration, and release of the national SARS-
CoV-2 surveillance data for the present study. In Norway, information on positive COVID-19
PCR tests came from the Norwegian Surveillance System for Communicable Diseases. In Spain
information on positive COVID-19 PCR tests, including test date, came from the registry of
COVID-19 tests.

The strategy for testing for COVID-19 disease has varied over the pandemic. In more recent
periods, mass testing for the entire population has been stopped and testing has been
reserved for special situations/patients. Therefore, we did not consider recording COVID-19
infection or test after the stop of mass testing/adherence to mass testing in each country.
(12-FEB-2022 in Norway; 9-MAR-2022 in Denmark, 28-MAR-2022 in Spain, and 31-MAR-2022
in UK). See Table 10 for reasons for the dates selected at each site and see Section 9.9.5 for
further information on this decision.

Table 10. Overview of dates when COVID-19 mass testing was no longer performed in
each country and the reason for the selected dates

Country Date Reason

Denmark 09-MAR-2022 On 10 March 2022, the Danish National Board of Health
announces new regulations regarding testing for COVID-19.
Now tests are only recommended for persons at increased
risk of severe COVID-19, which include persons =65 years
of age, pregnant women or persons who for other reasons
are at increased risk of severe COVID-19 (82).

Norway 12-FEB-2022* From the 12 February 2022, the Norwegian government
removes the requirement that close contacts to a positive
individual must take a PCR test. Hereafter, only adults with
symptoms are recommended to test themselves. Children
at schools and kindergarten (even in the presence of
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Country Date Reason

symptoms) do not have to test themselves anymore (83).

Spain 28-MAR-2022 The indication for doing COVID-19 diagnostic tests was
modified on 23 March 2022 to be implemented on 28 March
2022. This new strategy focused on people with risk factors
(over 60 years, immunosuppressed and pregnant),
vulnerable areas (health and socio-sanitary) and serious
cases. Surveillance focused on these groups. The diagnosis
of patients with mild symptoms compatible with COVID-19
was made according to their clinical management needs

(84).
United 31-MAR-2022%* Free testing for the public ended on 01 April 2022 as part
Kingdom of the government’s Living with COVID plan, but

asymptomatic testing continued to be used in some
settings during periods of high case rates (85).

*These dates are after the last date with available data for the present report. Therefore, it will not have an
impact on the results.

9.6. Bias

This study addresses potential bias both on design and the analysis stage. At the signal
detection stage, bias related to different distribution of age and sex between the Spikevax
cohort and the historical cohort was reduced using indirect standardization according to age
and sex. In self-controlled designs, time-invariant confounders are inherently adjusted for,
time-varying confounding is reduced by adjustment for month and year where indicated. For
analysis of VAED, we adjust analyses for the measured potential confounders.

9.7. Study size

We included all eligible Spikevax recipients participating databases. Precision calculations
based on the assumptions about the AESI rates were provided in the Study Protocol and the
SAP.

9.8. Data transformation

This study uses the Vaccine monitoring Collaboration for Europe (VAC4EU,
https://vacd4eu.org/) research environment and the publicly available ConcePTION common
data model (CDM) (86, 87). Each data access provider (DAP) extracted, transformed, and
loaded (ETL) the data into the ConcePTION CDM, according their ETL design and the ETL
instructions provided by the principal investigator. After transforming the original data into the
CDM tables, the DAPs ran centrally distributed common scripts to generate study variables,
perform analyses, and produce aggregated analysis results. These results were transferred to
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the Digital Research Environment (DRE), where the final analyses and report tables where
generated.

9.9. Statistical methods

The Final Study Report will be prepared in accordance with the SAP version in force at the
time (currently SAP Version 2.0, dated 17 June 2022). This Section describes only the
statistical methods relevant to the analyses reported in this report.

9.9.1. Main summary measures

In the descriptive analyses, we used frequencies and percentage for categorical variables. We
used arithmetic means with standard deviations (SD) and medians with quartiles for
continuous variables. We used incidence rates per 100,000 person-years and associated 95%
CI to describe occurrence of AESIs and other outcomes.

9.9.2. Main statistical methods
Signal detection

We estimated the crude incidence rates per 100,000 person-years in the Spikevax cohort and
in the historical cohort by dividing the number of observed incident AESI events by the
number of person-years. The 95% CIs for rates were estimated using exact Poisson method.
As most AESIs are expected to be rare, indirect standardization was used (53) to estimate
SMRs for each AESI as the number of observed events divided by the nhumber of expected
events in Spikevax recipients. The number of expected events was estimated by multiplying
the rate in historical cohort by the observed person time in strata based on sex and age (1
year age intervals until 95 years). We estimated 95%-CI of the SMRs using Byar'’s
approximation (formula 2.13 p. 69) in Breslow and Day (88). The analyses were done
separately by length of end-of-risk-period (2, 14, 28, 42, or until last date with available data)
and by dose of Spikevax (1, 2, 3, any).

We reported the results according to sex (both sexes, female, and male) and age groups (<12
years, 12 - 17 years, 18 - 24 years, 25 - 34 years, 35 - 44 years, 45 - 54 years, 55 - 64
years, 65 - 74 years, 75 - 79 years, =280 years, children (<18 years), adults (18-64 years),
elderly (= 65 years), and all ages).

Other designs

In this Section we briefly outline the methods separately for each study design. However,
there are some considerations that are relevant for several designs. For other designs than the
self-controlled analyses, we will always present an unadjusted estimate and an estimate
adjusted for age, sex and potentially other key confounders (exact details are given for each
analysis). When deciding which additional covariates to adjust for in the primary analysis, we
followed the recommendation to include less parameters than the number of events divided by
10 (89).

Self-controlled case series
The SCCS design provided an estimate of the IRR and was implemented following the
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guidelines in Whitaker et al. 2006 (90) and Petersen et al 2016 (69). For AESIs, we regarded
as potential contraindications to vaccination we conducted the analyses by dose, with start of
follow-up at the date of receiving each dose (91). The specifics of how we partitioned the
observed time into risk windows, induction/wash-out windows, healthy vaccinee windows and
control windows are described in Section 9.1.2, Table 6, Figure 6, and Figure 7. For AESIs
where we judged that time-varying confounding was possible, we adjusted for month and
year, by splitting the observation periods according to month and year.

In signal detection, the association measure was the SMR, in signal evaluation, the association
measure was IRR, and in the cohort design of VAED, the measure of association was odds
ratios (ORs). All measures of association were reported with 95% Cls.

9.9.3. Missing values

As this study is based on routinely collected health care data, absence of an AESI-defining
diagnosis was assumed to indicate absence of the AESI rather than evidence of missing data
on that AESI. In the rare cases of true missing data (e.g., <0.1% records in United Kingdom
with missing information on sex), records were excluded from the analyses, and imputation
was not attempted.

9.9.4. Sensitivity analyses

We performed the following sensitivity analyses for signal evaluation:

1) provided results for the doses that was not specified as the primary dose of interest (see
Table 4)

2) Used alternative populations (see Table 5)

3) Used COVID-19 infection as an additional censoring criterion (for ARDS not used COVID-19
infection as a censoring criteria)

4) For self-controlled designs, used alternative risk windows (see Table 6)

9.9.5. Amendments to the statistical analysis plan

Amendment Description of Amendment
number
1 For diabetes type 1, myocarditis, and pericarditis, we did not completely

follow the prespecified criteria for selection of sensitivity populations for
signal evaluation. However, we ensured to have broad population
selections for the sensitivity populations to ensure a full overview of all
populations that could potentially be affected by AESIs. The reasons for
this deviation were:

- Diabetes type 1 usually occurs in younger persons and risk of
misclassification between diabetes type 1 and 2 in older persons.
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Amendment
number

Description of Amendment

- The risk groups implicated by other studies for myocarditis and
pericarditis indicated potential for age and sex differences, which we
wanted to reflect.

The strategy for testing for COVID-19 disease has varied over the
pandemic. In more recent periods, mass testing for the entire population
has been stopped and testing has been reserved for special
situations/patients. This could lead to bias in analyses depending on the
recording of COVID-19 infections if only patients with increased risk of
severe COVID-19 disease would be recorded, as this could be related both
to the likelihood of COVID-19 vaccination and AESIs. Therefore, we
decided not to consider recordings of COVID-19 infection or test after the
stop of mass testing/adherence to mass testing in each country (date are
included in Table 10) for the following:

- Definition of the subpopulation of patients previously diagnosed with
COVID-19

- Definition of the population to be included in the study of VAED

Due to delays in data access, the Norwegian data delivery contained less
information than planned, which could have some effects on the results:

- The extracted population was reduced in two ways: First, the
population for the historical cohort only included persons living in
Norway on 1 January 2018 and onwards (this resulted in the historical
cohort for signal detection covering 2018-2019 instead of 2017-2019
as planned). Second, immigrants to Norway who had not received the
standard personal identification number was not included in the
population, which overall resulted in a slightly reduced population and
thereby precision. However, this should not introduce any systematic
error.

- The data extraction did not include information about medication and
primary care contacts before 2018. We decided not to use diagnoses
from primary care and medication proxies from Norway. Therefore, we
only used information from hospital contacts to define AESIs and
covariates.

- The extracted data from hospital contacts did for most diagnoses only
include ICD-10 codes at the three-digit level, i.e., “parent” codes only
(except for COVID-19 related diagnoses). This means that whenever
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Amendment
number

Description of Amendment

code lists only include specific “children subcodes”, the occurrence of
AESIs would be overestimated when using the “parent” code. This is
evident, e.g., for the AESI narcolepsy in which use of the “parent”
code (G47) results in inclusion of all types of sleeping disorders, and
sudden death, in which case use of the “parent” code (146) results in
inclusion of any cardiac arrest (also those not resulting in sudden
death). In addition, ICD-10 chapters L, T and R are not included in the
current extraction (except R09, R73, R95, R96, R98, and R99), which
meant that we did not capture AESIs chilblain-like lesions, anosmia
and ageusia, erythema multiforme, and anaphylaxis. For multisystem
inflammatory syndrome, only the code U10.9 (“Multisystem
inflammatory syndrome associated with COVID-19") was included in
the data extraction, therefore it was only possible to identify
multisystem inflammatory syndrome in the Spikevax cohorts. Given
the above, for Norway, we decided to not report results for
narcolepsy, sudden death, chilblain-like lesions, anosmia and ageusia,
erythema multiforme, anaphylaxis, and multisystem inflammatory
syndrome.

- Full information on emigration and immigration was not available
(only the latest emigration status was available). Therefore, we could
not exclude persons who had not been in the database the two years
before the index date as this data was unknown to us. This resulted in
slightly higher analysis populations and that some persons might have
had the AESIs in the two years before the index date but had not been
correctly excluded.

At the time of closing the codelist for the Fourth Interim Report, the
codelist did not contain any codes for acute kidney injury from Danish
modification of ICD-10. Also, the codelist only contained codes for
multisystem inflammatory syndrome related to COVID-19 from Danish
modification of ICD-10. Therefore, it was only possible to identify
multisystem inflammatory syndrome in the Spikevax cohorts. Thus, we do
not report any results on acute kidney injury and multisystem
inflammatory syndrome from Denmark.

At the time of closing the codelist for the Fourth Interim Report, the
codelist did not contain any codes for sudden death for ICD-10CM (used in
Spain). Also, the codelist only included one parent code for narcolepsy in
ICD-10CM, which was not used in the Spanish data. Therefore, we do not
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Amendment Description of Amendment
number

report results on narcolepsy and sudden death from Spain.

9.10. Quality control

All DAPs implemented local data management plans to ensure the quality of their handling of
the local data, subject to standard quality control by the respective data custodians. After
converting the original data to the CDM, the data underwent two levels of quality checks: level
1 (completeness) and level 2 (logical consistency). These level checks were reviewed with the
DAPs and signed off when sufficient quality was ensured.

Analysis scripts underwent a review by a second programmer and were tested before
deployment on an imputed dataset and later on a portion of the ETL data at each DAP. Double
programming for some of the analyses are ongoing as an additional quality control. Country
specific results were reviewed for plausibility by the principal investigators and the co-
investigators in each country.

10.Results

The results are presented in the Appendix Tables listed in Section 15.1. Numbering of the
tables encodes the AESI, country, and dose of Spikevax. Table 11 shows the indexing used for
AESIs, doses, and countries.
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Table 11. Overview of indexing used for table numbering to indicate AESI, dose of

Spikevax, and country

Roman numbers

specifying the dose of

Upper case letter

Arabic numbers specifying AESI Spikevax specifying Country
Upper
Arabic Dose of Roman case
AESI number | Spikevax number Country letter
Guillain-Barré Syndrome 1 First I Denmark A
Acute disseminated 2 Second Ii Italy* B
encephalomyelitis
Narcolepsy 3 Third Lii Norway C
Acute aseptic arthritis 4 Any Iv Spain D
Diabetes type 1 5 United
Kingdom E
Idiopathic thrombocytopenia 6
Microangiopathy 7
Heart failure 8
Stress-induced cardiomyopathy 9
Coronary artery disease 10
Arrhythmia 11
Myocarditis 12
Pericarditis 13
Cerebrovascular disease 14
Deep vein thrombosis 15
Pulmonary embolism 16
Single_o_rgan cutaneous 17
vasculitis
Cerebral venous sinus
thrombosis 18
Splanchnic vein thrombosis 19
Coagulation disorders 20
Dissemir?ated intravascular 21
coagulation
Kawasaki disease 22
Acute liver injury 23
Acute kidney injury 24
Generalised convulsions 25
Encephalitis/meningoencephalitis 26
Transverse myelitis 27
Bell’s palsy 28
Acute respiratory distress 29
syndrome
Erythema multiforme 30
Chilblain - like lesions 31
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Roman numbers

specifying the dose of Upper case letter

Arabic numbers specifying AESI Spikevax specifying Country

Upper

Arabic Dose of Roman case

AESI number | Spikevax number Country letter
Anosmia/ageusia 32
Anaphylaxis 33
Multisystem inflammatory 34

syndrome

Sudden death 35
Death of any cause 36

Vaccine-induced immune 37
thrombotic thrombocytopenia

* As specified in Section 8, no data from Italy are included in the Fourth Interim Report. However, the alphabetic
indexing of countries remains unchanged to allow the possibility of all planned data being included in in the final report.

10.1. Participants

10.1.1. Signal detection
Denmark

In the nationwide registry-based data in Denmark, there were 668,881 persons with at least
one dose of Spikevax in the first-dose base population. After applying the exclusion criteria,
the first-dose Spikevax cohort included 564,137 persons (84.3% of the base population). The
most prevalent exclusion criterion, 86,525 persons (12.9%), was receipt of other types of
COVID-19 vaccines before the first dose of Spikevax (Table 1.A., Appendix_Table_1_2_3).
Among those, 531 (0.6%) had previously received the Pfizer vaccine, 52,170 (60.3%) the
Astra Zeneca vaccine, and 33,845 (39.1%) the Johnson and Johnson vaccine (Table 2.i.,
Appendix_Table_1_2_3).

From the base population for the second-dose of Spikevax of 632,106 persons, 557,801
(88.2%) were included (Table 1.A., Appendix_Table_1_2_3). From the base population for the
third-dose Spikevax cohort of 437,907 persons, 429,798 persons (98.1%) were included
(Table 1.A., Appendix_Table_1_2_3). Persons excluded from the second-dose Spikevax cohort
because of a previous record of another type of COVID-19 vaccine are described in Table 2.ii.,
Appendix_Table_1_2_3. No persons were excluded because of previous COVID-19 vaccines
from the third-dose Spikevax cohort (Table 2.iii).

From the base population of 5,910,232 persons for the historical cohort, 5,758,622 (97.4%)
were included in the analysis (Table 1.A., Appendix_Table_1_2_3).

Norway

In the nationwide registry-based data in Norway, there were 1,288,649 persons with at least
one dose of Spikevax in the first-dose base population. After applying the exclusion criteria,
the first-dose Spikevax cohort included 543,429 persons (42.2% of the base population). The
most prevalent exclusion criterion was receipt of other types of COVID-19 vaccines before the
first dose of Spikevax (745,220 persons [57.8% of base population]; Table 1.C.,
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Appendix_Table_1_2_3). Among those, 745,220 persons, 741,449 (99.5%) had previously
received the Pfizer vaccine, 13,022 (1.7%) the Astra Zeneca vaccine, and 245 (<0.1%) the
Johnson and Johnson vaccine (Table 2.i., Appendix_Table_1_2_3).

From the base population for the second-dose of Spikevax of 448,093 persons, 430,162
persons (96.0%) were included (Table 1.C., Appendix_Table_1_2_3). From the base
population for the third-dose Spikevax cohort with of 69,400 persons, 69,367 persons
(>99.9%) were included (Table 1.C., Appendix_Table_1_2_3). Persons excluded from the
second-dose Spikevax cohort and third-dose Spikevax cohort because of a previous record of
another type of COVID-19 vaccine are described in Table 2.ii. and 2.iii
(Appendix_Table_1_2_3), respectively.

All 5,567,138 included in the base population for the historical cohort were also included in the
analysis (Table 1.C., Appendix_Table_1_2_3).

Spain
In Spain/SIDIAP database, there were 2,706,804 persons with at least one dose of Spikevax.
After applying the exclusion criteria, the first-dose Spikevax cohort included 621,240 persons
(23.0% of the base population). The most prevalent exclusion criterion was receipt of other
types of COVID-19 vaccines before the first dose of Spikevax (2,019,774 persons [74.6% of
the base population] Table 1.D., Appendix_Table_1_2_3). Among those 2,019,774 persons,
1,359,626 (67.3%) had previously received the Pfizer vaccine, 517,892 (25.6%) the Astra
Zeneca vaccine, and 152,654 (7.6%) the Johnson and Johnson vaccine (Table 2.i.,
Appendix_Table_1_2_3).

From the base population for the second-dose of Spikevax of 554,273 persons, 530,383
persons (95.7%) were included (Table 1.D., Appendix_Table_1_2_3). From the base
population for the third-dose Spikevax cohort of 231,692 persons, 228,076 persons (98.4%)
were included (Table 1.D., Appendix_Table_1_2_3). Persons excluded from the second-dose
Spikevax cohort and third-dose Spikevax cohort because of a previous record of another type
of COVID-19 vaccine are described in Table 2.ii. and 2.iii( Appendix_Table_1_2_3),
respectively.

United Kingdom

In the UK/CPRD database, there were 1,762,665 persons with at least one dose of Spikevax.
After applying the exclusion criteria, the first-dose Spikevax cohort included 228,889 persons
(13.0% of the base population). The most prevalent exclusion criterion was receipt of other
types of COVID-19 vaccines before the first dose of Spikevax (1,206,466 persons [68.4% of
the base population] Table 1.E., Appendix_Table_1_2_3). Among those 1,206,466 persons,
827,711 (68.6%) had previously received the Astra Zeneca vaccine, 388,752 (32.2%) the
Pfizer vaccine, and <0.1% received the Johnson and Johnson vaccine or another type of
COVID-19 vaccine (Table 2.i., Appendix_Table_1_2_3).

From the base population for the second-dose of Spikevax of 276,570 persons, 196,647
persons (71.1%) were included (Table 1.E., Appendix_Table_1_2_3). From the base
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population for the third-dose Spikevax cohort of 75,751 persons, 56,649 persons
(74.8%)were included (Table 1.E., Appendix_Table_1_2_3). Persons excluded from the
second-dose Spikevax cohort and third-dose Spikevax cohort because of a previous record of
another type of COVID-19 vaccine are described in Table 2.ii. and 2.iii
(Appendix_Table_1_2_3), respectively.

10.1.2. Signal evaluation

Self-controlled case series design

We identified the cases meeting the inclusion criteria. The number of cases for each analysis is
displayed in the respective table showing the results (Appendix_Table_8) and in Table 14,
Section 10.4.2.

10.1.3. Cohort study of VAED

In Norway, we identified 212,030 persons registered with COVID-19 between 11 January 2021
and 01 December 2021 (Table 18, Appendix_Table_18_19_20). Of these, we could include
147,515 in the analysis as either Spikevax-exposed at the time of diagnosis of COVID-19
(8554, 5.8%) or unexposed to any type of COVID-19 vaccine at the time of diagnosis of
COVID-19 (138,961, 94.2%; Table 19, Appendix_Table_18_19_ 20).

10.1.4. Cohort study of outcomes of myocarditis and pericarditis

In Norway, we included in this analysis 3946 cases of myocarditis or other conditions captured
by the respective parent ICD-10 codes as described in Section 9.4.2., Among those, 331
(8.4%) had been exposed to Spikevax before the diagnosis of myocarditis and the remaining
3615 persons (91.6%) had not been exposed to any type of COVID-19 vaccine before the
diagnosis of myocarditis (Table 21.12, Appendix_Table_21). In Denmark, we included a total
of 274 myocarditis cases of which 65 (23.7%) had been exposed to Spikevax before the
diagnosis of myocarditis and the remaining 209 persons (76.3%) had not been exposed to any
type of COVID-19 vaccine before the diagnosis of myocarditis (Table 21.12,
Appendix_Table_21).

In Norway, we included 1063 cases of pericarditis or other conditions captured by the
respective parent ICD-10 codes as described in Section 9.4.2. Among those, 177 (16.7%)
had been exposed to Spikevax before the diagnosis of pericarditis and the remaining 886
persons (83.3%) had not been exposed to any type of COVID-19 vaccine before the diagnosis
of pericarditis (Table 21.13, Appendix_Table_21). In Denmark, we included a total of 800
pericarditis cases of which 124 (15.5%) had been exposed to Spikevax before the diagnosis of
pericarditis and the remaining 676 persons (84.5%) had not been exposed to any type of
COVID-19 vaccine before the diagnosis of pericarditis (Table 21.13, Appendix_Table_21).

10.2. Descriptive data
10.2.1. Signal detection

Denmark
The cohorts had similar proportions of males and females (Table 3.A.,
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Appendix_Table_1_2_3). The first- and the second-dose Spikevax cohorts had a slightly lower
median age (36 years, quartile 1 - quartile 3 [Q1-Q3]= 31-59) than both the historical cohort
(41 years, Q1-Q3=20-60) and the third-dose Spikevax cohort (40 years, Q1-Q3=32-64; Table
3.A., Appendix_Table_1_2_3). The proportion of women of childbearing age was higher in all
dose-specific Spikevax cohorts (29-33%) than in the historical comparison cohort (22.5%)
(Table 3.A., Appendix_Table_1_2_3). The first- and the second-dose Spikevax cohorts and the
historical cohort had a similar proportion of patients with chronic health conditions (approx.
33%), while in the third-dose Spikevax cohort this proportion was 38.2%. The Spikevax
cohorts and the historical cohort had similar proportions of persons with autoimmune or
inflammatory disorders (approx. 3%); or indicators of immunocompromised status (approx.
3%) (Table 3.A., Appendix_Table_1_2_3). Proportion of persons with a previous COVID-19
infection (9.9%) was the highest in the third-dose Spikevax cohort (Table 3.A.,
Appendix_Table_1_2_3).

Norway

The historical cohort had a lower median age (37 years, Q1-Q3=19-56) than both the first-
dose Spikevax cohort (42 years, Q1-Q3=30-56) the second-dose Spikevax cohort (45 years,
Q1-Q3=32-59) and the third-dose Spikevax cohort (64 years, Q1-Q3=54-70; Table 3.C.,
Appendix_Table_1_2_3). Accordingly, the proportion of women of childbearing age was
considerably lower in the cohort that had received the third dose of Spikevax (10.0%; Table
3.C., Appendix_Table_1_2_3) than in the other cohorts (31.2% in the first-dose Spikevax
cohort, 29.0% in the second- dose Spikevax cohort, and 24.5% in the historical cohort). The
third-dose of Spikevax cohort had a higher proportion of patients with chronic health
conditions (24.7%) than the first-, and the second-dose Spikevax cohorts or the historical
cohort (approx. 10-12%; Table 3.C., Appendix_Table_1_2_3). The cohort of persons receiving
the third dose of Spikevax also had a higher proportion of patients with autoimmune or
inflammatory conditions and immunocompromised patients (Table 3.C.,
Appendix_Table_1_2_3) than the other cohorts. Among persons who had received the first
dose of Spikevax, 4.2% had previously had a recorded COVID-19 infection (Table 3.C,,
Appendix_Table_1_2_3).

Spain/SIDIAP

The first-dose Spikevax cohort had the lowest median age (37 years, Q1-Q3=25-53) and the
third-dose Spikevax cohort had the highest median age (52 years [Q1-Q3=39-58]; Table 3.D.,
Appendix_Table_1_2_3). The third-dose Spikevax cohort had higher prevalence of chronic
health conditions (36.9%) compared with 32.8% in the historical cohort and approx. 24-25%
in first- and second-dose Spikevax cohorts (Table 3.D., Appendix_Table_1_2_3). The third-
dose Spikevax cohort also had a higher proportion of patients with autoimmune or
inflammatory conditions and immunocompromised patients than the other cohorts (Table 3.D.,
Appendix_Table_1_2_3). Among person who had received the first dose of Spikevax, 16.6%
had previously had a recorded COVID-19 infection; the corresponding proportion was 9.6% in
the second-dose Spikevax cohort and 8.4% in the third-dose Spikevax cohort (Table 3.D.,
Appendix_Table_1_2_3).
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United Kingdom

The Spikevax cohorts included more females (55-56%) than the historical cohort (50%) and
had a lower median age (33-35 years) than the historical cohort (43 years [Q1-Q3=21-61];
Table 3.E., Appendix_Table_1_2_3). The Spikevax cohorts also included less patients with
chronic health conditions (e.g., 21.8% in first-dose Spikevax cohort vs. 50.9% in the historical
cohort), autoimmune or inflammatory conditions (e.g., 1.6% in first-dose Spikevax cohort vs.
5.4% in the historical cohort), and indicators of immunocompromised status (e.g., 2.3% in
first-dose Spikevax cohort vs. 6.7% in the historical cohort) than the historical cohort (Table
3.E., Appendix_Table_1_2_3). Proportion of persons with a previous COVID-19 infection
(13.5%) was the highest in the third-dose Spikevax cohort (Table 3.E.,
Appendix_Table_1_2_3).

10.2.2. Signal evaluation
Self-controlled case series design

This design did not include any description of cases.

10.2.3. Cohort study of VAED

In Norway, the Spikevax vaccinees had a higher median age of 41 years (Q1-Q3=30-51) than
the cohort not exposed to any type of COVID-19 vaccine, with median age of 19 years (Q1-
Q3=11-36; Table 19, Appendix_Table-18_19_20). Furthermore, the Spikevax vaccinees had a
higher comorbidity burden and a higher level of utilisation of health care before infection with
COVID-19 than the cohort not exposed to any type of COVID-19 vaccine. Among the Spikevax
vaccinees, 62.4% had been vaccinated with the second dose of Spikevax longer than 14 days
before being recorded with COVID-19 infection in Norway (Table 19, Appendix_Table-
18_19_20).

10.2.4. Cohort study of outcomes of myocarditis and pericarditis

Overall, more males than females experienced myocarditis and pericarditis (e.g., 72.3% males
in the Spikevax exposed Danish myocarditis cases, Table 21.12, Appendix_Table_21).
Generally, the Spikevax exposed pericarditis cases had less comorbidity and health resource
utilization than the persons not exposed to any type of COVID-19 vaccine before the date of
pericarditis diagnosis, expect for previous recordings of COVID-19 infection, which was higher
in the Spikevax exposed (Table 21.13, Appendix_Table_21). For myocarditis cases the
differences on comorbidity and health resource utilization between Spikevax exposed an
unexposed was not that clear (Table 21.12, Appendix_Table_21).

Among the Spikevax exposed the majority had received the second dose of Spikevax before
diagnosis of myocarditis (76.9% in Denmark and 51.0% in Norway; Table 21.12,
Appendix_Table_21) or before the diagnosis of pericarditis in Denmark (74.2%; Table 21.13,
Appendix_Table_21). In the Spikevax exposed, the proportion of males ages 18-29 years
experiencing myocarditis before 8 days after the second dose of Spikevax was 16.9% in
Denmark and 3.2% in Norway; similar proportions for pericarditis were 7.3% in Denmark and
9.3% in Norway (Table 21.12 and Table 21.13, Appendix_Table_21).
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10.3.

Outcome data

Table 12 summarises the crude country/database-specific historical incidence rates of the
AESIs. In Norway, for most AESIs, the historical rates tended to be higher or substantially
higher than previously published rates owing to insufficient granularity of diagnostic codes
supplied with the current data delivery from the Norwegian registries. Therefore, the
Norwegian historical incidence rates are usable in this analysis for technical purposes of
comparison and are not interpretable as the rates of the specific events (see Section 9.9.5 for
further information). Table 4 in Appendix_table_4 provides an overview of the crude incidence
rates further stratified on age and sex for each AESI. For the Spikevax vaccinated, the crude
incidence rates are given stratified on dose, age, and sex. For easier navigation of
Appendix_Table_4, please refer to Table 11, Section 10 explaining the indexing used for
AESIs, doses, and countries.

Table 12. Overview of the crude incidence rate in the historical cohort for both sexes
and all ages combined

Overall crude incidence rate per 100,000 person
years (95%-CI) in the historical cohort

Body
system/ AESI Denmark Norway Spain
Classification
Guillain-Barré
Syndrome (GBS) 2.3 (2.1-2.6) 8.8 (8.3-9.4) 3.8 (3.5-4.1)
Acute disseminated
. encephalomyelitis 0.55 (0.45-0.68) 9.5 (8.9-10.1) 0.44 (0.35-0.56)
Auto-immune (ADEM)
diseases Narcolepsy 3.3(3.1-3.6) ND ND
Acute aseptic arthritis 3.1 (2.9-3.4) 108 (106-110) 0.69 (0.57-0.83)

Diabetes type 1

34.0 (33.1-34.9)

122 (122-124)

16.5 (15.9-17.2)

(Idiopathic)
Thrombocytopenia-

16.1 (15.5-16.8)

88.2 (86.4-90.0)

142 (140-144)

Cardiovascular
system

Microangiopathy

3.9 (3.7-4.3)

28.0 (27.0-29.0)

5.3 (4.9-5.7)

Heart failure

230 (227-232)

537 (532-541)

446 (443-449)

Stress-induced
cardiomyopathy

4.4 (4.1-4.7)

25.4 (24.5-26.4)

3.8 (3.5-4.1)

Coronary artery

315 (312-318)

580 (576-585)

211 (209-213)

disease

. i 1404 (1397- 1325 (1320-
Arrhythmia 759 (755-764) 1412) 1331)
Myocarditis 4.4 (4.1-4.7) 104 (103-106) 3.4 (3.2-3.7)
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Overall crude incidence rate per 100,000 person
years (95%-CI) in the historical cohort

Body
system/ AESI Denmark Norway Spain
Classification

Pericarditis 14.6 (14.0-15.2) | 32.2 (31.1-33.2) | 25.4 (24.6-26.2)

Cerebrovascular
disease

343 (340-346)

441 (437-445)

287 (285-290)

Deep vein thrombosis
(DVT)

140 (138-142)

173 (170-175)

1.7 (1.6-2.0)

Pulmonary embolism
(PE)

97.7 (96.2-99.3)

124 (122-126)

57.4 (56.2-58.5)

Single Organ

Cutaneous Vasculitis | 16-4 (15.8-17.0) | 113 (111-115) 8.6 (8.1-9.0)
Cerebral venous sinus
Circulatory thrombosis (CVST) 1.9 (1.7-2.1) 292 (289-295) 1.1 (0.96-1.3)
system Splanchnic vein ) ) )
thrombosis (SVT) 6.2 (5.9-6.6) 93.5 (91.6-95.3) | 18.7 (18.0-19.3)
Coagulation disorders 257 (254-259) 712 (707-717) 367 (364-370)
Disseminated
intravascular 1.0 (0.86-1.2) 2.9 (2.6-3.2) 4.0 (3.7-4.3)
coagulation (DIC)
Kawasaki disease* 0.96 (0.82-1.1) 3.4 (3.0-3.7) 0.70 (0.58-0.84)
Hepato- . L _ _ _
gastrointestinal Acute liver injury 46.0 (45.0-47.0) 146 (143-148) 61.5 (60.3-62.7)
and renal . .
system Acute kidney injury ND 232 (229-235) 426 (423-429)
Generalised 87.9 (86.5-89.3) | 149 (147-152) | 48.4 (47.3-49.4)
convulsions
Nervesand | Encephalitis/meningo | 5 3 4 9.5 6 9.5 (8.9-10.1) 5.9 (5.5-6.2)
central encephalitis
nervous .
system Transverse myelitis 0.52 (0.41-0.64) 10.3 (9.7-10.9) | 0.80 (0.67-0.95)

Bell’s palsy

20.6 (20.0-21.4)

49.3 (48.0-50.6)

73.1 (71.8-74.4)

Respiratory

Acute respiratory
distress syndrome

179 (177-181)

282 (279-285)

7.4 (6.9-7.8)

system (ARDS)
Skin and
mucous Erythema multiforme 4.1 (3.8-4.4) ND 8.0 (7.6-8.4)
membrane,
bone and
joints system
e . ) 0.036 (0.013-
Chilblain - like lesions | 0.58 (0.47-0.71) ND 0.079)
Other systems | Anosmia, ageusia 9.3 (8.8-9.7) ND 27.4 (26.6-28.2)
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Overall crude incidence rate per 100,000 person
years (95%-CI) in the historical cohort

Body
system/ AESI Denmark Norway Spain
Classification
Anaphylaxis 15.0 (14.4-15.6) ND 13.3(12.7-13.8)
Multisystem
inflammatory ND ND 3.8 (3.6-4.2)
syndrome
Sudden death 2.0 (1.8-2.3) ND ND
Death of any cause 969 (964-974) 746 (741-751) 896 (891-900)

Abbreviations: CI=confidence interval; ND=No data
* More commonly described as an autoimmune disease (50)

In Denmark, acute kidney injury and MIS were not assessed in this report (for further
information see Section 9.9.5). For all other potential AESIs, based on the current event
definitions, at least one event was detected in the Spikevax cohort in Denmark (any dose, all
ages, both sexes) through the end of the follow- except for Kawasaki disease.

In Norway, narcolepsy, sudden death, chilblain-like lesions, anosmia/ageusia, erythema
multiforme, anaphylaxis, and MIS were not assessed in this report (for further information see
Section 9.9.5). For all other potential AESIs, based on the current event definitions, at least
one event was detected in the Spikevax cohort (any dose, all ages, both sexes) through the
end of the follow-up in Norway.

In Spain, narcolepsy and sudden death were not assessed in this report (for further
information see Section 9.9.5). For all other potential AESIs, based on the current event
definitions, at least one event was detected in the Spikevax cohort (any dose, all ages, both
sexes) through the end of the follow-up in Spain.

The above results do not represent signals. The preliminary results on potential signals are
described in Section 10.4.

10.4. Main results
10.4.1. Signal detection

The SMRs for the entire population and stratified according to sex and age groups are
provided for first, second, third, or any dose of Spikevax in different risk periods after
Spikevax vaccination.

Appendix_Table_5 displays the estimated SMRs for each AESI. Cells containing SMRs of >2
based on =5 Spikevax-exposed cases are shown in yellow colour to indicate that the definition
of a signal is fulfilled. In total SMRs, are estimated for 840 strata for each AESI in each
country, covering dose 1, 2, and 3 and any dose (combining data from dose 1, 2, and 3), five
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different time intervals after Spikevax vaccination (0-2 days, 0-14 days, 0-28 days, 0-42
days, and 0-end of follow-up), three divisions on sex (both, female, male), and 14 age groups
(all ages, children and adolescents [0-17 years], <12 years, 12 - 17 years, adults [18 - -64
years], 18 — 24 years, 25 - 34 years, 35 - 44 years, 45 - 54 years, 55 - 64 years, Elderly
[>65 years], 65 - 74 years, 75 - 79 years, 280 years).

Table 13, below, provides an overview of number of strata with SMR > 2.0 based on =5
Spikevax-exposed cases according to AESI and country including reference to the appropriate
output tables displaying the signals. Spain detected the majority of signals. We identified more
than 50 strata with SMR = 2.0 based on =5 Spikevax-exposed cases in at least one country
for the AESIs diabetes type 1, idiopathic thrombocytopenia, heart failure, myocarditis,
pericarditis, pulmonary embolism, splanchnic vein thrombosis, coagulation disorders, acute
liver injury, acute kidney injury, generalised convulsions, acute respiratory distress syndrome,
anosmia/ageusia, multisystem inflammatory syndrome, and death of any cause. There were a
maximum of 11-50 signals in at least one country for the AESIs microangiopathy, coronary
artery disease, arrhythmia, cerebrovascular disease, single organ cutaneous vasculitis,
encephalitis/meningoencephalitis, Bell’'s palsy, erythema multiforme, and anaphylaxis. We did
not identify any signals for narcolepsy, cerebral venous sinus thrombosis, Kawasaki disease,
transverse myelitis, and sudden death. For the remaining AESIs, there was a maximum of 10
signals for each country.

Table 13. Overview of age- and sex-SMRs = 2.0 where =5 observed Spikevax-exposed
cases of the specified AESI with references to the relevant output tables

Number of strata with
Body SMR=2 and =5 Spikevax-
system/ AESI exposed cases*
Classification

Appendix tables with
details of results

Denmark | Norway | Spain

Guillain-Barré

Syndrome (GBS) 0 0 8 5.1.iii.D.; 5.1.iv.D.
Acute disseminated
encephalomyelitis 0 3 0 5.2.ii.C.
(ADEM)
Narcolepsy 0 NA NA
Auto-immune . 5.4.ii.A.; 5.4.iii.A.; 5.4.iv.A.;
diseases Acute aseptic 9 3 2 |s.4..C.; 5.4.ii.C.; 5.4.ii.D.;
arthritis 4.1.C.; 5.4.0i.C.; 5.4.ii.D.;
5.4.iv.D.
5.5.ii.A.; 5.5.i.C.; 5.5.iv.C.;
Diabetes type 1 1 3 54 5.5.i.D.; 5.5.ii.D.; 5.5.iii.D.;
5.5.iv.D.
(Idiopathic) 5 0 117 5.6.i.A.; 5.6.iv.A.; 5.6.i.D.;
Thrombocytopenia 5.6.ii. D 5.6.iii. D 5.6.iv. D
Microangiopathy 1 0 45 g ; fii.A.; 5.7.1.D.; 5.7.0i.D.;
Cardiovascular
system . 5.8.i.A.; 5.8.ii.A.; 5.8.i.D.;
Heart failure 5 0 139 5.8.ii.D.; 5.8.iil. D 5.8 iv. D
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Number of strata with
Body SMR=2 and =5 Spikevax- . .
system/ AESI exposed cases* Appemfllx tables with
g - details of results
Classification
Denmark | Norway Spain
Stress-induced 0 0 1 5.9.iv.D.
cardiomyopathy
Coronary artery 2 0 49 5.10.i.A.; 5.10.i.D.; 5.10.ii.D.;
disease 5.10.iii.D.; 5.10.iv.D.
. 5.11.i.D.; 5.11.ii.D.;
Arrhythmia 0 0 25 |5.11.iii.D.; 5.11.iv.D.
5.12.i.A.; 5.12.ii.A.;
5.12.iii.A.; 5.12.iv.A.;
Myocarditis 70 22 49 5.12.ii.C.; 5.12.iv.C.;
5.12.ii.D.; 5.12.iii.D.;
5.12.iv.D.
5.13.i.A.; 5.13.ii.A,;
5.13.iv.A.; 5.13.i.C,;
Pericarditis 56 67 38 5.13.ii.C.; 5.13.iv.C..;
5.13.i.D.; 5.13.ii.D.;
5.13.iii.D.; 5.13.iv.D.
Cerebrovascular 3 0 22 5.14.ii.A.; 5.14.i.D.; 5.14.ii.D.;
disease 5.14.iii.D.; 5.14.iv.D.
Deep vein T .
thrombosis (DVT) 1 0 3 5.15.ii.A.; 5.15.iv.D.
5.16.i.A.; 5.16.ii.A.;
Pulmonar 5.16.iv.A.; 5.16.i.C.;
embolismy(PE) 6 4 300 |[5.16.iv.C.; 5.16.i.D.;
5.16.ii.D.; 5.16.iii.D.;
5.16.iv.D.
Single Organ . .
5.17.ii.A.; 5.17.ii.D.;
Cutaneous 4 0 35 |5.17.0ii.D.; 5.17.iv.D.
Vasculitis
Cerebral venous
sinus thrombosis 0 0 0
Circulatory (CVvST)
system
Splanchnic vein 5.19.ii.A.; 5.19.iv.A.;
thprombosis (SVT) 4 1 132 5.19.i.C.; 5.19.i.D.; 5.19.ii.D.;
5.19.iii.D.; 5.19.iv.D.
Coagulation 5.20.i.D.; 5.20.ii.D.;
disorders 0 0 218 5.20.iii.D.; 5.20.iv.D.
Disseminated
intravascular 0 0 2 5.21.iv.D.
coagulation (DIC)
Kawasaki disease 0 0 0
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Number of strata with

Body SMR=2 and =5 Spikevax- . .
system/ AESI exposed cases* Appemfllx tables with
Lo . details of results
Classification
Denmark | Norway Spain
5.23.ii.A.; 5.23.iv.A.;
Acute liver injury 2 2 172 5.23.i.C.; 5.23.i.D.; 5.23.ii.D.;
Hepato- 5.23.iii.D.; 5.23.iv.D.
gastrointestinal
and renal
system 5.24.i.D.: 5.24.ii.D.;
Acute kidney injury NA 0 248 |5 54.iii.D.; 5.24.iv.D.
Generalised 5.25.iii.A.; 5.25.iV.A.;
convulsions 3 0 116 |5.25.i.D.; 5.25.ii.D.;
5.25.iii.D.; 5.25.iv.D.
Nerves and - . . .
Encephalitis/mening 5.26.ii.C.; 5.26.ii.D.;
central oencephalitis 0 3 23 5.26.iii.D.; 5.26.iv.D.
nervous
system
y Transverse myelitis 0 0 0
, 5.28.i.D.; 5.28.ii.D.;
Bell’s palsy 0 0 22 |5.28.iii.D.; 5.28.iv.D.
Respirator Acute respiratory 5.29.iii.C.; 5.29.i.D.;
v Y | distress syndrome 0 3 146  |[5.29.ii.D.; 5.29.iii.D.;
y (ARDS) 5.29.iv.D.

. Ervthema 5.30.ii.A.; 5.30.iv.A.;
Skin and ylt'f 6 NA 42 5.30.i.D.; 5.30.iii.D.;
mucous muitirorme 5.30.iv.D.
membrane,
bone and Chilblain - like . NA 0 5.31.0i.A.; 5.3L.iii.A.;
joints system | |esjons 5.31.iv.A.

5.32.i.A.; 5.32.ii.A.;
. . 5.32.iii.A.;
Anosmia, ageusia 66 NA 122° 1532.iv.A.:5.32.i.D.; 5.32.ii.D.;
5.32.iii.D.; 5.32.iv.D.
. 5.33.i.D.; 5.33.ii.D.;
Anaphylaxis 0 NA 36 5.33.iv.D.
Other systems ;
m;gﬁﬁig} NA NA sy |534iD.; 534D,
Y 5.34.iii.D.; 5.34.iv.D.
syndrome
Sudden death 0 NA NA
5.36.i.D.; 5.36.ii.D.;
Death of any cause 0 0 126 1536.ii.D.; 5.36.iv.D.

Page 80 of 111

Document Number: VV-CLIN-010242 eDMS Version: 1.0




Number of strata with
Body SMR=2 and =5 Spikevax-
system/ AESI exposed cases*
Classification

Appendix tables with
details of results

Denmark | Norway | Spain

Abbreviations: SMR=Standardised Morbidity Ratio; NA=not available

* In total, SMRs were estimated for 840 strata for each AESI in each country, covering dose 1, 2, and 3 and any
dose (combining data from dose 1, 2, and 3), five different time intervals after Spikevax vaccination (0-2 days, 0-14
days, 0-28 days, 0-42 days, and 0-end of follow-up), three divisions on sex (both, female, male), and 14 age groups
(all ages, children and adolescents [0-17 years], <12 years,12 — 17 years, adults [18 - -64 years], 18 - 24 years,
25 - 34 years, 35 - 44 years, 45 - 54 years, 55 - 64 years, Elderly [265 years], 65 - 74 years, 75 - 79 years, =80
years).

Below we describe the distribution of signals for AESIs with at least one stratum with SMR >
2.0 based on =5 Spikevax-exposed cases.

Guillain-Barré Syndrome

No signal was identified in Denmark, Norway or Spanish males. For adult Spanish females in
the time interval 0 days to end of follow-up after any dose of Spikevax a signal was detected
with an SMR of 2.33 (95% CI=1.24-3.99; Table 5.1.iv.D, Appendix_Table_5).

Acute disseminated encephalomyelitis

No signal was identified in Denmark and Spain. In Norway, acute disseminated
encephalomyelitis had signals for males e.g., in the time interval 0 to 42 days after the second
dose of Spikevax in adult males there was a signal with an SMR of 2.73 (95% CI=0.88-6.37;
Table 5.2.ii.C, Appendix_Table_5).

Acute aseptic arthritis

Most signals for acute aseptic arthritis were identified in Denmark, where the SMRs were
generally highest in periods before 42 days after Spikevax vaccination (Table 5.4.ii.A, Table
5.4.iii.A and Table 5.4.iv.A, Appendix_Table_5). As an example, for adult males there was a
signal in the period 0 to 28 days after any dose of Spikevax with an SMR of 2.03 (95%
CI=0.65-4.73; Table 5.4.iv.A, Appendix_Table_5)

Diabetes type 1

In Spain signal was detected across age and sex groups, doses of Spikevax and different time
periods after vaccination. For instance, a signal was detected for all males in the period 0-28
days after Spikevax vaccination with an SMR of 2.08 (95% CI=1.29-3.19; Table 5.5.iv.D,
Appendix_Table_5)

(Idiopathic) Thrombocytopenia

No signals were detected in Norway and only 3 signals in Denmark. However, in Spain many
signals were detected in the eldest part of the population after all doses of Spikevax and with
the highest SMRs in the time periods closest to vaccination (Table 5.6.i.D, Table 5.6.ii.D, Table
5.6.iii.D, and Table 5.6.iv.D, Appendix_Table_5). For instance, a signal was found for elderly
of both sexes in the period 0-2 days after vaccination with the any dose of Spikevax with an
SMR of 3.64 (95% CI=1.88-6.36; Table 5.6.iv.D, Appendix_Table_5)
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Microangiopathy

No signals were detected in Norway and only 1 signal in Denmark. In Spain, signals were
scattered around age and sex groups and seems to involve all time periods after vaccination.
As an example, the SMR for both sexes of all ages during the entire follow-up period after any
dose of Spikevax was 2.09 (95% CI=1.55-2.76; Table 5.7.iv.D, Appendix_Table_5)

Heart Failure

No signals were detected in Norway. There was no clear pattern for the signals identified in
Denmark and Spain as they were scattered around sex, age groups, doses of Spikevax, and
time periods after vaccination. For instance, a signal was identified for Spanish females 0-2
days after any dose of Spikevax with an SMR of 2.32 (95% CI=1.32-3.76; Table 5.8.iv.D,
Appendix_Table_5).

Stress-induced cardiomyopathy

No signal was identified in Denmark and Norway. Only one signal was detected Spain,
specifically in adult Spanish males during the entire follow-up period after any dose of
Spikevax with an SMR of 2.41 (95% CI=0.78-5.62; Table 5.9.iv.D, Appendix_Table_5).

Coronary artery disease

No signals were detected in Norway and only 2 signals in Denmark. In Spain signals occurred
after all doses of Spikevax, but the number of signals was highest after the second dose and
mainly affected the elderly. For instance, there was a signal for elderly of both sexes in the
time period 0-2 days after the second dose of Spikevax with an SMR of 4.36 (95% CI=1.99-
8.27; Table 5.10.ii.D, Appendix_Table_5)

Arrhythmia

No signal was identified in Denmark and Norway. There was no clear pattern for the signals
identified in Spain as they were scattered around sex, age groups, doses of Spikevax, and
time periods after vaccination. For instance, there was a signal for elderly of both sexes in the
time period 0-2 days after the second dose of Spikevax with an SMR of 2.25 (95% CI= 1.48-
3.27; Table 5.11.ii.D, Appendix_Table_5)

Myocarditis
In Denmark, Norway and Spain, most signals were identified after the second dose of
Spikevax and in the combined analysis of all doses of Spikevax, particularly among males
aged 18-24 years, 25-34 years, and 35-44 years. The SMRs were generally highest in the time
period close to the date of vaccination compared with the entire follow-up period after
vaccination. For instance, the SMR was 23.2 (95%-CI=11.1-42.7) in Danish males aged 25-34
years in the period 0-14 days after the second dose of Spikevax, while it was 2.48 (95%-
CI=1.36-4.16) during the entire follow-up period after the second dose of Spikevax (Table
5.12.ii.A, Appendix_Table_5).

Pericarditis

In Spain most signals were identified after the first dose of Spikevax. In both Denmark and
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Norway, most signals were identified after the second dose of Spikevax and in the combined
analysis of all doses of Spikevax, but there were also some signals after the first dose of
Spikevax. Many signals were seen in younger males, but there were also some signals in
younger females. The SMRs were generally highest in the time period close to the date of
vaccination compared with the entire follow-up period after vaccination. For instance, the SMR
was 32.0 (95%-CI=10.3-74.8) in Norwegians of both sexes aged 18-24 years in the period 0-
2 days after any dose of Spikevax, while it was 3.25 (95%-CI=1.82-5.36) during the entire
follow-up period after any dose of Spikevax (Table 5.13.iv.C, Appendix_Table_5).

Cerebrovascular disease

No signals were detected in Norway. There was no clear pattern for the signals identified in
Denmark and Spain as they were scattered around sex, age groups, doses of Spikevax, and
time periods after vaccination. For instance, a signal was identified in Spain for person aged
55-64 years old of both sexes in the period 0-14 days after the first dose of Spikevax with an
SMR of 2.40 (95% CI=1.45-3.76; Table 5.14.i.D, Appendix_Table_5).

Deep vein thrombosis

No signals were detected in Norway. Only one signal was detected in Denmark after the
second dose of Spikevax and three signals were detected in Spain after any dose of Spikevax.

Pulmonary embolism

The majority of signals was detected in Spain covering all doses of Spikevax and all time
periods after Spikevax vaccination. The SMR during the entire follow-up period after any dose
Spikevax for all age and sex groups combined was 3.17 (95% CI=2.93-3.43; Table 5.16.iv.D,
Appendix_Table_5).

Single Organ Cutaneous Vasculitis

No signals were detected in Norway and only 4 signals in Denmark. In Spain all signals
occurred in the time period covering the entire follow-up period and only after the second,
third and any dose of Spikevax. For instance, a signal was identified for all age and sex groups
combined for the entire follow-up period after any dose Spikevax with an SMR of 2.38 (95%
CI=1.81-3.07; Table 5.17.iv.D, Appendix_Table_5)

Splanchnic vein thrombosis

The majority of signals were detected Spain. No signals were detected in the time period 0-2
days after vaccination. Otherwise, the signals were spread over time periods after vaccination,
doses of Spikevax, age and sex. As an example, there was a signal for all age and sex groups
combined for the entire follow-up period after any dose Spikevax with an SMR of 2.33 (95%
CI=1.99-2.71; Table 5.19.iv.D, Appendix_Table_5)

Coagulation disorders

No signals were detected in Denmark and Norway. In Spain, signals were found for all doses
of Spikevax and all time periods after Spikevax cover a range of age groups for both sexes.
However, for any dose of Spikevax most signals were confined to the elderly. For instance,
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there was a signal for the elderly of both sexes during the entire follow-up period after any
dose of Spikevax with an SMR of 2.35 (95%-CI=2.20-2.50; Table 5.20.iv.D,
Appendix_Table_5)

Disseminated intravascular coagulation

No signal was detected in Denmark and Norway and only two signals were detected in Spain.

Acute liver injury

The majority of signals were detected in Spain. No signals were detected in the period 0-2
days after vaccination. Otherwise, the signals were spread over time periods after vaccination,
doses of Spikevax, age and sex. As an example, there was a signal for all age and sex groups
combined for the entire follow-up period after any dose Spikevax with an SMR of 2.13 (95%
CI=1.96-2.31; Table 5.23.iv.D, Appendix_Table_5)

Acute kidney injury

Signals were only detected in Spain scattered over doses of Spikevax, periods after
vaccination, age and sex. As an example, there was a signal for all age and sex groups
combined 0-42 days after any dose Spikevax with an SMR of 2.03 (95% CI=1.87-2.19; Table
5.24.iv.D, Appendix_Table_5)

Generalised convulsions

No signals were detected in Norway and only 3 signals in Denmark. In Spain no signals were
detected in the period 0-2 days after vaccination. Otherwise, the signals were spread over
time periods after vaccination, doses of Spikevax, age and sex. As an example, there was a
signal for all age and sex groups combined 0-42 days after any dose Spikevax with an SMR of
2.21 (95% CI=1.74-2.77; Table 5.25.iv.D, Appendix_Table_5)

Encephalitis/meningoencephalitis

No sighals were detected in Denmark and only 3 signals in Norway. In Spain no signals
occurred after the first dose of Spikevax and no signals were detected in the period 0-14 days
after Spikevax vaccination. As an example, there was a signal during the entire follow-up
period after the second dose of Spikevax for all age and sex groups combined with an SMR of
2.09 (95%-CI=1.40-3.00; Table 5.26.ii.D, Appendix_Table_5).

Bell’s palsy

No signal was detected in Denmark and Norway. There was no clear pattern for the signals
identified in Spain as they were scattered around sex, age groups, doses of Spikevax, and
time periods after vaccination. For instance, there was a signal for elderly males in the time
period 0-28 days after any dose of Spikevax with an SMR of 2.19 (95% CI=1.23-3.62; Table
5.28.iv.D, Appendix_Table_5)

Acute respiratory distress syndrome

No signals were detected in Denmark and only 3 signals were detected in Norway. In Spain,
the signals were spread over time periods after vaccination, doses of Spikevax, age and sex.
As an example, there was a signal for all age and sex groups combined for the entire follow-up
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period after any dose Spikevax with an SMR of 5.41 (95% CI=4.53-6.40; Table 5.29.iv.D,
Appendix_Table_5)

Erythema multiforme

A few signals were detected after the second and any dose of Spikevax in Denmark. For
instance, a signal was detected for both sexes of all ages in the period 0-42 days after
vaccination with any dose of Spikevax with an SMR of 2.34 (95%-CI=0.94-4.82; Table
5.30.iv.A, Appendix_Table_5). In Spain most signals seemed to be related to occurrence of
signals after the first dose of Spikevax. For instance, there was a signal for all age and sex
groups combined for the time period 0-14 days after the first dose of Spikevax with an SMR of
6.43 (95%-CI=2.77-12.7, Table 5.30.i.D, Appendix_Table_5). This AESI was not assessed in
Norway.

Chilblain-like lesions

No signal was identified in Spain and this AESI was not assessed in Norway. In Denmark, a

few signals were detected after the second, the third, and any dose of Spikevax during the

entire follow-up period. For instance, a signal was detected for both sexes of all ages during
the entire follow-up period after vaccination with any dose of Spikevax with an SMR of 2.91
(95%-CI=1.45-5.2; Table 5.31.iv.A, Appendix_Table_5).

Anosmia, ageusia

Signals occurred after all doses of Spikevax and for both females and males and different
durations of follow-up since vaccination in Denmark and Spain. For instance, in Denmark a
signal was detected for both sexes of all ages during the period 0-28 days after vaccination
with any dose of Spikevax with an SMR of 2.37 (95%-CI=1.53-3.5; Table 5.32.iv.A,
Appendix_Table_5). This AESI was not assessed in Norway.

Anaphylaxis

No signal was identified in Denmark and this AESI was not assessed in Norway. In Spain
signals was detected after the first, second and any dose of Spikevax. The SMRs where high in
the time period 0-2 days after vaccination in some of the age and sex strata, but as there
where < 5 Spikevax exposed cases no signals were recoded. As an example of a signal, the
SMR was 3.04 (95%-CI=1.39-5.78) in the period 0-14 days after vaccination with the first
dose of Spikevax for all age and sex groups combined (Table 5.33.i.D, Appendix_Table_5).

Multisystem inflammatory syndrome

This AESI was not assessed in Denmark and Norway. In Spain, the signals were spread over
time periods after vaccination, doses of Spikevax, age and sex. As an example, there was a
signal for all age and sex groups combined for the entire follow-up period after any dose
Spikevax with an SMR of 3.47 (95% CI=2.53-4.65; Table 5.34.iv.D, Appendix_Table_5)

Death of any cause

No signal was detected in Denmark and Norway. In Spain there was no signals in the period 0-
14 days after Spikevax vaccination, but otherwise occurred after all doses of Spikevax. For
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any dose of Spikevax a signal was detected during the entire follow-up period for all age and
sex groups combined with an SMR of 2.90 (95%-CI=2.82-2.98; Table 5.36.iv.D,
Appendix_Table_5)

10.4.2. Signal evaluation
Self-controlled case series design

Table 14 gives an overview of the results for the primary SCCS design for each AESI
investigated by SCCS. There were few cases of myocarditis and pericarditis, but still the
analysis showed considerably increased rates 0 to 7 days after the second dose of Spikevax
compared with 28-75 days after the second dose of Spikevax in males aged 12-30 years; the
lowest IRR was 4.50 (95%-CI=1.01-20.1) for pericarditis in Spain and the highest IRR was
42.0 (95%-CI=5.17-341) for myocarditis in Spain. For myocarditis, the rate was also
increased in the risk window 0-21 days (e.g., IRR=15.3 [95%-CI=1.88-124] in Spain) and for
males aged 18 years of older (e.g., IRR=16.0 [95%-CI=4.24-60.3] in Spain) in all countries
(Table 9.12, Appendix_Table_8). No cases of myocarditis were observed after the third dose
(Table 8.12, Appendix_Table_9). For pericarditis, the rate was also increased in the risk
window 0-21 days (e.g., 13.1 [95%-CI=1.58-109] in Denmark) and for males 18 years or
older in Denmark and Norway (e.g., 5.54 [95%-CI=2.53-12.1] in Denmark), and for females
aged 18 years or older in Norway (4.80 [95%-CI=1.29-17.9]; Table 9.13, Appendix_Table_9).
In addition, the rate of pericarditis was also increased in the risk window 0-7 days after the
first dose of Spikevax in Norway and Spain (e.g., IRR=5.83 [95%-CI=1.51-22.6] in Spain;
Table 8.13, Appendix_Table_8)

Although the second dose of Spikevax was defined as the primary exposure for idiopathic
thrombocytopenia and vaccine-induced immune thrombotic thrombocytopenia, more cases
occurred after the first dose of Spikevax with an IRR of 1.74 (95%-CI=1.03-2.94) in Norway
for both AESIs (Table 8.6 and table 8.37, Appendix_Table_8), noting that absence of ICD-10
codes more granular than the 3-digit level for Norway in this report limits the interpretability
of these analyses. Similarly, for stress induced cardiomyopathy more cases occurred after the
first dose compared with the second dose in Norway and the IRR after the first dose was 2.17
(95%-CI=1.08-4.36; Table 8.9, Appendix_Table_8).

The IRR for generalised convulsions 0-14 days after any dose of Spikevax in females and male
aged 12 years or older was 1.74 (95%-CI=1.10-2.76) in Spain. For the risk window 0-28
days, we found a similar IRR in Spain (1.65 [95%-CI=1.21-2.25]; Table 9.25,
Appendix_table_9). When using only the risk window 0-14 days after the third dose of
Spikevax the IRR was 2.34 (95%-CI=1.14-4.81) in Denmark and 2.51 (95%-CI=1.22-5.17) in
Spain (Table 8.25, Appendix_Table_8).

The primary analysis for anaphylaxis examined the risk window 0-2 days after the first dose of
Spikevax in females aged 12 years or older and identified an IRR of 1.67 (95%-CI=0.19-14.9)
in Denmark and 1.67 (95%-CI=0.63-4.44) in Spain. When conducting the same analysis in a
population consisting of both females and males aged 12 years or older the IRR was 6.67
(95%-CI=0.42-107) in Denmark and 2.42 (95%-CI=0.77-7.61) in Spain (Table 9.33,
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Appendix_table_9). When examining the risk window 0-2 days after the second dose of
Spikevax the IRR was 4.57 (95%-CI=0.95-22.0) in Denmark and 3.43 (95%-CI=0.99-11.9) in
Spain (Table 8.33, Appendix_table_8).
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Table 14. Overview of the results of main SCCS analysis for each AESI investigated by SCCS

Primary analysis Results
. Populati Ri-Sk

AEST Analysis* on Dose \év;;;low, N events | N events Incidence
in risk |in control rate ratio

Country window window (95% CI)

Denmark 7 10 (0.515-5:05)

Th(rlfr'sg?;'t?pe By dose F%':;riz Sgg‘s’gd 0-14  |Norway 14 15 (0_818'_836.91)
Spain 45 91 (0.716.?19.55)
Denmark <5 26 (0.085-4.80)

codomyopatn | ST | 2| St | gy weny | <5 | 2 | o A%,
Spain <5 23 (0.427'?84.85)

Denmark 1229 4473 (0.916.—012.09)

Arrhythmia Stggggrd F%':aiiz Any dose | 1-42  |Norway 1000 2864 (1_011'919_ 17)
Spain 1335 6168 (0_917.?13.09)

Denmark 8 <3 (4.2146-230.3)

Myocarditis By dose Mylei-rgo Ssgzgd 0-7 Norway 11 <5 (7_3313_'?49)
Spain 7 <5 (5.f72-'g41)
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Primary analysis Results
Populati Risk
o .

AESI Analysis on Dose ;v;n;low, N events | N events Incidence
y in risk in control rate ratio
Country window | window (95% CI)

30.0
Denmark 5 <5 (3.50-257)

. . M 12-30 | Second 9.00
Pericarditis By dose years dose 0-7 Norway 9 6 (3.20-25.3)

. 4.50
Spain <3 <> (1.01-20.1)

1.04
Denmark 530 1906 (0.95-1.15)

Cerebrovascula | Standard F&M >12 1.04
r disease SCCs years |Anydose)  1-42- [Norway 239 723 (0.90-1.21)

. 0.87
Spain 269 1417 (0.76-0.99)

0.96
Standard Denmark 156 614 (0.79-1.17)

. SCCS and

t?(ra:r?‘\l;/oi?s adjustment F&I;/Iazr;Z Any dose 1-42 Norway 151 433 (0 817.?1731)

for month y ’ ’

and year . 0.24
Spain <3 15 (0.027-2.17)

0.84
Standard Denmark <> 38 (0.19-3.72)

. . SCCS and

Pronoae” | atpstmen | A2 St | gz nowsy | a1 | am | o0

for month y ' ’

and year . 0.90
Spain 11 191 (0.46-1.74)

Acute liver Standard F&M >12 | Second 1.28
injury sccs years | dose 1-42 | Denmark 14 177 (0.74-2.21)
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Primary analysis Results
Populati Risk
cox .
AESI Analysis on Dose ;v;n;low, N events | N events Incidence
y in risk in control rate ratio
Country window window (95% CI)
0.95
Norway 46 387 (0.70-1.29)
. 1.12
Spain 35 585 (0.79-1.57)
1.31
Denmark <15 136 (0.73-2.37)
Generalised Standard F&M >12 0.90
convulsions sccs years |Anydose)  0-14  [Norway 24 260 (0.59-1.36)
. 1.74
Spain 20 216 (1.10-2.76)
1.67
Denmark <5 <5 (0.19-14.9)
. F>12 First
Anaphylaxis By dose years dose 0-2 Norway ND ND ND
. 1.67
Spain > 20 (0.63-4.44)
Vaccine- Denmark 0 <5 NR
induced
immune F&M >12 | Second 1.67
thrombotic By dose years dose 0-14 Norway 14 25 (0.86-3.26)
thrombocytope 1.31
nia Spain 16 39 (0.73-2.35)

Abbreviations: CI=confidence interval; F=Female; M=Male; ND=No data; NR=not reportable (due to zero events in at least one

exposure group)

* For AESIs that were not a contraindication to Spikevax vaccination, we performed standard SCCS using control windows both
before and after Spikevax vaccination (if within the defined study period). For AESIs specified as a contraindication for Spikevax or

for which medical doctors or patients are likely to perceive them as a contraindication, the analysis was done by dose with population

selection decided for each dose and only time after that specific dose was included in the analysis.

Page 90 of 111

Document Number: VV-CLIN-010242 eDMS Version: 1.0




10.4.3. Cohort study of VAED

In Norway, being Spikevax-exposed was associated with a lower risk of hospitalisation within
14 days (OR=0.20; 95%-CI=0.17-0.24), intensive care admission within 30 days (OR= 0.091;
95%-CI=0.038-0.18), and death within 30 days (OR=0.13; 95%-CI=0.071-0.22) compared
with persons not vaccinated with any type of COVID-19 vaccine at the time of COVID-19
infection in analyses adjusted for age, sex, Charlson comorbidity index, and month and year of
COVID-19 diagnosis (Table 20.a, Appendix_Table_18_19_ 20). Similar results were found

when stratified on age groups (Table 20.b-d, Appendix_Table_18_19_20).

10.5. Other analyses

None.

10.6. Adverse events/adverse reactions

In this study, based on secondary use of routinely collected data from electronic health care
records, adverse events/adverse reactions are not analysed beyond those potential events
that are already addressed in the protocol. The reporting of suspected adverse reactions in the
form of individual case safety reports in studies based on secondary data is not required (92,
93).

11.Discussion

11.1. Key results

This Fourth Interim Report includes selected preliminary results from Denmark, Norway, Spain
(SIDIAP), and UK (CPRD), i.e., from all four countries in the current data extraction.

During the study period covered by the current data extraction, the number of eligible
Spikevax recipients with at least one dose of Spikevax was 564,137 in Denmark, 543,429 in
Norway, 621,240 in Spain, and 228,889 in UK. Approximately half of the Spikevax vaccinees
were men except in the UK with 56% men. The vaccinees’ median age in the participating
databases ranged from 33 to 42 years at the time of their first Spikevax dose. In Norway,
Spain, and UK, more than half of the persons getting at least one dose of Spikevax, were
ineligible and excluded from the present study because they had received another type of
COVID-19 vaccine before the first dose of Spikevax.

The signal detection stage was performed for Denmark, Norway, and Spain in the Fourth
Interim Report. For each examined AESI and in each country, SMRs were computed for 840
strata, for all possible combinations of Spikevax doses, time intervals, age, and sex strata.
There were more than 50 strata with signals (SMR > 2.0 based on =5 Spikevax-exposed
cases) in at least one country for the AESIs diabetes type 1, idiopathic thrombocytopenia,
heart failure, myocarditis, pericarditis, pulmonary embolism, splanchnic vein thrombosis,
coagulation disorders, acute liver injury, acute kidney injury, generalised convulsions, acute
respiratory distress syndrome, anosmia/ageusia, multisystem inflammatory syndrome, and
death of any cause. There were a maximum of 11-50 signals in at least one country for the

Page 91 of 111

Document Number: VV-CLIN-010242 eDMS Version: 1.0



AESIs microangiopathy, coronary artery disease, arrhythmia, cerebrovascular disease, single
organ cutaneous vasculitis, encephalitis/meningoencephalitis, Bell’'s palsy, erythema
multiforme, and anaphylaxis. There were no signals for the AESIs narcolepsy, cerebral venous
sinus thrombosis, Kawasaki disease, transverse myelitis, and sudden death. For the remaining
AESIs, there was a maximum of 10 signals for each country. Because of limitations of the
current case definitions, the AESI acute kidney injury and multisystem inflammatory syndrome
was not assessed in Denmark, narcolepsy and sudden death were not evaluated in Spain, and
the AESIs narcolepsy, erythema multiforme, Chilblain-like lesions, anosmia/ageusia,
anaphylaxis, multisystem inflammatory syndrome, and sudden death were not evaluated in
Norway.

In the Fourth Interim Report, we performed signal evaluation of the signals identified in the
Third Interim Report based on data from the Tuscany region, Italy. The signal evaluation
proceeded for the AESIs deemed fit for the SCCS design. In addition, vaccine-induced immune
thrombotic thrombocytopenia entered directly into signal evaluation as it can only be detected
assessed in vaccinated subjects. The AESIs examined with SCCS were idiopathic
Thrombocytopenia, stress-induced cardiomyopathy, arrhythmia, myocarditis, pericarditis,
cerebrovascular disease, deep vein thrombosis, splanchnic vein thrombosis, acute liver injury,
generalised convulsions, anaphylaxis, and vaccine-induced immune thrombotic
thrombocytopenia. In all countries contributing data to signal evaluation (Denmark, Norway,
and Spain), there were considerably increased rates of myocarditis and pericarditis 0 to 7 days
after the second dose of Spikevax compared with 28-75 days after the second dose of
Spikevax in males aged 12-30 years with IRRs ranging between 4 and 42. This is in line with
previous reports in many international studies (43, 94-103). Only few cases of anaphylaxis
were detected, and Spikevax could not clearly be linked to anaphylaxis in the biologically
plausible risk window 0-2 days after vaccination although the IRRs were increased. Most cases
of idiopathic thrombocytopenia, vaccine-induced immune thrombotic thrombocytopenia, and
stress-induced cardiomyopathy occurred after the first dose of Spikevax. In Norway, the first
dose was associated with increased rate of these AESIs. Spikevax vaccination was associated
with increased rate of generalised convulsions 0-14 days after vaccination, particularly after
the third dose. No clear indication of increased rates for the other examined AESIs was
indicated.

Based on the analysis of VAED in Norway, there was no indication that Spikevax vaccination
any time before COVID-19 infection was associated with an increased risk of hospitalisation
within 14 days after recording COVID-19 infection, or of an intensive care unit admission or
death within 30 days after recording COVID-19 infection.

11.1.1. Historical rates

Country-specific rates of AESI are dependent on the contributing health sector (provenance),
granularity of the available vocabularies, and completeness of recording, underscoring the
importance of within-country comparisons (105, 106). Overall, there was a large variation in
the magnitude of historical incidence rates of the AESI in the participating databases. Case
definitions and limitations of data delivered is one reason for the observed variation. However,
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a recent examination of 12 data sources specifically aimed at COVID-19 vaccine AESI
(including SIDIAP and CPRD, used in this study) reported a wide variation of background rates
not explainable by age and database effects previously observed, as rates could vary by up to
1,000-fold even after adjusting for age and sex. Other factors influencing rates were the
choice of anchoring date for the time-at-risk start, with shorter times-at-risk being more
susceptible to the choice of anchoring date. Choice of database or provenance (106) produced
up to 100-fold variation in incidence rates, while secular or seasonal trends were found to be
less important (107). These findings underscore importance of the interpretation of the results
in the context of design and analytic decisions (107). Variations in historical rates were
observed in the current report owing to the reasons outlined above and because of still
ongoing refinement of the AESI-finding algorithms.

Denmark

Population rates of multiple AESIs have been assessed in previous studies, including rates in
the populations used in the present study (106, 108-112). Definitions of AESIs may differ
across published studies and can be based on routinely recorded diagnoses, laboratory data,
or primary data collection/clinical examinations. These differences in definitions may or may
not translate into differences in observed rates, depending on the data flow and patterns
underlying a given data source.

In Denmark, the overall (all ages, both sexes) historical population rates were broadly
consistent with those previously reported for the AESIs: Guillain-Barré Syndrome (106, 108,
112, 113); acute disseminated encephalomyelitis (114-116), with the exception of the rates
reported in the ACCESS project, which were, however, based on the broad definition of the
event (106); narcolepsy (108, 111, 112, 117); acute aseptic arthritis (though no good
evidence on population rates could be identified, the closest was evaluated for a clinical
diagnosis juvenile and rheumatoid arthritis in patients under age 18 years) (112); diabetes
type 1 (though misclassification in these and other data with diabetes type 2 is likely since no
age restriction was imposed (118)) (112, 118, 119); idiopathic thrombocytopenia (108, 109,
112); microangiopathy (120); heart failure (121); stress-induced cardiomyopathy (122, 123);
coronary artery disease (109); myocarditis (43, 46, 98); pericarditis (43, 46); deep vein
thrombosis (106, 109); pulmonary embolism (106, 109); single organ cutaneous vasculitis
(124); cerebral venous sinus thrombosis (109); splanchnic vein thrombosis (109);
disseminated intravascular coagulation (106, 109); Kawasaki disease (106, 108, 109, 125,
126); generalised convulsions (127); encephalitis/meningoencephalitis (106); transverse
myelitis (106, 108, 112); Bell’s palsy (108, 112, 128); acute respiratory distress syndrome
(129); erythema multiforme (130); Chilblain - like lesions (106); anaphylaxis (106, 112,
131); multisystem inflammatory syndrome (132); and death of any cause (106, 133).

The overall historical population rates in Denmark were meaningfully higher in the current
study than previously reported highest estimates, per 100,000 person-years, for arrhythmia
759 vs. 583 (134), cerebrovascular disease 343 vs. 162 (109); coagulation disorders 257 vs.
45 (109); acute liver injury 46 vs. 30 (135, 136); and anosmia/ageusia 9.3 vs 1.1 (106). In
most cases, this was due to broader definitions used in the current study. For example,
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published rates for arrhythmia are based on atrial fibrillation, while AESI cerebrovascular
disease and coagulation disorders are broad and are open to variation in clinical interpretation.
The reason for higher rates of anosmia/ageusia in the historical data are unclear, but could
plausibly be attributed to random error because the event is rare. Acute liver injury is difficult
to capture with sufficient specificity with diagnosis codes.

Overall historical rate of sudden death in Denmark in this study was considerably lower than
previously reported (43, 112), however, the previously reported estimates are not directly
comparable as the only available estimates were for broader conditions of death of unknown
cause or cardiac arrest (with or without resuscitation).

For some AESI (primarily without well-defined diagnosis codes), single organ cutaneous
vasculitis, acute aseptic arthritis, microangiopathy acute aseptic arthritis, ARDS, or erythema
multiforme no good-quality independent evidence for Denmark could be identified, in which
case we used rates cited in physicians’ handbooks (not necessarily estimated using Danish
data) or similar conditions. Rates for acute kidney injury were not estimated because of the
missing reliable definition, and rates of MIS were not observed. In the published evidence
rates for acute kidney injury depend strongly on the definition used, with laboratory-based
definitions producing incidence rates that are higher than diagnosis-code rates (136-138).

Norway

In the current data extraction in Norway, the diagnosis ICD-10 codes are available only at a
high chapter “parent” level. No granular “child” subcodes have been delivered except for
COVID-19 diagnoses. Lack of the subcodes has different effect on the estimated AESI rates,
from none (when entire chapters define events) to considerable (when only small and less
prevalent subset of subcodes defines events). The interpretability of the results is affected
correspondingly. Furthermore, the current extraction in Norway does not contain diagnosis
codes for estimating rates of the AESI erythema multiforme, Chilblain - like lesions,
anosmia/ageusia, or anaphylaxis.

In Norway, the overall (both sexes, all ages) population historical incidence rates of the AESIs
were broadly consistent with published evidence for the AESIs acute disseminated
encephalomyelitis (106 ); acute aseptic arthritis (106); diabetes type 1 (139), heart failure
(140); stress-induced cardiomyopathy (141); coronary artery disease (based on IR for acute
myocardial infarction is 260-280 for acute myocardial infarction, which is only a component of
the AESI) (140); cerebrovascular disease based on published rates of stroke, which is a
component of the AESI (140); deep vein thrombosis (106) (142); pulmonary embolism (142);
disseminated intravascular coagulation (106); Kawasaki disease (108), acute kidney injury
(106), encephalitis/meningoencephalitis (106); splanchnic vein thrombosis (109); and death
of any cause (143).

The overall historical rates in Norway were higher for the following AESIs, some of which could
be attributable to the unavailability of specific diagnosis codes: GBS (144); idiopathic
thrombocytopenia (106); microangiopathy (106); arrhythmia (145); myocarditis (98, 106),
pericarditis (98) cerebral venous sinus thrombosis (106); acute liver injury (106); transverse

Page 94 of 111

Document Number: VV-CLIN-010242 eDMS Version: 1.0



myelitis (106); coagulation disorders (109); Bell’s palsy and acute respiratory distress
syndrome (106).

The overall historical rates in Norway were lower than previously reported in the ACCESS
project for the AESI generalised convulsions (106). No external evidence for comparison could
be identified for the AESI single organ cutaneous vasculitis.

Spain

Majority of the historical rates reported from SIDIAP were broadly consistent with those
reported previously from similar data (146, 147) including published but not peer-reviewed
evidence (146). However, for some AESI, including chilblain-like lesions, the historical
incidence rates were not consistent with those previously reported in the ACCESS study based
on data similar to that used here (106). For example, historical rates of chilblain-like lesions
were considerably lower while historical rates of all-cause mortality were considerably higher
than those reported previously (106), which is subject to ongoing inquiry. Despite the
expectation of the COVID-19 pandemic with a reduction in use of health services during 2020,
decrease is observed. On the other hand, there was an increase in private coverage,
particularly among the less affluent population, and probably an increase in the registration of
other diseases (148).Due to shortcomings of the healthcare systems, the COVID-19 pandemic
may have also resulted in increased deaths from other causes (149).

11.2. Limitations

Results presented in this report must be interpreted in the context of several important
limitations related to limitations of operational definitions of the underlying clinical concepts;
limitations of data available in the current extraction; inherent limitations of the routinely
collected data; limitations related to general ability of the underlying data source to measure a
given health concept of exposure, outcomes, and covariates; and inherent limitations of the
statistical analyses.

Most importantly, the current results are still preliminary, given the ongoing adaptation and
refinement of the ConcePTION CDM environment to the study of vaccine safety (86). The
algorithms to define some AESIs were used previously in the ACCESS project (74), while
others were defined de-novo within the VAC4EU Consortium. All definitions of incident AESIs
used in the current report are based on database-specific diagnosis codes. Compared with the
Third Interim Report, the AESI case-finding algorithms underwent further review and
refinement by a bespoke VAC4EU task force. This work is still in progress, and the current
AESI definitions will be finalized in time for use in the Final Study Report. For the current
report, the review of the AESI definitions was prioritized over the definitions of the covariates.

All AESIs are subject to a certain degree of misclassification, including potentially inflated
SMRs due to differential misclassification, which cannot be ruled out for selected AESIs, such
as myocarditis and pericarditis, anosmia/ageusia, or anaphylaxis, potentially due to differential
detection and recording among Spikevax vaccinees compared with the historical cohort.
However, for other AESIs the use of narrow AESI definitions (prioritising specificity), and
assuming that any misclassification is nondifferential with respect to the Spikevax exposure
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status (for example, a known and likely “contamination” of diabetes type 1 by diabetes type 2
exacerbated by age), the relative measures of association are expected to be unbiased even if
sensitivity of identification is low (150). However, other external factors not related to
Spikevax vaccination might result in differences between historical comparators and Spikevax
vaccinees like changes in coding practices, organization of health care, or differences in other
risk factors for the AESIs over time, particularly COVID-19 infection might be a risk factor for
some of the AESIs.

This study aimed to examine a standard set of potential vaccine-related AESIs as well as
specific events identified by previous evidence. A biological mechanism has not been defined
for all AESI. Operational definitions of the AESIs originating from routinely collected health
data are subject to inherent information bias, or measurement error. The sources of
measurement errors include diagnostic mistakes, recording errors, and misclassification of
true events by case-defining algorithms (151). The direction and the magnitude of errors is
not always possible to estimate. Case-defining algorithms based on standard vocabularies are
imperfect measures of the underlying clinical events, whose validity and completeness
depends on referral patterns and on the condition itself. Completeness and validity of case-
defining algorithms are expected to be database-dependent. Some data sources, such as
Nordic population registries, can be expected to capture well “hard” endpoints that typically
lead to hospital encounters such as acute myocardial infarction. At the same time, they are
expected to have lower completeness than e.g., GP-based databases such as SIDIAP or CPRD
in capturing conditions and events based on symptoms or treated preferentially in primary
care. In this analysis, information bias related to AESI misclassification is counteracted to
some extent by applying narrow, and therefore relatively more specific, definitions (106).

The level of evidence available for benchmarking of observed AESI rates differs by AESI.
Certain prior publications were from the same group and used similar algorithms and therefore
cannot be considered fully independent from the algorithms used here. This applies to e.g.,
the rates reported in the ACCESS or ADVANCE projects (106, 108), some of which may have
undergone refinement for the present study. For some AESIs that are symptom based, rare or
may not uniformly lead to contact to health care, the level of available prior evidence is low
and may not originate from any of the participating countries. Events that are potentially not
equally well measured in all participating databases given the data flow and the available
codes for definitions include acute aseptic arthritis, microangiopathy, single-organ vasculitis,
erythema multiforme.

With respect to defining the RMP-specified subgroups, the available routinely collected data
has inherent limitations. For example, the RMP-defined subgroup “frail subjects with unstable
health conditions and comorbidities (e.g., COPD, diabetes, chronic neurological disease,
cardiovascular disorders)” was represented by persons in the study population with any
history of a qualifying condition recorded during the 2-year lookback period, regardless of age
or frailty, as frailty is a difficult concept to define in routinely collected data. Thus, this
subgroup in the current study cannot be restricted to subjects who are frail; instead, it
represents subjects with a history of any specific chronic condition regardless of frailty or
whether or not the condition is stable.
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Some of the SMR estimates and IRR estimates had low precision, as many AESIs are, by
definition, rare events and were examined in limited subgroups based on age and sex. Another
limitation can be the typical age range of the AESI, for instance Kawasaki disease have the
highest incidence in children below five years (50), where Spikevax vaccination was very
limited.

Finally, the per-protocol quality controls have been implemented to a broader extent than in
the previous interim report. Specifically, two programmers implemented the analyses
supervised by investigators examining the output for internal consistency, plausibility of the
observed AESI historical rates have undergone plausibility benchmarking against published
evidence.

A “signal” in this study was defined as contrast-specific SMR>2 & N=5, which is unavoidably
arbitrary to an extent. The criteria were chosen to balance the risks of false positive against
false negative signals. Because magnitude and precision are the main characteristics of
estimates of association, the criteria for triggering signal evaluation were chosen to identify
signals with clinically important magnitude of the risk increase observable in routinely
collected data, combined with precision afforded by the set minimum number of exposed
cases. Given that we evaluated the criteria for 840 strata for each AESI in each country (in
total, 90,720 strata), the large number of comparisons carried out will produce false-positive
findings by chance. This, by design (in addition to uncontrolled confounding), is one rationale
for not interpreting signal detection results as evidence of causal relation, but as a screening
tool for further signal evaluation. Specific for the SIDIAP in the current report, a large number
of signals were detected for AESIs idiopathic thrombocytopenia, splanchnic vein thrombosis
and acute liver injury, while the SCCS signal evaluation analysis could not confirm the signal
(56). Unavoidably, the chosen criteria for signals, are partially arbitrary. As missing of an
important signal is of a major concern, the protocol provides for examining signals that do not
satisfy the prespecified criteria but are identified by e.g., external evidence.

One potential limitation is at least partial circularity of the evidence by using partially
overlapping data to evaluate the signals as the data that were used in signal detection. At the
same time, signal detected in one database are evaluated in all databases, which is a strength
of the current approach, along with the typically recommended refinement of exploration of
biases in sensitivity analyses as applied in this study (152).

The signals entering the signal evaluation phase we used a decision framework to decide
which type of analysis should be used in the signal evaluation (self-controlled designs or
cohort studies). The decision was based on features of each design, the AESI, and the results
from signal detection in the Third Interim report. However, the choice might not always be
clear as items like rapid onset and short latency can be difficult to evaluate. We mainly
assessed if there appeared to be a clear risk window in signal detection with high SMRs/many
signals within 0-42 days after Spikevax vaccination. If this was the case, we found the AESI
eligible for the SCCS analysis.

The validity of the SCCS analysis depend on fulfilment of the assumption of the method or
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making adequate adaptions to accommodate that the assumptions are not fulfilled (69). We
provided a series of sensitivity analyses altering risk periods, population included and how to
define follow-up. The sensitivity analyses did not to any great extent alter the conclusion from
the primary analysis, but could give some additional important information for other doses,
risk windows and populations.

11.3. Interpretation

Given the limitations outlined in Section 11.2, results provided in this Fourth Interim Report
should be treated as preliminary with the main purpose to demonstrate further progress in (1)
obtaining the pertinent multinational data; (2) applying the ConcePTION framework (CDM and
quality and analysis pipeline), originally designed to study medication safety in pregnancy (86)
to the study of the vaccine safety in the general population; and (3) of conducting the
federated analyses on DRE.

This Fourth Interim Report provides an overview of the number and characteristics of the
Spikevax vaccinees who received Spikevax as their first primary COVID-19 vaccination in
Denmark, Norway, Spain, and the UK. With respect to signal detection, the signals detected
for the AESIs myocarditis, pericarditis, and anaphylaxis was expected, while large number of
signals detected in Spain for other AESIs are subject to further investigation and refinement.
The signals confirmed at the signal evaluation stage broadly fall into two categories: 1)
expected previously reported signals (myocarditis, pericarditis, anaphylaxis); 2) new signals
subject to refinement of the underlying algorithms or correctly applying existing ones by using
granular diagnosis codes (generalized convulsions in Denmark and Spain, idiopathic
thrombocytopenia in Norway, VITT in Norway, and stress induced cardiomyopathy in Norway).
Identification of expected signals and lack of confirmation of most other signals at the signal
evaluation stage is reassuring, pending final refinement of the AESI-defining algorithms in the
Final Study Report. The results of the signal detection analysis should not be interpreted as
indicative of the risk-benefit balance of Spikevax and given potential non-causal explanations
of the signal detection results. Elevated all-cause mortality has not been reported for Spikevax
in either randomised trials (5) or in observational data, such as a Center for Disease Control
(CDC) study of seven Integrated Health Care Organizations, in December 2020-July 31, 2021.
The latter analysis showed a 60-80% reduction in the non-COVID-19 mortality with Spikevax
vaccination (153). The signal for acute respiratory distress syndrome may be explained by
COVID-19 infection prevalent in the Spikevax source population in general and absent in the
historical cohort. Censoring by infection was not applied owing to potentially informative time-
dependent selective reporting of COVID-19 cases after the end of mass testing. Other reasons
could include low historical rates and changes in diagnostic process. Detection of signals for
myocarditis and pericarditis were in line with those AESIs being important identified risks. The
risk was further substantiated by the signal evaluation showing increased risk 0 to 7 days after
the second dose of Spikevax for young males.

Per protocol, AESIs with SMRs = 2.0 and =5 Spikevax-exposed cases are those to be
subjected to a formal signal evaluation. These necessarily arbitrary criteria were selected
based on the judged minimally important magnitude of potential association with a precision
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achievable by at least 5 exposed cases. Furthermore, the observed-to-expected approach to
signal detection has primarily been described for spontaneous reporting, while methodology
for inferences from routinely collected data is still being developed. The chosen criteria were
explicitly on clinical importance and precision rather than statistical significance (154). The
interpretation of vaccine safety data is inherently complicated by the problem of multiplicity,
with the tension between reducing both type I error rate (detecting associations that are
spurious) positive rate and the type II error rate (failing to detect true associations) (155). In
this study, the multiplicity is amplified by the large number of AESIs, exposure categories,
strata, and subgroups. At the same time, the unprecedented environment created by the
COVID-19 pandemic for vaccine surveillance exacerbates the well-known masking effect, in
which signals one vaccine may be both hidden (or amplified) by the presence of other
reported vaccines, and inherently confounding issue epidemiologically (59)

Furthermore, none of the AESI underwent adjudication, clinical, pharmacological and
epidemiological review of identified temporal associations is important. This study, by design,
can only provide epidemiological signal evaluation. As shown in the IMI PROTECT project, as
much as three out of four temporal associations identified in the initial screen could be
dismissed from further evaluation as false-positives, following review (156).

The findings of this study based on analysis of secondary routinely collected data with its
known strengths and limitations must be interpreted in the context of all available evidence
from diverse sources, populations, designs, and disciplines, and based on biological plausibility
underlying any putative associations.

11.4. Generalisability

Results presented in this report are based on the data collected in up to 1.5 years following
the launch of Spikevax and cover four out of five participating countries. Results of the signal
detection cover three out of four countries contributing data to this Fourth Interim Report.
Given the preliminary nature of the analysis due evolving variable definitions, potential
channelling bias, or secular trends, the results presented here should not be generalized to
other countries or periods of vaccination.

12.0ther information

None.

13.Conclusion

The results reported here should be considered preliminary and are not interpretable as
indicative of any changes to the current benefit-risk profile of Spikevax. Results inclusive of all
participating countries and all study objectives are planned for presentation in the Final Study
Report pending confirmation of the ARS database as detailed in Section 8.
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15.Annex 1: List of stand-alone documents

15.1.

Output tables with study results

Appendix_Tables_1_ 2 3.xlsx

Appendix_Table_4.xlsx
Appendix_Table_5.xlsx
Appendix_Table_8.xlsx

Appendix_Table_9.xlsx

Appendix_Table_18 19 20.xlsx
Appendix_Table_21.xIsx

15.2.

Diagnosis and medication codes used to define study variables

Appendix 1_codelist and algorithms.xlsx

16.Annex 2: Analyses included in the Fourth Interim Report

Preliminary results included in Fourth Interim Report

Signal detection

Signal evaluation

Cohort
study
Crude with
Populati | incidence Cohort contem
on rates and Crude study with | porane Prognosis
descripti SMRs incidence rates matched ous Cohort post
onand | stratifiedon | and SMRsin historical | compar | study of | myocarditis/
Country | selection | age and sex |subpopulations|SCCS | SCRI | comparators| ators VAED pericarditis
Denmark Yes Yes No Yes | No No No No Descriptive
Italy No No No No | No No No No No
Norway Yes Yes No Yes | No No No Yes Descriptive
Spain Yes Yes No Yes | No No No No No
United
.m © " Yes No No No | No No No No No
Kingdom

* Analyses are limited to the population description and selection in the CPRD, which is primarily related to the CPRD
data quality issue communicated by the CPRD to the users (e-mail communication on file). This issue has impacted all
downstream activities and deliverables across the VAC4EU studies that involve the current data extraction.
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