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in Europe 

 The ADVANCE system was designed using a distributed network of health care databases in 

Europe 

 Workflow was set-up to verify suitability of databases to provide reliable evidence 

 The system was used in proof-of-concept studies to estimate vaccine coverage, benefits and 

risks 

 A tested workflow with methods, tools and templates is available for future implementation  
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Introduction: The Accelerated Development of VAccine beNefit-risk Collaboration in 2 

Europe (ADVANCE) project aimed to develop and test a system to rapidly provide best-3 

available evidence from existing European healthcare databases on post-licensure vaccination 4 

benefits and risks to support informed decision making, in Europe.  5 

Methods: Metadata on available data sources in Europe were collected using the ADVANCE 6 

International Research Readiness (AIRR) survey. The ADVANCE system that was developed 7 

and implemented aimed to address study questions on coverage, benefits, safety endpoints, 8 

and benefit/risk assessment. The workflow process that included: feasibility assessment of 9 

data sources; study outline; study team selection; protocol development; data extraction and 10 

harmonisation; statistical analysis plans; data transformation & transfer; data pooling and 11 

reporting, was tested. Aggregated data were shared on a remote research environment (RRE) 12 

which could be accessed for collaborative work. 13 

Results: Twenty-four databases responded to the AIRR survey: 16 had linkable individual 14 

level population data; 12 of these captured routine immunisation data, 6 through linkage with 15 

vaccine register data and the others through GPs input. A common data model (CDM), with 16 

three input files (population, vaccines and events) was defined. Data access providers (DAPs) 17 

extracted and transformed study-specific data into these common input files. Data analytical 18 

tools were programmed by different statisticians against the CDM in R, Java and/or SAS and 19 

sent to the DAPs, first to assess if the data were fit-for-purpose and subsequently for the 20 

different ADVANCE proof-of-concept studies. The output of the analytical tools was 21 

aggregated data that were sent to the RRE for pooling. Ten DAPs participated in fit-for-22 

purpose assessment and shared aggregated data for pooling and reporting, seven participated 23 

in the first ADVANCE proof-of-concept studies.  24 
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Conclusions: The ADVANCE system to generate evidence on background rates, coverage, 25 

vaccine benefits and risks, from distributed healthcare databases was implemented and tested.  26 
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Abstract 35 

Introduction: The Accelerated Development of VAccine beNefit-risk Collaboration in 36 

Europe (ADVANCE) project aimed to develop and test a system to rapidly provide best-37 

available evidence from existing European healthcare databases on post-licensure vaccination 38 

benefits and risks to support informed decision making, in Europe.  39 

Methods: Metadata on available data sources in Europe were collected using the ADVANCE 40 

International Research Readiness (AIRR) survey. The ADVANCE system that was developed 41 

and implemented aimed to address study questions on coverage, benefits, safety endpoints, 42 

and benefit/risk assessment. The workflow process that included: feasibility assessment of 43 

data sources; study outline; study team selection; protocol development; data extraction and 44 

harmonisation; statistical analysis plans; data transformation & transfer; data pooling and 45 

reporting, was tested. Aggregated data were shared on a remote research environment (RRE) 46 

which could be accessed for collaborative work. 47 

Results: Twenty-four databases responded to the AIRR survey: 16 had linkable individual 48 

level population data; 12 of these captured routine immunisation data, 6 through linkage with 49 

vaccine register data and the others through GPs input. A common data model (CDM), with 50 

three input files (population, vaccines and events) was defined. Data access providers (DAPs) 51 

extracted and transformed study-specific data into these common input files. Data analytical 52 

tools were programmed by different statisticians against the CDM in R, Java and/or SAS and 53 

sent to the DAPs, first to assess if the data were fit-for-purpose and subsequently for the 54 

different ADVANCE proof-of-concept studies. The output of the analytical tools was 55 

aggregated data that were sent to the RRE for pooling. Ten DAPs participated in fit-for-56 

purpose assessment and shared aggregated data for pooling and reporting, seven participated 57 

in the first ADVANCE proof-of-concept studies.  58 
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Conclusions: The ADVANCE system to generate evidence on background rates, coverage, 59 

vaccine benefits and risks, from distributed healthcare databases was implemented and tested.  60 

Key words: distributed network, common protocol, common analytics, vaccine, benefit-risk, 61 

real world evidence 62 

  63 
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1. Introduction 64 

The Accelerated Development of VAccine beNefit-risk Collaboration in Europe project 65 

(ADVANCE) is a public-private consortium of 47 organisations, including the European 66 

Medicines Agency (EMA) and the European Center for Disease Control and Prevention 67 

(ECDC) (see Appendix for full list of ADVANCE consortium partners) [1]. The ADVANCE 68 

consortium’s vision is to deliver the ‘best evidence at the right time to support decision-69 

making on vaccination in Europe’, and its mission is to establish a prototype for a suitable-70 

for-purpose and sustainable system that rapidly provides the best available scientific evidence 71 

on post-marketing vaccine benefits and risks for informed decision making and effective post-72 

marketing surveillance [2].  73 

To achieve the ADVANCE mission, a ‘big healthcare data’ ecosystem was designed and 74 

tested. This comprised an integrated workflow for evidence generation from available and 75 

heterogeneous health databases in different European countries (Figure 1). This workflow 76 

was developed to deliver timely and actionable evidence based on stakeholder needs and 77 

needed to abide by the ADVANCE principles of public health improvement, scientific 78 

integrity, scientific independence, transparency and quality as laid out in the best practice 79 

guidance and deliver suitable-for-purpose evidence for decision making for all stakeholders 80 

[2, 3].  81 

The ADVANCE system was modelled on the American Vaccine Safety Datalink (VSD), 82 

which is a collaboration between nine health maintenance organisations in the USA and the 83 

Center of Disease Controls Immunisation Safety Office, in operation since 1990 [4]. The 84 

pioneering accomplishments of the VSD demonstrated the synergy of collaboration for 85 

methods and evidence generation, and the use of distributed data approaches for secure 86 

analyses of de-identified data and the associated governance models [5]. 87 
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ADVANCE capitalised on the methods that were developed in Europe following the 88 

pharmacovigilance reform that was recommended by the US Institute of Medicine (IoM) in 89 

2007 after the rofecoxib safety concerns [6]. The IoM recommendations underlined the need 90 

for large-scale analysis using existing big healthcare data and led to the creation of the US 91 

FDA’s Sentinel and OMOP (Observational Medical Outcomes Project) projects [7, 8]. In 92 

Europe the EU-ADR project (Exploring and Understanding Adverse Drug Reactions by 93 

Integrating Mining of Clinical Records and Biomedical Knowledge) was funded under the 94 

European Commission’s seventh framework programme in 2008 [9]. This project developed 95 

methods, tools and a simple common data model (CDM) to leverage information from health 96 

care databases in Europe. The ECDC decided to use the EU-ADR experience and apply it to 97 

the field of vaccines to monitor pandemic vaccine safety in 2009 in the VAESCO project 98 

(Vaccine Adverse Event Surveillance and Communication) [10]. Both the EU-ADR and 99 

VAESCO projects were terminated in 2012 because no subsequent funding was available [10-100 

12]. The Innovative Medicines Initiative (IMI) issued a call for proposals for a 5-year project 101 

that would test a system for vaccine benefit-risk monitoring in the EU. The funding was 102 

awarded to the ADVANCE consortium and in this present paper we will describe the system 103 

that was developed to generate evidence from distributed health care databases.  104 

2. ADVANCE system for vaccine benefit-risk monitoring in the EU 105 

2.1. System description 106 

The description of the system’s characteristics below is based on the general workflow shown 107 

in Figure 1. This figure shows the general process of generating evidence, with the 108 

accompanying information technology tools and analytical programmes for each step (at the 109 

top), plus the document templates for each step (below the arrow) that have been made 110 

available for re-use [13]. The workflow was designed to implement the principles of the 111 

ADVANCE best practice guidance (Table 1) [3]. Each component of the workflow involves 112 
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multiple steps and decisions, which are detailed in the process map that is described in Figure 113 

2 and the system will be described with reference to these different steps.  114 

2.2. Pre-study readiness 115 

According to our vision, the system should be ready to generate evidence quickly when 116 

questions arise. Pre-study readiness to act can be created by having a catalogue of available 117 

databases that are fit-for-purpose. This requires knowledge both on the type of data (meta-118 

level), but also the detailed characteristics of the data, in the databases so that a study team 119 

can quickly decide which databases are fit-for-purpose. We developed the ADVANCE 120 

International Research Readiness (AIRR) instrument to identify and catalogue potential 121 

healthcare databases in Europe [14]. This instrument collected information on generic health 122 

database characteristics, provenance and coding of data for particular vaccines, as well as 123 

information on the governance and modalities for data access. The AIRR survey was 124 

disseminated within and outside the consortium and a total of 24 responses were received 125 

(Table 1). 126 

Data were extracted and mapped to a CDM to create pre-study readiness and assess 127 

feasibility, enabling the use of one analytical computer program to transform data (Figure 3). 128 

Instructions and programs were sent to the DAPs and they were asked to extract study-129 

specific data from their local databases and to re-format them (with the programs and 130 

algorithms agreed in the fingerprinting workflow) into the ADVANCE CDM format (Figure 131 

3). The instructions contained a table with the local codes and keywords in the local language 132 

that had to be extracted by DAPs to implement the CDM. 133 

Consistent identification of events and vaccines is difficult in European health care databases 134 

as the data are captured in different formats, with different coding schemes and languages 135 

(Table 2). A semi-automatic CodeMapper tool was created to identify events uniformly [15]. 136 

This tool created and logged recommended codes for specific events, which could be updated 137 
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by data access providers (DAPs). A vaccine ontology (VaccO) was created and tested to 138 

support DAPs in data extraction and coding of vaccines, which were often in local languages, 139 

for inclusion in the CDM [16]. Both CodeMapper and VaccO are available for future studies 140 

[17, 18].  141 

A dedicated fingerprint (detailed data characterisation) workflow was created to assess 142 

whether the data that were added to the common data model locally were ‘fit-for-purpose’ for 143 

the proposed coverage, benefit and safety proof-of-concept (POC) studies [19-21]. The 144 

fingerprint aimed to provide detailed descriptions of the population, vaccination and events 145 

input files, by running an analytical program on the local data. Data characterisation programs 146 

were available in Java (Jerboa for the population and event file checking) and R (for coverage 147 

estimations), the output was transferred to a token-protected remote research environment 148 

(RRE) (Figure 3). In ADVANCE, we used the previously described Octopus RRE [9] 149 

Partners could remotely access all the data for checking and further analyses. Quality checks 150 

were conducted by the operations teams on the output of the fingerprint programs on the input 151 

files if novel data was extracted and DAPs were asked to review and validate the outputs. A 152 

detailed description of the data in these input files is provided in another paper in this 153 

supplement [22].  154 

2.3. Study planning 155 

A study request can arrive from different organisations and have different aims. The first step 156 

is a quick feasibility assessment using the study question, followed by the preparation of a 157 

study outline. The study outline should include a description of the rationale, objectives, 158 

population, vaccines and outcomes of interest. The study outline should approval by both the 159 

study requester and the scientific committee; for the POC studies the Steering Committee 160 

undertook the role of the scientific committee.  161 



9 

2.4. Study team 162 

After approval of the study outline, a study team should be identified and the various roles 163 

assigned. The ADVANCE code of conduct (CoC) describes the principles and roles in the 164 

study team [3]. The process for the study team selection in the first round of proof of concept 165 

studies involved an open call to the consortium. Interested persons for the various roles, i.e., 166 

principal investigator (PI), epidemiologist, vaccinologist, disease experts, statistician, DAP 167 

and study manager could apply by submitting their curriculum vitae and expression of 168 

interest. All study team members had to sign and post a public declaration of interest, which 169 

are available in the POC-1 study report (www.advance-vaccines.eu, results section D5.6). 170 

Finally 68 individuals from all stakeholders formed the study teams for the first four POC 171 

studies. Oversight was provided by an operations coordination team comprising three of the 172 

authors (MS, LvdA and LT) that had regular team meetings as well as meetings with the 173 

DAPs and statisticians.  174 

Once the study team is established and roles assigned, a contract, and study governance model 175 

and the CoC can be discussed and agreed, as described previously [23]. We used the 176 

ADVANCE CoC, which allows public and private stakeholders to assume various roles under 177 

conditions of full transparency.  178 

2.5. Protocol and statistical analysis plan 179 

An epidemiological study requires a protocol which is a document containing the 180 

methodological details of the design, implementation, analyses, documentation and 181 

publication of the study results. For the POC studies, the protocols were developed by the 182 

study team members with the relevant expertise (i.e., clinical, epidemiological and statistical 183 

expertise and expertise on specific clinical or methodological aspects of the study; data 184 

privacy and ethics). We created a protocol template for epidemiological studies, based on the 185 

EMA Post Authorisation Safety Study Template to comply with the Good Vigilance Practice 186 

http://www.advance-vaccines.eu/
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module VIII [24, 25]. A detailed document history was maintained to enable traceability and 187 

to ensure transparency about the contributions of each member. Documented review and 188 

approval of the protocol was required from the study team, the Steering Committee (acting as 189 

the Scientific Review Committee), local governance and ethical clearance of the DAPs, as 190 

well as internal review by the ECDC and the vaccine manufacturers. All amendments, 191 

changes and rebuttals were tracked for transparency and could be consulted in the shared 192 

work-space. The approved protocols with the ENCePP checklist were posted in the 193 

publically-available EU PAS register [26-29].  194 

We used the standard definition of a statistical analysis plan, comprising a detailed description 195 

for the data extraction, transformation and analyses, and the dummy tables for the reports, 196 

based on the variables in the CDM. The CDM that was used was able to support the 197 

fingerprinting, coverage, benefit and safety ADVANCE proof of concept (POC) studies 198 

(Table 3). This CDM structure can be used as a base for future studies. If the study needs to 199 

be expanded, compatibility with the previous programs should be verified so that they can be 200 

reused. 201 

The SAP was written by the study team statisticians and reviewed by the study and operations 202 

teams. Based on the SAP, a detailed instruction document was developed by the operations 203 

team for the DAPs. This described the data that had to be extracted, the programs that were to 204 

be run, the intermediate files, the final output, and how the data were to be transferred. The 205 

instruction documents, as well as the scripts, are available in the POC-1 report, and can be 206 

used as templates for future studies [13]. More details on the programs are available below in 207 

section 2.7. The SAPs were signed off after the data-analysis programmes were finalised, 208 

prior to starting the report. The SAPs for the different studies are available on the ADVANCE 209 

website and can be used as templates for future studies [13]. 210 
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2.6. Data (re-)extraction 211 

Following approval of the POC study protocols, the DAPs were asked to re-extract (refresh) 212 

and map their data locally into the common input files of the CDM according to the 213 

harmonised processes described above in the pre-study readiness section. Extraction and 214 

mapping programs were stored locally and not visible or modifiable by the study team.  215 

2.7. Data transformation 216 

The CDM input data files needed to be transformed locally into aggregated datasets/tables 217 

that could be used to generate the evidence required to answer the study questions. We 218 

developed a common modular programming approach for the data transformation steps. 219 

Programs were written by the study team statisticians and supervised by the operations team. 220 

R and SAS programs were created independently and their output verified against each other. 221 

The programs contained general modules (e.g. vaccine input file cleaning (e.g. deduplication), 222 

cohort selection) that can be varied with different parameter settings so that they can be 223 

adapted for use in other studies. The programs were tested on real data, which were available 224 

on the RRE, to enable rapid debugging. The final data transformation programs were sent to 225 

the DAPs and run on the three CDM input files (Figure 3). Fully de-identified and minimised 226 

analytical datasets (aggregated or individual record level, depending on the type of analysis) 227 

were sent to the RRE (Figure 3). 228 

2.8. Analyses and reporting 229 

The aggregated data from the different databases were combined on the RRE using one-stage 230 

pooling [30, 31]. For each POC study, the final statistical analyses were conducted remotely 231 

by statisticians from different partners, on the RRE. The results were discussed with the DAPs 232 

before the report was drafted. The interpretation and reporting of the results and the strengths 233 

and limitations were the responsibility of the study team who followed The STrengthening the 234 

Reporting of OBservational studies in Epidemiology (STROBE) guidance[32]. A summary of 235 



12 

the results has been published in the EU PAS register [33]. The full study report, including a 236 

full document history, have been made available publicly on the ADVANCE website [13]. 237 

Dissemination of evidence of scientific communication followed the best practice guidance 238 

[34].  239 

3. Discussion 240 

In this paper we described an integrated vaccine coverage, benefit and risk evidence 241 

generation system that was designed and tested during the ADVANCE project. The system 242 

was able to transform health data from multiple sources into answers. The steps followed the 243 

five elements (define use cases, data ecosystem, modelling, workflow integration and 244 

adoption) as outlined by the McKinsey Global Institute report for transforming health data 245 

into evidence that can be used to inform businesses [35]. While putting the evidence 246 

generation workflow together much effort was put into the data ecosystem: creation of 247 

readiness of DAPs, fingerprinting, data verification, harmonisation and benchmarking to 248 

ensure that the evidence can be perceived as reliable, since this is one of the main hurdles for 249 

the adoption of big data evidence for decision-making in the health area [35]. Testing of the 250 

ADVANCE system was conducted through a series of POC studies that each addressed 251 

specific scientific questions; these are described in more details in other papers in this 252 

supplement [19, 21, 36, 37].  253 

Through the AIRR survey we aimed to collect meta-data on databases, but unfortunately we 254 

got only a few responses and the data were quickly out-of-date. A recent overview reported 255 

that 13 of the 34 European databases, identified as being potentially suitable for regulatory 256 

purposes, captured population, vaccination and vaccination-related event data [38]. Eight of 257 

these databases were included in ADVANCE but the following were not: GePARD 258 

(Germany), PHARMO (The Netherlands), and SNIRAM and IMS Disease analyser (France). 259 

In the overview, IPCI (included in initial ADVANCE assessments) was one of the 13 to be 260 
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reported to have vaccine data, but as it contains data on influenza vaccination only it was 261 

considered as not fit-for-purpose for general vaccine studies in ADVANCE. In contrast, 262 

ADVANCE identified the Swedish National Registries (Sweden), The Health Improvement 263 

Network (THIN) and Royal College of General Practitioners (RCGP) Research and 264 

Surveillance Centre (RSC) (UK), Cremona (Italy), and FISABIO and BIFAP (Spain) as 265 

databases that captured vaccination data, but this information was not identified in the 266 

overview [38]. This emphasises that no catalogue is complete or sufficient, and therefore, 267 

where updating and non-response may be an issue, we should focus our efforts on developing 268 

a publicly-available catalogue of databases, rather than multiple project-specific catalogues. It 269 

also shows that survey data alone are not sufficient and how important fingerprinting is to 270 

really assess if databases are fit-for-purpose. 271 

In order to put the ADVANCE system into a global context we compared the key 272 

characteristics and principles of ongoing collaborative health care database networks in the 273 

area of vaccines, based on publicly available information (Table 3). The identified initiatives 274 

were: Sentinel, VSD (Vaccine Safety Datalink) and IMEDS (Innovation in Medical Evidence 275 

Development and Surveillance) in the USA, CNODES (Canadian Network for Drug Effect 276 

Studies) in Canada and I-MOVE+ (Integrated Monitoring of Vaccines in Europe), VENICE 277 

(Vaccine European New Integrated Collaboration Effort) and DRIVE (Development of 278 

Robust and Innovative Vaccines Effectiveness) in Europe [39-45]. 279 

ADVANCE is limited to vaccines as are DRIVE, IMOVE+ and VSD, but it has the highest 280 

number of partners in the vaccine area, with the most diversity, and includes all types of 281 

stakeholders, e.g., vaccine manufacturers, public health agencies and regulatory authorities. 282 

The other collaborative networks exclude vaccine manufacturers as collaborators (except for 283 

DRIVE and IMEDS). ADVANCE considers all routine scheduled vaccines in vaccination 284 

programmes and is not focused on specific vaccines unlike I-MOVE+ (influenza and 285 
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pneumococcal vaccines) and DRIVE (influenza vaccines). ADVANCE addresses a range of 286 

study questions (coverage, effectiveness, safety and benefit-risk) whereas I-MOVE+ and 287 

DRIVE focus on vaccine effectiveness alone. VSD, Sentinel, IMEDS and CNODES and 288 

ADVANCE are restricted to the secondary use of electronic health care data and currently do 289 

not cover primary data collection in contrast with I-MOVE+ and DRIVE. ADVANCE 290 

follows an open science principle with publicly-available protocols, reports and tools, similar 291 

to Sentinel and CNODES, although CNODES, I-MOVE+ and VENICE provide public access 292 

to only selected documents.  293 

In addition to the scope and partnerships, differences exist also in the use of CDMs. In 294 

ADVANCE we used the ADVANCE CDM, similar to the CDM that was used in previous 295 

EU-funded distributed network studies such as in EU-ADR, SOS, SAFEGUARD, ARITMO, 296 

EMIF, VAESCO although we made slight adaptations to the drug file to capture vaccine 297 

specific information [9]. The similarity in structure of the CDM (variable names) allowed for 298 

the re-use of available open source software, such as Jerboa. The actual data content of the 299 

input files that are in the CDM is study-specific and limited to the need of the studies. This 300 

was done for efficiency reasons, since we aimed to check the quality of all the data in the 301 

input files, and this would have been burdensome if data irrelevant for the study were 302 

converted into the CDM format. The process of inputting study specific data in the CDM in 303 

ADVANCE differs from that used, for example, in the Sentinel and VSD projects, which 304 

involves data conversion of the whole database to a CDM. In the resultant generalised CDM, 305 

all the local data are transformed to be used as a base for data processing. Transforming the 306 

entire database contents into the CDM would be possible in Europe but it would require a lot 307 

of resources and effort, which need to be structurally financed. In the absence of such 308 

funding, a study-specific approach can be more cost-efficient. Moreover, the assessment of 309 
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the data quality is more focused in a study specific manner. To create readiness of people and 310 

data, we need to fully engaged the DAPs to leverage their experience and local expertise.  311 

ADVANCE currently relies on secondary use of sensitive data, which is protected by the 312 

General Data Protection Regulation (GDPR) that was fully implemented on May 25, 2018. 313 

The new GDPR rules have a significant impact on pharmacoepidemiological studies for 314 

future vaccine benefit-risk studies, the rules require that data are protected by design and by 315 

default, which necessitates that data protection is included in the business processes for data 316 

processing and management (including physical and technical safeguards, privacy enhancing 317 

technologies, minimisation of processing principles, and robust data access documented 318 

procedures). Although ADVANCE designed and tested the system prior to the obligation to 319 

GDPR, steps for privacy by design, such as minimisation of data (only sharing project-320 

required data, which were also anonymised to minimise disclosure risk) were implemented. 321 

DAPs are currently assigning data privacy officers and privacy impact assessments will have 322 

to be done to ensure that the databases are GDPR ready. A second POC study will be 323 

implemented in early 2019, allowing to test the GDPR implementation.   324 

Although we have tested the ADVANCE evidence generation system, there are 325 

recommendations and areas for improvement. For the further development of the system, a 326 

formal description of the local data and the local programs that feed the CDM could be 327 

developed and shared, for further transparency and reproducibility. In addition the remote 328 

platform for data sharing should allow token-less access (preferable phone authentication), 329 

and should be able to provide the required processing and storage capacity through a private 330 

cloud-based system.  331 

In summary, the ADVANCE project has developed and implemented a system that can 332 

generate evidence on vaccine coverage, benefits and risk from distributed available electronic 333 

health care database in Europe. We have implemented the ADVANCE CoC and created a 334 
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transparent process map, tools and templates which are ready to be adopted and go in 335 

production in the post-ADVANCE VAC4EU (Vaccine monitoring Collaboration for Europe) 336 

association, which will continue the work described here, after the ADVANCE project ends. 337 

338 
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Figure captions 514 

Figure 1: Generic ADVANCE system description, outlining the workflows, tools and 515 

supporting documentation based on the ADVANCE best practice guidance that were 516 

translated in operational procedures 517 

Figure 2: Detailed process map for generation of evidence in the ADVANCE system 518 

Figure 3: Data extraction, transformation and analysis infrastructure in the ADVANCE 519 

system 520 

 521 
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Table 1: Implementation of the ADVANCE code of conduct for the proof-of-concept (POC) studies 522 

Topic CoC Recommendations to be applied in all studies (‘must’) CoC Other recommendations to be 

considered for all studies (‘should’) 

Implementation in POC studies 

1
. 

S
ci

en
ti

fi
c 

in
te

g
ri

ty
 

1. All study team members are qualified to fulfil their role  1.Members applied for roles with CV. Qualifications 

reviewed by decision making organ 

2. All study team members act in accordance with core values of 

honesty, accuracy and objectivity 

 2. Compliance statement in application letter for study 

team 

3. Study team members adhere to IEA Good Epidemiological Practice 

and ISPE Good Pharmacoepidemiological Practices 

 3. Compliance statement in application letter for study 

team 

2
. 

S
ci

en
ti

fi
c 

in
d

ep
en

d
en

ce
 

 

4. Study is conducted without undue influence of any financial, 

commercial, institutional or personal interest in a particular outcome of 

the study 

5. Autonomy of members of study team for 

making scientific decisions in their 

organisation is documented 

4. Declarations of interest signed and made publicly 

available by all members 

5. Was not documented in PoC 

6. Scientific independence is safeguarded by clear and transparent roles 

and responsibilities, peer review process, transparency measures and 

disclosure of all funding sources 

 6. Full transparency on DoI, roles and comments /edits 

throughout the study. No study member can decide alone. 

Tracked change documents and rebuttals on Sharepoint & 

detailed document histories 

3
. 

T
ra

n
sp

ar
en

cy
 

7. Study is registered in a publicly accessible database before the start of 

data collection or extraction 

11. Final study report or summary is 

uploaded in publicly accessible database 

where study is registered 

7. Studies registered in ENCePP registry 

11. Final report in ENCePP registry and on ADVANCE 

website 

8. Sources of funding are made public at the time of registration, in the 

protocol and in the presentation of results 

12. After study completion, study information 

is made available from outside the study team 

in a collaborative approach 

8. IMI funding is made public 

12. Study information available on ADVANCE public 

website 

9. Declarations of Interests (DoI) are made available at an early stage of 

the study, regularly updated and disclosed 

13. In case of primary data collection, 

participants in the study or their 

representatives may receive main study 

results and interpretation thereof 

9. Declaration of interests for each study team member 

publicly available on ADVANCE website 

13. Not tested only secondary use 

10. All comments received on study protocol and results with impact on 

the study are documented 

 10. Detailed track changes and comments plus rebuttals on 

protocol and report publicly available 

4
. 

C
o

n
fl

ic
t 

o
f 

in
te

re
st

 14. Actual or potential conflicts of interest (and perceptions thereof) are 

addressed at the planning phase of the study. Research contract includes 

a description of the management of conflicts of interest. All DoI are 

made publicly available 

15. A standard form is used to declare all 

interest that may lead to conflicts 

14. DoI publicly available. No process for dealing with 

potential conflicts of interests was tested. 

15. DoI were collected in a standard form  

5
. 

S
tu

d
y

 p
ro

to
co

l 

16. A study protocol is drafted as one of the first step in any research 

projects 

18. The process for reaching an agreement on 

the design options of the study is agreed 

beforehand 

16. study protocol drafted 

18. Design choice decided first in study team and subs. By 

Steering committee 

17. Study protocol is developed by persons with relevant expertise 22. Detailed draft protocol undergoes 

independent scientific review 

17. Study team composition had clear entry criteria 

(epidemiology PhD, vaccinologists, disease experts, 

statistician) 

22. Draft protocol reviewed by SC and Scientific Advisory 

Board 



29 

Topic CoC Recommendations to be applied in all studies (‘must’) CoC Other recommendations to be 

considered for all studies (‘should’) 

Implementation in POC studies 

19. Protocol includes a section with ethical considerations involved and 

information on funding, affiliations, potential conflicts of interest, data 

protection and incentives to subjects. Protocol is approved by relevant 

research ethics committee 

23. Protocol is registered in publicly 

accessible database before the start of data 

collection 

19. EMA PASS protocol template used with ethical, 

privacy & regulatory section 

23. All protocols in ENCePP database before start of data 

collection 

20. Protocol includes description of each party to study design, protocol 

writing and work programme 

 20. Detailed document history in Protocol and study team 

roles/responsibilities 

21. Regulatory obligations and recommendations applicable to the study 

are described 

 21.Section on regulatory obligations stated in protocol 

24. Changes to the protocol that may affect the interpretation of the study 

are identifiable and reported in the study report 

 24. All amendments listed in report. Report also has 

limitation section 

25. Key statistical analyses are described  25. Detailed Statistical analysis plan provided separately 

and public, summary described in report 

6
. 
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26. Set of principles are followed for reporting results including 

documentation of important safety concerns and deviations from protocol 

or statistical analysis plan, sources affecting data quality, strengths and 

limitations, and sources of funding 

27. STROBE statement and internationally 

agreed guidelines are consulted when 

analysing and reporting data 

26. Reporting results according to EMA PASS report 

template, including limitations, data quality and funding 

27. STROBE and RECORD guidelines followed in report 

 28. Draft study report undergoes independent 

scientific review 

29. Study report evaluated by SAB, SC and in house 

 29. Study report or summary of the results is 

included in the publicly accessible database 

29. Study report is available online (ADVANCE website) 

and summary in ENCePP study registry  

7
. 
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30. All study results are made publicly available. Authorship of 

publications follows the rules of ICMJE 

32. Preliminary or partial results of 

discontinued study are reported and identified 

as such 

30. Report publicly available & in line with ICMJE 

32. Monitoring of coverage, risks and benefits not done, 

but part of POC1.2 (was described) 

31. Research contract allows the principal investigators and relevant 

study team members to publish study results independently from the 

funding or data source. The study requester/funder may provide 

comments 

 31. by IMI grant agreement & consortium processe, 

publication rights. 

33. Procedures are in place to rapidly inform regulatory and public health 

authorities of study results, independently from submission of a 

manuscript 

 33. Communication procedures in place and less relevant 

because all stakeholders are involved 

8
. 
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34. Privacy of study subjects in relation to personal data is core principle 

of any medical research 

 34. Study in compliance with relevant EU directives 

35. In case where personal data are collected, the applicable legislation is 

followed 

 34. Study in compliance with relevant EU directives and 

national implementation thereof. Detailed data collected 

through P& E tool 

9
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 38. Sharing of study data is based on a written request specifying the 

ground of the request. The study team verifies the compliance of the 

request with the data protection legislation 

36. There is an open and collaborative 

approach to sharing study data with persons 

from outside the study team 

36. Study results shared publicly. Data can be accessed 

through RRE after signature of confidentiality & security 

documents 

38. Has not occurred but processes in place  

39. Requests for data sharing are justified based on public health interest 37. Data are shared only after the study report 

is finalized 

37. Has not occurred 

39. Has not occurred 
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Topic CoC Recommendations to be applied in all studies (‘must’) CoC Other recommendations to be 

considered for all studies (‘should’) 

Implementation in POC studies 

 

41. Analyses performed with shared data follow the provisions of the 

ADVANCE Code of Conduct 

40. Study team or delegated committee takes 

the decision to share study data 

40. Has not occurred 

41. Has not occurred 

1
0

. 
R

es
ea
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h

 

co
n

tr
ac

t 

42. The research contract does not lead investigators, directly or 

indirectly, to act against the principles of the Helsinki Declaration or 

applicable legal or regulatory obligations 

44. Unique multiparty contract is preferred in 

cases where several parties interact 

42/44. Could not be tested due to IMI context  

 

43. Clarity and transparency are key elements of the research contract 45. The research contracts indicates that the 

study will follow the ADVANCE Code of 

Conduct and provides core information 

43/45. Could not be tested due to IMI context  

 

 523 

524 
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Table 2: Summary of databases that responded to the ADVANCE International Research Readiness (AIRR) survey 525 

Database name Country Type of database Diagnoses 
Availability of vaccine related 

information in the database 
Linked population file 

The Belgian network of Sentinel General 

Practitioners (SGP) 

Belgium 

Primary health care Specific diseases Yes (incomplete) Not linked, but catchment 

Belgium 

Pediatric Surveillance Network (Pedisurv) 
Pediatric infectious disease 

surveillance 

Specific diseases Yes (incomplete) Not linked, but catchment 

Belgium 

Network National reference centers for 

human microbiology  

infectious disease 

surveillance 

Specific diseases Yes Not linked, but catchment 

Belgium 

Belgian Health Interview Survey 
Population survey Specific diseases Yes Not linked, but catchment 

Belgium 

National Surveillance of Influenza Like 

Illness 

infectious disease 

surveillance 

Specific diseases No Not linked, but catchment 

Belgium 

National Surveillance of SARI 
infectious disease 

surveillance 

Specific diseases No Not linked, but catchment 

Belgium 

Sentinel Laboratory Network (SLN) 
infectious disease 

surveillance 

Specific diseases No Not linked, but catchment 

Belgium 

MATRA communicable diseases Specific diseases No 3,600,000 

MATRA-BRU communicable diseases Specific diseases No 1,200,000 

Aarhus University Hospital 

Denmark 

Population based record 

linkage 

Hospitalisations & 

emergency visits, death 

no primary care (ICD-

10) 

Yes (linked to vaccine registry) 1,700,000 

The Danish Civil and Health Registration 

System 

Population based record 

linkage 

Hospitalisations & 

emergency visits, death 

no primary care (ICD-

10) 

Yes 7,500,000 

HPV-CRT Cohort Finland Cohort after trial In-outpatient (ICD-10) Yes (linked to vaccine registry) 35,000 

PEDIANET (only Veneto data) 

Italy 

Medical record (family 

paediatricians) 

Primary care & reported 

specialist 

visits/hospitalizations 

Yes (part linked to vaccine 

registry) 
280,000 (9,000 linked) 

Agenzia regionale di sanitÃ della Toscana 

(ARS) 

population based record 

linkage 

Hospitalisations, 

emergency visits, death 

no primary care (ICD-9) 

Yes (linked to vaccine registry) 5,000,000 

Arianna 
Medical record (family 

doctors 

Primary care & reported 

specialist 

visits/hospitalizations  

No 1,100,000 
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Database name Country Type of database Diagnoses 
Availability of vaccine related 

information in the database 
Linked population file 

ASLCR/Val Padana 
Population based record 

linkage 

Hospitalisations, 

emergency visits, death 

no primary care (ICD-9) 

Yes (linked to vaccine registry) 450,000 

Integrated Primary Care Information 

Netherlands 

Medical record (family 

doctors 

Primary care & reported 

specialist 

visits/hospitalizations 

(ICPC, text) 

No, only influenza 1,800,000 

Osiris Surveillance cases Specific diseases Yes (incomplete) 
Not linked, but catchment 

NL 

The Information System for the 

Development of Research in Primary Care 

(SIDIAP) 

Spain 

Population based record 

linkage 

Primary care & reported 

specialist 

visits/hospitalizations, 

50%  linkable to 

hospital data (ICD-10) 

Yes, those provided by GPs 5,800,000 

BIFAP (Base de Datos para la 

Investigación Farmacoepidemiológica en 

Atención Primaria) 

Medical record (family 

doctors 

Primary care & reported 

specialist 

visits/hospitalizations 

(ICPC, ICD-9, text) 

Yes those provided by GP 4,800,000 

FISABIO 
Population based record 

linkage 

Primary care & reported 

specialist visits linked 

hospitalizations (ICD-9) 

yes (linked to vaccine registry) 5,000,000 

Karolinka Institute  Sweden 
Population based record 

linkage 

Hospitalisations, no 

primary care(ICD-10) 

Available on request for part of 

the population 
9,400,000 

The Health Improvement Network (THIN) 

database 

United 

Kingdom 

Medical record (family 

doctors 

Primary care & reported 

specialist 

visits/hospitalizations 

(READv2) 

Yes those provided by GPs 8,300,000 

Royal College of General Practitioners 

(RCGP) Research & Surveillance Centre  

(RSC) 

United 

Kingdom 

Medical record (family 

doctors) 

Primary care & reported 

specialist 

visits/hospitalizations 

(READv2, READCtv3) 

Yes those provided by GP 2,600,000 

 526 
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Table 3: Key characteristics of the ADVANCE distributed network and other organised distributed networks addressing vaccine studies 527 

 

USA Canada EU 

Sentinel  VSD IMEDS CNODES ADVANCE DRIVE 
VENICE 

III 
I-MOVE+ 

Scope and size 

Scope / type of 

vaccines 

Effectiveness 

and safety / all 

vaccines 

Safety / all 

vaccines 

Effectiveness 

and safety / all 

vaccines 

Effectiveness 

and safety / all 

vaccines 

Coverage, 

effectiveness and 

safety / all 

vaccines 

Effectiveness / 

influenza 

Coverage / 

all vaccines  

Effectiveness / 

influenza and 

pneumococcal  

No. of partners 34 9 NA 8 47 15 7 26 

No. of countries 1 1 1 3 19 7 31 15 

Type of data used 
Secondary use 

EHR 

Secondary 

use EHR 

Secondary use 

EHR 

Secondary use 

EHR 

Secondary use 

EHR 

Primary data 

collection and 

secondary use 

EHR 

Survey 

Primary data 

collection and 

secondary use EHR 

No. EHR DAPs in 

consortium 
18 8 18 8 19 3 NA 8  

No. lives in 

eligible EHR 

DAPs (active) 

67 M 9 M 67 M >100 M 30 M NA NA NA 

Principles and operations 

Inclusiveness No VM  No VM 
VM can 

collaborate 
No VM 

VM can 

collaborate 

VM can 

collaborate 
No VM No VM 

CoI handling of 

financial interest 
Excluded Excluded Managed Managed Managed Managed Excluded Excluded 

CDM 
Sentinel deep 

CDM 

VSD deep 

CDM 

Sentinel deep 

CDM 
No CDM 

Study specific 

CDM 

study specific 

CDM 
No 

Study specific 

CDM  

Common data 

transformation 

script 

Yes Yes Yes No Yes No No Yes 

Script language SAS SAS SAS SAS R, SAS NA NA NA 

Data management 

& analysis  
Central Rotate Central Central Rotate Central Central Central 
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PRISM: Post-licensure rapid immunization safety monitoring program; VSD: Vaccine Safety Datalink; IMEDS; Innovation in medical evidence 528 

development and surveillance; CNODES; Canadian Network for Observation Drug Evaluation Studies; FDA=Food and Drug Administration; 529 

CDC: Centers for Disease Control and Prevention; P&P: policy and principles; VM: vaccine manufacturer; CDM: common data model; DAP: 530 

data access provider; RI: research institute; RG; regulatory agency; PHI: public health institute; NA: not available; P&R&T; protocols, reports 531 

and tools; P&R protocols & reports; R: reports 532 

 533 
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Appendix: Members of ADVANCE consortium (October 2018) 534 

Full partners 535 

AEMPS: Agencia Española de Medicamentos y Productos Sanitarios (www.aemps.es) 536 

ARS-Toscana: Agenzia regionale di sanità della Toscana (https://www.ars.toscana.it/it/) 537 

ASLCR: Azienda Sanitaria Locale della Provincia di Cremona (www.aslcremona.it) 538 

AUH: Aarhus Universitetshospital (kea.au.dk/en/home) 539 

ECDC: European Centre of Disease Prevention and Control (www.ecdc.europa.eu) 540 

EMA: European Medicines Agency (www.ema.europa.eu) 541 

EMC: Erasmus Universitair Medisch Centrum Rotterdam (www.erasmusmc.nl) 542 

GSK: GlaxoSmithKline Biologicals (www.gsk.com) 543 

IDIAP: Jordi Gol Fundació Institut Universitari per a la Recerca a l'Atenció Primària de Salut 544 

Jordi Gol i Gurina (http://www.idiapjordigol.com) 545 

JANSSEN: Janssen Vaccines - Prevention B.V. (http://www.janssen.com/infectious-diseases-546 

and-vaccines/crucell) 547 

KI: Karolinska Institutet (ki.se/meb) 548 

LSHTM: London School of Hygiene & Tropical Medicine (www.lshtm.ac.uk) 549 

MHRA: Medicines and Healthcare products Regulatory Agency (www.mhra.gov.uk/) 550 

MSD: Merck Sharp & Dohme Corp. (www.merck.com) 551 

NOVARTIS: Novartis Pharma AG (www.novartisvaccines.com) 552 

OU: The Open University (www.open.ac.uk) 553 

P95: P95 (www.p-95.com) 554 

PEDIANET: Società Servizi Telematici SRL (www.pedianet.it) 555 

PFIZER: Pfizer Limited (www.pfizer.co.uk) 556 

RCGP RSC: Royal College of General Practitioners Research and Surveillance Centre 557 

(www.rcgp.org.uk/rsc) 558 
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RIVM: Rijksinstituut voor Volksgezondheid en Milieu (www.rivm.nl) 559 

SCIENSANO: Sciensano (https://www.sciensano.be) 560 

SP: Sanofi Pasteur (www.sanofipasteur.com) 561 

SSI: Statens Serum Institut (www.ssi.dk) 562 

SURREY: The University of Surrey (www.surrey.ac.uk) 563 

SYNAPSE: Synapse Research Management Partners, S.L. (www.synapse-managers.com) 564 

TAKEDA: Takeda Pharmaceuticals International GmbH (www.tpi.takeda.com) 565 

UNIBAS-UKBB: Universitaet Basel – Children’s Hospital Basel (www.unibas.ch) 566 

UTA: Tampereen Yliopisto (www.uta.fi) 567 

Associate partners 568 

AIFA: Italian Medicines Agency (www.agenziafarmaco.it) 569 

ANSM: French National Agency for Medicines and Health Products Safety (ansm.sante.fr) 570 

BCF: Brighton Collaboration Foundation (brightoncollaboration.org) 571 

EOF: Helenic Medicines Agency, National Organisation for Medicines (www.eof.gr) 572 

FISABIO: Foundation for the Promotion of Health and Biomedical Research 573 

(www.fisabio.es) 574 

HCDCP: Hellenic Centre for Disease Control and Prevention (www.keelpno.gr) 575 

ICL: Imperial College London (www.imperial.ac.uk) 576 

IMB/HPRA: Irish Medicines Board (www.hpra.ie) 577 

IRD: Institut de Recherche et Développement (www.ird.fr) 578 

NCE: National Center for Epidemiology (www.oek.hu) 579 

NSPH: Hellenic National School of Public Health (www.nsph.gr) 580 

PHE: Public Health England (www.gov.uk/government/organisations/public-health-england) 581 

THL: National Institute for Health and Welfare (www.thl.fi) 582 

UMCU: Universitair Medisch Centrum Utrecht (www.umcu.nl) 583 
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UOA: University of Athens (www.uoa.gr) 584 

UNIME: University of Messina (www.unime.it) 585 

Vaccine.Grid: Vaccine.Grid (http://www.vaccinegrid.org/) 586 

VVKT: State Medicines Control Agency (www.vvkt.lt) 587 

WUM: Polish Medicines Agency - Warszawski Uniwersytet Medyczny 588 

(https://wld.wum.edu.pl/) 589 
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