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PAS, commonly observational studies, must be recorded in this register. Multi-
Funding information i i .
Universita degli Studi di Verona Within the database studies (MDS) leveraging secondary data have become an important strat-

CRUI-CARE Agreement egy to conduct PAS in recent years, as reflected by the type of studies registered in
the EU PAS register.

Objectives: To analyse and describe PAS in the EU PAS register, with focus on MDS.

Methods: Studies in the EU PAS register from inception to 31st December 2018
were described concerning transparency, regulatory obligations, scope, study type
(e.g., observational study, clinical trial, survey, systematic review/meta-analysis), study
design, type of data collection and target population. MDS were defined as studies
conducted through secondary use of >1 data source not linked at patient-level. Data
extraction was carried out independently by 14 centres with expertise in phar-
macoepidemiology, using publicly available information in the EU PAS register includ-
ing study protocol, whenever available, using a standardised data collection form. For
validation purposes, a second revision of key fields for a 15% random sample of stud-
ies was carried out by a different centre. The inter-rater reliability (IRR) was then cal-
culated. Finally, to identify predictors of primary data collection-based studies/versus
those based on secondary use of healthcare databases) or MDS (vs. non-MDS), odds
ratios (OR) and 95% confidence intervals (Cl) were calculated fitting univariate logistic
regression models.

Results: Overall, 1426 studies were identified. Clinical trials (N = 30; 2%), systematic
reviews/meta-analyses (N = 16; 1%) and miscellaneous study designs (N = 46; 3%)
were much less common than observational studies (N = 1227; 86%). The protocol
was available for 63% (N = 360) of 572 observational studies requested by a compe-
tent authority. Overall, 36% (N = 446) of observational studies were based fully or
partially on primary data collection. Of 757 observational studies based on secondary
use of data alone, 282 (37%) were MDS. Drug utilisation was significantly more com-
mon as a study scope in MDS compared to non-MDS studies. The overall percentage
agreement among collaborating centres that collected the data concerning study vari-
ables was highest for study type (93.5%) and lowest for type of secondary
data (67.8%).

Conclusions: Observational studies were the most common type of studies in the EU
PAS register, but 30% used primary data, which is more resource-intensive. Almost
half of observational studies using secondary data were MDS. Data recording in the

EU PAS register may be improved further, including more widespread availability of

study protocols to improve transparency.
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Key Points

e The present study provides a detailed description of all studies registered in the European
post-authorisation study (EU PAS) register from its inception till the end of 2018, focusing
on various aspects of study design and multiple database studies specifically.

e Our results showed a steady increase in the number of observational studies registered, pro-
viding the most recent updated review of the EU PAS register.

o We leveraging a network of pharmacoepidemiologists from various centres belonging to
European Network of Centres for Pharmacoepidemiology and Pharmacovigilance to collect
additional and detailed information on methodological aspects of observational studies.

e The present study is the only one that evaluates the inter-rater reliability of different investi-
gators during the data collection process, thus providing indirect measure of the complete-
ness and accuracy of the data collected

1 | INTRODUCTION

The European post-authorisation study (EU PAS) register is a publicly
available repository of post-authorisation (PAS) studies developed and
supported by the European Medicines Agency (EMA) through the
European Network of Centres for Pharmacoepidemiology and
Pharmacovigilance (ENCePP).! Current pharmacovigilance legislation in
Europe requires to make the study protocols and summary of results
publicly available for post-authorisation safety studies (PASS) imposed
as a condition to the Marketing Authorisation (RMP category 1) or as a
specific obligation in the context of a Marketing Authorisation under
exceptional circumstances (RMP category 2). This register is also aimed
to host non-imposed studies, such as those required as per Risk Man-
agement Plan (RMP category 3)? and all observational studies performed
on authorised medicinal products, including effectiveness studies. The
EU PAS register is the platform through which such studies, as well as
other non-imposed studies, are made accessible online. Indeed, the aim
of the EU PAS register, in line with ENCePP's mandate, is to improve
the transparency of studies conducted within the EU area and beyond.
The EU PAS register has been described in detail in several previ-
ous studies. Engel & Almas et al, in a review of 189 PASS identified in
the Pharmacovigilance Risk Assessment Committee (PRAC) Meeting
Minutes from July 2012 to July 2015, searched the availability of
those studies in the EU PAS and showed that only 93 of the studies
were registered in the EU PAS register and among them only 43% had
available protocols. Analysis of PRAC comments identified several
methodological concerns, and limited reasoning behind the methodo-
logical decisions and feasibility considerations. Slightly more PASS
used primary data collection (i.e., data prospectively collected for the
purpose of the study) except those studies assessing drug utilisation
where secondary use of already existing healthcare data was lever-
aged. Another review, conducted by Carroll et al and focusing on
studies available on the EU PAS register as of October 2016,* corrob-
orated that primary data collection was more common in studies

aimed at assessing safety and effectiveness and less common when

assessing drug utilisation. In 2018, Vora et al and Farcas et al,>¢ used
the EU PAS register to explore specifically studies evaluating the
implementation and impact of risk minimisation measures.

All these previously conducted EU PAS register-based studies
relied primary on the data reported within the register, without valida-
tion of the collected information or additional information on method-
ological aspects based on expert review. Another gap in these
previous studies is the lack of focus on multiple-database studies
(MDS), which are observational studies conducted using more than
one source of routinely collected data (e.g., claims database, electronic
health records [EHRs]). MDS are of particular importance because
they allow the accrual of a very large cohort of patients, which is of
particular relevance to paediatric populations and rare diseases, as
well as several other populations of special interest. Indeed, the num-
ber of MDS has been increasing over the years. Since EU PAS register
is a platform for the mandatory recording of data on observational
studies as per EU legislation, identifying and describing such studies
and their impact on the landscape of observational research is there-
fore of great value as this has never been done to our knowledge.”

Given how quickly observational research is growing, the aim of the
present descriptive study was to conduct an updated and detailed review
of the studies that were registered in the EU PAS register from its incep-
tion till the end of 2018, providing additional information on data type
(e.g., distinguishing between claims data, EHRs, etc.) and study design
(e.g., distinguishing between descriptive studies, cohort studies, case-
control studies, etc.). Another aim of this study was to conduct an assess-

ment of the inter-rater reliability following the collection of data.

2 | METHODS

21 | Data collection

A dataset containing all studies found in the EU PAS register from its
inception to 31st December 2018 was provided by the EMA. The EU
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PAS register is publicly accessible online (http://www.encepp.eu/
encepp/studySearch.htm). The data collection was carried out inde-
pendently by 34 investigators from 13 academic centres or contract
research organisations being part of ENCePP on common and detailed
instructions and using the same electronic case report form (Figure 1).
The resulting dataset contained data from the EU PAS register con-
cerning different aspects of study transparency (ENCePP Seal, proto-
col and availability of publication), regulatory obligations,
methodology, target population, scope and drug under study (chemi-
cally synthetised vs. biological drugs, orphan drugs). EU PAS register
data was supplemented by retrieving data from study protocols or
publications, if available, on source of funding, whether a study was
an MDS (defined as a study using more than 1 source of already exis-
ting databases which could not be linked at patient level), study
design, use of reference drug for formal comparison (if any). The full
protocol for data collection, including the fields provided by the EMA,
is provided in Appendix S1A. Once all the data was collected it was
harmonised based on pre-defined criteria.

To evaluate how consistent data collection was, data retrieved
by investigators from a centre was checked by investigators from
another centre for a 15% random sample of studies using the same
protocol used for the main data collection; each investigator
validated five studies. Any disagreements were resolved through
the intervention of a third centre. This was done for the following
key variables: setting, study type (new classification), study design,
type of secondary data used, whether the study was an MDS,
use of reference drug for formal comparison, drug type, whether
the study drug was an orphan drug. After data collection was
completed, automated quality check of data entry was conducted
for the following fields: study type, data collection method, type

of secondary data if applicable, whether the study was MDS,

Distribution of studies
across 14 centres for
completion of data
collection form with
information from 1,426
studies from EU PAS
register inception up to 31
December 2018

Development of data
collection form for
transferring key

information from EU PAS
register into the analytical
dataset

FIGURE 1

study type and study design. In brief, all investigators were asked
to collect de novo data concerning these fields while blinded to
previous assessment done by investigators belonging to a different

centre.

2.2 | Statistical analysis

The cumulative frequency of study registration in the EU PAS register
was plotted. This was stratified by type of study, data collection and
by MDS or non-MDS status specifically. An overview of all studies
was provided using descriptive statistics. This was done by stratifying
at a high level by type of study (classified as clinical trials, observa-
tional studies, systematic review/meta-analysis, questionnaire-based
surveys and others).

Finally, odds ratios (OR) and 95% confidence intervals (Cls) were
calculated fitting univariate logistic regression models to investigate
whether study-related variables (e.g., study type, data source, etc.)
were associated with the use of primary data versus use of secondary
data as a (reference) and whether they were associated with non-
MDS versus MDS (reference) as a reference.

To better understand the data in the EU PAS register and add
value to that data with the inclusion of further information related to
methodology a large number of investigators was involved for
collecting data.

Cohen's Kappa statistic was calculated in order to evaluate the
inter-rater reliability (IRR). This was done by single variables and
macro-categories consisting of several variables. Kappa estimates and
their 95% Cl were obtained by the resampling bootstrap method to
account for heterogeneity between academic centres. Bootstrap repli-
cate number was set equal to 100 000.

For key variables,
independent validation of
random sample of studies
and inter-rater agreement

analysis

Quality check, re-
evaluation and descriptive
analysis of collected data

The methodological approach for EU PAS register review. EU PASs, European post-authorization studies
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All statistical analyses were performed using R Studio (version1.3).

3 | RESULTS

After excluding two duplicates, a total of 1426 PASs were identified in
the EU PAS register from its inception to 31st December 2018. The
majority of studies were observational (N = 1227; 86.0%). Almost a
quarter of all observational studies were based on primary data collection
(N = 299; 24.4%; Figure 2). Two-thirds of observational studies were
based only on secondary use of existing healthcare data, that is, data not
collected primarily for research purposes (N = 757; 61.7%). N = 299
(24.4%) were based on primary data and N = 147 (12.0%) were based
on both primary data collection and secondary use of databases.

The frequency of studies registered in the EU PAS register
showed a steady increase in the number of observational studies from
2010 to 2016, while a slight decrease was observed during the last
2 years under study (Figure 3). Almost a third of observational studies
(N = 718; 58.5%) had a protocol deposited in the EU PAS register
(Table 1), similar to most study types except for clinical trials, where
only N = 11 (36.7%) had a protocol deposited. The protocol was avail-
able for 63% (N = 360) of observational studies requested by a com-
petent authority. Only 6.9% studies had
information on ENCePP Seal, while the availability of a publication

of all observational

was much more common: about a third of all observational studies

had a publication available. Just under half of all studies were required
by a competent authority. The most common type of risk manage-
ment plan (RMP) classification for observational studies was RMP
3, that is, required by a competent authority (29.3%). Information on
the RMP status was missing in 53 (4.3%) observational studies and it
was classified as ‘non-EU RMP only’ for 102 (8.3%) of them.

The scope of most observational studies was risk assessment
(56.7%), followed by drug utilisation (36.2%). A large proportion of
observational studies was conducted included the elderly (82.2%).
Only 36.0% (N = 442) of observational studies were conducted
included children, and not all of these studies included children exclu-
sively. With regards to drugs of interest, biologic drugs were studied
in 24.3% of all observational studies; orphan drugs were the focus of
12.8% of observational studies.

Concerning the type of secondary data used, among observa-
tional studies the use of claims, EHRs or existing registries was similar,
at 13.4, 14.9 and 11.1%, respectively (Figure 4). The most commonly
used study design among observational studies was the cohort study
(52.4%), followed by other types of descriptive studies (23.5%), such
as drug utilisation studies, disease epidemiology and pharmacokinetics
(Figure 5). Overall, N = 319 (26.0%) of observational studies were
classified as MDS.

The overall percentage of agreement in data categorisation
among collaborating centres that collected the data concerning study
variables was highest for study type (93.5%) and lowest for type of

PASs identified from register inception up to 31st
December 2018

N=1,428

- Removal of duplicates
g N=2 (0.1%)

Remaining PASs

1,426 (99.9%)

Observational
studies
N= 1,227 (86.0%)

Clinical trials
N= 30 (2.1%)

Systematic reviews or
meta-analyses
N=16 (1.1%)

Questionnaire
based surveys
N= 107 (7.5%)

Others/Unknown
N= 46 (3.2%)

[ I

Studies based on primary
data collection
N= 299 (24.4%)

Studies based on secondary
use of healthcare DBs
N= 757 (61.7%)

Studies based on both
secondary and primary data
N= 147 (12.0%)

Studies with unknown
data collection
N= 24 (1.9%)

I

|

Studies with protocol
deposited
N= 146 (48.8%)

Studies with protocol
deposited
N= 476 (62.9)

Studies with protocol
deposited
N= 95 (64.6%)

Studies with protocol
deposited
N=1 (4.2%)

FIGURE 2

Flowchart of study types in the EU PAS register. ‘Others’ refers to any study design other than clinical trials, observational

studies, systematic reviews, observational studies or questionnaires. Unknown refers to any study design that was not specified. EU

PASs, European post-authorization studies
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of the most recent overview of the EU PAS register, including however only studies requested by the European Medicines Agency. MDS, multiple

database studies; EU PASs, European post-authorization studies

secondary data (67.8%; Table 2). The low level of agreement for sec-
ondary data is expected to have an impact on the overall level of
agreement. These results were largely in line with total kappa coeffi-
cients. The values of Cohen's kappa and the centre variations in
Cohen's kappa for key, along with their 95% Cls, are shown in
Figures S1B1 and S1B2, respectively.

Compared to studies based on the secondary use of data, those
based on primary data collection were less likely to have a protocol
deposited, to be funded by public entities and to use a reference drug
for formal comparison, while they were more likely to be funded by
pharmaceutical companies (Table 3). In general, there was no substan-
tial difference in study design between studies based on primary data
collection or secondary use of data, although descriptive studies were
slightly more common in the former.

Only a third of all claims- and EHR-based observational studies
were requested by a regulator (Table 4). Claims data were more
commonly used for risk assessment than EHRs (60.8% vs. 40.7%).

Among observational studies, as compared to non-MDS, MDS
were more likely to have a protocol deposited in the EU PAS register
(OR: 1.9; 95% Cl: 1.4-2.5), to have an ENCePP Seal (OR: 3.0; 1.9-

4.7), to be funded by national/international drug agencies (OR: 1.9;
95% Cl: 1.1-3.4) and to include children as study population (OR: 2.1;
95% Cl: 1.5-2.6). Moreover, almost two-thirds of MDS were
requested by a regulator. Interestingly, drug utilisation was signifi-
cantly more common as a study scope in MDS compared to non-MDS
studies (OR: 1.3; 95% Cl: 1.1-1.7). However, MDS were less likely to
consider orphan drugs as the main exposure (OR: 0.5; 95% Cl: 0.3-
0.8) (Table 5).

4 | DISCUSSION

The present study provides a detailed description of all studies regis-
tered in the EU PAS register from its inception until the end of 2018,
focusing and providing detail on various aspects of study design and
multiple database studies specifically. As expected, as compared to
the most recent review of EU PAS register available,* our results
showed a steady increase in the number of observational studies reg-
istered. The present study adds to the available literature by providing
the most recent updated review of the EU PAS register, including all
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TABLE 1

Protocol deposited
Yes
No
ENCePP Seal
Yes
No
Requested by a regulator
Yes
No
Unknown
Status
Planned
Ongoing
Finalised
Source of funding
Pharmaceutical company
National/international drug agency

Public entities excluding drug
agencies

Self-funded
More than one source
Unknown
RMP status
Not applicable
EU RMP 1
EU RMP 2
EU RMP 3
Non-EU RMP only
Missing—no info at all
Multidatabase study
Yes
No
Unknown
Data strategy

Local data extraction and analysis,
common protocol

Local data extraction and central
analysis on patient-level raw data

Study-specific local data extraction in
a common data model and central
analysis

General local data extraction in a
common data model and central
analysis

Not applicable
Unknown

Missing data

Clinical trials
N = 30 (%)
N (%)

11 (36.7)
19 (63.3)

1(3.3)
29 (96.7)

10 (33.3)
18 (60.0)
2(6.7)

4(13.3)
8(26.7)
18 (60.0)

20 (66.7)
0(0)
8(26.7)

1(3.3)
0(0)
1(3.3)

15 (50.1)
1(3.3)
1(3.3)
6(20.0)
6(20.0)
1(3.3)

Description of all studies identified in the EU PAS register

Observational studies
N = 1227 (%)
N (%)

718 (58.5)
509 (41.5)

85 (6.9)
1142 (93.1)

571 (46.5)
637 (51.9)
19 (1.5)

168 (13.7)
523 (42.6)
536 (43.7)

1005 (81.9)
53(4.3)
65 (5.3)

23(1.9)
62(5.1)
19 (1.5)

600 (48.9)
83 (6.8)
30 (2.4)
359 (29.3)
102 (8.3)
53(4.3)

319 (26.0)
864 (70.4)
44 (3.6)

49 (4.0)

48 (3.9)

40 (3.3)

48 (3.9)

678 (55.3)
169 (13.8)
195 (15.8)

Systematic reviews/meta-
analyses N = 16 (%)
N (%)

10 (62.5)
6(37.5)

0(0.0)
16 (100.0)

5(31.2)
11 (68.8)
0(0.0)

4(25.0)
2(12.5)
10 (62.5)

10 (62.5)
3(18.8)
2(12.5)

1(6.2)
0(0)
0(0)

11 (68.8)
0(0)
0(0)
3(18.7)
2 (12.5)
0(0)

Questionnaire-based
surveys N = 107 (%)
N (%)

63 (58.9)
44 (41.9)

1(0.9)
106 (99.1)

68 (63.6)
39 (36.4)
0(0.0)

15 (14.0)
31(29.0)
61 (57.0)

97 (90.7)
1(0.9)
5(4.7)

0(0)
4(3.7)
0(0)

25 (23.4)
10(9.3)
3(2.8)
42(39.3)
21 (19.6)
6(5.6)

(Continues)
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TABLE 1 (Continued)

Product lifecylcle

Pre-marketing (for any indication)

Post-marketing
Not applicable

Unknown

Clinical trials
N = 30 (%)
N (%)

4(13.3)
17 (56.7)
6(20.0)
3(10.0)

Use of reference drug for formal comparison

Yes
No
Unknown

Scope of the study
Disease epidemiology
Risk assessment
Drug utilisation
Effectiveness evaluation
Other*

Population of interest—age
Children
Adults
Elderly persons

Unknown

Population of interest—special populations

Immunocompromised
Hepatic impairment
Renal impairment
Pregnant women
Breast-feeding women
Other

Drug of interest—general
Non-biologic

Biologic

Both biologic and non-biologic

None

Unknown

Drug of interest—orphan drugs

Yes

No

Unknown
Publication available

Yes

No

7 (23.3)
22(73.4)
1(3.3)

4(13.3)
13 (43.3)
4(13.3)
17 (56.7)
14 (46.7)

5(16.7)
27 (90.0)
19 (63.3)
0(0.0)

3.3)
3.3)
6.7)
6.7)
0.0)

W O N N B -

10.0)

19 (63.3)
6(20.0)
0(0.0)
5(16.7)
0(0.0)

5(16.7)
25(83.3)
0(0.0)

12 (40.0)
18 (60.0)

Observational studies
N = 1227 (%)
N (%)

4(0.3)
1125 (91.7)
82(6.7)

16 (1.3)

336 (27.4)
844 (68.8)
47 (3.8)

212 (17.3)
696 (56.7)
444 (36.2)
372(30.3)
246 (20.0)

442 (36.0)
1103 (89.9)
1008 (82.2)
11 (0.9)

87(7.1)
94(7.7)
108 (8.8)
132 (10.8)
13(1.1)
73(5.9)

754 (61.5)
298 (24.3)
25 (2.0)
109 (8.9)
41(3.3)

157 (12.8)
1024 (83.5)
46 (3.7)

359 (29.3)
868 (70.7)

Abbreviations: PASs, European post-authorization studies; RMP, risk management plan.

PAS rather than just PASS. To do this, we leveraging a network of
pharmacoepidemiologists from various centres belonging to ENCePP

to collect additional and detailed information on methodological

Systematic reviews/meta-

analyses N = 16 (%)
N (%)

0(0.0)
11 (68.8)
5(31.2)
0(0.0)

4(25.0)
10 (62.5)
2 (12.5)

4(9.5)
15(35.7)
6(14.3)
27 (64.3)
21(50.0)

7 (43.8)
15(93.8)
13(81.3)
1(6.3)

1(6.3)
0(0.0)
0(0.0)
2(12.5)
0(0.0)
2(4.8)

10 (62.5)
2(12.5)
0(0.0)
4(25.0)
0(0.0)

0(0.0)
16 (100.0)
0(0.0)

7 (43.8)
9(56.2)

Questionnaire-based
surveys N = 107 (%)
N (%)

0(0.0)
95 (88.8)
11(10.3)
1(0.9)

4(25.0)
10 (62.5)
2(12.5)

2(12.5)
11 (68.8)
1(6.3)
15(93.8)
3(18.8)

25 (23.4)
105 (98.1)
98(91.6)
1(0.9)

70 (65.4)
26 (24.3)
1(0.9)
8(7.5)
2(1.9)

14 (13.1)
89 (83.2)
4(3.7)

29 (27.1)
78 (72.9)

aspects of observational studies. Furthermore, to our knowledge, the
present study is the only one that validates the inter-rater reliability of

different collaborating centres during the data collection process, thus
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FIGURE 4 Distribution of
different types of secondary data
among all observational studies. EHR,
electronic health records
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FIGURE 5

providing indirect measure of the completeness and accuracy of the
data collected in the EU PAS register.

From our study, it appears that only 61.7% of observational stud-
ies were conducted through the secondary use of existing healthcare
data. This finding indicates that the remaining one third of observa-
tional studies were conducted using the much more resource-
intensive method of collecting data ad hoc, that is, primary data
collection. It is not known whether such studies could have been eas-
ily conducted using routinely collected healthcare data, which pro-
vide detailed information on population characteristics, exposure and

outcome. In general, we expected fewer studies to have been

Different types of study designs among observational studies

conducted using primary data, as large use of primary data source
can reflect the need to improve the access to data for research pur-
pose. In line with previous studies, primary data were more com-
monly used for effectiveness and risk assessment studies,®>* while
secondary data was more likely to be used for drug utilisation studies
and risk assessment studies. The increase in use secondary data
source was sharpest in the last 2 years, while until 2016 the use of
primary data source was in in 56% of the 316 studies identified in
the EU PAS register.*

Of note, some markers of high ethical standards and transparency

such as protocol deposition are often missing. This result has to be
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TABLE 2 Inter-rate reliability agreement among collaborating centres in data categorisation

Variables

Study type

Data Collection

Drug type

Use of reference drug for
formal comparison

Setting

Secondary data

Multiple database study

Orphan drug

Note: -, empty cell in the dataset.

Categories
Clinical trials
Observational studies

Systematic reviews/
meta-analyses

Questionnaire-based
surveys

Others
Unknown
Primary
Secondary

Primary and secondary
(mixed)

Unknown
Non-biologic
Biologic

Both biologic and non-
biologic

None

Unknown

Yes

No

Unknown
Routine
Experimental
Unknown

Not applicable
Chart abstraction
Claims database
EHR

Existing registry

Not applicable-not
secondary data

More than 1
Unknown
Yes

No
Unknown
Yes

No

Unknown

Kappa Agreement
coefficient® N =214 (%)

0.795 200 (93.5)
0.758
1.000

0.769

0.795
0.717 171 (79.9)
0.666
0.562

0.685 176 (82.2)
0.827

0.497

0.659 171 (79.9)
0.621
0.127
0.493 193 (90.2)
0.829

0.509
0.481 145 (67.8)
0.131
0.457
0.505
0.728

0.579
0.314
0.503 176 (77.6)
0.478
0.274
0.478 179 (83.6)
0.422

Total kappa
coefficient®

0.765

0.652

0.668

0.663

0.518

0.501

0.485

0.453

Interpretation of total
kappa coefficient

Substantial agreement

Substantial agreement

Substantial agreement

Substantial agreement

Moderate agreement

Moderate agreement

Moderate agreement

Moderate agreement

@Kappa result be interpreted as follows: <0 no agreement and 0.01-0.20 as none to slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as
substantial, and 0.81-1.00 as almost perfect agreement.®

balanced with the fact that registration is legally binding and subject
to financial penalties only for imposed PASS at the time of final study
report. Finalised studies that are RMP 1 and 2 with protocol available

were 68.5%. It was found that 37% of clinical trials did not have a

deposited protocol while 58% of observational trials did. Of 1204
observational studies, 15 (1.2%) had no information whatsoever on
study design, highlighting the importance of transparency. Transpar-
ency in research along with methodological rigour are essential to
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TABLE 3 Description of the observational studies identified in the EU PAS register. Secondary data was considered the comparator

Primary and secondary data Primary data Secondary data Primary data versus Secondary
(mixed) N = 147 (%) N =299 (%) N =757 (%) data OR (95% Cl)
Protocol deposited
Yes 95 (64.6) 146 (48.8) 476 (62.9) 0.5(0.4-0.7)
No 52(35.4) 153(51.2) 281 (37.1) -
Source of funding
Pharmaceutical company 125 (85.0) 272 (91.0) 587 (77.5) 2.9(1.9-4.4)
National/international 4(2.7) 5(1.7) 43 (5.7) 0.3(0.1-0.7)
drug agency
Public entities excluding 9(6.1) 7(2.3) 48 (6.3) 0.3(0.1-0.8)
drug agencies
Self-funded 1(0.7) 5(1.7) 17 (2.2) 0.7 (0.2-2.0)
More than one source 8(5.4) 8(2.7) 45 (5.9) 0.4 (0.2-0.9)
Unknown 0(0.0) 2(0.7) 17 (2.2) 0.2 (0.0-1.2)
RMP status
Not applicable 59 (40.1) 133 (44.5) 398 (52.6) 0.7 (0.5-0.9)
EURMP 1 8(5.4) 24 (8.0) 49 (6.5) 1.2(0.7-2.1)
EU RMP 2 4(2.7) 11(3.7) 15(2.0) 1.8(0.8-4.1)
EURMP 3 52(35.4) 77 (25.8) 222 (29.3) 0.8 (0.6-1.1)
Non-EU RMP only 17 (11.6) 42 (14.0) 41 (5.4) 2.8(1.8-4.4)
Missing—no info at all 7 (4.8) 12 (4.0) 32(4.2) 0.9 (0.4-1.8)
Study design
Cohort study 65 (44.2) 156 (52.2) 409 (54.0) 0.9 (0.7-1.2)
Cross-sectional study 7 (4.8) 20(6.7) 31(4.1) 1.6 (0.9-2.9)
Case-control study 7 (4.8) 7(2.3) 28 (3.7) 0.6 (0.2-1.4)
Case cross-over study 0(0.0) 3(1.0) 1(0.1) -
Nested case-control 0(0.0) 1(0.3) 20 (2.6) 0.1 (0.0-0.9)
study
Other type of descriptive 43 (29.3) 89 (29.8) 172 (22.7) 1.4 (1.0-1.9)
studies
Other types of analytic 7 (4.8) 15 (5.0) 37 (4.9) 1.0 (0.5-1.9)
studies
More than 1 study design 15(10.2) 2(0.7) 52(6.9) 0.(0.0-0.3)
Unknown 3(2.0) 6(2.0) 7(0.9) -
Use of reference drug for formal comparison
Yes 32(21.8) 46 (15.4) 255 (33.7) 0.3(0.2-0.5)
No 110 (74.8) 242 (80.9) 475 (62.7) -
Unknown 5(3.4) 11(3.7) 27 (3.6) -
Setting
Routine 140 (95.2) 282 (94.3) 740 (97.8) 0.4 (0.2-0.7)
Experimental 3(2.0) 7 (2.3) 11 (1.5) 1.6 (0.6-4.2)
Unknown 2(1.4) 9 (3.0 1(0.1) -
Not applicable 2(1.4) 1(0.3) 5(0.7) -
Scope of the study
Disease epidemiology 38(25.9) 40(13.4) 130(17.2) 7 (0.5-1.1)
Risk assessment 96 (65.3) 178 (59.5) 404 (53.4) 3(0.9-1.6)
Drug utilisation 48 (32.7) 99 (33.1) 287 (37.9) 8(0.6-1.0)
Effectiveness evaluation 4 (36.7) 131 (43.8) 176 (23.2) 5(1.9-3.4)
Other* 34(23.1) 74 (24.7) 136 (18.0) 5(1.1-2.1)

(Continues)
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TABLE 3 (Continued)
Primary and secondary data Primary data Secondary data Primary data versus Secondary
(mixed) N = 147 (%) N =299 (%) N =757 (%) data OR (95% Cl)
Population of interest—age
Children 62 (42.2) 101 (33.8) 272 (35.9) 0.9 (0.7-1.2)
Adults 130 (88.4) 273 (91.3) 679 (89.7) 1.2 (0.7-1.9)
Elderly persons 110 (74.8) 246 (82.3) 634 (83.8) 0.9 (0.6-1.2)
Unknown = = =
Population of interest—special populations
Immunocompromised 7 (4.8) 27 (9.0) 51(6.7) 1.3(0.8-2.2)
Hepatic impairment 11 (7.5) 24 (8.0) 57 (7.5) 1.1 (0.6-1.7)
Renal impairment 8(5.4) 25 (8.4) 71 (9.4) 0.9 (0.5-1.4)
Pregnant women 21(14.3) 32(10.7) 76 (10.0) 1.1 (0.7-1.6)
Breast-feeding women 0(0.0) 1(0.3) 11 (1.5) 0.2 (0.0-1.7)
Other 11(7.5) 22(7.4) 39(5.2) 1.4 (0.8-2.5)
Drug of interest—general Biologic (vs. all the other
categories)
Non-biologic 76 (51.7) 172 (57.5) 495 (65.4) 1.9 (1.4-2.6)
Biologic 50 (34.0) 94 (31.4) 145 (19.2) -
Both biologic and non- 5(3.4) 6(2.0) 14 (1.8) -
biologic
None 13(8.8) 19 (6.4) 73(9.6) =
Unknown 3(2.0) 8(2.7) 30 (40.0) =
Drug of interest—orphan drugs Orphan drug (vs. all the others)
Yes 21(14.3) 54 (18.1) 78(10.3) 1.9 (1.3-2.8)
No 125 (85.0) 233(77.9) 646 (85.3)
Unknown 1(0.7) 12 (4.0) 33 (4.4)
Publication available
Yes 51(34.7) 58 (19.4) 247 (32.6) 0.5 (0.4-0.7)
No 96 (65.3) 241 (80.6) 510 (67.4)

Abbreviations: 95% Cl, 95% confidence interval; PASs, European post-authorization studies; OR, odds ratio; RMP, risk management plan.

increase the standards of pharmacoepidemiological research in
Europe.” Competent authorities should keep emphasising the impor-
tance of study registration in order to increase the level of transpar-
ency in the research landscape, particularly for publically funded
research. Another measure of high ethical standards and transparency,
the ENCePP Seal, was only available in 7% of all observation studies.
The ENCePP Seal identifies studies in the register that adhere to the
entirety of the Code's provisions, including timelines for the submis-
sion of documents to the ENCePP Secretariat. However, obtaining
this Seal is associated with an added bureaucratic burden that
researchers may not be willing to undertake. The usefulness of the
ENCePP Seal on a broader scale may be somewhat limited if so few
studies undertake the procedures to obtain it. Other initiatives such
as the revision of the ENCePP Code of Conduct have recently been
undertaken but it is not known to what extent this is being adopted.*°

Another interesting finding of this study with important implications
concerns the level of agreement seen between pharmacoepidemiologists
in the process of data collection from the EU PAS register. While there

was substantial agreement for study type, data collection, drug type and
use of reference drug for formal comparison, there was only moderate
agreement for the rest of the fields, including study setting, classification
of secondary data, whether the study was an MDS and whether the
study drug was an orphan drug. High agreement was not reached for
any of the fields, due to ambiguous, missing or conflicting reporting.
These findings are thought provoking and suggest that data in the EU
PAS register was not always clear and complete. Indeed, the quality of
data entry in the EU PAS register is not monitored at all as with other
similar platforms such as clinicaltrials.gov. In the latter, National Library
of Medicine (NLM) staff conducts a review of registered study records
for obvious errors or inconsistencies, with important issues being com-
municated directly to the investigators.!* However, this does not guaran-
tee complete and accurate records for all studies.*? In the EU PAS
register, it is completely up to the investigator's discretion to conduct
data entry correctly and accurately as no quality control is conducted.
The very small number of duplicate studies identified, two, is potentially

an indicator that in this sense, the register's data is of satisfactory quality.
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TABLE 4

Protocol deposited

Yes

No

Requested by a regulator
Yes

No

Unknown

Source of funding

Pharmaceutical company
National/international drug agency

Public entities excluding drug
agencies

Self-funded
More than one source

Unknown

RMP status

Not applicable

EU RMP 1

EU RMP 2

EU RMP 3
Non-EU RMP only

Missing—no info at all

Data model

Local data extraction and analysis,
common protocol

Local data extraction and central
analysis on patient-level raw
data

Study-specific local data extraction
in a common data model and
central analysis

General local data extraction in a
common data model and central
analysis

Not applicable

Unknown

Missing

Study design

Cohort study

Cross-sectional study
Case-control study

Case cross-over study

Nested case-control study
Other types of descriptive studies
Other types of analytic studies
More than 1 study design

Unknown

Chart abstraction
N = 63 (%)
N (%)

36(57.1)
27 (42.9)

32(51.1)
31(49.2)
0(0.0)

56 (88.9)
2(3.2)
4(6.3)

1(1.6)
0(0.0)
0(0.0)

28 (44.4)
9(14.3)
1(1.6)
18 (28.6)
3(4.8)
4(6.3)

36(57.1)
10 (15.9)
11(17.5)

22 (34.9)
7.9)
1.6)
0.0)
0.0)

23 (36.5)
7(11.1)

3(4.8)
2(3.2)

5(
1(
0
0
3

Description of specific types of mixed and secondary data

Claims database
N =171 (%)
N (%)

84 (49.1)
87 (50.9)

55(32.2)
115 (67.3)
1(0.6)

134 (78.4)
10(5.8)
12(7.0)

5(2.9)
7(4.1)
3(1.8)

108 (63.2)
4(2.3)
1(0.6)

41 (24.0)
14 (8.2)
3(1.8)

109 (63.7)
21(12.3)
29 (17.0)

109 (63.7)

29 (17.0)
3(1.8)
16 (9.4)
3(1.8)

EHRs
N =189
(%)

N (%)

126 (66.7)
63(33.3)

64 (33.9)
119 (63.0)
2(3.2)

138 (73.0)
17 (9.0)
10(5.3)

2(1.1)
15(7.9)
7(3.7)

122 (64.6)
12 (6.3)
2(1.1)
31(16.4)
13(6.9)
9(4.8)

122 (64.6)
15(7.9)
16 (8.5)

90 (47.6)
12 (6.3)
8(4.2)
0(0.0)
8(4.2)
50 (27.5)
11(5.8)
8(4.2)
0(0.0)

Existing registry
N = 166 (%)
N (%)

103 (62.0)
63 (38.0)

67 (46.4)
86 (51.8)
3(1.8)

135 (81.3)
9(5.4)
5(3.0)

3(1.8)
12(7.2)
2(1.2)

73 (44.0)
10 (6.0)
9(5.4)
49 (29.5)
14 (8.4)
11 (6.6)

93 (56.0)
17 (10.2)
41(24.7)

83 (50.0)
8(4.8)
10 (6.0)
1(0.6)
1(0.6)
39 (23.5)
15(9.0)
8(4.8)
1(0.6)

More than one type of data
N = 290 (%)
N (%)

209 (72.1)
81(27.9)

150 (51.7)
133 (45.9)
7 (2.4)

218(75.2)
12 (4.1)
28(9.7)

7(24)
20 (6.9)
5(1.7)

122 (42.1)
20(6.9)
5(1.7)
114 (39.3)
15(5.2)
14 (4.8)

54 (18.6)
77 (26.6)
57(19.7)

154 (53.1)
10(3.4)
10(3.4)
0(0.0)
8(2.8)

63 (21.7)
9(3.1)
31(10.7)
5(1.7)

(Continues)
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TABLE 4 (Continued)
EHRs
Chart abstraction Claims database N =189 Existing registry More than one type of data
N = 63 (%) N =171 (%) (%) N =166 (%) N =290 (%)
N (%) N (%) N (%) N (%) N (%)
Use of reference drug for formal comparison
Yes 7(11.1) 86 (50.3) 47 (24.9) 45(27.1) 97 (33.4)
No 52 (82.5) 73 (42.7) 138 (73.0) 114 (68.7) 187 (64.5)
Unknown 4(6.3) 12(7.0) 4(2.1) 7 (4.2) 6(2.1)
Scope of the study
Disease epidemiology 6(9.5) 26 (15.2) 36 (19.0) 44 (26.5) 49 (16.9)
Risk assessment 28 (44.4) 104 (60.8) 77 (40.7) 95(57.2) 175 (60.3)
Drug utilisation 31(49.2) 58 (33.9) 73 (38.6) 50(30.1) 117 (40.3)
Effectiveness evaluation 25(39.7) 37 (21.6) 54 (28.6) 43 (25.9) 54 (18.6)
Other* 17 (27.0) 31(18.1) 31(16.4) 33(19.9) 53(18.3)
Population of interest—age
Children 15 (23.8) 42 (24.6) 60 (31.7) 67 (40.4) 133 (45.9)
Adults 58 (92.1) 148 (86.5) 176 (93.1) 147 (88.26 256 (88.3)
Elderly persons 54 (85.7) 144 (84.2) 160 (84.7) 127 (76.5) 240 (82.8)
Population of interest—special populations
Immunocompromised 2(3.2) 8(4.7) 11 (5.8) 21(12.7) 16 (5.5)
Hepatic impairment 3(4.8) 8(4.7) 14 (7.4) 21(12.7) 23(7.9)
Renal impairment 4 (6.3) 13 (7.6) 13 (6.9) 22 (13.3) 26 (9.0)
Pregnant women 2(3.2) 18 (10.5) 14 (7.4) 29 (17.5) 33(11.4)
Breast-feeding women 0 (0.0) 1(0.6) 0(0.0) 4(2.4) 6(2.1)
Other 5(7.9) 12(7.0) 13(6.9) 5(3.0) 11(3.8)
Drug of interest—general
Non-biologic 30 (47.6) 116 (67.8) 130 (68.8) 91 (54.8) 189 (65.2)
Biologic 25(39.7) 33(19.3) 35(18.5) 39 (23.5) 57 (19.7)
Both biologic and non-biologic 2(3.2) 3(1.8) 1(0.5) 7(4.2) 5(1.7)
None 3(4.8) 12(7.0) 18(9.5) 22(13.3) 29 (10.0)
Unknown 3(4.8) 7(4.1) 5(2.6) 7 (4.2) 10 (3.4)
Drug of interest—orphan drugs
Yes 8(12.7) 14 (8.2) 16 (8.5) 31(18.7)) 20 (6.9)
No 53(84.1) 147 (86.0) 168 (88.9) 129 (77.7) 258 (89.0)
Unknown 2(3.2) 10 (5.8) 5(2.6) 6 (3.6) 12 (4.1)
Publication available
Yes 19 (30.2) 63 (36.8) 73(38.6) 45(27.1) 94 (32.4)
No 44 (69.8) 108 (63.2) 116 (61.4) 121 (72.9) 196 (67.6)

Abbreviations: EHR, electronic healthcare record; RMP, risk management plan.

In addition, there are several open text fields, missing categories in the
different attributes and certain categories used in more than one attri-
bute which makes it challenging to identify and summarise study types
in the EU PAS register information. It should be noted that there is cur-
rently no glossary in the EU PAS register to promote harmonisation of
terms used. We argue that the terminology to be used should be based
on a single accepted definition that is presented in a glossary. The reason
is that the classification of studies and other relevant aspects (e.g. data

sources, methods etc) was often found to be conducted using

ambiguous or even incorrect terms. For the EU PAS register to hold
promise of a greater transparency and accuracy, by serving as a common
repository to share pharmacoepidemiological research, it would be key
to further standardise its data elements, and create completion guidelines
to offer an unequivocal interpretation of the fields by study registrants.
With our working definition of MDS as studies which use more
than one secondary data source, we found more than 20% of obser-
vational studies classified as MDS. These studies were more likely to

have the ENCePP Seal and to have protocol deposited, all markers of
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TABLE 5 Multiple database studies versus non-multiple database studies. MSD was considered the comparator

MDS N = 319 (%) Non-MDS N = 864 (%) OR (95% ClI)
Protocol deposited
222 (69.6) 492 (56.9) 1.9 (1.4-2.5)
EnCePP seal
42 (13.4) 43 (4.9) 3.0(1.9-4.7)
Requested by a regulator
184 (57.7) 372 (43.0) 1.6 (1.2-1.9)
Status
Planned 48 (15.3) 115 (13.4) 1.2(0.8-1.7)
Ongoing 114 (36.5) 382 (44.2) 0.7 (0.5-0.8)
Finalised 157 (50.3) 367 (42.4) 1.3(1.1-1.7)
Source of funding
Pharmaceutical company 250 (78.4) 715 (82.7) 0.7 (0.5-1.1)
National/international drug agency 21 (6.6) 31 (3.6) 1.9 (1.1-3.4)
Public entities excluding drug agencies 20 (6.3) 44 (5.1) 1.3 (0.7-2.2)
More than one source 5(1.6) 42 (4.8) 1.3(0.7-2.2)
Self-funded 19 (6.0) 17 (1.9) 0.8(0.3-2.1)
Unknown 4(1.3) 15(1.7) 0.7 (0.2-2.3)
Pl employed by study funder
170 (53.3) 560 (64.8) 0.6 (0.5-0.8)
RMP status
EURMP 1 134 (42.0) 50(5.8) 1.7 (1.1-2.7)
EU RMP 2 30(9.4) 24(2.7) 0.7 (0.3-1.7)
EU RMP 3 6(1.9) 225 (26.0) 1.8(1.4-2.3)
Non-EU RMP only 123 (38.6) 82(9.5) 0.5(0.3-0.8)
Not applicable 15(4.7) 442 (51.1) 0.7 (0.5-0.9)
Missing—no info at all 11 (3.4) 41 (4.7) 0.7 (0.4-1.4)
Data collection
Primary - 298 (34.5) -
Secondary 282 (90.3) 452 (52.3) 6.9 (4.8-10.1)
Mixed 35(11.2) 108 (12.5) 0.9 (0.6-1.3)
Unknown 2 (0.6) 6(0.7) -
Secondary data
Claims database 26(8.3) 132 (15.2) 0.5(0.3-0.7)
Product lifecycle
Post-marketing 2 (0.6) 795 (92.0) 0.9 (0.6-1.4)
Not applicable 291(91.2) 60 (7.0) 0.8 (0.4-1.3)
Pre-marketing 18 (5.6) 2(0.2) -
Unknown 8 (2.5) 8(0.9) -
Study design
Cohort study 76(23.8) 456 (52.8) 1.1(0.8-1.3)
Case-control study 168 (52.7) 33(3.8) 0.7 (0.3-1.6)
Case cross-over study 13 (4.1) 4(0.5) -
Cross-sectional study 9(2.8) 45 (5.2) 0.7 (0.4-1.4)
Nested case-control study 0(0.0) 15 (1.7) 1.1 (0.4-2.9)
Other types of analytic studies 6(1.9) 44 (5.1) 0.8 (0.4-1.5)
Other types of descriptive studies 13 (4.1) 222 (25.7) 0.9 (0.7-1.2)

(Continues)
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TABLE 5 (Continued)
MDS N = 319 (%) Non-MDS N = 864 (%) OR (95% ClI)
More than 1 study design 32(10.0) 34 (3.9) 2.6 (1.6-4.3)
Unknown 2 (0.6) 11 (1.3) -
Use of reference drug for formal comparison
102 (32.7) 224 (25.9) 1.3(0.9-1.7)
Setting
Routine 308 (96.6) 835 (86.9) 1.1(0.6-2.3)
Experimental 7(2.2) 13 (1.5) 1.4 (0.6-3.6)
Not applicable 2(0.6) 6(0.7) 0.9 (0.2-4.7)
Unknown 2 (0.6) 10(1.2) -
Scope of the study
Disease epidemiology 58 (18.2) 145 (16.8) 1.1 (0.8-1.5)
Risk assessment 187 (58.6) 488 (56.5) 1.1 (0.8-1.4)
Drug utilisation 132 (41.4) 295 (34.1) 1.3(1.1-1.7)
Effectiveness evaluation 55(17.2) 297 (34.4) 0.4 (0.3-0.5)
Other 52(16.3) 188 (21.8) 0.7 (0.5-1.1)
Population of interest—age
Children 154 (48.3) 284 (32.9) 2.1(1.5-2.6)
Adults 286 (89.7) 776 (89.8) 0.9 (0.6-1.4)
Elderly persons 266 (83.4) 703 (81.4) 1.1 (0.8-1.6)
Unknown 3(0.9) 8(0.9) 1.1(0.3-4.1)
Population of interest—special populations
Immunocompromised 22 (6.9) 64 (7.4) 0.9 (0.6-1.6)
Hepatic impairment 26(8.2) 67 (7.8) 1.1 (0.7-1.7)
Renal impairment 28 (8.8) 76 (8.8) 0.9 (0.6-1.6)
Pregnant women 37 (11.6) 93(10.8) 1.1 (0.7-1.7)
Breast-feeding women 6(1.9) 7 (0.8) 2.5(0.8-7.3)
Other 14 (4.4) 57 (6.6) 0.6 (0.4-1.2)
Drug of interest (general)
Biologic (vs. all the others) 66 270 0.7 (0.6-1.1)
Orphan drug (vs. all the others) 26 149 0.5(0.3-0.8)
Publication available
101 (31.7) 250 (28.9) 1.2(0.9-1.5)

Abbreviations: 95% Cl, 95% confidence intervals; MDS, multiple database study; OR, odds ratio.

high transparency. Orphan drugs were not commonly investigated
using MDS, although such studies may have a lot of potential in the
rare disease field given the small population sizes expected and the
increasing need of merging data from different sources to speed up
the development of these medicines.

Our analysis has several strengths compared with previous stud-
ies as it provides a detailed overview of the studies registered on EU
PAS register, with systemic data collection being conducted by a net-
work of established centres of excellence in pharmacoepidemiology. It
is very important to underline that data collection was carried out by
researchers independently based on common and very detailed
instructions. These instructions were shared, agreed and made acces-
sible and available among all reviewers, to avoid potential errors in the

classification method. Again, to further check, blind quality control of

data entry was conducted for some fields, to obtain an overall agree-
ment. In addition, this is the first time that an evaluation of the MDS
landscape has been attempted.

However, this study also has some limitations. The most impor-
tant limitation concerns the accuracy of the data collection, which
was sometimes limited by the lack of information recorded in the EU
PAS register or lack of clarity of such information. The lack of data
and ambiguities in classification of some studies may limit the robust-
ness of our analyses. In these instances, the judgement on cate-
gorising characteristics of a study was somewhat subjective. This is a
limitation inherent to the way that data is collected in the EU PAS reg-
ister and to the lack of quality control of such data. Furthermore, since
the registration of a study is voluntary, the EU PAS register is not rep-
resentative of the whole landscape of studies in Europe and some
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studies may have not been captured. Another limitation is that the
data was collected only until 2018. However, we hold that the present
study still has the added value of providing an overview of the EU
PAS register compared to the most recently published reviews, which
described studies until 2016.*

5 | CONCLUSION

Observational studies were the most common type of studies in
the EU PAS register, but almost one third of observational studies
used primary data, which is more resource-intensive. One quarter
of observational studies were MDS. MDS hold untapped potential
to investigate special populations, such as patients with rare dis-
eases and paediatric patients. A detailed analysis of IRR during data
collection suggested that information recorded in the EU PAS regis-
ter is often not clear or complete. Increasing the quality of study-
related information would considerably increase the transparency
of research.
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