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Abstract

Trial registration, results disclosure, and shar-
ing of analyzable individual participant data 
(IPD) are considered powerful tools for 
achieving higher levels of transparency and 
accountability for clinical trials. The emphasis 
on disseminating knowledge and growing 
demands for transparency in clinical research 
are contributing to a major paradigm shift in 
health research. In this new paradigm, knowl-

edge will be generated from the culmination 
of all existing knowledge—not just from bits 
and parts of previous knowledge, as has been 
largely the case until now. Fully transparent 
clinical research diminishes publication bias, 
increases accountability, avoids unnecessary 
duplication of research (and thus avoid 
research waste), efficiently advances research, 
provides more reliable evidence for diagnostic 
and therapeutic interventions, regains public 
trust, and contributes to research integrity. 
Transparency of clinical trials, at a minimum, 
means sharing information about the trial 
design, conduct, and results, as well as the 
analyzable data. Not only must the informa-
tion itself be explicitly documented, but an 
access location or medium for distribution 
also must be provided. Thus, transparency is 
realized by making research protocols, results, 
and cleaned and anonymized IPDs publicly 
available using well-defined, freely accessible 
electronic tools. Many electronic tools 
enabling sharing clinical trial information 
have emerged. These tools include registries 
hosting protocol data, results databases host-
ing aggregate data, and research data reposito-
ries hosting reusable and analyzable data sets 
and other research-related information. These 
tools are at different levels of development 
and are plagued with heterogeneity as interna-
tional standards for trial registration do not yet 
address the sharing of individual patient data. 
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Additionally, the need to measure and improve 
clinical trial transparency has led to  development 
of specific electronic tools. This chapter is rel-
evant for any professional involved in clinical 
trials and the use of the knowledge generated 
from them, including clinical and biomedical 
researchers, clinical trialists, systematic review-
ers, information technology and informatics 
specialists, patients, journal editors, and public 
and private research funders and sponsors. 
Suggested  competencies and learning activities 
for specific roles are presented at the end of the 
chapter.
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Learning Objectives
After reading this chapter, readers should be able 
to:

 1. Understand the importance and benefits of 
transparency in clinical research.

 2. Understand the importance of different types 
of research players and stakeholders, and 
articulate their particular roles, responsibili-
ties, and contributions toward advancing the 
generation and dissemination of knowledge 
from clinical trials.

 3. Find relevant information about clinical trial 
transparency and methods, based on research 
roles, to achieve it.

 4. Identify and execute requirements for each 
stage of clinical study (from design to data 
sharing) to meet the transparency and open 
science requirements and to respect and 
ensure research integrity.

 5. Find and use relevant standards for registra-
tion and reporting of clinical trials.

 6. Recognize the on-going evolution of regula-
tions for research transparency (including 
updates of the WHO standards) and the subse-
quent need to search for standards for results 
and data sharing as they change.

 Introduction

We provide definitions for basic terms used in 
this chapter below; other relevant terms will be 
defined throughout the chapter.

Clinical trial. WHO defines a clinical trial as 
“any research study that prospectively assigns 
human participants or groups of humans to one or 
more health-related interventions to evaluate the 
effects on health outcomes” [1].

Research integrity. Clinical research integ-
rity is part of clinical integrity which in turn is 
a part of health care integrity. Research integ-
rity should be present in all stages of the 
research process. In short, the research integ-
rity means that research is carried out with a 
high level of integrity, upholds values of hon-
esty, rigour, transparency, and open communi-
cation, as well as care and respect for those 
involved in research and accountability for a 
positive research environment (adapted from 
WCRI [2]).

Transparency of clinical trials means sharing 
information about the trial design, conduct, and 
results, as well as the analyzable individual par-
ticipant data (IPD), so that the trial can be evalu-
ated, interpreted and reproduced, and so that, 
above all, further research can be conducted by 
through in IPD meta-analyses to speed the cre-
ation of new knowledge.

Systematic review of clinical trials is based 
on re-analysing of aggregate data from several 
trials published in peer review journals.

IPD (Individual Participant Data) meta- 
analysis of clinical trials is a type of secondary 
analysis which involves the re-analysis of cleaned 
and anonymized individual participant data from 
several trials. The IPD meta-analysis and system-
atic reviews are considered the most reliable 
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source of evidence for decision making, as illus-
trated on Fig. 17.1.

Largely enabled by informatics advance-
ments, the movement toward open science and 
open data (i.e., making raw data from research 
available for analysis) has penetrated clinical tri-
als, as observed by Vickers in 2016 [3]. Clinical 
trial raw data refers specifically to the cleaned 
and anonymized individual participant data 
(IPD). However, consumers of these data 
 ultimately need analyzable data sets, which 
include the IPD, metadata, and adjacent (or sup-
porting) documents.

There are three broad types of clinical trial 
information that can be shared publicly or openly 
on the Internet: protocol, results and findings, 
and raw data sets [4]. More precisely, these 
include:

 (a) The registration of selected protocol ele-
ments in trial registries, often complemented 
by publication of full protocols in journals.

 (b) The public disclosure of summary results 
(aggregate data) in databases; these are, usually 
developed by clinical trial registries and are 
beyond publications in peer-reviewed journals.

 (c) The public availability of analyzable data 
sets; these data sets are based on cleaned, 
anonymized individual participant data 
(IPD) and adjacent trial documentation.

There are several modes or mechanisms of 
finding and accessing IPD-based analyzable data 
sets for secondary analysis (often called pooled 
or meta-analysis of IPDs). These include (a) 
direct researcher-to-researcher contact (i.e. 
reviewer contacting initial data producers), (b) 

Fig. 17.1 Evidence pyramid—reliability of evidence that can be used for decision-making in health
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initiatives and projects that play an intermediary 
role, and (c) publicly accessible research data 
repositories, databases, and platforms.

 (a) Direct researcher-to-researcher contact. The 
reviewer gets the data directly from the original 
data creator by contacting him or her. The 
reviewer identifies studies mainly by following 
the literature and/or by visiting trial registries.

 (b) Intermediary contact in which the researcher 
requests data from special initiatives, proj-
ects or platforms including Clinical Study 
Data Request [5] Project Datasphere [6], 
Yoda [7], or Vivli [8] which developed a 
 clinical trial data sharing and analytics plat-
form. The reviewer applies for data to an 
independent panel, a sort of peer-reviewed 
panel that is formed by a group of data pro-
viders or producers (currently mainly aca-
demia and the pharmaceutical industry). The 
independent panel is usually an international 
panel. Increasingly, government agencies, 
such as the European Medicine Agency 
(EMA) are moving in this direction [9].

 (c) Open-access, publicly accessible research 
data repositories. They might be either 
domain repositories that specialize in hosting 
clinical trial data or general repositories that 
host clinical trial data in addition to hosting 
raw data from several or all research areas. 
There are currently several such open-access 
general research data repositories in public 
domain that host CT data.

In this chapter, we focus on registration and 
registries, results disclosure and databases, and 
research data repositories as tools of clinical trial 
transparency, with emphasis on research integrity 
and the impact of informatics on quality of the 
research process, its reporting, and data sharing, 
including anonymization of data.

 Rationale for Registration 
and Reporting

Trial registration, results disclosure, and making 
analyzable IPD-based data publicly available all 
share the same underlying rationale and princi-

ples of maximizing the outputs of clinical 
research, diminishing research waste, and 
enhancing knowledge creation, all while 
respecting research integrity. Trial registration, 
results disclosure, and data sharing are consid-
ered powerful tools for achieving higher levels 
of transparency and accountability in clinical 
trials, as well as for improving the quality and 
integrity of research. Increasing emphasis on 
knowledge sharing and growing demands for 
transparency in clinical research are contribut-
ing to a major paradigm shift in health research 
that is well underway. In this new paradigm, 
knowledge will be generated from the culmina-
tion of all existing knowledge—not just from 
bits and parts of previous knowledge, as has 
been largely the case so far [10].

A stepwise process of opening clinical trial 
data began with the registration of protocol ele-
ments, but it was clear from the very beginning 
that without results disclosure, clinical trial regis-
tration would be an empty promise. Later, it 
became well understood that transparency would 
not be achieved without results and data disclo-
sure. We are firmly in the era of evidence- 
informed decision-making in health for both 
individuals and populations at all levels—local, 
regional, national, and global. This decision- 
making is multifaceted, from the individual 
patient via physician to health administrators and 
policymakers [11]. Registration of protocol 
items, publication of the complete protocol, and 
public disclosure of trial findings in peer- 
reviewed journals—complemented with public 
(Internet-based) disclosure of results including 
aggregate data and IPD-based analyzable data 
sets—collectively represent a totality of evidence 
and knowledge for a given subject area and are 
integral to supporting efforts toward evidence- 
informed decision-making. Given the new appre-
ciation of sharing data along with results, an 
operational definition of clinical trials results dis-
closure should now include at least three compo-
nents: publication in a journal, posting summary 
results in open-access Internet-based database or 
registry, and publishing analyzable data sets in 
research data repository.

Evidence is needed to support many personal 
and policy decisions in health and in research. 
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Randomized controlled trials (RCT), systematic 
reviews, and increasingly IPD-based meta- 
analyses of RCTs are considered gold standards 
for evidence creation, illustrated by their posi-
tions at the top of the pyramid of evidence 
(Fig.  17.1). There has been quite an evolution 
from the time (not so long ago) when we consid-
ered first RCTs, then their systematic reviews 
(i.e., re-analysing the aggregate or summarized 
data, usually obtained from publications) as a 
gold standard to the growing notion that the 
gold standard requires the meta-analysis using 
the raw data from the trial [12]. This position of 
clinical trials on the evidence pyramid implies 
that the reliability of results generated by clini-
cal trials is indeed very important. As the evi-
dence gained from clinical trials, their systematic 
reviews and above all, their meta-analysis might 
be directly implemented into clinical decision-
making, it follows that the quality of these 
results should be continually scrutinized. 
Unfortunately, the reliability of trial-based evi-
dence is questionable due to publication and 
outcome reporting bias, as well as still insuffi-
cient data sharing—which means that others 
cannot replicate or verify results and conduct 
the pooled analysis. Consequently, incomplete 
evidence can lead to biased clinical decisions, 
with often harmful consequences, and can dam-
age public trust in research and in medical inter-
ventions. Following medical deontology, 
doctors’ prescription habits are supposed to be 
judiciary, which requires complete and total 
knowledge of the benefits and potential harms 
of prescribed medications. This is difficult at 
best and impossible if the information about the 
given diagnostic tools, medications, or devices 
is not available or is incomplete [13] and thus 
biased [10, 11, 13, 14].

The full transparency of clinical research is a 
powerful strategy to diminish publication bias, 
increase accountability, avoid unnecessary dupli-
cation of research, avoid waste, advance research 
more efficiently [4], provide more reliable evi-
dence for diagnostic and therapeutic prescrip-
tions, speed knowledge creation, and regain 
public trust [11]. Transparency of clinical trials, 
at a minimum, means sharing information about 
design, conduct, and results. The information 

itself must be explicitly documented, but then an 
access location or medium for distribution must 
be provided. Until recently, the public disclosure 
of clinical trial data was realized by posting them 
in well-defined, freely accessible clinical trial 
registries and results databases. This is certainly 
a dynamic field and since the previous versions of 
this chapter in 2012 and 2019 [12, 15], much has 
changed. As we described in 2019, open-access 
research data repositories have been developing, 
and the anonymized, analyzable data sets (i.e. 
IPDs and adjacent documentation needed to 
make data analyzable) could be made publicly 
available by publishing them in such repositories. 
This was followed by elaboration and improve-
ments, supported by recommendations, policies, 
and increased understanding of importance of it 
by all stakeholders.

The clinical trial enterprise is international, 
and therefore the standards and development of 
clinical trial registries, results databases, and 
research data repositories should be at an interna-
tional level and with open access. Standards and 
guidelines are essential for every step of the pro-
cess—from protocol development to posting IPD 
in repositories. Such internationally defined stan-
dards should be flexible to allow elaboration of 
required fields and addition of more fields as 
needed. While there are international standards 
for trial registration and registries, the standards 
for results disclosure and, most importantly, stan-
dards for preparing clinical trial data for public 
sharing, including anonymization and the defini-
tion of the requirements for repositories that host 
them, have yet to be developed. The lack of stan-
dards related to preparing and publishing data in 
research data repositories makes it rather difficult 
for researchers to decide where to publish and 
where to search for data from completed studies 
for further analysis. Fortunately, since early 2000 
when several of us called for registration and 
results reporting in the Ottawa statement [16], 
there has been a substantial evolution in this field. 
As defining standards and procedures of sharing 
results and IPDs is ongoing it is expected to lead 
to more efficient data sharing and reuse and thus 
increase the transparency in clinical research, 
driving innovations and consequently benefit the 
health of population.

17 Clinical Trial Registries, Results Databases, and Research Data Repositories
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Considering that trials take place internation-
ally and that the knowledge gained by them may 
be used by anyone anywhere in the world, their 
quality is constantly and internationally scruti-
nized. This has led to development of several 
tools to measure and influence the improvement 
of transparency by pharma and academic 
researchers, including Till Bruckner, 
Transparimed [14], IMPACT Observatory that 
evolved from the Ottawa statement [17], the 
Research Data Alliance (RDA) [18], the Good 
Pharma Scorecard (GPS) developed by the 
Bioethics International in 2009 [19] and refined 
in 2019 to measure IPD sharing present annual 
ranking of companies [20], Trials Tracker devel-
oped by Goldacre, DeVito et  al. in 2018 [21]. 
Additionally, the WHO has been publishing lists 
of registered trials and those that submitted 
results to the registries that are regularly updated 
[22]. Public funders and regulators are increas-
ingly fostering all three [23] aspects of trial trans-
parency from registration via results to data 
sharing.

 Trial Registration

 Development of Trial Registration

Although the need for trial registration (i.e., pub-
lishing protocol information) has been discussed 
since 1980s [24], only at the beginning of this 
millennium did trial registration garner wide-
spread attention from stakeholders representing 
diverse and varied perspectives. The practical 
development of trial registration began around 
2000 with two critical boosts in 2004 and in 
2006. The 2004 New York State Attorney General 
vs. Glaxo case [25, 26] inspired the International 
Council of Medical Journal Editors (ICMJE) [27] 
and Ottawa statement [16] as well as the recom-
mendations of the Mexico Ministerial Summit 
organized by the World Health Organization 
(WHO) in 2004 [28]. These led to the develop-
ment of international standards for trial registra-
tion by the WHO, which were launched in 2006 
and changed the landscape of trial registration 
worldwide [29].

As we learned by the IMPACT Observatory 
scoping review [30], a number of circumstances 
had coincided by the year 2000 (earlier than ini-
tially thought) which enabled the development of 
data sharing, beginning with trial registration. 
These include:

• Development of the use of informatics in 
research, in this case including Internet- 
enabled storage and retrieval of large data sets

• The definition of data, metadata, and evidence- 
informed (initially called evidence-based) 
medicine

• The use of evidence gained by systematic 
reviews and initial IPD-based meta-analysis in 
decision-making

• The appreciation of the impact of trial regis-
tration on knowledge creation, sharing, and 
Knowledge Translation-KT

• The existence and experience of two major 
registries: the International Standard 
Randomized Clinical Trials Number 
(ISRCTN) [31] http://www.isrctn.com, based 
in the UK, and ClinicalTrials.gov [32], based 
in the USA

• Growing awareness of the need to enhance 
transparency

• The willingness of the international research 
community to embark on this undertaking

• The awareness of the harmful consequences 
of decision-making in the context of partial 
evidence

• The powerful arguments from oncology, pae-
diatrics, rare diseases, AIDS, pregnancy, peri-
natal medicine, and media reporting 
trial -related scandals

• The awareness of unnecessary duplication of 
research and subsequent waste of precious 
resources

The initial international trial registration stan-
dards that were launched by WHO in 2006 pro-
vided essential contribution toward achieving the 
evidence-informed decision-making. These stan-
dards clearly define registries and trials that need 
to be registered, define the minimum data set, 
designate the timing of registration, assign unique 
numbers to trials, and set international standards 
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to facilitate the development of new national or 
regional registries as well as the comparability of 
data across registries. It is important to note that 
as of 2022, there are no international standards 
for results disclosure or public sharing of analyz-
able data. As such standards are needed, we 
strongly believe that they will likely be devel-
oped in the near future and thus create numerous 
opportunities for informatics and information 
technology experts to leverage and apply to new 
applications. Additionally, further evolution of 
trial registration standards and uses has been tak-
ing place, again leading to new applications and 
resources that will undoubtedly impact the devel-
opment of new research and our subsequent 
understanding of health, disease, and effective 
therapies. For example, registration information 
has been increasingly used to analyse types of tri-
als in a given country or area of research that 
might be used in planning of future research and 
meeting the health needs [33].

Research transparency includes having proto-
col documents electronically available. For 
example, if the protocol is posted on the registry 
website, all trial-related data from them ideally 
could be cross-referenced to results and findings. 
However, a trial protocol can be very complex 
and lengthy, which can make finding the needed 
information difficult. At the same time, it might 
be missing essential information potentially lead-
ing to improvisation during a trial and conse-
quent bias. To overcome this, an international 
group defined the set of Standard Protocol Items 
for Randomized Trials (SPIRIT), developed 
SPIRIT guidelines, and made them publicly 
available [34–36]. SPIRIT is expected to increase 
the clarity of clinical research protocols and 
ensure that the collection of necessary items is 
indeed specified in the protocol, thus contributing 
to the overall quality of the protocol and the study 
and results it generates. The use of SPIRIT guide-
lines in development of protocols might also 
facilitate public disclosure, especially in combi-
nation with the growing use of electronic data 
management [37].

Since the previous edition of this book in 
2019, SPIRIT has been increasingly used in pro-
tocol developments. It has been endorsed and 

recommended by numerous organizations includ-
ing journals, regulators, funders, trial research 
groups and patient organisations. Furthermore, 
adaptations and extensions of SPIRIT have been 
developed to meet specific needs, including 
SPIRIT PRO, for patient reported outcomes [38], 
SPIRIT extension for Chinese traditional medi-
cine [39], SPIRIT AI extension [40], SPIRIT for 
N-of 1 trials [41]. SPIRIT is included in the 
Enhancing the QUAlity and Transparency Of 
health Research, EQUATOR Network, [42] along 
with the CONSORT guidelines for trial reporting 
and other reporting guidelines.

 Clinical Trial Registries

A clinical trial registry is an open-access, 
Internet-based repository of defined protocol 
information. Different kinds of clinical trial reg-
istries exist in the public and private domains, 
such as international-, country-, and region- 
specific registries, as well as corporate (sponsor- 
driven) registries. The presence of multiple 
registries might be seen as a natural consequence 
of increased pressure and interest and as a posi-
tive development; however, a proliferation of reg-
istries could potentially lead to information 
overload and confusion for patients, clinicians, 
policymakers, and research sponsors. For exam-
ple, an inexperienced user may not have known 
which clinical trial registries to trust. Fortunately, 
the international health and research community 
has identified the need for international standards 
that define required features of registries as well 
as the content and supporting information that 
they must provide.

 Standards, Policies, and Principles 
of Trial Registration

As clinical trials are conducted throughout the 
world, trial registration standards must be defined 
on the international level. WHO developed inter-
national standards for trial registration, which 
were endorsed by the ICMJE, most medical jour-
nal editors, the Ottawa group, some public 

17 Clinical Trial Registries, Results Databases, and Research Data Repositories



336

funders, organizations, and countries. It is impor-
tant to note that individual countries often imple-
ment international standards by adopting and 
extending them with additional fields to host 
more information in their registries.

WHO international standards have helped 
shape many, if not all, trial registries and have 
been contributing to the quality and the 
 completeness of data for registered trials. Also, it 
is expected that the WHO standards will play a 
major role in the evolution of trial registration. 
They are sometimes referred to as WHO/ICMJE 
standards, or even cited only as ICMJE require-
ments, because the journal editors endorsed the 
WHO international standards in their instructions 
to authors and in related FAQs. It is important to 
note that the ICMJE clearly indicates on its web-
site that it is “no longer the entity that reviews 
registries for acceptability. Registries should 
consult the WHO International Clinical Trials 
Registry Platform. Registries that the WHO des-
ignates as primary registries will be acceptable 
to the ICMJE” [43].

WHO international standards define the 
scope, i.e., all clinical trials need to be regis-
tered; the registries that meet the well-defined 
criteria; the timing i.e., prospective nature of the 
registration prior to the recruitment of the first 
trial participant; the content i.e. a minimum data 
set that needs to be provided to the registry, and 
the assignment of the unique identifier (ID). 
These international standards also define the 
criteria that the registry must meet, which 
includes level (nationwide or regional), owner-
ship and governance (public or private non-
profit), trial acceptance, open access, and 
structure. Structurally, the registry must have 
enough fields to host at least WHO Trial 
Registration Data Set (TRDS).

The WHO/International trial registration stan-
dards are meant to be revisited frequently as 
methodology evolves, demands for transparency 
increase, and with ongoing evaluation and analy-
sis four more items were added to the initial list 
of 20, each with precise definition and descrip-
tion thus forming the current version 1.3.1 of the 

WHO Trial Registration Data Set, TRDS, con-
sisting of 24 items [44]:

 1. Unique trial number and the name of 
registry

 2. Trial registration date
 3. Secondary ID
 4. Funding source(s)
 5. Primary sponsors
 6. Secondary sponsors
 7. Responsible contact person
 8. Research contact person
 9. Public title
 10. Scientific title
 11. Countries of recruitment
 12. Health condition or problem studied
 13. Interventions (name, dose, duration of the 

intervention studied, and comparator)
 14. Inclusion/exclusion criteria
 15. Study type (randomized or not, how many 

arms, who is blinded)
 16. Anticipated start date (and later on the actual 

start date)
 17. Target sample size
 18. Recruitment status (not yet recruiting, 

recruiting, temporarily stopped recruiting, or 
closed for recruitment)

 19. Primary outcome(s) (name, prespecified 
time point of measurement)

 20. Key secondary outcomes
 21. Ethics review
 22. Completion date
 23. Summary results (includes Data Sharing 

Plan (Yes, No) and description)
 24. IPD sharing statement

In order to foster the implementation of stan-
dards, to facilitate creation of new registries, to 
identify the best practice, and to help develop 
trial registration policies, WHO formed a freely 
accessible search portal in 2007, followed in 
2008 by the formation of a network of registries 
and of the Working Group on Best Practice for 
Clinical Trial Registries. The WHO International 
Clinical Trials Registry Platform (ICTRP) [1] is a 
unique global portal to the trials in registries that 
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meet criteria as data providers i.e., WHO primary 
registries and ClinicalTrials.gov.

ICRTP initially displayed basic information 
including the WHO trial registration data set (in 
English), the criteria for registries and a list and 
links to registries-data providers. It also created 
the unique identifier for each registered trial 
which is to be used in any communication about 
a trial, including in the ethics committees/boards’ 
communications, consent forms, reports, publi-
cations, amendments, and press releases. The 
ICRTP has been constantly evolving and it now 
provides more information, including the access 
to a central database containing datasets provided 
by the registries and links to the full original 
records. Its trial search portal offers access to the 
information about trials by phases trials with 
results, and trials for rare diseases/orphan drugs 
and genome editing, enabling users to view the 
full picture of a given trial, from start to finish.

WHO ICRTP is also supporting a develop-
ment of policies and regulations and posts the list 
of organisations with policies on its website. 
While some countries only recommend trial reg-
istration (Canada, Australia), others (such as the 
USA and the EU) make it a compulsory prerequi-
site in the drug marketing authorization process 
(i.e. approving new drug for the market). So far 
only few countries have also developed regula-
tions making trial registration compulsory. Some 
of these countries e.g., EU, Brazil, India, South 
Africa also have registries, while Argentina, 
Israel, and Switzerland have regulations but do 
not have a registry. Increasingly there is a call to 
make prospective registration of observational 
and other studies compulsory [45, 46].

Following the addition of Summary Results, 
item 23, to the Trial Registration Dataset, 
(TRDS), trial registries have been increasingly 
including summary results and cross reference to 
publications in peer reviews journals. It can be 
expected that they will gradually also include the 
name and links to a chosen data repository in 
near future thus completing the item 24 of the 
trial registration dataset regarding the intended 
sharing of deidentified individual clinical trial 

participant-level data (IPD). It now requires 
information about whether or not IPD will be 
shared, what IPD will be shared, when, by what 
mechanism, with whom and for what types of 
analyses. It consists of: data sharing plan (Yes, 
No) and plan description.

Patient Versus Trial Registries

The distinction between patient and trial 
registries might be confusing since they 
both capture certain disease-related infor-
mation and also use Internet-based reposi-
tories. However, these two types of 
registries are quite different. Patient regis-
tries (discussed in Chap. 13) contain 
records and data on individuals, whereas 
trial registries focus on the descriptive 
aspects of a research study at various stages 
of its implementation and often provide a 
link to study results. While trial registries 
can be accessed via the WHO ICTRP 
global search portal, at present there is no 
single global search portal that can be used 
to identify or access patient registries.

Clinical trial registries contain infor-
mation about ongoing and completed clin-
ical trials, regardless of the disease or 
condition addressed. Patient registries 
contain the disease-specific information 
of individual patients. In a clinical trial 
registry, each entry represents one trial 
and contains defined protocol information 
of the trial. Clinical trials are prospective 
interventional studies, and they may 
recruit either healthy volunteers or patients 
with various diseases. Each trial may 
include any number from a few to thou-
sands of participants. In a patient registry, 
each entry is an individual patient with the 
same disease or a condition of the same 
group, often chronic diseases (e.g., can-
cer, psychosis, and rare disease patient 
registries).
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Some trial registries also aim to inform poten-
tial trial participants about open or upcoming tri-
als in order to enhance recruitment. Besides 
being tools for transparency, registries can also 
function as learning tools, as they might help 
improve the quality of the protocol and conse-
quently the quality of the trials as they are com-
pleted. For example, while entering data in 
predefined fields, the researcher might realize 
that he or she is lacking some information (i.e., 
elements he or she forgot to define and include in 
the protocol) and will address the missing 
element(s) by editing and enhancing the 
protocol.

The first version of the protocol is the initial 
protocol that has been approved by the local eth-
ics committee and at least its minimum dataset is 
submitted to the trial registry. Updates are 
expected and consist of providing information 
about the protocol in various stages of the trial: 
prior to recruitment, during the implementation 
(recruitment, interventions, follow-up), and upon 
completion. During trial implementation, 
changes of protocol, called amendments, often 
take place for various reasons. Amendments lead 
to new protocol versions, which are dated and 
numbered sequentially as version 2, 3, 4, etc. 
Annual updates of registry data enable posting of 

such amendments after approval by the ethics 
committees. The ability to manage multiple ver-
sions of protocol documents is an important fea-
ture for a trial registry. The basic rule for the 
registry is to preserve all of the descriptive data of 
a protocol that is ever received. Once registered, 
trials are never removed from the registry, but 
rather a status field indicates the stage of a trial 
(e.g., prior to recruitment, recruiting, do not 
recruit any more, completed). Earlier versions of 
protocol-related data are kept, are not overwrit-
ten, and should still be easily accessible by trial 
registry users.

WHO endorses trial registries that meet 
international standards and calls them primary 
registries. Registries that do not meet all the cri-
teria of international standards are considered 
partner registries, and they provide data to the 
WHO search portal via one or more primary 
registries. The need for international access and 
utilization of registries implies the need for a 
common language. While some of these regis-
tries initially collect data in the language of the 
country or region, they provide data to the WHO 
portal in English because the WHO ICTRP cur-
rently accepts and displays protocol data in 
English only.

It is important to note that registries that 
adhere to international standards tend to add 
additional data fields to meet their registry- 
specific, often country-specific, needs. Regardless 
of these additional fields, the essential 24 items 
should always be included and well-defined. 
Although they are bound by the international 
standards, the presentation of a registry’s website 
(i.e., the web-based access and query interface) is 
not the same across primary registries. Some reg-
istries collect and display protocol descriptive 
data beyond the basic predefined 24-item fields. 
Those registries that collect more data typically 
have more extensive and detailed data for each 
trial record and are potentially more useful for 
consumers. Some registries have free-text entry 
fields with instructions about which data need to 
be provided in the fields targeted to those regis-
tering their trials, while other registries employ 
self-explanatory and structured fields, such as 
drop-down lists. UMIN (University hospital 

The most important difference between 
trial and patient registries is the purpose. 
The main goal of trial registries is to pro-
vide various stakeholders with information 
about ongoing and completed trials, in 
order to enhance transparency and account-
ability as well as to reduce the publication 
bias, increase the quality of published 
results, prevent harmful health conse-
quences, and most importantly, provide 
knowledge that will ultimately enhance 
patient care. Patient registries, on the other 
hand, are developed in order to answer epi-
demiological questions such as incidence 
and prevalence and better understand the 
natural course of disease including morbid-
ity or mortality.
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Medical Informatics Network), which is part of 
the Japanese primary registry, is the only primary 
registry that has fields for IPDs of trials it has reg-
istered [47, 48].

The WHO formed the Working Group on Best 
Practice for Clinical Trial Registries in 2008 to 
identify best practices, improve systems for 
entering new trial protocol records, and support 
the development of new registries [1]. The work-
ing group includes primary and some partner reg-
istries. Since the first edition of this book in 2012, 
4 additional primary registries were developed, 
and as of February 2022, there are 18 registries 
that directly provide data to the WHO portal, spe-
cifically 17 WHO primary registries and the 
ClinicalTrials.gov registry which is not a part of 
the ICRTP primary registry network but it is 
accepted as a data provider. As can be seen from 
the geographic distribution shown in Fig.  17.2, 
the network includes at least one registry per 
continent.

Clinical trial registries can cross-reference a 
registered trial to its website if one exists; many 
large trials establish their own websites. Also, 
registries have been developing results databases 
and links and cross-references to publications in 
peer-reviewed journals, and it is expected that 
they will provide links to research data repository 
in which a given trial posted the anonymized 
individual participant data-IPD. The number and 
type of these links will likely increase as results 
databases and repositories continue to be 
developed.

Each registry displays the number of trials 
registered. This information is regularly updated, 
and WHO has been publishing the clinical trial 
statistics on its Global Observatory website [22]. 
Some registries accept trials from their country or 
region while some are open to register trials con-
ducted in any country. We counted them by open-
ing registry by registry and on the WHO website 
ClinicalTrials.gov is holding more than half of all 

Fig. 17.2 Network of registries providing data to 
WHO ICRTP and its Search Portal. This map provides 
the worldwide distribution of registries that directly pro-
vided data to WHO as of July 2018. ANZCTR Australian 
New Zealand Clinical Trials Registry, ReBec Brazilian 
Clinical Trial Registry, ChiCTR Chinese Clinical Trial 
Registry, CRiS Clinical Research Information Service, 
Republic of Korea, ClinialTrials.gov (USA), CTRI 
Clinical Trials Registry, India, EU-CTR EU Clinical Trials 
Register, RPCEC Cuban Public Registry of Clinical 
Trials, DRKS German Clinical Trials Register, IRCT 

Iranian Registry of Clinical Trials, ISRCTN.org (UK), 
JPRN Japan Primary Registries Network, LBCTR The 
Lebanese Clinical Trials Registry, NTR The Netherlands 
National Trial Register, PACTR Pan African Clinical Trial 
Registry, REPEC Peruvian Clinical Trial Registry, SLCTR 
Sri Lanka Clinical Trials Registry, TCTR Thai Clinical 
Trials Registry, WHO Search Portal, Geneva. Note: The 
source of information: WHO ICRTP [1]. Since 2012 four 
registries, EU-CRT, TCTR, REPEC and most recently, in 
2019 LBCTR joined the WHO primary registry network 
that directly provide data to WHO
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registered trials. This phenomenon is partially 
due to the fact that the ClinicalTrials.gov regis-
ters trials from any country, and it is apparently 
often the secondary registry for trials registered 
in other primary registries. Also, the FDA 
requires a registration of a trial if the sponsor 
intends to get on the USA market based on the 
findings of given trial(s).

 Timing

A responsible registrant, usually a specially del-
egated individual from the trial team or sponsor-
ing organization, provides protocol-related data 
to the trial registry. Because all research proto-
cols must be reviewed and approved by the ethics 
committee or board of the local institution, the 
descriptive protocol data set is usually submitted 
to the trial registry after institutional ethics 
approval. Otherwise, registration in the trial reg-
istry is considered conditional until the ethics 
approval is obtained.

Although international standards require reg-
istration prior to recruitment of trial participants, 
this has not been yet fully implemented [49–54]. 
Such prospective registration is important as it 
not only guarantees that all trials are registered 
but also that the initial protocol is made publicly 
available. For various reasons, the protocol might 
be changed early on, and/or a trial might be 
stopped within the first few weeks. Information 
about early protocol changes or stopped trials is 
lost unless trials are prospectively registered. Full 
data sharing is essential for the advancement of 
science and helps to avoid repeating such trials. 
Registries record the date of initial registration 
and date all subsequent updates. Additionally, the 
assignment and subsequent use of a unique ID for 
each trial upon registration enables any stake-
holder to easily find what interests them.

Some countries hesitate to simply “import” 
the international standards or policies out of fear 
that these might change and put the country (reg-
ulator, or funding agency) in an odd position. 
One can debate the justification of such positions, 
but they are a reality. Implicit application of 
international standards occurs more often, with 

or without referencing them. Such is the case 
with the Declaration of Helsinki (DoH) [55], 
which obliges physicians via their national medi-
cal associations and is thus implicitly imple-
mented. The DoH gradually addressed clinical 
trial registration and results disclosure, and the 
latest amended version from 2013, explicitly 
calls for the registration and results disclosure of 
trials that can be considered the good news for 
transparency of clinical trials with long term pos-
itive impact on knowledge development and 
health [56, 57].

 Quality of Clinical Trial Registries

The quality of trial registries can be judged by the 
extent to which they meet the predefined goal of 
achieving high transparency of trials. Considering 
that meeting international standards is a prerequi-
site to qualify as a WHO primary registry, the 
quality and utility of trial registries mainly 
depend upon the quality and accuracy of data and 
the timing of reporting [1]. To realize research 
transparency, clinical trials need to be registered 
prior to the recruitment of trial participants. As 
already mentioned, the has not been fully 
implemented.

Registries constantly work on ensuring and 
improving the quality of data. The aim is to have 
data that are meaningful and precise. Accuracy of 
data requires regular updates in case of any 
changes and keeping track of previous versions. 
Registries impose some logical structure onto 
submitted data, but the quality is largely in the 
hands of data providers (i.e., principal investiga-
tors or sponsors). Many researchers and some reg-
istries perform analysis and evaluation of registry 
data [49, 58, 59]. IT experts might contribute by 
developing new, system-based solutions for qual-
ity control of entered trial data. Quality of data is 
a particularly sensitive issue as trial registries are 
based upon self-reporting by researchers, their 
teams, or sponsors. Following international stan-
dards and national requirements are prerequisites 
for attaining an acceptable level of data quality. 
Note that the practical and theoretical aspects of 
data quality are described in Chap. 10).
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The numerous analyses and evaluations of 
implementation of standards and the quality of 
registries will enable revisions and updates, 
thereby improving trial registries at large. 
Furthermore, trial registries should reflect the 
reality of clinical trials methodology, which is 
constantly developing. Understandably, this pres-
ents a continuing challenge to those involved 
with the IT aspects of the data collection.

As registries that meet the WHO international 
standards might accept trials from any number of 
countries with data in the country’s native lan-
guage, it is essential to ensure the high quality of 
the translation of terms from any other language to 
English. Criteria that define quality also include 
transfer-related issues including coding and the 
use of standard terms, such as those developed by 
the Clinical Data Interchange Standards 
Consortium (CDISC) [60]. For this reason, defini-
tions of English terms used across registries cre-
ated in different countries also require 
standardization, and there have been efforts to this 
end, notably those on the standard data interchange 
format developed by CDISC.  Standardization of 
terms is an important issue, and solutions must 
balance the resources required for researchers and 
trial registry administrators to implement standard 
coding against the potential benefits for informa-
tion retrieval, interoperability, and knowledge dis-
covery. The ability of protocol data to be managed 
and exchanged electronically, including difficul-
ties with computerized representation due to vari-
ous coding standards for several elements such as 
eligibility criteria, is described in Chap. 6.

A major concern for trial registries is the issue 
of duplicate registration. Duplicate registration of 
trials, especially of multi-center and multi- 
country trials, has been observed from the very 
beginning and was discussed by the WHO 
Scientific Advisory Group (SAG) while develop-
ing the standards. There are several reasons, start-
ing with the initial concern that duplicate 
registration in registries, data providers to WHO 
ICRTP, might lead to counting one trial as two, or 
even as several trials, and might skew conclu-
sions of systematic reviews. Therefore, these reg-
istries perform intra-registry deduplication 
process, while the WHO search portal established 

mechanisms of overall deduplication called 
bridging. In that process, most registries have 
created a field for an identification number (ID) 
that a particular trial was given by another regis-
try. They usually also have the field for the ID 
from the source, which is assigned by the funder 
and/or sponsor. Parallel registration in a hospital, 
sponsor-based, or WHO partner registry does not 
count as duplicate registration; because those 
other registries have to provide their data to one 
WHO primary registry or ClinicalTrials.gov to 
meet criteria of international standards.

It is important to note that clinical trials are 
sometimes justifiably registered in more than one 
primary registry. For example, international trials 
might be registered in more than one primary reg-
istry if regulators in different jurisdictions require 
registration in specific registries. In these cases, 
researchers need to cross-reference IDs assigned 
from one registry to another. For this reason, the 
creation of a field in the registry to host the ID(s) 
received by other registries is of utmost impor-
tance. Also, it is important that researchers pro-
vide the same trial title and the same version of 
protocol information in case of duplicate registra-
tion. The latter is particularly important in case of 
delayed registration in one of the registries and/or 
initial data entry from a protocol that was amended 
in the meantime. Primary registries usually date 
the e-data entry, but it would be very useful to also 
number and date the protocol versions.

In 2009, as a part of implementing interna-
tional standards, WHO established the universal 
trial number, UTN, and registries developed a 
field to host it. This number is also meant to help 
control duplicate registrations. While designing a 
registry, it is thus necessary to anticipate the field 
to host the UTN. Likewise, nonprimary registries 
as well as eventual trial websites should create 
fields for UTN, and the IDs assigned by primary 
registries.

 Evolution and Spin-Off

The trigger for trial registration was the lack of 
transparency and the subsequent and disastrous 
health consequences shown by the New  York 
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State Attorney General vs. Glaxo trial [25, 26]. 
That case mobilized stakeholders and elicited 
consequent action from various interest groups, 
i.e., journals, research communities, consumer 
advocates, regulators, including the already men-
tioned Ottawa Statement developed by the 
Ottawa Group [16] etc. Nowadays, trial registries 
aim to inform research and clinical decisions as 
well as to control publication bias in response to 
scientific and ethical requirements of research. 
As a result of the international dialogue among 
various stakeholders, most registries now aim to 
meet the needs of all involved in order to elevate 
research to another level.

Mandates for registries determine their scope, 
substance, and consequent design. Ever since the 
beginning, trial registries have been experiencing 
constant and rapid evolution, and the learning 
curve is steep for registrants, registry staff, regis-
try users, and of course, IT professionals. The 
major impetus for the progress of trial registries 
followed the development of the WHO interna-
tional standards in 2006 that expanded their 
scope from randomized controlled trials (RCTs) 
to all trials, regardless of the scope and type, and 
from a few items that indicated the existence of a 
trial to a 20 and then 24 items summary of the 
protocol and to fields hosting summary of results. 
At the same time, registries expanded fields and 
some of them started accepting trials from other 
countries. Initially, registration included only 
RCTs that aimed at developing new drugs and 
collected only basic information. Nevertheless, 
there is still significant potential for improve-
ment. For example, many trials are still registered 
retrospectively or with a delay, but as this has 
been carefully studied and the negative conse-
quences of retrospective registration have been 
presented, and as registries increasingly foster 
the prospective registration, it can be expected 
that it continues improving.

Further evolution of the international trial reg-
istration standards is expected to respond to the 
evolution of trial methodology. For example, 
phases 0, I, and II might need different fields, 
while some fields designed for RCTs no longer 
apply. This should be kept in mind while design-
ing a registry.

The purpose and consequent use and appreci-
ation of registration and registries has also 
evolved. Over time the main purpose of registries 
has been gradually shifting from a recruitment 
tool to a transparency tool while still focusing on 
benefits to trial participants. Some registries, 
such as ClincalTrials.gov, primarily originated 
from a mandate to enable potential trial partici-
pants to find a particular trial and to enrol in it. 
While registries continue to facilitate patients 
and clinicians searching for ongoing studies, they 
are also becoming a source of data on various 
completed trials and analysis of specific research 
areas and conditions such as surgical, cancer, or 
paediatric trials. For example, the analysis of reg-
istered trials informs about the health conditions 
and areas studied as in surgery emergency [61], 
critical care [62], patient reported outcomes [63], 
pregnancy and childbirth [64], and have been 
inspiring and guiding future research [65] and 
conducting registry-based trials [66].

Furthermore, trial registration has been con-
tributing to the quality of protocols and thus stud-
ies, and to preventing selective reporting of study 
results. It has also been contributing to quality of 
systematic reviews and meta-analysis. As advised 
by the PRIZMA statement, systematic reviewers 
should search for unpublished clinical trial data 
in trial registries [67]. However, many reviewers 
have not been using registries’ data which creates 
concerns about the potential bias and the quality 
of evidence produced by such systematic reviews 
and meta-analysis as it presented in many stud-
ies. Such underuse of registries is reported for 
example in nursing, critical care, pregnancy and 
childbirth and orthopaedic surgery [52, 62, 64, 
68]. However, as such underuse of registries has 
been identified and reported, it can be expected 
that this will improve.

As the compliance with international standards 
is rather weak and selective when registration is 
voluntary, it is gradually becoming compulsory 
and required by journals, funders, regulators. Still, 
even when regulated, compulsory registration 
does not necessarily meet all the requirements of 
the WHO international standards. For example, in 
the USA, registration of a trial in ClinicalTrials.
gov is required by law. Investigators must comply 
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or risk a penalty; however, the law does not require 
registration of all trials, and it allows a delay of 
21 days for registration of trials that are covered by 
the Food and Drug Administration Amendments 
Act (FDAAA) of 2007 [69].

The experience gained so far is expected to 
inspire the registration of other types of studies or 
the development of other research-type registries. 
It is expected that such registries will function 
based on similar principles as trial registries and 
would inspire development of standards and cre-
ation of specific fields. One “spin-off” is already 
taking place and includes registration of observa-
tional studies in trial registries. Another example 
of a spin-off is a registry of systematic reviews of 
clinical trials and corresponding standards. The 
registry PROSPERO, international prospective 
register of systematic reviews [70], was launched 
in February 2011. PROSPERO is prospectively 
registering a systematic review (i.e., its design 
and conduct, protocol, or equivalent) and is dis-
playing a link to eventual publication of the com-
pleted review. All the information is provided by 
the researcher and publicly displayed on 
PROSPERO’s website. The registration and the 
usage are free of charge and freely accessible. 
Individual studies are the unit (record) of entry in 
such registries, and a mechanism for cross- 
referencing of study entries across various regis-
tries is established. It might be expected that a 
cross-referencing will be established btw system-
atic review registries and trial registries. 
Registries have been providing fields to capture 
results or link to various levels of reporting trial 
results and findings, such as links to publications, 
capturing aggregate results data in results fields, 
and linking to a database with microlevel data 
and registry of systematic reviews.

In addition to the WHO international trial reg-
istration standards, some countries develop their 
own specific standards, which may meet and 
expand or somewhat differ from the existing 
standards. For example, FDAAA differs by 
exempting the so-called phase I and some device 
trials from compulsory registration. Consequently, 
ClinicalTrials.gov offers fields for such trials, but 
their registration is voluntary. There are also ini-
tiatives to develop regional registries and soft-

ware that will facilitate development of individual 
country registries in given regions such as in the 
Americas [71].

 Creation and Management of a Trial 
Registry: The User Perspective

 Design of Trial Registries

As mentioned earlier, every WHO primary trial 
registry now contains fields for a 24-item mini-
mum data set as defined by the international stan-
dards and usually a few additional ones. These 
includes sthe fields for the ID assigned by any 
other registry, the unique trial registration num-
ber (UTRN) assigned by WHO, trial website 
URL, publications, etc. The required items are 
often expanded in several fields. For example, 
there may be special fields to indicate whether 
healthy volunteers are being recruited or to spec-
ify which participants are blinded. In parallel 
with registration of a minimum data set, argu-
ments have been built for publishing the full pro-
tocol, and some journals have already started 
doing so. It will be particularly useful to have 
publicly available electronic versions of struc-
tured protocols, following SPIRIT guidelines. 
However, even if and when that happens, the data 
provided in trial registries will be very useful as a 
summary of the protocol. These two major tools 
of protocol transparency (trial registry and pub-
licly available SPIRIT-based protocol) each 
attract different users but undoubtedly will pro-
vide a foundation for a number of navigation and 
analytic tools directed toward all users.

 International Standards

WHO International standards have been the 
major impetus for the development of trial regis-
tries. Among other advantages, standards ensure 
the trustworthiness of data and comparability 
among registries. It is important that data pro-
vided is precise and meaningful, which depends 
on the precision of instructions for registration 
and also on the fields [49]. These instructions, 
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inspired by the WHO standards, might be devel-
oped by regulators in combination with the regis-
try and/or journal editors as for example the 
Australian Clinical Trial Toolkit [72], Pan African 

registry explanations developed by Pienaar [73] 
and few others as shown on the Table  17.1. 
Registries usually have levels of compulsory 
completion of fields. Furthermore, they might 

Table 17.1 Basic characteristics of WHO primary registries and Clinicaltrial.gov
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indicate which fields or items are required by the 
WHO standards and/or by the appropriate 
national regulator, or journals. It is important to 
note that at this time, there are no standards for 
registration of observational studies, so currently 
the trial fields are used to register observational 
studies and registries allow other descriptive data 
to be added.

 Data Fields

The design of trial registries’ fields is extremely 
important. Possibilities include free-text, drop- 
down, or predefined entries. It is advisable to 
define which data is needed and develop a drop- 
down list whenever possible. Such a drop-down 
list should include all known possibilities and the 
category “other” with text field to elaborate. 
Considering the rapidly developing field of clini-
cal trials, it is necessary to anticipate additional 
items in a drop-down list.

Well-defined fields are prerequisite to obtain 
high-quality protocol data in trial registries. For 
example, if a registry field is free text and the data 
entry prompt reads type of trial, the answer will 
likely be simply “randomized controlled trial” or 
“randomized clinical trial” or even just the acro-
nym “RCT.” However, the registry might pre-
specify in a drop-down list whether the trial is 
controlled or uncontrolled and whether it is an 
RCT and whether its design is parallel, crossover, 
etc.

Although phases I–IV are still in use as 
descriptive terms, they will probably be replaced 
with more specific descriptions of studies in the 
future. Elaboration of those numbered phases is 
already taking place: the phase 0 has been added, 
and existing phases are subdivided into a, b, and 
c (e.g., phase II a, b, etc.). In some cases, two 
phases are streamlined into one study (e.g., I/II or 
II/III).

Other examples of terminology issues arise 
within the Study Design field, which might 
include allocation concealment (non-randomized 
or randomized) control, endpoint classification, 
intervention model, masking, or blinding, and 
who is blinded. Thus, in the case of RCTs, the 
trial registry data will not simply classify a study 

as an RCT but will also indicate if it is a parallel 
or crossover trial, which participants are blinded, 
whether the trial is one center or multi-center, 
and if the latter plans to recruit in one or several 
countries.

 First-Level Fields
First-level fields cannot be skipped as they are 
aligned by the WHO International standards, and 
some might also be required by regulators. For 
example, ClinicalTrials.gov has fields that cannot 
be skipped because the FDAAA requires them. 
While designing a registry, one should keep in 
mind the possibility of expansion and provide a 
few fields for such unexpected information.

 Second-Level Fields
Second-level fields are not made compulsory by 
some registries but are required by others. For 
example, as public funders or journal editors may 
require additional information beyond the inter-
national standards, there is an expectation that 
the relevant information will be provided by reg-
istrants; however, registries themselves cannot 
necessarily make these fields compulsory on 
their end, and consequently, some registries 
might not have these fields. Because adding fields 
to registries can sometimes be difficult, posting 
such additionally required information elsewhere 
in the registry is allowed. It may be placed along 
with or below other information or in the Other 
or Additional information field. For this reason, it 
is necessary to anticipate creation of such fields. 
For example, Canadian Institutes of Health 
Research (CIHR) requires the explicit reporting 
and public visibility of the ethics approval and 
confirmation of the systematic review justifying 
the trial [74].

 Third-Level Fields
Third-level fields are optional and contain infor-
mation that might be suggested by the registry, 
research groups, or offered by the researcher as 
important for a given trial. Such third-level data 
are usually entered in the Additional information 
field. This variation in fields means that, although 
there are international standards, there are differ-
ences among registries, specifically in the num-
ber of fields and their elaboration. There is still a 
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lot to learn in this process of ongoing evolution of 
registration and registries and the constant analy-
sis and evaluation of current practices will point 
to better policies and practices in the future.

 Trial Registry Features and Data 
Quality

In April 2022, we visited each WHO data pro-
vider registry and presented their basic features 
in Table  17.1. This includes the information 
whether the registry provides guidelines or 
instructions how to register a trial, data sharing 
plan, results, and a link to publications. As can be 
seen in the Table  17.1, several registries would 
merit further development in that respect.

As can be seen in Table  17.1, any form of 
results can be uploaded on 14 registries. However, 
we could not find any notion of sharing results in 
any form—not even a field in which applicants 
can share any information on the results in 4 pri-
mary registries (ReBEC, Brazil, RPCEC Cuba, 
ICTR Iran, NTR Netherland). However, it seems 
that evolution in results sharing is nevertheless 
moving forward, since only 3 (ReBEC, RPCEC, 
and EU CT) out of 17 primary registries lack data 
fields for clinical trials’ applicants to provide 
information on their data sharing plan.

Instructions in the form of guidelines or learning 
modules are needed to ensure the quality of data 
entered. Consequently, many registries are develop-
ing such instructions to help researchers achieve bet-
ter quality of data submitted as indicated in the 
Table  17.1. For example, the Australian New 
Zealand Clinical Trial Registry developed “data item 
definition and explanation” [72, 75]. International 
standards, the two countries’ regulations, funders, 
and registries’ policies all inform the content of this 
tool. Initial analysis of data entry in existing accept-
able registries showed that a substantial amount of 
meaningless information was entered in open-ended 
text fields [76] but later studies have shown improve-
ment in this area over time [58, 77, 78]. It is impor-
tant to find a balance between general versus specific 
information. For example, indicating that the trial is 
blinded or double-blinded is much less informative 
than specifying who is blinded.

It may be expected that many registrants will 
do only what is required, which is often deter-
mined by regulations, policies of funders, World 
Medical Association’s Declaration of Helsinki 
(DOH) or simply recommended by WHO interna-
tional standards and by ICMJE instructions. 
Although SPIRIT has been helping researchers in 
protocol development and the WHO International 
Standards defined 24 protocol items that need to 
be posted in the registry, it has been observed that 
there are quality issues of registered data 
 especially in case of multiple registration. Some 
of it might be explained by different timing of 
such multiple registration, reflecting a dynamic of 
trials protocols which often experience adapta-
tions/ changes. The quality of data created a con-
cern of research community and led to analysis 
and suggestions for improvement. For example, 
in the recent analysis of trial data in case of mul-
tiple registration, Speich and co-authors pointed 
to issues of inconsistency of key trial information 
for various reasons and expressed concerns about 
the reliability of information in registries [79]. 
Quality issues might also appear unrelated with 
multiple registration, as shown by the analysis of 
the European trial Registry by De Vito and 
Goldacre and Palludan-Muller et al. [80, 81].

 Maintenance of Trial Registries

The researcher or sponsor of a trial provides 
annual updates of the trial record, all of which 
should be displayed in the registry. These 
updates should capture all amendments (i.e., 
changes of the protocol, the stage of trial imple-
mentation, eventual early stopping, etc.). It is 
important that registries have dedicated fields 
for updates and thus prevent overwriting previ-
ous information. Such an approach enables the 
identification of changes and tracks the flow of 
the trial implementation. The registry can be 
designed so that a reminder is sent automati-
cally to registrants to send the annual update, 
and many have been already doing it. As men-
tioned earlier, registries develop special mecha-
nisms of deduplication within the registry and 
with other registries.
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 Clinical Trial Results Databases/
Results Databases

Traditionally the main vehicle to disseminate 
trial results and findings in a trustworthy way 
has been via publication in a peer-reviewed 
journal. However, due to publication and out-
come reporting bias, the availability of the 
Internet based informatics, and the ongoing ini-
tiative to avoid waste and get the most out of the 
research done, there is a growing international 
push to get findings and data publicly available 
for any future use.

Results databases in public domain are being 
developed predominantly by trial registries. 
Their development was a logical step on trans-
parency road that starts with trial registration as 
the trial registration without publicly available 
results and IPD would be the empty promise. 
No wonder that the WHO started discussion and 
consultations about results data bases as early as 
2008 [82].

Results databases are complex, and they might 
include aggregate data, metadata, and analysable 
data sets. Public disclosure of results in such 
databases is expected to complement the registra-
tion and publication in peer-reviewed journals, 
and it is an integral part of the transparency tool 
set. As noted by Zarin et  al., results data base 
developed by trial registry is even providing 
information not available otherwise (even in peer 
review publication) [83]. It also contributes to 
avoiding the research waste as the only way clini-
cal trial findings and results are disseminated if 
for any reason, they are not published in peer 
reviewed journal. Namely, although publication 
of trial results has been improved, the publication 
bias, i.e., the non-publication of clinical trial 
results is still taking place, as shown by Speich 
et al. [84], who reported that 21% of analysed tri-
als were not published. It is important to note that 
even when trials are published in the peer review 
journals, the trial registries results databases are 
very useful for various stakeholders.

Primary registries have fields at least for sum-
mary results (participant flow; baseline charac-
teristics; outcome measures and statistical 
analyses; adverse events) which are part of 24 

items trial registration data set (TRDS) required 
by WHO standards. Results fields vary greatly 
between registries: tabular results, informal 
reports with little structure or a link to published 
works in journal or elsewhere—all of the men-
tioned meet the current TRDS criteria. Results 
dissemination is more and more consistently 
being considered as a non-negotiable issue—not 
different than disclosing ethics approval or 
informed consent [85]. WHO continuously calls 
all the stakeholders (ethics committees, 
 regulatory agencies, professional bodies, spon-
sors, investigators, and funding agencies) to act 
in their jurisdictions to ensure that results from 
all interventional clinical trials are reported and 
publicly disclosed [86].

Results repositories are less developed than 
trial registries, and, as registries that host results 
databases are operated by national authorities, 
they differ in spite of trying to follow the WHO 
standards. As identified by the international 
meeting of the Public Reporting Of Clinical 
Trials Outcomes and Results (PROCTOR) group 
in 2008 [87] and discussed later on by us [11] 
especially in the IMPACT Observatory [88, 89], 
and by others [90, 91], numerous issues need to 
be resolved in order speed up getting the results 
data, especially having analysable datasets.

According to the WHO [23, 92–94] and many 
other stakeholders, including EU and USA legis-
lators, the main findings of clinical trials are to be 
publicly available within 12  months of study 
completion by posting to the results section of the 
primary clinical trial registry and the publication 
in the peer review journals 24 months. If a pri-
mary registry has no results database available, 
the results should be posted on a free-to-access, 
publicly available, searchable institutional web-
site of the regulatory sponsor, funder or principal 
investigator.

DeVito et al. report that the progress has been 
too slow for too long: clinicians, patients and the 
public cannot make informed decisions when the 
results of clinical trials are routinely withheld or 
incompletely reported [95]. Apparently, the 
compliance with the European Commission 
Requirement to post results 12  months after 
completion of the trial has been poor with half of 
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the trials non-compliant. Omissions,  mislabelling 
and inconsistencies are common. The same 
group also indicated that commercially spon-
sored trials reported results and thus complied 
with the EU regulations better than non-com-
mercial sponsored trials, sponsored by universi-
ties/academic organizations [21]. Such poor 
reporting was confirmed by several researchers 
[85, 96, 97]. The proportion of timely reported 
trials, even for trials funded by public funders, 
remains low [85, 96] and that’s where funding 
agencies can propel real progress: beside adopt-
ing policies that require trial registration and 
reporting, provide budgetary [78] and other 
resources (e.g. staff, technical resources, soft-
ware) to support registration and reporting [97].

Since the previous edition of this book, 
numerous efforts have been taking place aim-
ing at improving the reporting of trials, by WHO 
ICRTP, registries, journals, researchers, and regu-
lators. This led to major shifts in results’ sharing 
landscape and new activities have been taking 
place. For example, in January 2022 European 
medicine Agency (EMA) launched Clinical Trials 
Information System (CTIS) [98]. It is a regulatory 
portal, trial registry, and results repository and it 
is supposed to help improve transparency as well 
as making trial authorisation more efficient and 
reducing administrative burden of sponsors.

Furthermore, the COVID-19 pandemic has 
emphasized the importance of building and main-
taining trust in medicine and biomedical research, 
and that failure to fully, accurately, and rapidly 
report trial results could make needless harm to 
the credibility of medicine, industry and aca-
demia. This includes TranspariMed activities 
[14], the Scorecard, [19, 20], TrialTracker [99] 
and related research, all of which caused a sub-
stantial increase in just few years regarding 
results’ reporting. For instance, following the 
Trial Tracker analysis nearly 80% of eligible 
results have been posted in the EU trial registry 
[95]. However, although huge improvement was 
made in total numbers of results appearing in the 
EU trial registry between 2018 and 2021, major 
gaps remain among some large sponsors and 
countries, leading Dal-Re et al. to conclude that 
enforcement of reporting regulations should be 

prioritized [100]. Several studies showed that 
despite the ongoing improvements reporting of 
results remains low and delayed [21, 84, 95, 101, 
102], and that there is a gap between registration 
and results sharing as trial results are often with-
held or not completely reported [95].

There are many advantages of sharing sum-
mary results via results databases hosted by trial 
registries. The prespecified form of clinical trials 
results for sharing through registers is helpful and 
it is in probably simpler and at the same time more 
efficient way to search for results in registries’ 
databases than in publications. Furthermore, shar-
ing of the results of clinical trials through data-
bases can be a significant way to circumvent 
paywalls and thus promote open science. Besides, 
sharing clinical trials results via registries is not 
supposed to be as demanding and time consuming 
as publishing a peer-reviewed journal article [96] 
and funders could emphasize the publication of 
preprints as another way to increase timeliness of 
results dissemination [85]. Some registries are 
already providing summary results and a link(s) to 
publication(s), regardless whether it is open access 
or not. Coordinated action of all stakeholders will 
be crucial to reach the ultimate transparency grail 
to share all trial results in a timely manner.

 Standards

There are no international standards for public 
disclosure of trial results, and there are no stan-
dards for preparing and use of the analyzable data 
sets, based on cleaned, anonymized individual 
participant data (IPD) and adjacent needed docu-
mentation (metadata, dictionary, etc.). However, 
there is much discussion on how these should be 
designed, and some initiatives have been contrib-
uting to accumulation of experience [56, 87, 
103]. In 2010, the journal Trials started posting 
them on the Internet as the series “Sharing clini-
cal research data,” edited by Andrew Vickers. The 
topic of results disclosure actually includes a 
spectrum of information from aggregate (sum-
mary) data to fully analyzable, i.e., IPD-based 
data sets. In 2017, following several years of 
 consensus building process that involved partici-
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pants from various areas and backgrounds, the 
ECRIN leg of the CORBEL project developed a 
set of recommendations regarding clinical trial 
data sharing [91]. It is important to note that with 
the exception of UMIN registry, clinical trial reg-
istries enable the public disclosure of summary 
data and findings of clinical trials many of which 
are also published in peer-reviewed journals, 
while the IPD-based analyzable data sets are 
published in research data repositories which are 
increasingly in platforms.

Some of the outstanding challenges and dis-
closure issues regarding summary results and 
analyzable data are comparable to those of trial 
registration. These include the need to develop 
international standards, quality and completeness 
of data, timing of reporting, standardization of 
terms and following the research integrity rules. 
Other issues are more specific to the practical 
details of public disclosure of analyzable data 
sets, as discussed below.

Many of these issues suggest a need to 
develop levels of detail related to levels of 
access. In the era of electronic data manage-
ment, some of these steps, such as cleaning of 
raw data, are becoming less of an issue as they 
take place simultaneously with the data collec-
tion. Furthermore, much can be learned from 
other areas especially from the experience of 
genome data sharing, which has boosted the 
development of the field [104, 105].

A lot has changed since the first version of this 
chapter published in 2012 [12], when these data 
were either protected in the hands of regulators or 
might have been shared with systematic review-
ers only upon request and only under certain con-
ditions. Meanwhile many constituencies engaged 
in making data available, especially in order to 
facilitate systematic reviews and meta-analysis 
that include IPD data sets. For example, journal 
editors have been increasingly encouraging data 
sharing upon publication of trial findings in their 
respective journals [106]. As of 2018, ICMJE 
requires the authors to provide a data sharing 
statement while submitting a manuscript with 
trial results http://www.icmje.org/recommenda-
tions/browse/publishing- and- editorial- issues/
clinical- trial- registration.html.

 Sharing of Clinical Trial Data, 
Research Data Repositories 
and Platforms

Sharing of clinical trial data is becoming more 
and more appealing to all stakeholders. Earlier 
hesitation has been gradually lightening, and we 
are witnessing increased transparency and a 
 consecutive change of the research paradigm. 
Although many issues have yet to be resolved, 
this area is constantly and rapidly evolving [78, 
107–109].

Repositories, i.e., research data repositories, 
are electronic databases hosting research raw 
data and facilitating their reuse. They are the 
newest research transparency tool complement-
ing trial registries and results databases and they 
are increasingly included in platforms which 
facilitates the use and analysis of data.

When talking about data sharing from clinical 
trials, we are talking about the cleaned anony-
mized individual participant data (IPD) sets and 
adjacent documentation forming the analyzable 
data. In this chapter we are focusing on sharing of 
analysable IPDs and adjacent info and reposito-
ries or platforms hosting it. One can say that it 
has been a step wise approach to clinical trial 
transparency starting with trial registration via 
results disclosure and publications to sharing of 
analysable datasets. Their relationship and inter-
play is illustrated in the Fig. 17.4.

As abundance of data is produced during clin-
ical trials, there is a growing need to provide 
expert service in organizing and curating these 
data, which emphasize the need for medical 
information specialists as for example librarians 
specialised in managing medical data.

However, several dilemmas and issues are still 
present and will require research and resolution. 
These include the lack of standards on how to 
prepare analyzable datasets for public sharing, 
heterogeneity of repositories, and finding the bal-
ance of privacy versus transparency [88] and the 
willingness to enforce the requirements. These 
include the cleaning of data, quality of data, 
accountability, defining which adjacent docu-
mentation is needed, who is the guarantor of 
truth, intellectual property rights, privacy issues/
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anonymization, and issues related to anonymiza-
tion efforts. These elements create specific chal-
lenges, require interdisciplinary work, and at the 
same time present an opportunity for clinical 
research informatics and information technology 
experts.

General research data platforms and reposito-
ries can be classified by the scientific area they 
cover or the level (university, region, country, 
international) at which they are organized. 
Re3data [110] classifies them into disciplinary, 
institutional, and other. Some of repositories 
hosting clinical trial data are based at universities 
and accept data only from researchers from a 
given university or consortium, such as Edinburgh 
Data Share [111] or DRUM (Data Repository for 
the University of Minnesota) [112]. Most general 
open-access repositories in public domain host 
data from any research.

There are also disease-specific repositories and 
research data repositories organized by public 
funders, such as several repositories run by the 
NIH institutes- including BioLINCC.  However, 
only a small portion of them host clinical trial data 
and only Vivli [8] and the Japanese trial registry 
UMIN [47] host exclusively clinical trial data.

Various groups and entities have been analys-
ing and listing repositories aiming at informing 
researchers where to publish their data including 
journals PLoS, Nature, Science, etc. In our ongo-
ing study we have been searching for open access 
repositories in public domain that also host clini-
cal trial data and analysed their basic features 
[113–115]. It is interesting to note that reposito-
ries we initially identified (in 2016) were hosting 
data from industry which reflects the important 
role of clinical trials in development of new med-
icines. For example, Datasphere was organized 
by pharmaceutical industry with the aim to share 
cancer trial data, Yoda was a partnership btw the 
Yale university and 3 companies, while the 
Wellcome Trust coordinated the application of 13 
companies that shared their data via Clinical 
Study Data Request, CSDR.

Public funders have an important role in fur-
thering transparency of clinical trials. One of the 
recent initiatives took place in January 2022, when 
NIH Office of Data Science Strategy (ODSS) 

launched the Generalist Repository Ecosystem 
Initiative (GREI) [116] with the aim to further data 
sharing and improve access to data from its funded 
studies and it will supplement the NIH Domain 
repositories. The six established repositories that 
are part of GREI are expected to work together to 
establish consistent metadata, develop use cases 
for data sharing, train and educate researchers on 
FAIR data and the importance of data sharing, and 
more. Following six repositories are included in 
the GREI: Dryad, Dataverse, Figshare, Mendeley 
Data, Open Science Framework, and Vivli.

Vivli is the only repository of GREI group 
hosting exclusively clinical trials data while few 
other repositories host clinical trial as well as 
data from other types of research- including 
Dryad that accepts data if the research is pub-
lished, Figshare that accepts data from anywhere, 
and Dataverse, which is an open-source web 
application to share, preserve, cite, explore, and 
analyse research data [117]. There are 33 
Dataverse repositories (installations) around the 
word, and one of them, Harvard Dataverse, also 
hosts clinical trial data [118]. Mendeley data is 
special as it has been indexing several open 
research repositories including Zenodo.

It is interesting to note that Vivli was also 
identified as the only clinical trial domain reposi-
tory hosting data from any clinical trial and from 
anywhere by the 2019 study that analysed clini-
cal trial data repositories [48].

There has been an ongoing effort to further the 
clinical trial data sharing and over time many 
entities have been contributing to increasing of 
clinical trial transparency in various ways. WHO 
added summary results and IPD sharing state-
ment to trial registration dataset and Declaration 
of Helsinki (DoH) calls for registration and 
results sharing [56]. Journal editors play a very 
important role in transparency of clinical trials. 
Following the WHO requirement for trial regis-
tration, in 2018 ICMJE developed policy request-
ing that submitted manuscripts of trial starting on 
or after January 2019 contain data sharing plan 
and precise what that plan should include. http://
www.icmje.org/recommendations/browse/
publishing- and- editorial- issues/clinical- trial- 
registration.html#one.
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As data management should begin at data col-
lection, public funders are increasingly demanding 
that the data management plan be developed up 
front. This leads to the understanding that the data 
preservation and storage of academic trials starts 
at the academia, that the institution—academia 
conducting a trial should anticipate data sharing 
and act accordingly—preferably develop a data-
base and then might send data to established 
repositories. Indeed, several universities have been 
doing this. One of the first was the Edinburgh 
University that established Edinburgh DataShare 
repository which also hosts clinical trial data. It 
started with a JISK project led by Edinburgh 
University in partnership with two other UK uni-
versities (Oxford and Southampton). While it ini-
tially hosted data from the international stroke 
trial, it is now hosting data from other studies con-
ducted at the Edinburgh University [111]. The key 
role in setting and running of this repository has 
been played by research librarians. Actually, man-
agement and storage of research data have become 
a field of interest of research librarians, and it can 
be expected that they will be increasingly engaged 
in this field.

Some repositories hosting clinical trial data 
might limit the uploading of data to members of 
a given university or consortium, but all of them 
enable open access to data for secondary use. 
There is usually a limited control of data quality 
at entry and no curatorship of data already in the 
repository. As a general rule, repositories rely on 
the clinician trialist—data provider to clean, ano-
nymize, and organize data for publication.

Several specific projects and software have 
been influencing developments of this field in 
various ways. For example, Research Data 
Alliance (RDA) aims at building the social and 
technical infrastructure to enable open sharing of 
data. It functions through interest and working 
groups that elaborate specific topics and provide 
recommendations for the community [119]. 
Related tools to data sharing by repositories 
include persistent identifiers/PID, DataCite, 
re3data, and the CoreTrustSeal of certification 
organization [120].

re3data is a registry of research data reposito-
ries from various academic disciplines. In 2014 

it merged with another similar tool, Databib, and 
it is now managed by DataCite. Re3data regis-
ters repositories from various disciplines and 
describes basic features of each of them. “It 
presents repositories for the permanent storage 
and access of data sets to researchers, funding 
bodies, publishers, and scholarly institutions. 
re3data.org promotes a culture of sharing, 
increased access, and better visibility of research 
data. The registry went live in autumn 2012 and 
it is funded by the German Research Foundation, 
DFG [110, 121].

Citability and findability of published data are 
very important. Among other benefits, they stim-
ulate public data sharing. Citability and to certain 
extend findability are achieved by assigning the 
persistent identifier (PI or PID) to published data 
sets. PID is a long-lasting reference to a docu-
ment, file, web page, or other object. The term 
“persistent identifier” is usually used in the con-
text of digital objects that are accessible over the 
Internet. Once plugged in the web browser, it will 
link to related data sets which enables citation of 
given data sets [122]. Persistent identifiers help 
the research community locate, identify, and cite 
research data with confidence.

DataCite is a leading global non-profit orga-
nization that provides persistent identifiers 
(DOIs) for research data [123]. DataCite assigns 
DOI persistent identifier to each repository reg-
istered in re3data. Repositories in turn assign 
persistent identifier to hosted data sets, i.e., data 
sets published in them. In our ongoing scanning 
of general repositories within the IMPACT 
Observatory we noticed that most of the open 
access general repositories in public domain 
that host clinical trial data assign DOI, or some 
other PID [114].

The research community realized the impor-
tance of ensuring the quality of repositories, and in 
2017, the CoreTrustSeal certification organization 
was established, developed by the ICSU World 
Data System (WDS) and the Data Seal of Approval 
(DSA) under the umbrella of RDA.  The 
CoreTrustSeal has a set of criteria that a given 
repository has to meet [120]. The re3data indicates 
for each indexed repository whether it is certified 
or whether it supports repository standards.
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 Anonymization Methods of Clinical 
Research Data

The sharing of clinical research data for second-
ary purposes will require that the data be anony-
mized. A secondary purpose if one for which 
consent was not obtained from the patient. For 
example, real world data that was collected in the 
course of providing care, and that is then used for 
research purposes, the research would typically 
be considered a secondary purpose. As another 
example, if data is collected under patient con-
sent for a specific clinical trial, and then that data 
is used to answer a different research question, 
then that other research question would be a sec-
ondary purpose.

There is no legislative requirement to obtain 
patient consent for the secondary purpose for 
using the data if the data is deemed to be anony-
mized. This is the case in many jurisdictions 
today. The act of converting original personally 
identifying information into anonymized infor-
mation would also not require explicit consent 
from the patients in most jurisdictions.

When a sponsor or academic institution 
wishes to share their data with other external par-
ties or wishes to reuse the data internally for a 
secondary purpose, then the data should be ano-
nymized. Anonymization can be applied to clini-
cal reports (such as clinical study reports from 
clinical trials) or to microdata (which are indi-

vidual level data i.e. IPD datasets). The tech-
niques will be different between the two. 
Anonymization techniques for documents have 
been discussed elsewhere [124] and will not be 
covered here as they involve additional topics 
related to information extraction.

The anonymization process encompasses 
multiple technologies and here we will describe 
two of them: risk-based anonymization and 
synthetic data generation. These are examples 
of privacy enhancing technologies (PETs). 
There are other PETs that can be applied to 
share microdata or to enable the analysis of 
microdata in a privacy preserving manner, such 
as secure-multi-party computation and differ-
ent forms of federated analysis. However, these 
are at an earlier stage of adoption and the use 
case assumed here is of sharing microdata with 
an analyst.

 Managing Identity Disclosure Risk 
in Microdata

One of the basic types of disclosure risks is iden-
tity disclosure. This is defined as the risk of cor-
rectly assigning a person’s identity to a record in 
a dataset. It is also referred to as the identifiability 
of a record.

The identifiability of a record in the dataset 
falls on a spectrum as shown in Fig. 17.3. This 

Fig. 17.3 The spectrum 
of identifiability
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spectrum can be thought of as a probability that 
varies from zero to one. If the probability is one 
then that record is definitely identifiable (e.g., it 
has a name and address associated with it). If the 
probability is zero, then that record is not identifi-
able whatsoever.

There is a large body of literature that has 
developed over the last 50 years or so focused on 
methods for quantitatively assessing where on 
this spectrum a record, or a whole dataset, falls 
[125].Therefore, the ability to measure or esti-
mate this probability exists.

Because privacy regulations conceptualize 
identifiability as a binary concept (a record or a 
dataset is personally identifiable or not; it is per-
sonal information or not), this spectrum can be 
split by a threshold value. If the measured identi-
fiability is above the threshold, then a record is 
considered to be identifiable. If the measured 
identifiability is below the threshold, then a 
record is considered not to be identifiable.

The threshold will not be zero. This means 
that zero identifiability is not a realistic standard 
that can be achieved. If one wants zero identifi-
ability, then no data can be used or disclosed. 
When data is used or disclosed, there will be 
some risk of re-identification. Even random 
matching of individuals to records in a dataset 
has a non-zero probability of being correct. The 
goal is to ensure that the risk is low enough to be 
acceptable. The threshold represents the level of 
risk that is acceptable for the given dataset.

Because data custodians have been sharing 
data for many decades, there are many precedents 
for the choice of a threshold. Therefore, that is 
not a controversial point since the precedents 
come from reputable organizations globally and 
they have worked well to protect datasets. A com-
monly used risk threshold value is 0.09, espe-
cially in the context of health data [126, 127].

 Other Risks in Microdata

When PETs such as synthetic data generation 
(SDG) are used [126, 128] the risk of identity dis-
closure will tend to be low. This is because with 
SDG the dataset is generated from a model and 

therefore there is no one-to-one mapping between 
the synthetic records and real records. There are 
other types of risks that need to be managed, such 
as attribution disclosure and membership 
disclosure.

Attribution disclosure is when there is a digital 
twin for a real person in the synthetic data and we 
can learn something new about the real person 
from that digital twin.

Membership disclosure is when we can learn 
that an individual is in the real data using the syn-
thetic data. Both of these are types of inferences 
about individuals. We are not identifying their 
records because that concept does not fit well 
with synthetic data, but we are learning some-
thing new about them from the synthetic data.

This highlights the point that the relevant 
types of disclosures will be dependant on the 
PET that is being used, and the appropriate type 
of disclosure risk should be assessed. 
Furthermore, because most privacy laws only 
consider identity disclosure risks, methods like 
SDG will generally be deemed to be anonymized 
information.

In deciding which PETs to apply to create 
anonymized datasets, it is also important to con-
sider the perspectives of regulators. With multi-
ple known re-identification attacks [129], there is 
an expectation that advanced PETs will be used 
to reduce the overall privacy risks when data are 
used and disclosed for secondary purposes.

 The User Perspective 
of Registration-Results-Data 
Sharing Process

Several repositories that host clinical trial data 
are open for hosting data from certain groups of 
researchers, usually those linked to a given uni-
versity, or area, but all of them allow open access 
to data they host. The lack of standards and het-
erogeneity of repositories makes the analysis of 
hosted data across several repositories very diffi-
cult if not impossible, without contacting the 
original data provider. It can be expected that the 
interest and the need for reanalysis will trigger 
development of needed standards. Such  standards 
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should be developed by the research community, 
not by repository. Ideally, internationally 
renowned organizations, such as WHO, will lead 
standards’ development and include key stake-
holders in the consensus building process, as was 
the case with development of the trial registration 
standards.

 Evolution and Future Directions 
of Sharing of Trials Results

The future of clinical research and informatics 
is closely interwoven, and it can be expected 
that these evolving fields will mutually inform 
and influence each other. Methods for achieving 
clinical trial transparency—including the shar-
ing of analyzable data sets—are still lagging 
behind other research areas. Technical, social, 
and political barriers—some of which are spe-
cific to clinical trials—remain and will present 
exciting challenges for researchers, information 
technology experts, and other stakeholders to 
advance existing tools and develop sustainable 
strategies for public disclosure of trial informa-
tion—from protocol via results to data. These 
challenges will include the stewardship and 
reuse of such data for the creation of new knowl-
edge, which will in turn speed development of 
new and more powerful diagnostics and thera-
peutics. It can be expected that this will further 
the interest of librarians to engage in health 
research informatics.

One indicator of dynamics are increased activ-
ities and new initiatives since the previous edition 
of this book, including GREI, the Clinical Trials 
Information System (CTIS), the European new 
registry that we discussed above, and especially a 
development of the Vivli platform for sharing 
clinical trial data.

In 2019, building on the previous activities of 
CORBEL and IMPACT, the group of researchers 
including one of us, searched for repositories that 
host clinical trial data and analysed 25 including 
a sample of NIH disease specific repositories 
[48]. In that study we identified only two reposi-
tories exclusively hosting clinical trial data: 
UMIN and Vivli. UMIN [47] is the clinical trial 

registry, part of Japanese primary registry that 
also hosts IPDs of trials that were registered in it 
thus being the only primary registry hosting CT 
data.

Vivli [8] on the other hand is a data sharing 
and analytics platform, open to host data from 
any clinical trial from anywhere and facilitating 
their re-analysis. It started in 2018 and at the time 
of the above mentioned 2019 study it was in the 
early stage of development, but by 2022 it estab-
lished partnership with 40 member organizations, 
including academia, public funders and industry 
and has been hosting data from more than 6000 
trials from various countries. As already men-
tioned, Vivli is one of six generalist repositories 
invited by the NIH to join the GREI (Generalist 
Repository Ecosystem Initiative).

It is anticipated that data flow from trials to the 
public domain and the linking and cross- 
referencing of related data will create a more effi-
cient system of information sharing and 
knowledge creation as presented in Fig.  17.4. 
Although it has not yet been completely accom-
plished, there is a clear tendency to move in that 
direction, which will ensure a high level of trans-
parency, getting closer to open data and open 
science.

The Fig. 17.4 illustrates actions that need to be 
taken from registering trial elements, posting 
results in results databases and IPDs in reposito-
ries. It is expected that existing systematic 
reviews will be updated with the meta-analysis of 
IPD-based analyzable data to inform various lev-
els of decision-making with the updated evi-
dence. Finally, in an ongoing effort to increase 
transparency of research and to build on the expe-
rience of trial registries, other types of studies are 
being registered in trial registries, and other types 
of research registries are being developed. 
However, although there are no standards and 
guidelines for the preparation of clinical trial data 
for public release and although repositories are 
heterogeneous, the existence of platforms host-
ing open-access repositories is a big step forward 
toward opening of clinical trial data.

Trial registries host defined protocol items, 
and they are in constant evolution, from the elab-
oration of fields to the establishment of 
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Fig. 17.4 Anticipated flow of data from clinical trial to public domain. Please note that the major change of this flow 
of data took place by the establishment of open-access research data repositories in public domain

 hyperlinks. It can be expected that the analysis 
and evaluation of the existing primary registries’ 
experience will inform the best practice and 
potential expansion of the data included, like 
adding fields to host more data than required by 
the current 24-item international standards [44].

Furthermore, there is a strong push for publi-
cation of the full protocol, either in the registry or 
elsewhere. It will certainly be particularly useful 
to have publicly available electronic versions of 
structured protocols, following SPIRIT guide-
lines. Even if this were to happen, the protocol 
data set that is available in registries will continue 
to provide valuable summaries of protocols with 
links to other trial related information including 
the full protocol, publications, trial website, sys-
tematic review, meta-analysis, results databases 
and research data repositories and thus continue 
to play an important role in achieving trial 
transparency.

Results databases have also evolved. They are 
being formed by trial registries and aim at pro-
viding summary/aggregate results data of regis-
tered trials. As shown on the Table 17.1, 14 of 18 
open-access registries in public domain that are 
linked to the WHO, can host results although at 
different level of precision. As there are no inter-
national standards these registry-based results 

databases differ. Each of them follows the rules 
of their respective countries, and at the same 
time, they are trying to meet the WHO and 
ICMJE request to register and share summary 
results. Apparently, the need to synchronize has 
been understood, and it seems that ClinicalTrials.
gov and EMA/European Clinical Trial Registry 
are working on developing comparable data 
fields which might inform future development of 
international standards of data sharing. It is 
important to note that even at this stage of devel-
opment sharing summary results via open access 
results databases has numerous advantages: pre-
specified form contributes to clarity and makes 
posting and finding of results simpler and more 
efficient and enables access to basic information 
free of charge.

Coordinated action of all stakeholders will be 
crucial to reach the ultimate transparency grail—
share all the results in a timely manner.

Open-access research data repositories in 
public domain are certainly the most important 
tool for data opening and can play a major role in 
enabling public availability of research data. 
However, they are heterogenous, and there are 
still no international standards to govern the pub-
lic disclosure of analyzable data sets which 
include cleaned, anonymized IPDs (i.e., usually 
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numeric or encoded) and documentation suffi-
cient to make the data reusable.

Development of such standards will require 
participation of all interested constituencies in 
thorough planning, analysis of quality control, 
resources, as well as dealing with specific issues, 
such as privacy, i.e., anonymization methods and 
practices.

It is important to note that although there 
are currently no standards and guidelines for 
the preparation and publication of clinical trial 
data for public release and although reposito-
ries are heterogenous, the existence of open-
access repositories and a possibility to publish 
data in them are a big step forward toward 
opening of clinical trial data. Initiatives and 
projects addressing the needed standards 
development as mentioned CORBEL project 
by ECRIN [91] are encouraging. Clinical 
research Metadata Repository, MDR, is the 
most recent initiative of this group with the 
goal to facilitate searching and selection of 
trial data so that researchers could quicky iden-
tify data object of interest [130].

The progress achieved as well as the interest 
and expectations this data opening process has 
created so far is reassuring but still a lot needs to 
be done. As mentioned earlier, there are numer-
ous initiatives contributing to increasing the 
transparency of clinical trials and opening of its 
data. As already discussed, various researchers’ 
groups have been analysing the situation and sug-
gesting improvements. One of the oldest is 
IMPACT Observatory [17] that evolved from the 
Ottawa statement [16]. It can be expected that 
this process will be observed and supported by 
key players at different levels, including regula-
tors, public funders, clinicians, academia, phar-
macists, journal editors, industry, patients, 
consumers, consumer advocates, and general 
public. Thus, researchers and IT experts will not 
be alone in this process as the clinical trials and 
their contribution to creation of the evidence 
needed for decisions in health are of paramount 
interests to numerous stakeholders.

The dynamics of the process are so immense 
and complex that they merit assessment of 
actions, initiatives, and practice of various 

players and their interactions. It is equally 
important to assess the impact of these dynam-
ics on making analyzable data publicly avail-
able for reuse, on the consequent transformation 
of clinical trial research and on all adjacent 
issues. An observatory or natural experiment is 
the methodology of choice to collect, assess, 
and disseminate such data and thus inform the 
process and indicate trends. The IMPACT 
Observatory aims to do just that and serve as a 
tool, a hub, informing the process of opening of 
trial data [17, 115].

Various groups have been analysing research 
data repositories aiming at figuring which ones to 
advise the researcher to go to. Their lists often 
overlap, listing the same repositories. However, 
some of them are disease or country or sponsor 
specific. Overall, Vivli [8] is the only clinical trial 
domain repository accepting data from clinical 
trials conducted anywhere and it is included in 
most if not all of those lists. One might conclude 
that unless a trial is performed in Japan and reg-
istered in the UMIN registry, or it has to publish 
its data in one of NIH domain specific reposito-
ries, VIVLI is a repository of choice to publish 
clinical trial data and also to look for data for fur-
ther analysis.

Transparency is realized by making research 
protocols, results, and cleaned and anonymized 
IPDs publicly available using well-defined, freely 
accessible electronic tools: registries, results data 
bases and research data repositories. These tools 
are at different levels of development and plagued 
with heterogeneity as international standards for 
trial registration do not yet address the sharing of 
results and individual patient data. One interest-
ing possibility is that trial registration should 
develop the results and IPD sharing standards. 
These tools and related standards need to co- 
evolve and there are efforts in that direction start-
ing with the ongoing evolution of existing 
standards and tools. Different types of research 
stakeholders have been developing electronic 
tools to measure transparency of clinical trial 
information—aiming at reducing waste, main-
taining research integrity, and improving the 
quality and volume of research to address impor-
tant and emerging health questions.
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 Conclusion

Clinical Trial (or clinical research) transparency is 
realized by making research protocols, results, and 
cleaned and anonymized IPDs publicly available 
using well-defined, freely accessible electronic 
tools that have emerged over time. It has unques-
tionable value for research, for evidence needed for 
decision-making, aiming at improving the health of 
people. Although data sharing tools and standards 
are still at different levels of development and 
plagued with heterogeneity as international stan-
dards exist only for trial registration, pushed by the 
many research stakeholders and evaluation tools 
they developed, trial transparency is in the process 
of further co- evolving toward the aims to reduce 
waste, maintain research integrity, and improve the 
efficiency and volume of research to address 
important and emerging health questions.

Although there are still hurdles to overcome, 
the ongoing evolution is encouraging, and most 
importantly there is more than sufficient knowl-
edge about when, what, how, and where to regis-
ter clinical trials, how to post the results and 
publish IPDs, to support clinical reporting mov-
ing forward. As illustrated in Fig. 17.4, a commit-
ment and compliance with clinical trial reporting 
will ensure a future when all relevant trial infor-
mation is publicly available for future use in elec-
tronic tools—clinical trial registries, results 
databases managed by these registries, and 
research data repositories or platforms.

Test Your Learning
After reading this chapter, you should be able to 
do the following.

Patient/study participants should be able to 
find

 (a) the trials he/she might join
 (b) the results of a study she/he participated in as 

well as of studies of interest

Researchers should

 (a) have the ability to design, conduct and report 
the trial in timely manner, respecting the 
research integrity

 (b) have the ability to collaborate with IT in cre-
ation, further development (expansion) of 
fields by providing/suggesting the informa-
tion that needs to be included

 (c) know when, where, how, to register clinical 
trial protocol, report the results, publish 
analysable datasets (IPDs) and provide cross 
referencing and links with peer review 
publications

 (d) be aware of the potential multiple use of clin-
ical trial registries’ information especially 
for further research.

The researcher–clinical trialist should

 (a) be able to choose the registry among the 
WHO primary registries and/or 
Clinicaltrial.gov, find and follow registry’s 
instructions/guidelines how to register a 
trial and select protocol items that should 
be registered

 (b) be able to select protocol items and register 
them in the chosen registry (one of the WHO 
primary registries or Clinicaltrial.gov) prior 
to recruiting the first trial participant to meet 
the requirements of the international stan-
dards and in some cases identify and add 
additional protocol information required by 
registry.

 (c) be able to make results, findings and analys-
able IPDs publicly available in a timely 
manner

 (d) know when and how to upload summary 
results of clinical trial in the registry in which 
the trial was registered

 (e) be able to find instructions in the registry of 
choice to prepare and post/publish the sum-
mary results of their study in the registry/ies 
in which he/she registered a trial.

 (f) be able to choose the appropriate data reposi-
tory/platform for a given trial and upload 
analysable datasets.

Researcher–Systematic reviewer should

 (a) look for and use data from trial registries and 
results database while preparing the system-
atic review
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 (b) look for trials in trial registries and look for 
and use IPDs from research data repositories 
and platforms preparing the secondary anal-
ysis/meta-analysis

IT/informatics expert should

 (a) be able to develop data fields of the registry 
following international standards and if 
needed, following (to meet) regulators 
requirements

 (b) create the registry/ results database/data 
repository webpage
• user friendly
• with instructions and guidelines visible, 

easy to acMcess, clear
 (c) collaborate/exchange with other primary 

registries/ to have similar setup.

(Public) Funders:
Should be able to stimulate trials in under- 

researched area/areas of public health importance 
that have not been studied, based on the analysis 
of ongoing and recently performed studies.
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