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1. Introduction

Clinical science contributes to evidence-based medicine
(EBM) being considered the basis for medical decision-
making, which in individual cases can be fine-tuned by
shared decision-making. EBM justifies the superiority
and effectiveness of the provided health care [1]. Over
the years, the original idea of EBM was narrowed down
to evidence supplied by randomised clinical trials
(RCTs). However, a well-known problem in daily clin-
ical practice is the gap between the RCT data and facts
and the individual patient features representing the real
world of medicine. Specifically, patients’ age and the
complexities of comorbidities are increasing, making it
more and more difficult to justify clinical decisions
based on RCT outcomes.

An approach in solving this problem is to expand the
RCT world. Common obstacles are inconsistent or un-
specific signs and symptoms, low incidence, variable
disease phases and precursor lesions, heterogeneity in
comorbidity and socioeconomic status, high costs of an
RCT and so on. Owing to these practical factors,
complicated by ethical aspects, the possibilities of an
RCT world expansion are limited.

With respect to these shortcomings of EBM and
RCT, much attention has recently been drawn to the
potential contribution of cancer registries (CRs) or
population-based registries (PBRs) [2]. In this article, we
review several aspects of RCT, CR, PBR and electronic
health records (EHRSs). Subsequently, we will discuss the
perspective of merging PBR and EHR as a potentially
powerful tool for clinical research. HemoBase, a
domain-specific PBR/EHR in haemato-oncology in
Friesland, a province in the northern part of the
Netherlands, is proposed as a paradigm.

2. Randomised clinical trials, cancer and population-based
registries

2.1. RCT

RCTs are the most powerful instruments to investigate
the evidence of new therapies while eliminating selection
bias and confounding by carefully selecting patients and
using strict methodology. RCTs are focused on a spe-
cific research question, with a well-defined hypothesis to
be tested, and all the types of data necessary to answer
the question(s) are collected in a predefined manner,
using electronic case report forms. However, the results
are often not representative of the real-world patients
with comorbidities and/or advanced age, making the
RCT knowledge less valuable or in need of extrapola-
tion before it can be applied to clinical practice. A meta-
study by Cherubini ez al. [3] showed that more than 40%
of the trials have an upper age limit. Furthermore, in
more than 90%, the presence of at least one comorbidity
may already lead to exclusion of the patient. In the real

world of medicine, most of the patients are older and
have more than one comorbidity.

This dilemma is framed as the inferential gap: clini-
cians are required to fill in where they lack knowledge or
where no knowledge yet exists [4.5]. Especially when
treating the elderly, the inferential gap may be large.

2.2. CR and PBR

CRs and PBRs have their roots in public health rather
than in clinical medicine. Already at the beginning of the
20th century, regional- or domain-(tumour) specific
observational registries were started to gain insight into
cancer epidemics and risk or environmental factors [6].
The successes of the observational approaches, for
example, determination of the etiological roles of
smoking, hypertension or infected water are well known.
From the 1940s onwards and especially into the 1970s,
this resulted in an increase in developing CRs and PBRs.

The design of a CR or PBR is not based on a rigid
scientific methodology as RCT design is. Basically, data
on new patients and some specific outcomes distributed
in time and geographic locus are collected. The SEER
database is a well-known example [7,8]. Past decades
have shown a tendency to broaden the purposes in
domain or scope of the registry. In addition, from the
1990s onward, momentum has risen, linking regional
databases to national databases, and national databases
to international databases. These developments have
increased the power of observational research. A serious
drawback is still the immense efforts needed to achieve
high-quality data, such as in standardisation, reclassifi-
cation or adjudication of critical data.

Especially in Europe, many regional- or domain-
specific CRs were developed. In sum, approximately
160 CRs and PBRs are active [9,10]. Well-known reg-
istries in haemato-oncology, for example, had their
start-up in Burgundy (France), South Netherlands,
Sweden, England and Scotland [11—15]. The expansion
of CRs and PBRs resulted in national and international
cooperative projects such as the Belgian and
Netherlands Cancer Registry (NCR) and projects such
as the European Network of Cancer Registries
(ENCRs), Eurocare-5 and Eurocourse [6,9,12,16]. A
common denominator in the evolution of CRs and
PBRs is that they started as quantitative registries of
basic data regarding incidence, prevalence and overall
survival. Subsequently, processes developed for adding
qualitative data of tumour characteristics and patient
care. Linkage of CRs and PBRs resulted in large
observational databases with potential power to
address clinically relevant research questions [10,17].
An interesting possibility is the precise linking of PBR
data with RCT data to address specific questions.
Recently, this was published for Hodgkin’s lymphoma
in a paper that addressed the potential difference be-
tween the real world and the RCT world [18]. Another



180 R.E. Kibbelaar et al. | European Journal of Cancer 86 (2017) 178—185

interesting development is demonstrated by the
SHIELD project, in which observational PBR data of
haemato-oncological orphan diseases of the elderly
were enriched with clinical data by a collaborative
program, using a web-based registry in the United
Kingdom and Germany [19].

Recently, the RegisTree® model (Fig. 1) is proposed
to describe the evolution of CRs and PBRs [20]. The
biological metaphor of the growing tree illustrates the
functional development of CRs and PBRs. Develop-
ment of CRs is not guided by a scientific methodology
but by contingent local circumstances. The hospital,
outpatient clinic and laboratory archives function as
the roots of a CR. The trunk pillars represent classifi-
cations, validity checks, storage, data and back-office
processing, linkages and privacy adherence. The
branches stand for the 5 research domains from a
public health perspective (aetiology and primary pre-
vention, screening and secondary prevention) and from
a patient care perspective (quality of care processes,
prognosis, quality of life). The leaves symbolise
research groups, research questions, interim results and
so on providing energy for CR development. Finally,
the revenues e.g. articles, reports, dissertations, policy
reports, internet publications and so on are represented
by the coloured fruits. Accidental environmental fac-
tors or adaptive capacities of the program owners will
define the characteristics and features of a specific CR
or PBR. The RegisTree® model is a tool to analyse
complex CR or PBR systems and can provide a road-
map for adjustment.

It can be observed that lately the goal of basic
quantitative cancer registries is now transforming to-
ward qualitative cancer surveillance data. These cancer
surveillance registries contain detailed information on
frequency, aetiology, quality of care, quality of life and
prognosis. The development of the Dutch NCR, sup-
plemented by data of the Population-based HAemato-
logical Registry for Observational Studies [21,22], and
now referred to as the NCR + database, is such an
example.

In addition, the RegisTree® model gives an oppor-
tunity to assess the internal validity of linked PBRs by
representing the relationships between the multiple
medico-administrative processes that reflect the clinical
realities of the day. External validity is evaluated by the
judgement of patient selection and the methodology of
data handling as described by the PBR guidelines.

2.3. RCT versus PBR?

Although the concept of an RCT functions as a solid
basis for clinical science, there is growing anticipation
that PBR data can have a complementary role. PBR
systems collect data of unselected patients, of all ages,
irrespective of confounding diseases or other patient
characteristics. As such, PBR data represent the clinical

real world. So the question is whether PBR data can
bridge the gap between the artificial RCT world and the
clinical real world of patients? A recent study claimed
that PBR data could answer questions similar to RCT
data, thereby reducing costs [23]. In this study, statistical
methods are developed for effectiveness studies based on
observational databases. A hypothetical RCT was
emulated on the data of an observational database,
using the same inclusion and exclusion criteria as an
RCT would have done. Despite strong confounding by
indication, a potential beneficial effect of statin therapy
was found based on the observational data, in line with
RCT results. Another example of successful application
of PBR data is the exploration of cost effectiveness of
new, expensive drugs [21].

In bridging the gap between the RCT and the real
world, one strategy is to invest in upgrading PBR sys-
tems by adding data fields. However, many challenges
remain in this strategy. Drawbacks are that by default
the designed data fields will be lagging behind clinical
practice, and information is collected by data managers,
who are not professionals involved in the care processes.
Data have to be validated to ensure high quality and,
last but not least, the data accrual and registration will
be cost-inefficient. Complete and structured data cap-
ture is important to affirm research endpoints. Some of
these problems may be tackled by the use of EHRs as a
source of real-world data. The next section explores this.

3. Electronic health records
3.1. The evolution of EHR systems

There is an overwhelming amount of literature on the
development and applicability of EHR systems, a full
review of which is beyond the scope of this article. For
our purpose, it suffices to summarise that the develop-
ment of EHRs can be described in terms of increasing
complexity and functionality. Determinants to be ana-
lysed are, for example, digitalisation of patient data
(laboratory, symptoms, diagnostic data and so on),
using either descriptive text or discrete data. Other
crucial determinants of an EHR are workflow processes
such as order management, administration of outpatient
clinic visits, patient portals, multidisciplinary consulta-
tion, medical decision support systems and so on.
Within this Darwinian approach, EHRs can be classified
as generations on an evolutionary scale of increasing
complexity and functionality. In the context of EHRs,
two consequences of the Darwinian metaphor are
important to realise. First, systems with a certain level of
complexity on a particular feature cannot be linked to
systems with different complexity, whether at higher or
lower levels of this feature. Another consequence is that
the recognition of generations of EHR systems implies
that a certain level of low complexity cannot be upgra-
ded simply to a high and advanced level of functionality.
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Previously, the claim was made that EHR systems
may provide more complete real-world representations.
Intuitively, higher generations of EHR are more prom-
ising for this goal than lower generations. The two
mentioned consequences, however, have practical con-
sequences for the application of EHRSs to bridge the gap
of the RCT world and the real world. It may be
impossible to pool data from different hospitals or
policlinics, or it may be impossible to add a sophisti-
cated EHR module suitable for real-world representa-
tion to an earlier-generation EHR. The direct collection
of data at the source by medical professionals is a po-
tential strong point of the EHR approach.

3.2. HemoBase: a domain-specific, high-level EHR

In the early years of the 21st century, the Haematology
Workgroup Friesland (WHF) in the north of the
Netherlands started to develop a patient management
system to support multi-centre clinical patient confer-
ences and multidisciplinary scientific meetings regarding
haemato-oncology care suppliers. This resulted in the
development of a web-based application that was coined
HemoBase. In current terminology, HemoBase is a
domain-specific, regional EHR system for haemato-
oncology superposed over a general EHR with work-
flow functionality of the care processes (Fig. 2).
HemoBase is a web-based system containing the specific
haemato-oncological data of the four hospitals in
Friesland, the central clinical chemistry and pathology
laboratories and the radiotherapy institute. As such,
HemoBase can be designated as a PBR for haemato-
oncology (pop. 660,000). The key feature of Hemo-
Base is the representation of the clinical process, that is,
the patient’s journey, into the database. Due to the key
concept of an integrative diagnosis and the registry of
discrete data irrespective of clinical or ambulatory pro-
cesses, the database is suitable for scientific research
purposes [24—28]. The validity of the data is secured by
the multidisciplinary consultations. The clinical confer-
ences provide the opportunity to check the completeness
and the quality of the registered data. As the medical
professionals enter and use up-to-date data and classi-
fications, the HemoBase user forms can equal the CRF
of an RCT.

3.3. Future perspective: PBR + EHR = best practice

In the traditional view, progress in medicine is achieved by
basic or translational science theories that are subse-
quently tested in controlled experiments eliminating con-
founding parameters, the RCT. It is argued that the RCT
world differs from the real world of clinical practice, which

limits its value for daily practice. As a strategy to bridge
this inferential gap, EHR is proposed to develop into
knowledge databases that can perform as local mini-RCTs
[4]. However, in practice, this is not simple, and many
challenges remain, among others, that collected informa-
tion needs to be validated to ensure high-quality and
complete data and that structured data capture is impor-
tant to affirm research endpoints. Other limitations are the
heterogeneity of data systems, the lack of data security and
the lack of knowledge of these systems [29,30].

The information collected by RCTs and EHR is often
very similar, but the use of data from EHRs for pro-
spective clinical research is still limited because of
insufficient scientific relevance or robustness. Recently,
the viewpoint of fusing RCT with big (EHR) data in a
randomised, embedded, multifactorial, adaptive plat-
form (REMAP) trial was proposed [31]. Alternatively,
the so-called randomised registry trial (RRT), fusing
RCT and PBR data, was suggested [2]. These trials use
big data but retain the random assignment of patients in
study groups to investigate a causal link.

The above discussed characteristics of RCTs, CRs or
PBRs and EHRs are summarised in Table 1. An alter-
native strategy, proposed here, is to combine PBR with
an advanced domain-specific EHR. The argument
developed in this review is that part of the gap between
the scientifically robust RCT world and the daily, fuzzy
real world can be bridged by high-level (domain-specific)
EHR modules operating like PBRs. This concept can be
expanded to other fields such as solid oncology, cardi-
ology or chronic diseases such as immune thrombocy-
topenic purpura. [The national registry of the Dutch
Haematology Foundation for ITP is based on the
HemoBase concept.] In 2010, Kanas et al [32] elabo-
rated on the criteria of an EHR to be fulfilled for use in
oncology research; HemoBase meets these criteria.

This will lead towards multi-institutional EHR sys-
tems that will serve as a valuable data source for PBRs.
This approach will secure the use of data fields in line
with the clinical state of the art and secure the robust-
ness of the data as they are filled in by care pro-
fessionals, that is, prospective data accrual at the source,
which will support the internal validity of the data. By
adding patient portal functions, it is possible to obtain
quality-of-life and patient-reported outcome
measurement data, which are of utmost importance for
the ageing patient population, comorbidity and cost-
effective evaluation [33].

The regional HemoBase haemato-oncology registry is
a paradigm of this approach; it facilitates the multidis-
ciplinary consultation and secures high-quality data
collection necessary for transparency, evaluation of
therapy results and cost-effectiveness. In this sense, EHR

processes, classifications, storage and data processing. The branches represent the research domains in public health and patient care. The
leaves represent factors providing energy for improvement of the registries. The coloured fruits symbolise the valuable output of the
registries [20, appendix A]. Reprinted with permission of the publisher.
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Roadmap EHR development
Basic EHR: General data and workflows
Modular EHR: Advanced specific medical domain data
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Fig. 2. HemoBase model of PBR + EHR. The graphic displays the HemoBase infrastructure in Friesland (Fr) province of the Netherlands
(inset: map of the Netherlands). The 4 hospitals employ 2 types of EHR systems, in addition clinical and laboratory haemato-oncology
care providers use HemoBase for registration of diagnosis, staging, prognosis and specifically multidisciplinary patient conferences. The
UMC of the province Groningen (Gr) delivers molecular and genetic data and participates in multidisciplinary conferences. The
HemoBase datastream is secured by the Health IT network of the 3 northern provinces. The HemoBase cumulative hospital and labo-
ratory data (advanced EHR functionality) constitute a PBR of haemato-oncology in Friesland. Inset: roadmap for future EHR devel-
opment: modular integration of high level medical domain data (e.g. haemato-oncology, breast cancer, auto-immune diseases, transplant
follow up etc.) with basic EHR functions (general patient administration, pharmacy, finance etc.). This integration of advanced medical
domain-specific functionality in EHR systems will make high level data input more efficient and cost effective. EHR, electronic health
record; PBR population-based registry; UMC, university medical centre.

plus PBR contributes to a best practice. To expand the
HemoBase strategy further into clinical practice, some
challenges remain. It will be necessary to link the domain-
specific, high-level systems to the general workflow EHRs
(Fig. 2). As stated earlier, a higher-level EHR such as
HemoBase cannot be linked to a lower generation of
EHR. First, a representation of pathways of care (patient
journeys) is a necessary condition, which means that the
EHR system supports a prospective model of disease
follow-up demonstrated, for example, by a time line
(HemoBase). Second, the EHR system should collect
data of the complete clinical patient journey, including
multidisciplinary consultation sessions and ambulatory
data. Third, all the data must be discrete and coded ac-
cording to validated classifications.

At the moment, to the best of our knowledge, there is
no such EHR yet, although pre-stages certainly are
under construction. As in Europe, the concept of a

comprehensive pathway of care is well established; in
our opinion, there is a realistic opportunity to imple-
ment this in current advanced EHR systems. The goal of
the WHF is to link HemoBase to such an advanced
general EHR system. Furthermore, as discussed earlier,
in Europe, a unique infrastructure of regional, national
and international connected CRs and PBRs is estab-
lished. The evolutionary direction of these PBRs is from
cancer registry towards cancer surveillance. The pro-
posed linking of high-level EHRs to PBRs can function
as a successful adaptation of EHR and PBR evolution,
serving the patient journey and clinical science. The
high-level EHR systems will provide prospective clinical
data from professional sources to be used in a PBR
context. This combined strategy will have a positive
influence on the internal and external validity of the
evidence used for medical decision-making as EBM was
meant originally [1]. For clinical science purposes, it is
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RCT, CR, PBR and EHR characteristics.

RCT

CR or PBR

EHR

Function

Scope

Patient domain
Data form
Selection bias
Data collection

and validity
Costs

Stakeholders

Critical points

Scientific testing of new
therapies

A well-defined hypothesis
to be tested

Selective and specified by
the research methodology
Specific case report form

Results from methodology

By data managers and
warranted by monitoring
and data review

High investment per
research question

Clinical researchers and
fund suppliers

Inferential gap, results are
not applicable to all patients

Data accrual for medical and public health
policy purposes

Data on new patients and some specific
outcomes distributed in time and
geographic locus

Referral to or access to specialised care;
population in general (screening)
PBR-specific form

By (non)referral to specialised care and
data form limitations

By data managers, immense efforts needed
to achieve high quality and validated data

Expansion of scope is cost inefficient

Public health, clinical researchers and
policy makers

Insufficiency of data fields
(qualitatively and quantitatively)

Prospective data accrual for
patient care and a warehouse

for management purposes
Defined by medical help questions

All patients visiting a clinic or
outpatient care facility

Multiple flexible forms situation
dependent

None, all patients are included
(mixture of incident and
prevalent patients)

During care process by medical
and laboratory professionals;
validation secured by
multidisciplinary conferences
Minor investment per

research question

Patients, clinicians and hospital
management

Lack of representation of clinical
process (integrative diagnosis);

in daily practice

Practical difficulties in linkage
of different systems and hospitals

CR cancer registry, EHR electronic health record, PBR population based registry, RCT randomized clinical trial.
The table summarizes the data characteristics of RCT, CR, PBR and EHR in relation to the reasoning here presented.

proposed that this combination of PBR and EHR
functionality will facilitate so-called RRT research.
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