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Abstract The emergence of the precision medicine paradigm in oncology has led to in-
creasing interest in the integration of real-world data (RWD) into cancer clinical research. As 
sources of real-world evidence (RWE), such data could potentially help address the un-
certainties that surround the adoption of novel anticancer therapies into the clinic following 
their investigation in clinical trials. At present, RWE-generating studies which investigate 
antitumour interventions seem to primarily focus on collecting and analysing observational 
RWD, typically forgoing the use of randomisation despite its methodological benefits. This is 
appropriate in situations where randomised controlled trials (RCTs) are not feasible and non- 
randomised RWD analyses can offer valuable insights. Nevertheless, depending on how they 
are designed, RCTs have the potential to produce strong and actionable RWE themselves. 
The choice of which methodology to employ for RWD studies should be guided by the nature 
of the research question they are intended to answer. Here, we attempt to define some of the 
questions that do not necessarily require the conduct of RCTs. Moreover, we outline the 
strategy of the European Organisation for Research and Treatment of Cancer (EORTC) to 
contribute to the generation of robust and high-quality RWE by prioritising the execution of 
pragmatic trials and studies set up according to the trials-within-cohorts approach. If treat-
ment allocation cannot be left up to random chance due to practical or ethical concerns, the 
EORTC will consider undertaking observational RWD research based on the target trial 
principle. New EORTC-sponsored RCTs may also feature concurrent prospective cohorts 
composed of off-trial patients.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Setting the scene: an introduction to real-world data

Although various interpretations of the term ‘real-world 
data’ (RWD) seem to exist, it is most frequently used to 
denote health data that have been collected outside of 
traditional randomised controlled trials (RCTs), typi-
cally as part of routine clinical practice [1]. If analysed 
appropriately, such data can give rise to so-called real- 
world evidence (RWE), which can offer insights into the 
benefits and risks of therapeutic interventions as ob-
served in a real-life environment as opposed to a trial 
setting [2,3].

RWD can originate from a wide variety of sources, 
with some of the most common ones being patient re-
gistries, electronic health records (EHRs) and adminis-
trative claims [4,5]. Patient registries are organised 
systems that apply observational methods to long-
itudinally capture specific information on patients 
characterised by their condition (disease registries) or by 
their receipt of a particular treatment (treatment re-
gistries) [4,5]. Guidance on how RWD extracted from 
registries can help inform the decisions made by reg-
ulatory authorities has been published by both the 
European Medicines Agency (EMA) and the US Food 
and Drug Administration (FDA) [6,7]. EHRs are digital 
versions of patients’ medical records, documenting their 
encounters with healthcare providers, whether clinical in 
nature or not [4,5]. The RWD contained within EHRs 

can be de-identified and aggregated for research pur-
poses. Administrative claims are claims that healthcare 
providers submit to payers in order to get compensated 
for health services they provided to their patients [4,5]. 
They are stored in databases maintained by insurers 
from the public or private sector, by pharmacies, or by 
hospitals. Additional sources of RWD include patient 
questionnaires, wearable devices, smartphones and so-
cial media [4,5].

Studies that produce RWE confer several important 
advantages over conventional clinical trials. For in-
stance, the size and scale of the underlying datasets can 
be much bigger, covering a greater and more re-
presentative proportion of the population under in-
vestigation, and improving the generalisability of the 
findings obtained [8]. Furthermore, since RWD have 
often already been generated prior to the start of a study 
in which they are examined, the research objectives 
tackled can be achieved more quickly, requiring just a 
few weeks or months instead of multiple years [8]. In 
addition, because RWD studies may take less time and 
involve fewer procedures, they are normally not as ex-
pensive to perform [8]. They are sometimes also the only 
viable means of studying treatments for rare diseases [9]. 
However, their conduct is impeded by a number of 
challenges. On an operational level, it can be difficult to 
gain access to the data and to protect them in a manner 
that is compliant with the laws and regulations 
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governing their use by researchers [10]. From a technical 
perspective, the RWD coming from different hospitals 
and institutions may not be interoperable due to for-
matting variations and differences in the recording of 
variables rendering them incompatible [10]. The 
EHDEN project running under the auspices of the In-
novative Medicines Initiative (IMI) is attempting to 
reduce heterogeneity in this regard by mapping institu-
tional data to the Observational Medical Outcomes 
Partnership (OMOP) common data model of the Ob-
servational Health Data Sciences and Informatics 
(OHDSI) collaborative [11]. Methodologically speaking, 
selection and information biases as well as confounding 
can undermine the internal and external validity of 
RWD analyses [10]. These methodological flaws lead to 
misleading and artifactual results which may harm pa-
tients by unduly influencing clinical care.

In recent years, regulators and payers have increas-
ingly incorporated RWE into their decision-making 
[12,13], as the efforts of the EMA to establish the Data 
Analysis and Real-World Interrogation Network of the 
European Union (DARWIN EU) [14] have clearly de-
monstrated. Pharmaceutical companies have also ra-
pidly expanded their reliance on RWE as a tool to 
support the market access of the drugs they develop [15]. 
Additionally, many initiatives have been launched to 
harness the knowledge embedded within RWD. For 
example, under IMI’s Big Data For Better Outcomes 
(BD4BO) programme [16] and the Horizon Europe 
framework, numerous projects have been set up to sti-
mulate and facilitate the exploitation of these data, in-
cluding, besides EHDEN [11], PIONEER [17], 
HARMONY [18] and IDEA4RC [19]. The GetReal 
Institute [20], an offshoot of another IMI project, strives 
to enhance the credibility of RWE by identifying best 
practices for the collection and analysis of RWD and by 
fostering collaboration between stakeholders.

In the field of oncology, where the emergence of the 
precision medicine model has complicated the setup and 
execution of large and rigorously designed RCTs, reg-
ulatory agencies like EMA and FDA have resorted to 
granting marketing authorisations to novel anticancer 
agents based on their performance in relatively small 
trials, which may not employ randomisation or feature 
any comparator arms at all [21]. More concretely, over 
the past 20 years, the FDA has approved 176 indica-
tions for such agents exclusively on the basis of insights 
acquired from single-arm studies [22]. As a result, un-
certainties usually remain about the effects of these 
products on patients’ quality of life and overall survival 
at the time of their approval by regulators [23]. In ad-
dition, questions surrounding their optimal integration 
into the available armamentarium of antineoplastic 
treatments are generally not addressed in the registra-
tional trials carried out by industry [24–26]. While RWD 
analyses continue to spark controversy with regularity, 
it has been suggested that they can help fill at least some 

of the evidence gaps with which downstream decision- 
makers such as health technology assessment (HTA) 
bodies and clinicians are currently faced [27–29]. 
Moreover, patients broadly appear to have favourable 
opinions of RWE, expressing willingness to contribute 
to its generation, under certain conditions [30]. In light 
of the growing importance of RWD for the develop-
ment of antitumor therapies of all types (not just 
pharmacotherapy, but surgery and radiotherapy too) 
[31,32], the role that data of this kind can play in cancer 
clinical research warrants further scrutiny. Here, we aim 
to define that role from an academic viewpoint, namely 
the one of the European Organisation for Research and 
Treatment of Cancer (EORTC).

2. RWD versus RCT-derived data: a false dichotomy

RWD studies are commonly juxtaposed against RCTs 
in the literature [33–36], with comparisons between the 
two mainly centring around the relative strength of the 
evidence they yield. In these comparisons, RCTs in-
variably prevail due to their inherent methodological 
robustness. By including a control group and leaving 
treatment allocation up to random chance rather than 
deliberate choice, the RCT design eliminates the need to 
manage the impact of confounders, no matter whether 
they are known or not [33,37]. Even though treatment 
effects can be validly estimated from non-randomised 
data when confounding factors are correctly adjusted 
for, there are no guarantees that all of these factors will 
be identified and measured [33,37], and erroneous con-
clusions may therefore be drawn from RWD analyses. 
Additionally, in RCTs, the research data are standardly 
collected in a prospective manner, which ensures that 
they are fit for purpose and allows for their quality to be 
safeguarded [38]. As RWD are oftentimes sourced from 
existing datasets that were only created to support the 
provision of care to patients, they may be of insufficient 
evidentiary value to deliver actionable RWE [2]. For 
instance, although regulators require information on 
both the benefits and the risks of the drugs they evaluate 
[39], many registries, unlike RCT-linked databases, do 
not record in detail the toxicities experienced by the 
individuals whose data they capture, nor the co-
morbidities these people suffer from [40]. This also 
makes it challenging to offer tailored therapies to pa-
tients, especially if they are elderly, as the case of acute 
myeloid leukaemia shows [41].

However, the supposed dichotomy between RWD 
and RCT-derived data should be considered a false one: 
in reality, depending on how they are set up, RCTs can 
be RWD studies themselves and produce RWE [42]. For 
example, pragmatic trials try to emulate the circum-
stances under which an investigational intervention 
would be administered in clinical practice by, among 
other things, employing more relaxed eligibility criteria 
to recruit a heterogeneous sample of participants, 
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reducing the number of study procedures to a minimum, 
and relying on healthcare infrastructure that is already 
in place to monitor therapeutic outcomes [43–46]. 
Consequently, such trials measure how well the inter-
vention in question works when it is applied in a real-life 
setting, providing a generalisable estimate of its effec-
tiveness in lieu of its efficacy. When RWE is obtained 
from comparative studies in which randomisation is 
used, it can be labelled randomised RWE, or R²WE for 
short. This R²WE may be seen as an enhanced version 
of RWE, representing the product of trials that combine 
the analytical rigour of RCTs with the inclusiveness of 
RWD research [37,47,48]. Similarly, randomised RWD 
or R²WD could be regarded as an augmented form of 
RWD. It should be noted here that R²WD studies may 
be subject to protocol deviations (e.g. non-adherence to 
treatment, loss to follow-up). When such deviations 
occur, the analysis of the data generated in these studies 
requires assumptions and adjustments similar to those 
needed for RWD analyses.

Nevertheless, RCTs are not always ethically or 
practically feasible to undertake, or may still be under 
way at the time decisions need to be made about the 
treatments they investigate. In situations where there is 
no R²WE to fall back on, RWE arising from observa-
tional RWD studies can be a valuable alternative 
[49,50], with the caveat that one should be cautious 
about adopting new therapies based on such evidence 
alone, given its susceptibility to bias [48,49]. The notion 
of abandoning RCTs as the gold standard methodology 
in this respect must thus be dismissed [37,48]. In fact, it 
can be argued that instead of doing away with RCTs, 
the focus should shift towards conducting more trials 
that are capable of R²WE generation [37,47,48]. On the 
other hand, in a scenario where an RCT has been per-
formed and its results have been published, these results 
can be used as benchmarks for non-interventional and 
non-randomised RWD analyses [51]. Failure of such 
analyses to replicate the findings of the RCT, even after 
explicitly emulating it, likely means insufficient data are 
available to correctly estimate the effect of interest [51]. 
Conversely, when the outcomes observed in the RWD 
studies and in the RCT approximate each other, the 
inferences from the trial can cautiously be extended to 
other patient populations or to longer follow-up sche-
dules [51]. The use of RWD to extend inferences from 
RCTs after benchmarking is key because it is not 
achievable to run long-term RCTs in all patient popu-
lations [51].

3. Defining the scope of applicability of RWD and R²WD

When a decision needs to be made on which methodo-
logical setup would be most suitable for answering a 
specific research question, the choice of study design 
should primarily be determined by the nature of this 
question. Different questions necessitate different 

approaches: while RWD analyses can for instance shed 
light on the performance of treatments in particular 
subpopulations of patients that were excluded from 
participating in any preceding trials [38,52], they may 
not be appropriate for assessing the effectiveness of 
these treatments relative to established standards of care 
[27,49]. As explained above, to replace an intervention 
that is routinely administered in clinical practice with a 
novel therapy, evidence from randomised head-to-head 
comparison studies justifying this substitution should 
ideally be available [48,49], potentially in the form of 
R²WE. It may not be possible though to deliver such 
evidence in situations where equipoise is no longer 
present and randomisation would therefore not be fea-
sible, for example when a new treatment shows very 
high levels of activity in a specific subpopulation of 
patients who would otherwise receive the standard 
of care.

The selection of a methodology that is congruent 
with the research question to be tackled can be guided 
by the following four factors (non-exhaustive list): 

• The study sample: is a population-level dataset required, or 
does a subset of patients suffice?

• The temporal character of the study: can data collection 
predate the design of the study by leveraging existing da-
tasets, or should the data be generated from scratch and 
collected only after the study has been set up?

• The delivery of the study treatment: do the conditions 
under which the treatment is delivered by investigators 
have to be controlled, or is it not necessary to intervene?

• The study purpose: does the study aim to formulate hy-
potheses, or to test them?

Table 1 details the scope of applicability of RWD 
and R²WD for a number of research questions based on 
these four factors.

4. The strategy of the EORTC

The EORTC is a not-for-profit organisation that has 
been carrying out independent and multidisciplinary 
clinical research in oncology for over 60 years, with the 
goal of improving cancer patients’ quality of life and 
overall survival. Since its founding, the EORTC has 
executed in excess of 1400 studies through its network of 
more than 3100 scientists working across 760 distinct 
institutions in 48 different countries [53]. Many 
EORTC-sponsored trials have led to major changes in 
oncological practice [54], and the instruments developed 
by the organisation to measure health-related quality of 
life in a standardised and validated manner have been 
widely adopted by stakeholders in the field [55].

Throughout its history, the EORTC has focused on 
making causal inferences about the effects of anti-
neoplastic therapies on patient outcomes by performing 
comparative studies [56,57], and more specifically, by 
setting up RCTs in all tumour types. Its trials, which are 
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designed to establish new standards of care, investigate 
not only pharmacological treatments like chemother-
apeutic and targeted agents, but also surgical and 
radiotherapeutic interventions. While the organisation 
maintains several cohorts as part of the SPECTA [58]
and E²-RADIatE [59] platforms, it has refrained from 
regularly engaging in RWD research, mostly because its 
purview does not extend to purely descriptive or pre-
dictive analyses [56,57].

However, recent innovations in data science (e.g. 
federated data infrastructures, artificial intelligence and 
machine learning applications, causal models) and the 
quickly evolving RWD landscape across most cancer 
domains have prompted the EORTC to rethink its po-
sition in this area and devise a strategy for contributing 
to the development of actionable RWE in the future, 
drawing on its rich experience with conducting academic 
RCTs. After surveying its members [29] and hosting a 
multidisciplinary workshop with participation of 

international subject matter experts and patient re-
presentatives, the organisation has decided to prioritise 
the execution of clinical trials that produce R²WE. The 
emphasis of its RWD research plans will therefore lie on 
randomised, interventional RWD studies which are 
undertaken in subsets of patients for hypothesis-testing 
purposes and whose design predates their collection of 
data (Table 2). Only when randomisation is impossible 
to implement, will the EORTC consider running non- 
randomised or observational RWD analyses.

Regardless of whether they are capable of yielding 
RWE, EORTC trials will continue to be initiated with 
the chief aim of delivering evidence that can underpin 
the adoption of novel therapeutic approaches into the 
clinic. The organisation may nonetheless launch RWD 
studies whose results would provide additional in-
formation on treatments that are already in common 
use if these studies are intended to answer a clinically 
relevant, patient-centred research question which an 

Table 1 
Overview of the optimal methodologies to address specific research questions. 

Research question Study sample Temporal 
character of 
study

Delivery of study 
treatment

Study purpose Optimal 
methodology

Is treatment A better than 
treatment B in terms of 
improving patient 
outcomes?

Subset Study design 
predates data 
collection

Interventional Hypothesis- 
testing/ 
confirmatory

Traditional RCT 
or R²WD study

Is treatment A given in a 
lower dose equally 
effective as treatment A 
given in a standard dose 
in terms of improving 
patient outcomes?

Subset Study design 
predates data 
collection

Interventional Hypothesis- 
testing/ 
confirmatory

Traditional RCT 
or R²WD study

Is treatment A given 
intermittently equally 
effective as treatment A 
given continuously in 
terms of improving 
patient outcomes?

Subset Study design 
predates data 
collection

Interventional Hypothesis- 
testing/ 
confirmatory

Traditional RCT 
or R²WD study

Is treatment A given for a 
limited duration of time 
equally effective as 
treatment A given 
lifelong in terms of 
improving patient 
outcomes?

Subset Study design 
predates data 
collection

Interventional Hypothesis- 
testing/ 
confirmatory

Traditional RCT 
or R²WD study

To what extent has 
treatment A been taken 
up by clinicians?

Population Data collection 
predates study 
design

Observational Hypothesis- 
generating/ 
exploratory

RWD study

What has been the impact 
of treatment A on 
patient outcomes in the 
general population?

Population Data collection 
predates study 
design

Observational Hypothesis- 
generating/ 
exploratory

RWD study

To what extent does 
treatment A improve 
patient outcomes in a 
specific subpopulation?

Subset Study design 
predates data 
collection or data 
collection 
predates study 
design

Observational or 
interventional

Hypothesis- 
generating/ 
exploratory

RWD study or 
R²WD study
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RCT would be unable to tackle. In the absence of such a 
question, the EORTC will likely forgo collecting RWD, 
unless the knowledge that would be acquired from their 
analysis is needed to sustain its scientific agenda. In 
general, the organisation will exclusively work with 
high-quality and auditable RWD.

More concretely, when designing a study in which 
RWD will be analysed, the EORTC will give precedence 
to the research methodologies shown in Fig. 1. Trials 
that can generate R²WE will play a key role in its RWD 
strategy. These include both pragmatic trials (Fig. 1B) 
[43–46] and cohort multiple RCTs (cmRCTs), which are 
studies that employ the trials-within-cohorts (TwiCs) 
setup (Fig. 1C) [60–62]. In cmRCTs or TwiCs studies, a 
random selection of eligible patients that are part of a 
large prospective cohort are offered the choice to receive 
the investigational intervention, while the other parti-
cipants satisfying the eligibility criteria are given usual 
care and constitute the study’s control group, not being 
informed of the fact that a trial is in progress. Since the 
cohort is integrated into clinical practice, the evidence 
that is derived from cmRCTs can be categorised as 
R²WE. The EORTC is currently planning to undertake 
a TwiCs study that builds on its OligoCare cohort [63].

Besides interventional R²WD studies, the EORTC 
may elect to carry out observational RWD analyses 
when treatment allocation cannot feasibly be rando-
mised. In such circumstances, the target trial principle 
will be followed, meaning that the design of the RWD 
study to be performed will mimic that of a hypothetical 
RCT which addresses the same research question 
(Fig. 1D) [64–66]. This involves preparing an extensive 
protocol beforehand that outlines the study’s 

Table 2 
Focus of the EORTC’s future RWD research. 

Factor Focus of 
EORTC RWD 
research

Study sample Subset
Temporal 

character of 
study

Study design 
predates data 
collection

Delivery of study 
treatment

Interventional 
(preferably) or 
observational (if 
interventional 
not possible)

Study purpose Hypothesis- 
testing/ 
confirmatory

Type of RWD R²WD 
(preferably) or 
RWD (if R²WD 
not possible)

Fig. 1. Schematic overview of the methodological designs of (A) a traditional RCT, (B) a pragmatic trial, (C) a cmRCT, (D) an RCT with 
an add-on cohort, and (E) an observational study emulating a hypothetical target trial. R = randomisation; PC = physician’s choice. Note 
the difference in the size of the eligible population between (A) and (B).
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methodological characteristics, including the inclusion 
and exclusion criteria used, the end-points assessed, and 
the statistical tests conducted. The emulation of the 
target trial, which should be pragmatic in nature, re-
quires that (A) the start of follow-up (also known as 
time zero) coincides with the determination of patient 
eligibility and the assignment of the intervention (to 
prevent immortal time bias and selection bias), and (B) 
confounders are adjusted for as much as pos-
sible [64–66].

In addition, the EORTC will evaluate the possibility of 
recruiting individuals who do not take part in its future 
trials into concurrent add-on cohorts which are monitored 
alongside the participants of each new study (Fig. 1E). 
Patients in these cohorts are subjected to the same or si-
milar procedures by the same doctors in the same in-
stitutions across the same time interval as their 
counterparts in the RCT that is taking place in parallel. 
Consequently, such cohorts represent a source of con-
temporary RWD that despite originating from a highly 
specialised setting can contextualise the data from the 
accompanying trial, which could then be labelled as an 
augmented RCT [67]. For example, the investigators of the 
EORTC-sponsored STRASS study [68], which examined 
whether adding preoperative radiotherapy to surgery can 
improve abdominal recurrence-free survival compared to 
surgery alone in primary retroperitoneal sarcoma (RPS), 
retrospectively assembled a cohort of patients (STREXIT) 
who did not join the trial but were administered care 
identical to that received by STRASS participants, with 
many being treated according to the radiation schedule 
studied in the RCT [69]. This allowed for comparisons to 
be made between the outcomes of on- and off-trial pa-
tients. Furthermore, upon merging the STRASS and ad-
justed STREXIT datasets, it became possible to execute 
relevant subgroup analyses due to the cohort’s large size. 
Going forward, add-on cohorts like STREXIT will be set 
up prospectively by the EORTC. Recently, the organisa-
tion has acquired European funding for the launch of the 
STREXIT2 prospective add-on cohort within the context 
of the STRASS2 trial, which investigates whether neoad-
juvant chemotherapy can benefit high-risk RPS patients 
[70]. It should be highlighted that securing sufficient funds 
to run large-scale, international RWD or R²WD studies 
can be extremely challenging.

The EORTC operates in a complex, multi-stakeholder 
environment, and its clinical research portfolio reflects this 
by comprising trials that are designed to resolve un-
certainties with which patients, clinicians and HTA bodies 
are confronted. RWD studies undertaken by the organi-
sation will also be initiated with this objective in mind, 
irrespective of the methodology employed.

5. Conclusions

RWD are increasingly being incorporated into cancer 
clinical research, often being characterised as an 

alternative source of evidence to support the decision- 
making of regulators, payers and clinicians. Until now, 
RWD studies in oncology have mainly relied on the 
collection and analysis of observational data, which can 
offer valuable insights into the real-world conditions in 
which antitumor treatments are applied. However, given 
the inherent methodological limitations of such data, 
their quality may sometimes be too low to yield ac-
tionable RWE. Certain research questions require a 
different approach, as they can likely only be con-
clusively answered through the conduct of RCTs. 
Hybrid methodologies that combine the strengths of 
both RCTs and RWD studies may be able to address 
these questions by producing R²WE, which can be re-
garded as an enhanced form of RWE. Recognising this, 
the EORTC has devised a strategy for contributing to 
the generation of R²WE by prioritising the execution of 
pragmatic trials and cmRCTs in the future. In situations 
where randomisation cannot be implemented for prac-
tical or ethical reasons, the organisation will consider 
setting up non-randomised RWD studies adhering to 
the target trial principle, if circumstances permit. 
Moreover, the possibility of assembling add-on cohorts 
running synchronously with new EORTC trials will be 
explored on a case-by-case basis. Ultimately, the study 
design used should always be determined by the nature 
of the research question to be tackled.
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