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Summary and general discussion

Summary

This thesis aimed to address challenges in the evidence base for medical decision-making, focusing on
various stages within the research enterprise, from designing and executing studies to their translation in
decision-making. Specifically, we examined potential optimism in sample size calculations of trial protocols
and the role of research ethics committees (RECs) in evaluating them, identified predictors of premature
trial termination, and assessed publication rates of small trials as well as potential predictors. Additionally,
we identified factors that determine the need for real-world evidence (RWE) to inform market approval
and reimbursement decisions. By tackling the abovementioned issues, this thesis aimed to contribute to
improving the quality and efficiency of medical research.

The first area of investigation in this thesis concerned sample size calculations in clinical trials. Realistic
assumptions regarding expected treatment effects are important to design adequately powered studies and
prevent inconclusive results. However, in line with previous literature,' we found that hypothesised effect
sizes in sample size calculations of clinical trials were often optimistic, with the majority of trials (80%)
finding treatment effects that were smaller than expected. While RECs review sample size calculations, our
findings indicate that requests for justification of assumptions regarding effect sizes are limited. About 1 in
5 trials received REC comments on sample size, and these primarily concerned calculation errors rather
than the plausibility of hypothesised effect sizes. When modifications were made during ethics review, they
led to a relevant reduction of the hypothesised effect size for only one trial. Notably, industry sponsored
trials appeared to have very little to no overestimation, in contrast to investigator initiated trials.

Another important issue contributing to inconclusive results and research waste is early trial termination.
Similar to other studies,”® we found that approximately one-third of clinical trials terminate prematurely,
with recruitment failure being the most common reason. Several characteristics were associated with early
termination, including multicentre designs and investigator sponsorship, the latter of which was specifically
linked to recruitment failure. Possibly, academic investigators may have less access to resources and
dedicated personnel to optimise recruitment, and may be more optimistic in estimating recruitment rates
due to lack of experience and empirical data / pilot data compared to industry. In a qualitative study, overly
optimistic recruitment rates, narrow eligibility criteria, lack of engagement and cooperation between the
trial team and recruiters, lack of competence and experience, and insufficient initial funding were most
often mentioned by various stakeholders as reasons for recruitment failure.” Interestingly, we found that
elements of the ethics review process, such as the number and type of comments raised by REC reviewers,
appeared predictive of early trial termination. This suggests that ethics review could serve as an early warning
system to identify trials at high risk of failing, potentially allowing for preventive measures such as feasibility
assessments or study design modifications.

We also examined the dissemination of clinical trial results, particularly focusing on small trials (cut-off
arbitrarily set at fewer than 150 participants), which may be at higher risk of non-publication. Our research
found that 30% of these trials did not disseminate their results (neither in a peer-reviewed journal or on
the trial record), and that publication rates appear to stagnate after 5 years of follow-up since trial
completion. The median time-to-publication of 3.4 years in our study of small trials was longer compared
to a recent large meta-analysis investigating publication rates in trials of all sizes (median time-to-
publication of 2.1 years).® Notably, we found that small trials that were not able to recruit their planned
sample size, had an increased risk of not disseminating their results. These findings illustrate how issues
during one research stage (i.e., trial planning and conduct) likely affect subsequent stages (e.g., publication),
and further emphasises the need to reduce premature trial terminations.

Finally, we investigated the evolving role and need for RWE in regulatory and health technology assessment
(HTA) decision-making. Through literature reviews and stakeholder interviews, we identified factors that
increase the necessity and desirability of RWE to inform market approval and reimbursement decisions,
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respectively. The need for RWE depended on two pillars; namely (1) the questions needing to be addressed
to facilitate decision-making, and (2) contextual factors related to the feasibility of traditional trials, their
ethics considerations, limitations of available evidence, and disease-specific circumstances. We found that
the contextual factors influencing the need for RWE were similar for market approval and reimbursement
decisions, but factors related to the first pillar differed. Reimbursement decisions typically require a broader
scope of questions needing to be addressed in comparison to market approval decisions, such as those related
to comparative effectiveness, costs, treatment implementation and quality of care. This leads to different
evidence requirements between both decision-making domains, and likely an inherently greater need for
RWE for HTA bodies. The current findings could help streamline evidence generation for both decision-
making domains, and provide a starting point for weighing different types of evidence in decision-making
processes.

Strengths and limitations

While each study of this thesis has its own strengths and weaknesses, there are also several that relate to the
thesis as a whole. A key strength is its broad scope, examining multiple stages of the medical research
enterprise, which contributes to a comprehensive perspective on the challenges in the evidence base for
medical decision-making. We also made use of unique data sources, including stakeholder perspectives and
RECs documents, the latter of which has been relatively underutilised in research and provided novel
insights. Moreover, we integrated diverse methodologies, including literature reviews, stakeholder
interviews, publicly available data (e.g., trial registries and publications), and confidential REC data.

However, some limitations should be acknowledged. As with all research, our analyses were limited by the
quality of the underlying data. Some data sources contained or may have contained missing data (e.g., trial
records, trial completion status, stakeholders responses), and some were subject to potential misclassification,
subjective interpretation (e.g., thematic analysis of interviews, categorisation of REC comments) or limited
generalisability (comments of one Dutch REC). Additionally, while we identified potential predictors of
trial outcomes (e.g., early termination, publication), these do not imply causality. Most studies were
exploratory in nature, with no adjustment for multiple testing and fairly small sample sizes, which may have
resulted in false-positive and false-negative findings, and should thus be confirmed in future studies. And
although we discussed the role of RWE in decision-making, we did not solve one of epidemiology’s ultimate
challenges: how to be certain that a non-randomised study yields valid results.

Recommendations

Improving the quality of the evidence base for medical decision-making and reducing research waste
requires a concerted effort from all stakeholders involved in the research enterprise. As highlighted in prior

914 a cultural shift is necessary to move away from an emphasis on research quantity towards

calls for reform,
promoting research that is clinically relevant, methodologically robust, and accessible. Relying solely on
individual researchers to self-regulate is apparently insufficient. Instead, external incentives are necessary to
move towards these goals. Entities with gatekeeping functions, including research funders, RECs, journal
editors, and authorities such as regulatory agencies, HTA bodies, and governments, could provide these

external incentives. In this thesis, we primarily focused on RECs, regulatory agencies, and HTA bodies.

Some external incentives have already led to positive developments. To improve identifiability and
transparency of clinical trials and mitigate publication bias, trial registries have been established since the
early 2000s, with trial registration mandated by various gatekeepers, including certain funders, RECs,
regulatory authorities (e.g., EMA, FDA — for regulated interventions such as medicines), and journal
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editors.”>"” Trial records serve as a valuable resource for identifying trials and accessing their results,
regardless of publication status.'® Similarly, online repositories (e.g., medRxiv, osf.io) provide platforms for
preregistering study protocols, disseminating findings, and sharing data across all study types on a voluntary
basis. Although often criticised for a lack of peer review, online repositories function essentially similarly to
trial registries. Nonetheless, certain challenges remain. Trial registration requirements are primarily
enforced by regulatory authorities and only for regulated interventions, leading to gaps in registration for
non-regulated interventions (e.g., surgical or behavioural studies).””" Additionally, retrospective
registration, outdated trial records, poor data quality including missing protocol and outcome information,
are widespread issues that undermine the usefulness of these registries.? Stricter reinforcement (e.g., beyond
regulated interventions), as well as broadening of registration requirements (e.g., update of the trial record
during potential amendments and upon study completion) may be necessary to overcome these issues.

Further structural changes are necessary to reduce research waste and improve the quality of the evidence
base for medical decision-making. The following recommendations, largely informed by the findings in this
thesis, outline potential improvements across several key gatekeepers and research stages.

Research Ethics Committees

Although overestimation of treatment effects in sample size calculations is common, and justifications for
chosen parameters are often missing from protocols, REC reviewers appear to rarely challenge or request
justifications for chosen parameters. To help reduce underpowered studies and inconclusive results, RECs
may consider to put increased emphasis on the plausibility of hypothesised effect sizes in trial protocols,
particularly for investigator-initiated trials.

Similarly, trial feasibility is currently not a key focus of ethics review, while early terminations, particularly
due to recruitment failure, are frequent. RECs may consider to play a more proactive role in assessing
feasibility — for example, by critically appraising the plausibility of recruitment projections, eligibility criteria,
and resource availability (e.g., funding, experienced personnel). If not clearly reported in the protocol, RECs
may request estimates of the available population, expected recruitment rates, and supporting data.
Increased emphasis on these aspects might be helpful in reducing preventable early terminations.

Moreover, although Dutch RECs require annual study updates and final result submissions within one year
of study completion, adherence to these requirements appears low — we found that less than half of the
trials investigated in this thesis were compliant. Currently, it seems investigators are only sent reminders
incidentally. Furthermore, while trial protocols must contain a section on public results dissemination,
there is no follow-up. RECs should actively urge investigators to comply with these rules on a systematic
basis, including regarding the public dissemination of study results. Automated systems could facilitate this
without increasing workload for RECs. Proactive follow-up could help improve adherence and might
increase timely publication of study results on at least a trial record.

Funders

Funding mechanisms play a critical role in research quality and feasibility. As outlined earlier, a shift is
necessary from an emphasis on research quantity towards promoting research that is clinically relevant,
methodologically robust, and accessible. In alignment with these goals, and to improve the likelihood that
studies will succeed, funders should consider funding fewer studies and incorporating stricter criteria for
grant allocation, but increase the financial support per study.

Regulators and HTA Bodies

Regulatory and HTA decision-making increasingly relies on RWE, and authorities, including EMA,
continue to develop important guidance on methodological and data considerations for its use.?"** While
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EMA is exploring use cases of regulatory-led RWE studies in its RWE framework,? the specific
circumstances in which RWE is desired by decision-makers, as well as in what form, remain insufficiently
defined in current guidance documents aimed at sponsors, particularly in the context of market approval
decisions. Potentially utilising this thesis’ findings, regulatory authorities should outline these circumstances
so that sponsors may better respond to decision-makers evidence requirements. This may similarly include
circumstances in which RWE studies may not be sufficient or desired to inform market approval and/or
reimbursement decisions.

Additionally, the framework developed in this thesis for assessing the need for RWE may have broader
applications beyond regulatory and HTA decision-making. Other healthcare policy areas, such as screening
programs, also often require integration of multiple evidence types (e.g., RCTs, non-randomised RWE
studies). Expanding this framework to other domains may be helpful to determine evidence requirements
and improve transparency and consistency in evidence appraisal across decision-making areas.

Future research

The findings of this thesis provide valuable insights that contribute towards improving the quality of the
evidence base for medical decision-making. However, most studies were exploratory in nature and had
limited generalisability (e.g., focusing on the ethics review process of a single Dutch REC), necessitating
future research to validate these findings in broader contexts. Additionally, while we identified factors
determining the need for RWE in decision-making, these represent only one part of the complex process
of weighing different types of evidence. As such, several areas require further investigation.

Firstly, the studies on sample size calculations and early trial termination could be replicated on a larger
scale, involving multiple RECs across different regions and countries, to validate and expand upon our
findings. The results of these studies could inform the development of predictive models to assess the
probability of early trial termination at time of ethics review. Such models could help RECs identify high-
risk studies and implement targeted preventive measures (e.g., feasibility checks, recommendations for study
design modifications or acquiring additional funding).

Secondly, the development of predictive models could also be extended to other outcomes, such as delays
in trial execution or non-publication of study results. Similarly, this approach could be applied earlier in
the research process, at the funding stage. If elements of research proposals and their review process for
funding are predictive of future trial success, funders could consider integrating these findings into grant
allocation strategies (e.g., grant size, timing of disbursement, follow-up or management strategies) to help
reduce research waste.

Thirdly, qualitative studies could provide further insight into how academic investigators determine
hypothesised effect sizes used in sample size calculations. The protocols assessed in this thesis only provide
a limited view on this process. Anecdotal evidence suggests that researchers adapt sample size parameters in
order to achieve a feasible sample size, rather than according to clinical relevance, leading to sample sizes
that are practically feasible but from an ethical point of view are too small. Qualitative studies may be useful
to determine whether this phenomenon, also referred to as “sample size samba”,?* indeed occurs, and
whether the selection of overly optimistic hypothesised effects is primarily driven by feasibility constraints,
optimism bias, or lack of knowledge regarding the potential consequences of overly optimistic parameters.
This information could help inform potential strategies to improve sample size calculations of study
protocols (e.g., educational interventions).

Fourthly, further research is needed on the role of RWE in regulatory and HTA decision-making. While
this thesis identified factors determining the need for RWE, their relative importance is unclear. It is likely
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that certain factors are more influential than others, and factors likely interact with each other. Future
studies could assess their relative importance to further clarify the need for RWE in decision-making.

Finally, our findings suggest there is no formal framework used by regulators to appraise heterogeneous
types of evidence. Future studies could further investigate how decision-making is currently done by
regulatory authorities. Are different types of evidence indeed weighed implicitly, and what are potential
consequences for resulting decisions (e.g., inconsistencies, transparency)? This research could help build
towards the development of a framework for evidence appraisal, which integrates relevant aspects for
weighing (e.g., methodological quality, data quality, need for RWE, consequences decision), to increase
consistency and transparency in decision-making.

Conclusion

This thesis investigated several challenges in the research enterprise that undermine the quality of the
evidence base for medical decision-making. We focused on various stages within the research enterprise,
from designing and executing studies towards their translation in decision-making. Treatment effects in
sample size calculations are often overestimated, early trial termination — particularly due to recruitment
failure — is common, and small trials frequently go unpublished. As RECs review trial protocols before
initiation, they have the potential to influence trial outcomes. Our findings suggest RECs could take a more
proactive role in scrutinising the plausibility of hypothesised effects in sample size calculations and
encourage result dissemination. Moreover, ethics review characteristics appear predictive of premature trial
termination, highlighting an opportunity to identify high-risk trials early. Building upon the findings in
this thesis, future studies could explore the development of prediction models for trial termination, allowing
for potential targeted preventive measures to reduce this risk. Finally, we identified factors that determine
the need for RWE in regulatory and HTA decision-making. These findings could be used to help clarify
evidence requirements by decision-makers, and might serve as a first step towards a decision-making
framework to systematically evaluate heterogeneous types of evidence.
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