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PROLOGUE

On March 13 2006, six healthy volunteers aged between 18 and 40 years were
infused with a promising experimental drug, the so-called CD28 super-agonist
Tegenero (TGN) 1412. It was the first time that the drug was tested in humans.
Two other participants received sham (placebo) injections. This innovative mono-
clonal antibody was developed to modulate the immune system in diseases due to
chronic inflammation in various organ systems and hematological malignancies.
Soon after the infusion, the six active drug recipients reported some worrying
signs of headaches, rigors and myalgia. Other symptoms worsened quickly,
including hypotension, tachycardia and fever. Three hours after the infusion,
all alarms went off and the first high dose of corticosteroids was given. It was
unfortunately only the beginning of the disease episode for these six young men,
as it was followed by multi-organ failure and admission to an IC-unit for several
weeks. They were eventually discharged with irreversible peripheral necrosis
(charcoaled fingers) for one participant and a prolonged hematological and im-
munological recovery for all six who received TGN1412.

The TGN1412 disaster, caused by overdose, is the nightmare of each investiga-
tor conducting clinical trials on experimental, innovative drugs. Its aftermath
produced several reports and recommendations, ranging from new European
guidelines on conducting first in man (FIM) trials to the rather obvious recom-
mendation that not all participants in a first in man trial should be treated with
an experimental drug at the same time. Notwithstanding the reasonable point
that the most cautious approach possible should be used when testing drug
prototypes, the number of participants receiving TGN1412 in a 500-fold overdose
is six or one does not alleviate the suffering for the exposed individual(s). It
turned out that the health of these six participants was compromised because of
some serious deficits of clinical research not limited to the TGN1412 trial. The
TGN1412-disaster gave rise to some critical questions. Are clinical trials actually
designed and conducted in a responsible way? Do they provide us with the right
answers to the right questions? And are participants in trials sufficiently pro-
tected for risks associated with testing unknown effects of new drugs? Clinical
investigators, pharmaceutical companies, regulators employed by governments,
journal editors, and trial participants might respond differently, but that these
questions are still relevant 10 years after TGN1412 is very clear. Early 2016, a
healthy volunteer did not survive a first in man trial with the compound BIA
10-2474, again due to overdose. This thesis aims to elucidate these challenges,
in order to diagnose, and ultimately improve and sustain, the survival of clinical

drug research.
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SHORT OVERVIEW OF CLINICAL TRIAL EVOLUTION

Over the course of the twentieth century, clinical trials have become the gold
standard for the evaluation of the effects of drugs in patients'. In modern society,
doctors seek evidence from clinical trials to base their decisions on with regard to
diagnosis and therapy. Furthermore, clinical trials are required for companies to
obtain a license for their drug products. Medical practice has evolved to evidence
based medicine, which places the randomized controlled trial (RCTs) and meta-
analyses of RCTs on top of the hierarchy of evidence’. RCTs are considered as
the most definitive, unbiased and preferable source to address clinical questions
such as whether drugs should be used to treat patients with a given disease®.

The emergence of the modern clinical trial' started in the Renaissance, around
the 16" century. In this period, the groundwork of the modern (health) sciences
was established, prioritizing experimental above anecdotal evidence. Several
physicians, among which James Lind perhaps the most famous®, started to con-
duct medical experiments to cure or prevent common diseases.

However, it would take the RCT until the 20* century to become common practice
and the basis of health policy decision making. It proved its value when a research
group (among which the statistician Austin Bradford Hill, 1897-1991) under the
auspices of the British Medical Research Council successfully established the ef-
fectiveness of streptomycin and antibiotic supplementation against tuberculosis
and tuberculosis resistance®. The findings of these trials were of direct benefit
to clinical practice’. Meanwhile in the USA, Jonas Salk (1914-1995) successfully
tested his killed virus polio vaccine, using a school for mentally incapacitated
children in Pennsylvania as recruitment site for the first in man trial (informed
consent was negotiated with state lawyers), and subsequently conducted a large-
scale double-blind randomized field trial, involving 1.6 million children®®. RCTs
proved their value to demonstrate the therapeutic effect of drugs and governments
adopted legislation® that benefit-risk profiles of new drugs should be substantiated

by RCTs before companies could sell them on the market.

Comprehensively investigated by Dr. Laura Bothwell in The emergence of the randomized
controlled trial: origins to 1980. (Ph.D. thesis. New York: Columbia University, 2014.)

Named after this famous Scottish navy doctor, the James Lind Library is a comprehensive
online source of historical documents describing key developments of clinical trials (www.
jameslindlibrary.org).

*  For example, the Kefauver-Harris Amendment (1962) in the US and the “Wet op de Genees-
middelenvoorziening” (Drug Provision Act) in the Netherlands (enacted in 1958, coming into
effect in 1963).
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It became also clear that the conduct of clinical trials themselves also needed
governance. Cases of unethical behavior, most notably the practices of the Nazi
doctors in the concentration camps and the Tuskegee syphilis trial in the South-
ern United States pointed out that governance was needed to protect the people
taking part in clinical trials’. Henry Beecher (1904-1976) described 22 more
subtle examples of unethical clinical research, thereby underscoring the need for
independent ethical review of studies involving humans'®. The tension between
science and ethics was recognized by the community, resulting in several ethical
guidelines for clinical research (Nuremberg Code''?, Declaration of Helsinki'®,
Belmont Report'*), as well as legislation around the world requiring that inves-
tigators should follow these guidelines. The main message of these guidelines
was that the informed consent, integrity, and (medical) interests of individual
participants® involved in medical research should always trump the interests
of the medical or scientific community. Institutional Review Boards (IRBs), or
medical research ethics committees®, were established, whose approval was
required for all trials to be conducted in its hospital or research center. In the
Netherlands, the first IRBs became operational around 1970, after the Dutch
Health Council advised the Dutch government in 1955 on the importance of
research ethics, study design, and adequate processing (integrity) of research
data’®. National requirements for clinical trials and IRBs were enshrined in the
Dutch law in 1999. At the same time, a national authority for the accreditation of
IRBs became operational: the Central Committee on Research Involving Human
Subjects (Dutch abbreviation: CCMO). To harmonize the review process of drug
trials in the increasingly globalized setting of science and drug development,

1'%, Furthermore, the

guidelines were implemented on the level of the EU as wel
International Conference on Harmonization (ICH) established the Good Clinical
Practice ICH-GCP) guideline, which aimed to set standards for clinical trials
regarding ethical aspects and integrity of data for the three main markets the

USA, EU, and Japan'’.

Humans involved in clinical trials can be referred to as subjects, participants, volunteers,
or in case they are included based on their disease, as patients. These definitions can be
considered as more or less equivalent. For consistency purposes, participants will be used
throughout this thesis. Participant highlights the role of the involved humans most ap-
propriately with respect to the informed consent principle.

> Institutional Review Board (IRB) and Medical Research Ethics Committee (MREC) can both
be used to describe expert groups that review the quality of the study protocol and whether
the risks and burdens of a trial are proportionate to its benefits. IRB is the terminology used
throughout the USA, whereas MREC is more common in some other parts of the world. IRB
is the term used in this thesis.

1
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THE FATE OF A TRIAL

Whether a clinical trial is an expensive, multimillion-dollar enterprise, involving
centers, participants, regulators and investors around the world, or a small-scale
academic initiative, all are designed with the intention to answer a clinical
question of interest to the investigator. This question may be related to the ef-
ficacy of a new drug, toxicity, pharmacokinetics and -dynamics, biomarkers, or
precision medicine. Furthermore, the rationale leading to this question can be
purely driven by scientific or clinical curiosity, or can also be part of product
development of a pharmaceutical company, to contribute to the licensing process.
We can thus speak of the “scientific fate” of a trial, which concerns whether the
trial has provided an answer to the research question. In addition to the scientific
fate, trials conducted by the pharmaceutical industry also have a “(business)
development” fate. This fate concerns whether the results of the trial support
further development and marketing authorization of the drug. Failure to develop
a marketable drug in the clinical phase of drug development means a heavy
financial setback for the company.

The reason for distinguishing between the scientific and development fate
of a trial is that the scientific fate should be independent of the direction (or
magnitude) of the results, and that the development fate is determined by the
direction of the results. If a trial demonstrates that a drug is not effective over
placebo against the disease of interest, this may determine a disappointing
development fate: the drug cannot be licensed for marketing. A disappointing
development fate should not preclude the scientific fate of the trial from being
completed and published in the literature. When evaluating the fate of drug
trials, distinguishing between scientific failure, when the trial is discontinued
or not reported, and development failure, when the trial shows no beneficial ef-
fect of the drug of interest, is of essence, as their causes and implications are
different. Development failure in the clinical stage means loss of investment to
the company and deferred hope for patients in need of new therapies. Although
these consequences are highly unfortunate, such failures are part of the process.
If a trial fails to provide an answer to the research question (or, fails to provide
explanation why it did not find the answer), the investments in the trial are
wasted and participants unnecessarily recruited and exposed to risks. Thus, the
evaluation of the scientific fate of a trial should be, unlike the development fate,
disconnected from the direction of results.
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Conception of relevant research question

!

Translation of idea to appropriate design and
methods

|

Appropriate conduct: recruitment and follow-up
carried out according to the protocol

.

Reporting

Scientific fate: (scientific) publication reporting

all relevant aspect, thereby providing the Development fate: successful marketing
answer to the research question (micro-level); (authorization) of drug product

contributing to body of knowledge (macro-level)

FIGURE 1.1 Framework for the optimal fate of clinical drug trials (adapted from Chalmers & Glasziou').

Chalmers & Glasziou proposed a framework to identify research waste, which is
closely connected to the fate of trials. Their framework distinguishes four stages:
relevance of the research question, adequateness of the design and methods,
accessibility of the publication and the usability of the report'®. In addition to
these four stages, the actual conduct of the trial is also relevant when judging
the fate of a trial. Thus, adding the conduct as separate stage and merging the
accessibility and usability of report to ‘reporting’, the conceptual framework for
the fate of trials as illustrated in figure 1.1 will be used in this thesis.

A trial can only answer its research question if the right methods are chosen.
In general, IRBs review the trial protocol, thereby ensuring that important
choices regarding aspect such as control arms, randomization, blinding, use of
placebo, and sample size are chosen in line with the research question'’. Because
of the IRB-review, we assume that the methodology of the trials is fit for purpose.
However, for a particular type of trial, the first in man (FIM) trial, different
paradigms exist regarding what should be the primary research question, or pur-
pose. The classical view is that FIM trials should primarily aim to identify the
maximum dose at which no toxicity occurs. More recently, others have proposed
that the pharmacology (pharmacokinetics and —dynamics) should be the primary
objective of FIM trials®. From these differences follows that there may be differ-
ent views on the choice of methodology as well. This issue has received increased
attention since 2006 (see the prologue), where it became clear that the classical
view on FIM trials can increase the risk of safety events — by design. Ten years

13
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later, it became clear that progress has been insufficient, when a healthy volun-
teer died after participating in a FIM trial on the new fatty acid amide hydrolase
inhibitor BIA 10-2474. Regulatory authorities are currently increasingly adopt-
ing the pharmacologist view in their guidelines on FIM trials*.

Next, trials can find an answer to their research questions if they are conducted
and completed according to how they were designed. Completing a trial means
that the needed number of participants was recruited, allocated and exposed to
the test drugs, and gone through the planned follow-up procedures and measure-
ments. Discontinuation of a trial before the planned end of recruitment and/or
follow-up can imply that the research question cannot be answered, for example
when insufficient participants were recruited or when the outcomes were mea-
sured with insufficient follow-up. Thus, in certain cases, discontinuation can be a
suboptimal or even clearly unacceptable scientific fate of a clinical trial®.

The appropriate scientific fate of all trials is a transparent publication in which
all relevant aspects are reported and all results disclosed. If results of a trial are
not reported, nobody beyond the selective group of investigators and sponsor will
know the answer to the research question, and hence the fate of the trial is sci-
entific death. Redundant or even dangerous subsequent trials may be conducted
if investigators are unaware of previously conducted trials that have remained
unpublished. It becomes more concerning if results are not (or selectively) being
reported, depending on the direction or magnitude of the effect. This results in
publication bias, which refers to the phenomenon that trials with positive results
are more often published in the scientific literature than trials with negative
results. The harmful implications of publication bias are not difficult to deduct. If
the efficacy of drugs has been rejected by trials that have not been included in the
meta-analyses, guidelines, textbooks or conference meetings on which physicians
base the decision to treat (e.g. the recommendation to take a drug), this decision
is inevitably misinformed and patients are unrightfully harmed by side effects.
In 1645 the philosopher Francis Bacon already described the affection of scien-
tists with positive results as an intrinsic human characteristic, and added his
explicit disapproval of behaving according to this affection: “Yet it is a proper and
perpetual error in Humane Understanding, to be rather moved and stirred up by
affirmatives than by negatives, although in truth it ought to be indifferent to both:
Yet on the other hand the strength of a negative Instance is greater in constituting
every Axiom™*. In addition, fear of depreciation by sponsors and shareholders
can motivate companies and investigators to silence negative results about their
technology. A recent definition of publication bias is a “tendency to submit (...)
based on the direction or strength of findings’®. Signs of publication bias in the
medical literature were demonstrated by an investigation on drug applications to
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the Finnish and Swedish drug regulatory authorities in 1980%, Some years later
Dr. John Simes recognized the need for international trial registries to “reviewing

the clinical trial literature, which is free from publication bias’’

. However, pub-
lication bias turned out to be a persistent problem that has yet to be eradicated.
A case study by the Swedish regulatory authority on RCT's investigating the new
selective serotonin reuptake inhibitor antidepressants showed that most of the
RCTs with negative findings have never been published in the scientific litera-
ture®. Since the terminology of publication bias was established in the eighties
and nineties of the 20™ century, people started to work on solutions in the early
2000’s. Figure 1.2 shows the growing attention in literature towards publication
bias from that time. The proposal of John Simes was finally operationalized with
the launch of clinical trial registers where investigators could upload the design
of their trial as well as the results after the trial was completed. In 2007, the
Food and Drug Agency (FDA) made it mandatory for certain trials to use the trial
platform clinicaltrials.gov for uploading results. The Dutch government updated
legislation in 2011, which made the public sharing of trial results mandatory
unless there were “motivated objections”. Table 1.1 shows a list of global organi-
zations involved in clinical trials that have issued statements aiming to achieve
full reporting of all clinical trials in the public domain, demonstrating that the
importance of the scientific fate of clinical trials is broadly recognized.

The different types of trials play a vital role in the development lifecycle of
drug products, from (upstream) first in man trials until (downstream) post-
marketing®. Thus, the development fate of a trial is whether it contributes to
the lifecycle of a new or existing drug product. Before a drug can be marketed,
a comprehensive clinical data package needs to be submitted to the drug mar-
keting regulatory authorities (i.e. the regulatory product dossier), showing that
the drug is efficacious against its target disease and has an acceptable toxicity
profile. After the drug is licensed for marketing, the safety profile of the drug in
the target population is further matured, through prospective post-marketing
trials and observational studies. Efficacy in other patient populations can be in-
vestigated and, if successful, the marketing label can be extended. Furthermore,
drug products are after the initial marketing authorization assessed by payers
and health technology committees for their value in clinical practice, who also
need clinical evidence to base their assessment on.

15
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FIGURE 1.2 Publications indexed in PubMed under Mesh-term “Publication Bias” (date of search: 18 November 2016).

If the results of a trial do not favor the drug of interest, the further development
and lifecycle of the drug may consequently be terminated. Companies may also
disagree with the regulatory authorities on the interpretation of trial results,
leading to a negative regulatory decision on the marketing authorization or
reimbursement application. This can also mean termination of the lifecycle of
the drug product, or at least substantial delay. This type of development suc-
cess and failure of clinical drug development has been a topic of research in
several previous theses. For example, one thesis investigated factors that were
associated with success and failure in the initial marketing authorization ap-
plication of new drug products®. Other theses investigated how the lifecycle of

drug products continues once the market has been reached®-*

, or whether and
how the safety profile of new (biological) drug products is further established
in the post-marketing stage of the lifecycle®*®. These works have in common
the interest in success and failure in the development lifecycle of drugs, and
in the possibilities and limitations of the regulatory system and evidence-based
medicine to influence this. What this thesis intends to add, is to prevent waste
by focusing on the fate of drug trials, instead of drug products, drug side effects,
diseases, or regulatory procedures. The main measurements of the development
fate of trials will be inclusion in new marketing authorization application and

the outcome of the application procedure.
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TABLE 1.1 Selection of organizations and governments that have issued statements or legislation aiming at disclosure
of clinical trial results. References to the source documents are provided in the first column.

Statement-issuing organization Scope Position on reporting
World Health Organization * Allinterventional trials Public reporting in general
International Committee of Medical Journal All trials considered for publication  Reporting design in
Editors ¥/ in IMCJE-journal registers
European Medicines Agency * All clinical trials Public reporting in general
Food and Drug Administration / National B ) . o ) )

. ‘Applicable clinical trials” and all Reporting results in
Institutes of Health / US Department of Health } )

C sm0 NIH-funded trials registers

and Human Services ™
World Medical Association Declaration of . ! ) o

R All clinical trials Public reporting in general
Helsinki
International Federations representing the ) o o

P & Phase 3 trials Scientific publication

pharmaceutical industry

European Organisation for Research and ) Scientific publication and
o All EORTC trials
Treatment of Cancer other venues

RISK-BASED GOVERNANCE

As outlined above, governance of clinical trials is in place to ensure that no unac-
ceptable risks or burdens are imposed on the participants and that the data from
the trials can be trusted. Regulations for governance originated in the aftermath
of unethical research practices that affected vulnerable populations including

»397 " Governance was defined by Shaw

children, ethnic minorities and women
et al as “the system of administration and supervision through which research
is managed, participants and staff are protected, and accountability is assured.
Governance is not the remit of any single institution (indeed, a guiding principle
is that it is everyone’s business)”. Currently, ICH-GCP is the leading guideline
for governance in most countries'’.

In addition to IRBs, governments installed inspectorate agencies to monitor
compliance with ICH-GCP. These inspectorates (in the Netherlands, the Health-
care Inspectorate, abbreviated as IGZ) regularly visit clinical trial sites to check if
the data are collected, processed and stored according to an ICH-GCP compliant
plan. The decision regarding which trial site to visit can be made based on risk
assessment. The various clinical trials within the jurisdiction of the inspectorate
can be assessed and prioritized based on their risk profile, based on the idea that
the risk of GCP issues is not randomly distributed, but differentially concen-
trated. Therefore, the distribution of resources and attention of the regulators
should also not be random or equally distributed, but focused at the high end of
the risk spectrum.

17
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Investigators and IRBs may identify risks in trials in a systematic and struc-
tured way, and inspectorates may visit those trials that most urgently need
checking of GCP compliance. Information about trials that is routinely collected
may offer an opportunity to develop and validate a model able to identify such
trials. Regulators and companies have developed such models for the purpose of
trial oversight and supervision, but validation and publications of these models
has been sparse. A complicating factor for relying on published models is that
regulatory authorities need some level of discretion in their decision-making.
There will always be circumstances by which a regulatory decision does not fit
the standard model and hence a different choice is made. Nevertheless, routinely
filled regulatory databases comprise a rich and promising source for a more
structured approach to risk-based governance.

Not evaluated in this thesis is the effectiveness of regulatory processes or
risk-based approaches themselves. Although the regulatory IRB database Toet-
singOnline is used as tool, evaluating the clinical trial application and review
process is not the intention. In ToetsingOnline, all clinical trials conducted in
the Netherlands are registered from the moment of application to the IRB, as
required per Dutch law. The research in this thesis identifies the fate of tri-
als and indicators for risk-based supervision. In each chapter, suggestions and
recommendations related to the research are provided, but the primary focus
of this thesis will be diagnostic, not therapeutic. Theoretically, IRB databases
are the best source for researching the fate of trials, as they contain all clinical
trials within the jurisdiction of the IRB (not all types of trials are required to
be registered other registries such as clinicaltrials.gov). However, since these
databases are usually not developed with the intention of conducting research
(which is the case for ToetsingOnline), their practical suitability is unknown.
This will therefore be examined while investigating the fate of drug trials as
outlined above, and recommendations are provided in the general discussion.

RESEARCH QUESTIONS AND THESIS OUTLINE

To summarize, the scientific and development fate of clinical drug trials is the
primary interest of this thesis. The first research question is “what is the scien-
tific and development fate of clinical drug trials, and what are the determinants
of failure to reach the optimal fate?” In addition, this thesis aims to investigate
possibilities and approaches to risk-based supervision of clinical trials. The sec-
ond research question of this thesis is, therefore, “(how) can data that is routinely
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registered in the clinical trial application and IRB-review process be used to
develop a risk-based tool for clinical trial supervision?”

The major part of the research in this thesis is dedicated to the first research
question, bundled in chapter 2. A cohort of all clinical drug trials reviewed by
Dutch IRBs in 2007 was designed and followed from IRB review until their sci-
entific fate (chapter 2.1-2.4), and until their development fate (chapter 2.5). The
structure is chosen so that it follows the stages of progress of a drug trial: from
design (chapter 2.1), conduct (chapter 2.2), to reporting and licensing (chapter 2.3,
2.4 and 2.5). As we first wrote and published the study protocol for the chapters
2.3 and 2.4, the initial idea, this protocol is included in Appendix 2.1. Chapter
3 quantitatively and qualitatively analyzes putative determinants of scientific
death, 1.e. why scientific studies are not (or selectively) reported, and proposes
a theory of causal pathways. Furthermore, chapter 4 contains two analyses of
drug development activity in the European context. Chapter 4.1 analyzes differ-
ences between phase 3 drug trials in oncology, a highly successful disease area in
terms of pharmaceutical development versus psychiatry, a disease area in which
the development fate of trials has been unsuccessful. Chapter 4.2 investigates
whether the type of company and collaborating between companies are determi-
nants of success in the marketing authorization application procedure. Chapter 5
investigates the literature and guidelines to identify indicators that can be used
for risk-based supervision. In the general discussion (chapter 6), the answers to
the research questions will be provided alongside with methodological reflections
and recommendations for further research and practice. The discussion closes off
with some personal reflections connected to the central research questions and

an overall conclusion.
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ABSTRACT

Objectives

To investigate the occurrence of pharmacokinetic (PK)/pharmacodynamic (PD)
and tolerability approaches in first in man (FIM) trials in the Netherlands, and
to evaluate whether this has changed in 2015 compared to 2007.

Methods

All FIM trials approved by all Dutch Institutional Review Boards (IRBs) in 2007
and in 2015 were selected. The original trial protocols, investigator’s brochures
and investigational medicinal product dossiers were the data sources. The design
elements preclinical information, dose calculation, endpoints and dose escala-
tion were assessed on the justification of the chosen approaches. The approach
lacking PK/PD justification related to the preclinical information was only use
of No observed adverse effect level (NOAEL) or No observed effect level (NOEL);
related to dose calculation, unexplained allometric scaling; related to endpoints,
not measuring PD parameters; and related to dose escalation, if escalation was
only guided by safety/tolerability.

Results

In 2007, the Dutch IRBs approved 21 FIM trials and in 2015 they approved
34 FIM trials (55 in total). Seven out of 21 (33%) of the FIM trials from 2007,
and 14 out of the 34 (41%) FIM trials from 2015 discussed only the NOAEL or
NOEL as preclinical information. Furthermore, 5 of the 21 (24%) 2007 FIM trials
and 12 of the 34 (35%) 2015 FIM trials used unexplained allometric scaling. PD
parameters were measured in 15 of the 21 (71%) 2007 FIM trials and in 31 of the
34 (91%) of the 2015 FIM trials, and allometric scaling was only guided by safety/
tolerability in 11 of the 20 (55%) dose escalation trials in 2007 and in 9 of the 33
(27%) dose escalation trials in 2015.

Conclusions

Trial protocols and investigator’s brochures commonly lack PK/PD approaches
for the design elements preclinical information, dose calculation, endpoints, and
dose escalation. Contrary to preclinical information and dose calculation, PK/
PD in endpoints and dose escalation seems to have increased. Regardless which
approach is chosen, a structured justification of the design in FIM trial protocols
is needed.
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INTRODUCTION

Good clinical practice in clinical drug trials starts with choosing the optimal
design. In first in man (FIM) trials, each first administration of a dosage is of
interest because the response of the human body is never fully predictable. The
endpoints for each dose, in the case of FIM trials pharmacokinetics (PK), phar-
macodynamics (PD), or safety and tolerability, demonstrate whether investiga-
tion of additional or other doses are required to reach efficacy with acceptable
hypothetical safety . Hence, dose and endpoints are two essential aspects when
designing FIM trials regarding participant safety and successful clinical develop-
ment"®.

Reports on the two major trial tragedies of the past decade acknowledged that
the problems in these trials emerged from choices made in the study design,

9-11

ignoring substantial risks”™" . Apparently, the guidelines by the Food and Drug
Administration and the European Medicines Agency"'* did not provide sufficient
guidance to prevent the poor design choices. As a response, approaches were
proposed to rethink the classical view on phase 1 drug trials, and to reduce the
risk of dose-related uncertainties by incorporating other dosing strategies and
endpoints'®'*'°. Proposed dose strategies included using the Minimal Anticipat-
ed Biological Effect Level (MABEL) in addition to the conventional No Observed
Adverse Effect Level (NOAEL), consideration of interspecies pharmacokinetic
and pharmacodynamic differences in addition to the allometric scales, and the
abolition of irrational maximum tolerated dose (MTD)-testing. Furthermore, it
was advocated that traditional safety/tolerability measurements needed to be
augmented by pharmacodynamic endpoints as much as possible, as characteriza-
tion of the relations between dose, exposure and effect may prevent dose-related
harm.

Perhaps due to the scarce public availability of original trial protocols of FIM-
studies, only a small amount of evidence exists on the use of “PK/PD-approaches”
and “tolerability-approaches” in the design of FIM-trials. A pilot study on 7 trial
protocols from 2009 suggested that this balance is still much on the side of the
tolerability approach'. Our objective was, therefore, to investigate the occur-
rence of PK/PD and tolerability approaches in FIM trials in the Netherlands, and
to evaluate the change in time.
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METHODS

We selected all FIM trials reviewed in 2007 and in 2015 by the Dutch Institutional
Review Boards (IRBs) from the database ToetsingOnline. This database ensured
the inclusion of all trials, as submission of clinical trials through this portal is
mandatory by law throughout the Netherlands. We excluded trials rejected by
the IRB, trials that investigated generic products, biosimilars, new formulations
of older drugs, and microdosing trials. We used the IRB-approved trial protocol,
investigational medicinal product dossier, and investigator’s brochure as the
data sources for the analysis.

For each trial, we identified the design strategy for four elements: preclinical
information, dose calculation, endpoints, and dose escalation. In the preclini-
cal information part, we counted the frequency and proportion of trial protocols
discussing NOAEL (tolerability approach), MABEL (PK/PD approach), and
information from similar compounds. In the calculation element, we counted the
frequency and proportion of trials that discussed only allometric scaling with-
out PK/PD-based justification of the applied correction factor. We also counted
frequencies and proportions of trials that discussed allometric scaling overall,
additional PK-guided dose adjustments (for example, interspecies differences in
metabolism), and/or additional PD-guided dose adjustments (for example, inter-
species differences in target receptor affinity) in the calculation of the first dose.
Regarding the endpoints, we separately counted the frequency and proportion of
trials that included safety/tolerability, PK-parameters, and/or PD-parameters.
Regarding dose escalation, we counted the frequency and proportion of dose esca-
lation trials only guided by safety/tolerability, trials also guided by PK endpoints,
and trials also by PD-endpoints.

The frequencies and proportions of the investigated design elements were
graphically presented, stratified by the year of IRB-approval. Furthermore, be-
cause the FDA has published a separate guideline for oncology drug development
which includes guidance on dose selection and escalation®, we stratified the
proportions also by oncology versus non-oncology. Many oncology drugs have a
nonselective cytotoxic mechanism of action (for example, platinum agents, alkyl-
ating agents, antimetabolites, or taxanes®') which may justify non-pharmacologic
approaches rather than drugs in other disease areas.
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TABLE 2.1.1 Characteristics of the 55 first in man trials included in the analysis, stratified by year of IRB-review.

Total (N=55) 2007 (N=21) 2015 (N=34)
Disease area
Oncology 20 (36.4%) 3(14.3%) 17 (50.0%)
Other disease area 35 (63.6%) 18 (85.7%) 17 (50.0%)
Drug type
Small molecule 37 (67.3) 17 (81.0%) 20 (58.8%)
Peptide, antibody, ATMP 18 (32.7%) 4(19.0%) 14 (41.2%)
Type participants
Only healthy volunteers 29 (52.7%) 13 (61.9%) 16 (47.1%)
Only patients 22 (40.0%) 4(19.0%) 18 (52.9%)
Mixed 4(7.3%) 4(19.0%) 0
Sample size
Median number of planned participants (IQR) 66 (36-96) 64 (30-81) 66.5 (49.5-121.5)

Abbreviations: ATMP = advanced therapeutic medicinal product (cell, tissue or gene therapy); IQR = interquartile range.

RESULTS

In 2007, 21 FIM-trials were approved by the IRBs in the Netherlands, and 34
were approved in 2015. Table 2.1.1 summarizes the characteristics of the 55 FIM
trials stratified by the year of approval. In 2015, the proportion of oncology FIM
trials and of FIM trials investigating peptides, antibodies or advanced thera-
peutic medicinal products (ATMP) was larger compared to 2007. The increased
proportion of FIM trials involving patients in 2015 can be explained by the
increased proportion of oncology trials, in which it is more common practice to
include patients than many other disease areas.

Figure 2.1.1 and 2.1.2 show the results for the four design strategy elements pre-
clinical information, dose calculation, endpoints and dose escalation. The results
sometimes differed numerically between 2007 and 2015 for some of the measure-
ments, but the directions and magnitudes of the differences were inconsistent.
The most substantial differences were found in the dose escalation (figure 2.1.2):
11 out of 20 (55%) trials in 2007 that performed dose escalation, escalated only
based on safety/tolerability, compared to 9 out of 33 (27%) dose escalation trials
in 2016. Furthermore, 8 out of 20 (40%) dose escalation trials were guided by PK-
parameters in 2007 versus 24 out of 33 (73%) PK-guided dose escalation trials in
2015. Oncology FIM-trials seemed to use PD preclinical information and PD-based
adjustment in the calculation of the dose more often compared to non-oncology
trials. Twelve out of the 19 (63%) oncology trials used the MABEL approach from
preclinical studies compared to 19 out of 36 (53%) of the non-oncology trials, and 11
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Preclinical information

Dose calculation

Used ONLY NOAEL/NOEL
2007 2015
Total: 7/21 (33%) Total: 14/34 (41%)
Oncology: 1/3 (33%) Oncology: 5/17 (29%)
Other: 6/18 (33%) Other: 9/17 (53%)

Used ONLY allometric scaling
2007 2015

Total: 5/21 (24%) Total: 12/34 (35%)
Oncology: 1/3 (33%) Oncology: 5/17 (29%)
Other: 4/18 (22%) Other: 7/17 (41%)

Used NOAEL/NOEL
2007 2015
Total: 21/21 (100%) Total: 32/34 (94%)
Oncology: 3/3 (100%) Oncology: 16/17 (94%)
Other: 18/18 (100%) Other: 16/17 (94%)

Used allometric scaling
2007 2015
Total: 20/21 (95%) Total: 32/34 (94%)
Oncology: 3/3 (100%) Oncology: 15/17 (88%)
Other: 17/18 (94%") Other: 17/17 (100%)

Used MABEL/PAD
2007 2015
Total: 14/21 (67%) Totak 17/34 (50%)
Oncology: 2/3 (67%) Oncology: 11/17 (65%)
Other: 12/18 (67%) Other:6/17 (35%)

“information missing in 1 protocol

Used PK (exposure)-guided modelling/adjustment

Total: 15/21 (71%)
Oncology: 2/3 (67%)
Other: 13/18 (72%)

Total: 22/34 (65%)
Oncology: 12/17 (71%)
Other: 10/17 (59%)

Used clinical data of similar substances

Used PD-guided modelling/ajustment

First in man dose

2007 2015 2007

Total: 0/21 Total: 6/34 (18%) Total: 10/21 (48%) Total: 14/34 (41%)
Oncology: 0/3 Oncology: 4/17 (24%) Oncology: 2/3 (67%) Oncology: 10/17 (59%)
Other. 0/18 Other: 2/17 (12%) Other: 8/18 (44%) Other: 4/17 (24%)

FIGURE 2.1.1 Approaches to use of preclinical information and to dose calculation. The figures are the numbers of
trials that used the approach of that box divided by the number of trials in that stratum. Abbreviations: NOAEL: no
observed adverse effect level; NOEL: no observed effect level (can be considered as similar to NOAEL); MABEL: minimal
anticipated biological effect level; PAD: pharmacologically active level (can be considered as similar to MABEL); PK:
pharmacokinetic; PD: pharmacodynamic.

out of 19 (58%) oncology trials used PD modelling or adjustment in dose calculation
compared to 13 out of 36 (36%) non-oncology trials.

The preclinical information for the first dose determination was for almost all
trials the NOAEL. Thirty-one out of 55 trials (56%) of the trials used the MABEL
or Pharmacologically Active Dose (PAD) from preclinical studies. Furthermore,
in 2015, 6 out of 34 FIM trials (18%) extrapolated clinical information from
similar drugs.

Most of the trials (52 out of 55; 95%) used allometric scaling to calculate the
first in human dose. In 17 out of 55 (31%) trials, no other methods than allo-
metric scaling were described in the protocol to calculate the first in man dose.
PK-guided modelling (for example, dose calculation based on predicted human
oral absorption) was used in 37 out of 55 (67%) trials and PD-guided modelling
(for example, dose calculation based on predicted human receptor occupancy)
was used in 24 out of 55 (44%) trials.

Regarding the choice of endpoints, all trials measured safety/tolerability and
PK parameters. Forty-six out of 55 (84%) trials also evaluated PD parameters.
Two trials did not perform dose escalation; hence, we evaluated this in the 53
dose escalation trials. The decision to proceed to a next dose level was always
guided by safety/tolerability parameters. In addition, PK parameters were taken
into account in 32 out of 53 (60%), and PD parameters in 19 out of 53 (36%) dose
escalation trials. In 2007, 20 (55%) and in 2015 9 (27%) dose escalation trials
escalated only based on the safety/tolerability.
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Endpoints Dose escalation*®
Guided by ONLY by safety/tolerability
2007 2015
fe er he
Evaluated safetytolerability parameters: 100% of the trials Totak 11120 (55%) Tousk /33 (27%)
Oncology: 3/3 (100%) Oncology: 3/17 (18%)
Other: 8/17 (47%) Other. 6/16 (38%)
Recommended dose
Evaluated PK parameters: 100% of the trials Guided by safety/tolerability: 100% of the trials range
Evaluated PD parameters Guided by PK parameters
2007 2015 2007 2015
Toral: 15/21(71%) Total: 31/34 (91%) Toral: 8/20 (40%) Total: 24/33 (73%)
Oncology: 3/3 (100%) Oncology: 16/17 (94%) Oncology: 0/3 Oncology: 14/17 (82%)
Other: 12/18 (67%) Orther: 15/17 (88%) Other: 8/17 (47%) Other: 10/16 (63%)

Guided by PD parameters
2007 2015
Total: 5/20 (25%) Total: 14/33 (42%)
Oncology:0/3 Oncology: 11/17 (65%)
Other: 5/17 (29%) Other: 3/16 (19%)

*2 trials excluded that did not do dose escalation

FIGURE 2.1.2 Endpoint and dose escalation approaches. The figures are the numbers of trials that used the approach of
that box / the number of trials in that stratum. Abbreviations: PK = pharmacokinetic; PD = pharmacodynamic.

DISCUSSION

Our analysis of 55 FIM trial protocols found that the PK/PD approach in FIM
trials seems to have increased in the guidance of dose escalation. Using the PK/
PD-approach had not increased in the preclinical information, subsequent dose
calculation, and choice of endpoints. Oncology trials seemed to use the PK/PD ap-
proach more often in preclinical information and dose calculation, and measured
more often PD endpoints compared to non-oncology trials.

The presumed increase of the PK/PD-approach in dose escalation can be ex-
plained by the changing pharmaceutical pipeline which has become increasingly
populated with targeted compounds®. PK/PD techniques and measurements
such as labeling and biomarkers may be better available for these newer classes.
We expected that the PK/PD approach in the use of preclinical information
and dose calculation would have been increased as well. In the aftermath of

223 on its importance. It

TGN1412, regulators had published several guidelines
can be that PK/PD approaches have been compared to the conventional approach
and made no difference, or that there was no PK/PD information available to use.
However, in that case both approaches should at least have been mentioned and
justified in the protocol and/or in the investigator’s brochure. Regarding the dose
escalation, it can be the case that the escalation was guided by PK/PD upfront,
through limiting the dose escalation cohorts by pharmacological reasoning. We
did not count these escalations as guided by PK/PD, as each dose increase in a

FIM trial is in fact a new FIM trial for the new dose. The decision to progress to
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a next dose should therefore always be transparently explained and justified by
available PK and/or PD data.

A similar proportion of the oncology trials did use conventional approaches
of only NOAEL, only allometric scaling, and only tolerability-guided escalation
compared to non-oncology trials. However, the oncology trials did incorporate
PD measurements (MABEL/PAD and PD endpoints) more often in the design
compared to non-oncology trials. This can be explained by that oncology FIM
trials include more often patients compared to non-oncology trials, making it pos-
sible to measure clinical endpoints. Furthermore, the wave of targeted therapy
in oncology, is increasingly reaching the clinical development stage over the past
ten years® . Contrary to the classical chemotherapies, biomarkers and disease
biology play a central role in the discovery of these targeted therapies.

Among the preclinical sources of information, the NOAEL is the traditional,
originating in the development of early cytostatic drugs in the 1960-1970°s%%",
In the animal-human dose translation, the NOAEL is converted according to al-
lometric scales to the Human Equivalent Dose (HED). The allometric scales have
been developed on mathematical models predicting tissue exposure in humans
based on animal data, adjusted for body surface area®®?’. The HED is divided by a
safety factor — by default 10, but may be increased or decreased based on case-by-
case justification —to arrive at the maximum recommended starting dose (MRSD).
As the unintended toxic effects of non-specific drugs (destroying functional DNA)
were pharmacologically similar to the intended effects (destroying tumor DNA)
and hence predictable, pre-clinical toxicity was an effective method to estimate
the human pharmacological window. However, there are two problems with this
approach. First, inter-species differences in absorption, target homology, target
expression, and metabolism can make the extrapolation of animal toxicity com-
pletely irrelevant for humans®'®'®. The second problem will arise if the intended
pharmacological mechanism of action of the drug is saturated at a much lower
level than that toxicity occurs'™. This toxicity is then most likely not caused by
the intended pharmacological mechanism, and hence unpredictable with regard
to location, timing, mechanism and severity. In these cases, toxicity is therefore
not a suitable parameter to guide dose escalation. Preliminary data suggest that
a more cautious pharmacology-based escalation approach should have been fol-
lowed in the BIAL-102474-trial °. The intended pharmacological mechanism of
action was saturated at a dose 20-fold lower compared to the dose in which the
severe adverse events occurred. Escalation could have been stopped at a much
lower dose, and the death of the participant might have been prevented.

To mitigate the safety risks related to dose-uncertainties in FIM-trials, we
advocate that FIM trials use PK/PD approaches to justify the four design ele-
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ments of preclinical information, dose calculation, endpoints and dose escalation.
Whether and how these approaches are used should be determined on a case-
by-case basis, and is determined by practical issues such as the availability of
relevant biochemical parameters or tissue to measure PK/PD. A specific recom-
mendation with regard to dose escalation is that the trial protocol should detail
the PK and/or PD-based threshold until which the dose escalation is planned (for
example, exposure below fraction X of the NOAEL, or below fraction Y of target
receptor saturation). Some of the investigated trial protocols described this in
detail, but other protocols provided no information on the escalation threshold.
We were therefore unable to identify how the thresholds were established across
the analyzed trials.

In all cases, investigators should provide (and IRBs should require) structured
justification for approaches that are used as well as for approaches that are
not used®. Efforts should be made to find and validate the best possible proxy
measurements in case biochemical parameters are absent. In this way, the
development trajectory from drug prototypes to drug treatments may become
more efficient because drugs that do not induce the postulated PK/PD effects are
identified in the earliest stage possible. The current guidelines support our argu-
ments**'2, but perhaps firmer regulatory oversight is needed to enforce further
improvements.

In conclusion, PK/PD approaches to determine the first dose, endpoints and
dose escalation in FIM trials are often not used, neither do trial protocols provide
justification for not using them. The PK/PD approach seems to have become
more common regarding dose escalation. The design choices of FIM trials differ
on a case-by-case basis, but trial protocols should always provide a structured
justification for (not) using the PK/PD approaches.
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ABSTRACT

Objectives

To identify the reasons for discontinuation of clinical drug trials and to evaluate
whether efficacy-related discontinuations were adequately planned in the trial
protocol.

Methods

All clinical drug trials in the Netherlands, reviewed by Institutional Review
Boards (IRBs) in 2007, were followed until December 2015. Data were obtained
through the database of the Dutch competent authority (CCMO) and a question-
naire to the principal investigators. Reasons for trial discontinuation were the
primary outcome of the study. Three reasons for discontinuation were analyzed
separately: all-cause, recruitment failure, and efficacy-related (when an interim
analysis had demonstrated futility or superiority). Among the efficacy-related
discontinuations, we examined whether the data monitoring committee (DMC),
stopping rule, and the moment of the interim analysis in the trial progress were
specified in the trial protocol.

Results

Of the 574 trials, 102 (17.8%) were discontinued. The most common reasons were
recruitment failure (33/574; 5.7%) and solely efficacy-related (30/574; 5.2%). Of
the efficacy-related discontinuations, 10/30 (33.3%) of the trial protocols reported
all three aspects in the trial protocol, and 20/30 (66.7%) reported at least one
aspect in the trial protocol.

Conclusions

One out of five clinical drug trials is discontinued before the planned trial end,
with recruitment failure and futility as the most common reasons. The target
sample size of trials should be feasible, and interim analyses should be adequately
described in trial protocols.
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INTRODUCTION

Discontinuation of a clinical trial before completion of the planned recruitment
and data collection can be the best decision for the trial participants. This is
clearly the case if unexpected severe adverse events emerge in one or more trial
arms. For example, the Cardiac Arrhythmia Suppression Trial (CAST) trial was
discontinued after an interim analysis showed a higher mortality rate in the
active drug arms compared to the placebo arm '. Similarly, a planned interim
analysis of the primary outcome of a trial can conclusively demonstrate the futil-
ity or superiority of one of the trial arms before the end of follow-up. The ethical
principle of equipoise is then violated and the trial should be discontinued *°.
However, concerns exist about whether these interim analyses are in practice
adequately planned, conducted and interpreted *©.

Discontinuation for commercial reasons can be at odds with sound methodol-
ogy, as for example when an interim analysis was not planned or not performed
according to the trial protocol. The likelihood is then increased that a chance
finding in the interim analysis leads to a wrong decision to discontinue ’. The
International Conference on Harmonization established guidelines on these is-
sues ¥ specifying that clear stopping rules and the moment in the trial progress
(at a specified number of included participants or number of events) should be
defined, and that a Data Monitoring Committee (DMC) should be in place to
perform the interim analysis. The European Clinical Trial Regulation (coming
into effect as of 2018) also clearly states the importance of describing possible
interim analyses in full detail in the trial protocol °.

The occurrence and determinants of discontinuation of clinical trials has been
empirically investigated in various settings '®!!, but this research may need to
be updated as the samples were small and/or their findings may be outdated.
Therefore, we investigated the frequency and reasons for discontinuation of clini-
cal drug trials among an inception cohort of clinical drug trials and identified
determinants for the most common reasons for discontinuation. Furthermore,
we evaluated whether discontinuations after an interim analysis demonstrating
either futility or superiority did so according to the trial protocol.

METHODS

The current study is a follow-up analysis of an inception cohort of all clinical drug
trials reviewed by one of the accredited Institutional Review Boards (IRB) in the
Netherlands in 2007. The design of this study has been published before %, as
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well as the results of which trials in the cohort were published in the scientific lit-
erature '*. The data source was ToetsingOnline, the database maintained by the
Central Committee on Research Involving Human Subjects (Dutch abbreviation:
CCMO) that contains all IRB-reviewed clinical trials in the Netherlands. Other
data sources were the complete trial files that were submitted to the CCMO in
its role as national competent authority *, including the original trial protocols
submitted to the IRBs, the end-of-trial forms that investigators must submit
when the study has ended (the EudraCT B7-form).

All drug trials (both randomized and non-randomized), reviewed by a Dutch
IRB in 2007 (n= 622, figure 2.2.1) were identified and followed until December
2015 (the end of the study period). Trials that were rejected by the IRB (n=19),
never started recruitment (n=19), or were still running at the time of data col-
lection (n=10) were excluded from the analysis. Hence, 574 trials were selected
for this study.

Inception cohort: clinical drug trials reviewed by
Dutch IRBs in 2007
N =622

Rejected by Dutch IRB:

Y

N =19
Y
Approved by Dutch IRBs:
N =603
_ Still ongoing: N = 10
"l Never started inclusion of patients: N = 19
\ 4
Ended:
N =574

Y
Completed as planned: N = 472
Discontinued: N = 102

FIGURE 2.2.1. Selection of analyzed trials from inception cohort

We used investigator-reported information about the end of trial to the IRB and
to the CCMO to classify whether they were discontinued or completed as planned,
and to classify the reason for discontinuation. The first source was the EudraCT
End-of-Trial form (also coded as the B7-form). This form, which is used by clini-
cal trial authorities throughout the EU, requires investigators to report whether
the trial was completed as planned or discontinued. In case of discontinuation,
investigators must provide on this form one or more pre-specified reasons for

discontinuation (the first version), or write other reasons in an open text box (the
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second version). If this form was missing or incomplete in the CCMO archive,
we searched for other sources in the clinical trial dossier, such as e-mail cor-
respondence between investigators and the IRB, notifying the end of trial. We
also used information from a questionnaire sent to all principal investigators.
Questionnaires (see appendix 2.2 for more information and the questionnaire
templates) were e-mailed to the principal investigators (PIs) of the trials, asking
for reasons for non-publication for another analysis of the cohort?, and whether
the trial was completed as planned or discontinued, if the other sources were
unavailable. If the PI had left the company or the hospital that conducted the
trial, we tried to contact the PI at his current affiliation, or otherwise we at-
tempted to contact colleagues of the PI that were involved in the same trial. After
location of the right person, at maximum two reminders were sent. All Dutch
accredited IRBs were asked for permission to send the questionnaire to the Pls.
All TRBs consented and provided a signed letter of endorsement, which we at-
tached to the questionnaire. The list of 23 Dutch accredited IRBs can be found on
the website of the CCMO™. The end-of-trial form was missing of 186 of the 574
(32%) trials that were included in the analysis. Principal investigators of 73 of
these trials responded to our questionnaire, completing the information on the
end-of-trial. Of the remaining 113, of 87 trials we found other documents than
the end-of-trial form indicating that the trial had started (for example, emails
from the IRB or amendments), or we found that the trial was published. Of 26
trials, the IRB dossier did not contain information about the completion status
and were nonresponding to the questionnaire '*. After review of these 26 trials
by two authors (CAB and CTMB), we decided that it would be most reasonable
to consider these 26 trials as being completed as planned. In the Netherlands, it
is common practice only to report to the IRB in case of irregularities such as dis-
continuation. Thus, we decided that it would be most reasonable to assume that
all discontinuations had been reported to the IRB and/or by the questionnaire,
and that trials with missing end-of-trial information were completed as planned.
Reasons for discontinuation and their classification (in case they were reported
in open-text format) were collected in a data extraction document in duplo by
one investigator (CAB), double-checked by a research assistant. Differences were
solved by consensus.

The investigator-reported reason(s) for discontinuation was the main outcome
of the study. We categorized the reasons according to the pre-specified categories
on the B7-form. Reasons reported in the open text box that could not be reclas-
sified into the pre-specified reasons were described separately. Trials could be
counted several times if investigators reported more than one reason for discon-

tinuation.
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Candidate determinants were trial characteristics planned target sample size,
sponsor, phase, centers involved, randomization, and the disease area. These
characteristics are filled out by investigators on a standard form for the IRB trial
application, which is mandatory and identical throughout the country.

First, the frequencies of all reported reasons for discontinuation were described.
Three dichotomous discontinuation outcomes were defined for further analysis:
all-cause discontinuation, discontinuation due to recruitment failure, and dis-
continuation because an interim analysis demonstrated futility or superiority
(efficacy related). All discontinuations reporting recruitment failure among the
reasons were classified as such, because we judged reasons reported together
with recruitment failure to be related to the recruitment failure. Discontinuations
were only classified as efficacy-related if no other reasons (e.g. safety issues) were
reported. This was done because the goal was to analyze determinants for trials
solely discontinued because of an interim analysis that demonstrated futility or
superiority. If other reasons, such as safety issues, were reported, the role of
the interim analysis for futility or superiority may have been trivial compared
to the other reasons for the decision to discontinue the trial. Percentages were
described for all trial characteristic categories of these three discontinuation
outcomes (all-cause, recruitment failure, and efficacy-related), and for trials that
were completed as planned.

Furthermore, among the efficacy-related discontinuations we examined the
trial protocol if the interim analysis was planned. We examined three aspects
that should be described in the trial protocol according to the ICH-guideline *:
mentioning a DMC, specification of the stopping rule, and specification of the
moment (number of included participants and/or number of primary outcome
events) of the interim analysis. We calculated the proportion of trials discontin-
ued for efficacy covering at least one of these aspects in their trial protocol.

We used multivariable Poisson regression analysis to evaluate the as-
sociation of trial characteristics with all-cause, efficacy-related and inclusion
failure-related discontinuation. The crude and adjusted incidence rate ratio
(IRR) and 95% confidence interval (CI) were estimated in three models; one with
the outcome all-cause discontinuation, one with the outcome efficacy-related
discontinuation, and one with the outcome discontinuation due to recruitment
failure. All trials were included in the all-cause discontinuation model, and the
trial characteristics sample size, sponsor, phase, centers, randomization, and
disease area were tested. Only the phase 2 and phase 3 trials were included in
the efficacy-related discontinuation model, as phase 1, phase 4 and other than
phase 1-4 trials often do not measure efficacy and are therefore in general not
at risk for efficacy-related discontinuation. In the efficacy-related discontinua-
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tion model, the characteristics sample size and disease area were tested, based
on the descriptive numbers. Phase 1 trials were excluded from the recruitment
failure model, because these trials have different recruitment strategies (often
healthy volunteers), face different recruitment challenges, and should therefore
not be included in the multivariable model. In the recruitment failure model, we
tested the characteristics sample size and sponsor, to look if we could replicate
the findings of a previous study '°. For the multivariable analysis, we merged the
following trial characteristic categories to one category: investigator-initiated
trials with and without industry (co-)funding (to investigator-initiated trials);
national and international multicenter trials (to multicenter), the trial phases
2, 3, 4, and other than phase 1-4 (to other than phase 1), and the disease areas
other than oncology (to other than oncology; as oncology trials include patients
who are typically very ill and are therefore interesting to compare against the
other disease areas). The multivariable analysis was done in Stata version 14.1.

RESULTS

Of the 574 analyzed trials, 472 were completed as planned and 102 (18%) were
discontinued by December 2015 (figure 2.2.1). Table 2.2.1 summarizes the
characteristics of the included trials, and table 2.2.2 describes the reasons for
discontinuation as reported by the investigators. The most frequent reason was
recruitment failure (no or slow recruitment): of the 102 discontinued trials, 33
(32%) were discontinued for this reason (or 5.7% of the total number of 574 trials),
followed by 31 trials (30%) that were discontinued for futility as demonstrated by
an interim analysis (5.4% of the total).

Thirty discontinuations (5.2%) were solely efficacy-related and thus should have
been based on a planned interim analysis. Twenty trials (67% of the solely efficacy-
related discontinuations) were discontinued while not describing all three essential
aspects of an interim analysis (a DMC, the moment of the interim analysis in the
trial and the stopping rules) in the protocol. Planning of the stopping rules was the
aspect that was most often missing (in 18 (40%) of these protocols).

Table 2.2.3 shows the percentages of the trial characteristics for all-cause,
solely efficacy-related and recruitment failure discontinuations. The results
of the multivariable analysis are shown in the supplementary results: table
S2.2.1-S2.2.3. Almost all trials that were discontinued solely efficacy-related
were industry-sponsored (29 industry-sponsored and one investigator-initiated,
table 2.2.3). Because there was only one efficacy-related discontinuation among
investigator-initiated trials, the sponsorship variable was not included in the
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TABLE 2.2.1 Characteristics of the trials included in the analysis.

Sample size

Planned target sample size, median (IQR)
Sponsor

Pharmaceutical industry

Investigator (industry (co-)funded)
Investigator (no industry funding involved)
Phase

Phase 1

Phase 2

Phase 3

Phase 4

Other than phase 1-4*

Centers

Single center

Multi center only in the Netherlands

Multi center in the Netherlands and the EU
Multi center in the Netherlands and outside the EU
Randomization

Randomized trial

Non-randomized trial

Disease area

Oncology

Neurological and psychiatric diseases
Cardiovascular diseases

Endocrine diseases

Infectious diseases

Other

72 (25-320)

352
71
151

119
130
172
57
96

249
54
82
189

418
156

113
109
62
58
42
190

61.3%
12.4%
263%

20.7%
22.6%
30.0%
9.9%
16.7%

43.4%
9.4%

14.3%
32.9%

72.8%
272%

19.7%
19.0%
10.8%
10.1%
7.3%

33.1%

* Trials carried out using medicinal products in connection with objectives other than those referred to in the phase
definitions 1-4. Such trials are not intended primarily to provide information about the product itself, but a medicinal
product is needed in order to address the objective of the trial.

multivariable model for solely efficacy-related discontinuation (table S2.2.1).
Investigator-initiated trials were associated with discontinuation due to recruit-
ment failure: 23 (10.4%) of the 222 investigator-initiated vs. 10 (2.8%) of the 352
industry-sponsored trials were discontinued due to recruitment failure (adjusted
IRR 2.0; 95% CI 0.9-4.6, table S2.2.3). The association was not statistically sig-

nificant in the multivariable analysis due to the low numbers.
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TABLE 2.2.2 Frequencies and percentages of the reported reasons for discontinuation.

Frequency % of the % of the full

reason was discontinued ~ sample (N =

reported* trials (N = 102) 574)
After interim analysis that should have been planned
Interim analysis demonstrated futility 31 304 5.4
Interim analysis demonstrated superiority 2 20 03
Solely efficacy-related" 30 294 52
Trial protocol specified DMC" 15 14.7 26
Trial protocol specified stopping rules’ 12 118 2.1
Trial protocol specified the moment of the interim analysis in the 18 17.6 3.1
trial progress’
Trial protocol specified all 3 aspects’ 10 333 17
Trial protocol specified at least one of the 3 aspects’ 20 196 35
After interim analysis that could not have been planned
Interim analysis due to safety signals 14 137 24
Interim analysis because results from other trials became available 2 20 03
Other reasons
Recruitment failure 33 324 57
Financial issues 10 9.8 17
Product manufacturing or regulatory issues 4 39 0.7
Only Dutch sites closed, international trial continued 2 2.0 03
Unfeasible pharmacokinetics 1 1.0 02
Suspension of trial after GCP-inspection 1 10 02
Organizational issues 1 10 02
Reason missing 5 49 08

GCP = Good Clinical Practice

* 93 trials reported one reason, 4 trials reported 2 different reasons, and 5 trials only reported discontinuation, but not
the reason

" Only examined among the protocols of the 30 trials that were discontinued solely efficacy-related.

*Solely efficacy-related was after interim analysis demonstrated either futility or superiority. Three trials were excluded
because reporting also other reasons than interim analysis demonstrating futility or superiority. Two of these three trials
reported discontinuation after an interim analysis due to safety signals, and one trial reported recruitment failure as other
reasons for discontinuation.
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TABLE 2.2.3 Proportion of clinical drug trials discontinued (all-cause, solely efficacy-related, and recruitment failure),
stratified by trial characteristics.

Completedas  Discontinued  Discontinued Discontinued

planned (all-cause) for efficacy’  for recruitment
All trials (n = 574) N =472 (82.2%) N =102 (17.8%) N =30(52%) N =33 (57%)
Sample size
Planned target sample size, median (IQR) 68 (24-314) 120 (40-392) 309 (78-635) 78 (23-180)
Sponsor
Pharmaceutical industry (N = 352) 288 (81.8%) 64 (18.2%) 29 (8.2%) 10 (2.8%)
Investigator (industry (co-)funded) (N=71) 56 (78.9%) 15 (21.1%) 0(0%) 8 (11.3%)
Investigator (no industry funding involved) 128 (84.8%) 23 (15.2%) 1(0.7%) 15 (9.9%)
(N =151)
Phase
Phase 1 (N = 119) 108 (90.8%) 11(9.2%) 1(0.8%) 2 (1.7%)
Phase 2 (N = 130) 98 (75.4%) 32 (24.6%) 16 (12.3%) 9 (69%)
Phase 3 (N = 172) 133 (77.3%) 39 (22.7%) 13 (7.6%) 12 (7.0%)
Phase 4 (N = 57) 45 (78.9%) 12 (21.1%) 0(0%) 7 (12.3%)
Other than phase 1-4* (N = 96) 88 (91.7%) 883%) 0 (0%) 3(31%)
Centers
Single center (N = 249) 219 (88.0%) 30 (12.0%) 1(04%) 18 (7.2%)
Multi center only in the Netherlands (N = 54) 43 (79.6%) 11 (20.4%) 1(1.9%) 7 (13.0%)
Multi center in the Netherlands and the EU (N = 82) 68 (82.9%) 14 (17.1%) 3(37%) 2 (2.4%)
Multi center in the Netherlands and outside the EU 142 (75.1%) 47 (24.9%) 25 (13.2%) 6 (3.2%)
(N =189)
Randomization
Randomized trial (N = 418) 344 (82.3%) 74 (17.7%) 23 (55%) 22 (53%)
Non-randomized trial (N = 156) 128 (82.1%) 28 (17.9%) 7 (4.5%) 11(7.1%)
Disease area
Oncology (N = 113) 81(71.7%) 32 (283%) 15 (133%) 7 (62%)
Neurological and psychiatric diseases (N = 109) 93 (85.3%) 16 (14.7%) 3(2.8%) 5 (4.6%)
Cardiovascular diseases (N = 62) 52 (83.9%) 10 (16.1%) 3 (4.8%) 3 (4.8%)
Endocrine diseases (N = 58) 47 (81.0%) 11 (19.0%) 3(5.2%) 1(1.7%)
Infectious diseases (N = 42) 38 (90.5%) 4(9.5%) 0 (0%) 1(2.4%)
Other (N = 190) 161 (84.7%) 29 (15.3%) 6 (32%) 16 (8.4%)

IQR = interquartile range

* Trials carried out using medicinal products in connection with objectives other than those referred to in the phase
definitions 1-4. Such trials are not intended primarily to provide information about the product itself, but a medicinal
product is needed in order to address the objective of the trial.

"Solely efficacy-related was after interim analysis demonstrated either futility or superiority. Three trials reporting futility
were not defined as solely efficacy-related because they reported also other reasons than interim analysis demonstrating
futility or superiority. Two of these three trials reported discontinuation after an interim analysis due to safety signals, and
one trial reported recruitment failure as other reasons for discontinuation.
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Another determinant for both efficacy-related discontinuation and discontinua-
tion due to recruitment failure is the number and location of centers involved.
Multicenter trials also conducted outside the EU had a significantly higher
likelihood of efficacy-related discontinuation compared to single- and multicenter
trials within the Netherlands or the EU (13% vs. 0.4-4%, table 2.2.3), whereas
single center trials and multicenter trials only in the Netherlands had a higher
likelihood of discontinuation due to recruitment failure compared to multicenter
trials outside the Netherlands (7-13% vs. 2-3%, table 2.2.3). These findings could
be explained by the fact that most of the international multicenter trials were
industry-sponsored phase 3 trials, and that most of the non-phase 1 single center
trials were investigator-initiated. Because of this multicollinearity with sponsor-
ship and trial phase, we did not include the center variable in the multivariable
models.

Overall, 32 (28.3%) of the 113 oncology trials were discontinued versus 70
(15.2%) of the 461 trials in other disease areas (table 2.2.3). Table S2.2.1 shows
that this association is statistically significant after adjusting for the other trial
characteristics (adjusted IRR 1.7; 95% CI 1.1-2.7). We also found that oncology
trials were at statistically significant higher risk of efficacy-related discontinua-
tion (adjusted IRR 2.5; 95% CI 1.2-5.1, table S2.2.2).

DISCUSSION

In our study, we showed that a substantial proportion (18%) of all clinical drug
trials was discontinued before the planned end of recruitment and/or end of
data collection. The proportion of discontinuation is within the range identi-
fied by previous studies of 11% - 45% %520 Differences may be explained by
different selection criteria, as previous studies also included non-drug trials,

1

only randomized trials °, or selection of exclusively oncology trials . Further

reasons for the varying results may be the dependence on registries, publications

1618 "oy chance. Furthermore, our results

or questionnaires instead of IRB-files
show that the problem of poor recruitment remains of concern for in particular
(but not only limited to) investigator-initiated trials. Recruitment estimations
can be over-optimistic and should therefore be justified in the protocol. When in
the trial protocol strict in- and exclusion criteria are given, investigators should
provide data indicating that recruiting the needed number of participants from
this population is feasible within the planned time. Literature and pilot research
could for example identify whether sufficient candidate participants fulfilling the

trial population criteria are willing to participate 2.
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The percentage of discontinuations for futility and superiority reasons is
consistent with the findings of Kasenda et al °. Discontinuation of a clinical
trial after a well-designed interim analysis is not a failure. A research question
can be answered by conducting the interim analysis at the right time, applying
adequate stopping rules for statistical significance, and under supervision of an
independent and skilled data monitoring committee. These aspects of the interim
analysis should be described in the trial protocol. If the interim analysis is not
described appropriately in the protocol, scientific objectivity is at risk to be pre-
ceded by personal or commercial motivations, for example through p-hacking?®.
Of the efficacy-related discontinuations in our study, two-thirds described at
least a responsible DMC, the moment of the interim analysis in the trial, or
the used stopping rule. However, only one-third described these three essential
aspects of an adequate procedure for an interim analysis ® in the trial protocol.
The proportion of trials with at least some planning in the protocol in our study is

1.*. However,

considerably higher compared to the one-third found by Stegert et a
efficacy-related discontinuations are still often based on inadequately described
procedures. The suggestion to improve trial protocols with regard to interim
analyses is in particular, as our results show, for the industry-sponsored trials.
Oncology trials were both at a statistically significant higher risk for all-cause
discontinuation and for efficacy-related discontinuation. Possible explanations
are the pressing need for effective therapies against various cancers® and the
competitive drug market in oncology®®. These reasons may be incentives to
finish trials and act on their preliminary results. Our results show that these
discontinuations are often not justified. The small number of discontinuations
for superiority reasons in our study is contrary to the concerns expressed in the
literature that this is a rising and questionable phenomenon *"*"*. It may be
that these publications have led to a cautious attitude towards discontinuations
due to interim analyses demonstrating superiority, diminishing its occurrence.
Six percent of the trials were discontinued due to recruitment failure, which is

somewhat lower compared to the 10% found by Kasenda et al™

. This figure was
slightly lower in our study among randomized compared to non-randomized tri-
als (22/418, 5.3% vs. 11/156, 7.1%, respectively), also when excluding the phase
1 trials (31/364, 7.8%). Another study previously found higher incidence of re-
cruitment failure among randomized trials compared to non-randomized trials.
The difference with our study may be explained by that they excluded crossover
trials, or that they included relatively more phase 1 trials *. We replicated the
finding that the risk of investigator-initiated trials to discontinue due to recruit-
ment failure is more than twofold compared to industry-sponsored trials'®*,

although the small sample size prevented a statistically significant effect in our
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multivariable model. Furthermore, we descriptively showed that phase 4 trials
have a higher likelihood of discontinuation due to recruitment failure compared
to other phases. Although the sample size was too low to test this association
in multivariable analysis, it suggests that the motivation to recruit and/or to
participate in a trial is limited after a drug also has become available in regular
clinical practice. It also highlights the challenge of solving safety issues about
newly approved drugs in the post-marketing phase *".

A recent study showed that information about trial discontinuation is often not
updated in trial registries **. In addition, the discontinued trials in our cohort
remained significantly more often unpublished: 36% of the trials that were com-
pleted as planned remained unpublished versus 67% of the discontinued trials
(manuscript submitted). Discontinued trials may be sometimes considered as
failures and therefore as being not interesting or relevant to publish or disclose
the details about. Nevertheless, transparency and traceability of such trials is
important to prevent future failures for the same reasons.

The finding that only 14 trials were discontinued for safety reasons suggests
that the likelihood of safety problems in drug trials is not very high (2.4%, table
2.2.1), and similar compared to other studies'***. However, we did not have access
to the individual trial safety data to further investigate this and thus the issue
of safety is outside the scope of our study. Recent events show that the safety of
trial participants remains of primary importance for investigators, sponsors and
IRBs™.

Discontinuations due to recruitment failure, financial reasons (90% of these
were industry-sponsored), suspension after an inspection identified Good Clini-
cal Practice issues, product manufacturing or regulatory issues, organizational
issues, and after an interim analysis not or incompletely described in the protocol
can be considered as being probably unjustified, but at least questionable for
various reasons >*7202L25.27283438 ogather, these reasons sum up to 69 trials
(12% of the cohort, table 2.2.1). Probably, a number of these discontinuations
were due to unforeseeable misfortunes. Others may have been avoided if the
conduct was preceded by a better trial protocol, planning, justification of sample
size, and/or organization *"***,

Based on our findings, we propose three recommendations for improvement of
the conduct of clinical trials. These are relevant for all stakeholders. In particular,
as the gatekeeper of clinical research, IRBs can play an important role in their
implementation. The first recommendation is to include realistic sample size
justifications and a critical assessment of the burden posed on trial participants.
Future research should focus on how to measure the feasibility of recruitment
numbers and timelines, enabling to reduce the rate of these trial failures. The
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second recommendation is that the interim analysis plan in trial protocols should
be improved %’. Preventing discontinuations after unplanned interim analyses
found futility or superiority can lead to less research waste, as trials completed
as planned deliver information that is more useful and less influenced by chance
% The final recommendation is that IRBs should only approve trials with clear
contracts stating that it is the responsibility of the sponsor to complete the trial
and not allowing questionable reasons for discontinuation.

A strength of our study is that we included on a nationwide level all trials
approved within the inclusion period, from 23 different IRBs. Therefore, the find-
ings are both complete and can be considered as generalizable across the broad
activity of clinical drug trials in the Netherlands. Our study adds geographic
representativeness to the existing literature, as we were able to confirm largely
the findings of trials reviewed by IRBs in Germany, Canada and Switzerland
1024 'We had full access to the documents of the national competent authority and
collaborated extensively with the local IRBs and investigators. Despite having
access to a full cohort of drug trials, numbers in certain categories of potential
determinants were small, with impacted our ability to obtain precise estimates
in our multivariable models.

To conclude, one out of five clinical drug trials is discontinued before the planned
trial end. Most of these discontinuations are related to recruitment failure, or
interim analyses demonstrating futility. One out of eight clinical drug trials
is discontinued for a questionable reason. IRBs should request more realistic
recruitment targets. They should also request industry-sponsored multicenter
trial applications to provide an adequate plan for an interim analysis in the trial
protocol, including DMC oversight, the moment of the interim analysis in the

trial progress, and the stopping rule that will be used.
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SUPPLEMENTARY RESULTS

TABLE S2.2.1 Multivariable Poisson regression model for all-cause discontinuation versus completed as planned.

Completed Discontinued  Crude IRR Adjusted IRR
Total in model: 574 as planned (all-cause) (95% ClI) (95% ClI)
472 (82.2%) 102 (17.8%)
Sample size
Planned target sample size, median
(IQR) 68 (24-314) 120 (40-392) 10 (1.0-1.0) 1.0 (1.0-1.0)
Sponsor
Pharmaceutical industry (N = 352) 288 (81.8%) 64 (18.2%) ref ref
Investigator-initiated (N = 222) 184 (82.9%) 38 (17.1%) 09 (0.6-1.4) 1(06-16)
Phase
Phase 1 (N =119) 108 (90.8%) 11(92%) ref ref
Other phases (N = 455) 364 (80.0%) 91 (20.0%) 2.2 (12-40) 1.8 (09-3.7)
Centers
Single center (N = 249) 219 (88.0%) 30 (12.0%) ref ref
Multicenter (N = 325) 253 (77.8%) 72 (22.2%) 18 (12-2.8) 15 (0.8-26)
Randomization
Randomized trial (N = 418) 344 (82.3%) 74 (17.7%) 10(0.7-16) 09 (0.6-15)
Non-randomized trial (N = 156) 128 (82.1%) 28 (17.9%) ref ref
Disease area
Oncology (N = 113) 81(71.7%) 32 (28.3%) 19(1.2-28) 17 (1.1-27)
Other than oncology (N = 461) 391 (84.8%) 70 (15.2%) ref ref

Abbreviations: IRR = incidence rate ratio; Cl = confidence interval; IQR = interquartile range.



52

Chapter 2.2

TABLE $2.2.2 Multivariable Poisson regression model for efficacy-related discontinuation versus completed as
planned in the subgroup of phase 2 and 3 trials.

Completed as Discontinued solely Crude IRR Adjusted IRR
Total in model: 260* planned efficacy-related (95% ClI) (95% ClI)

231 (88.8%) 29" (11.2%)

Sample size

Planned target sample size, median (IQR) 260 (63-658) 317 (83-649) 10(1.0-1.0)  1.0(1.0-1.0)
Disease area

Oncology (N = 70) 56 (80.0%) 14 (20.0%) 25(12-52)  25(12-5.1)
Other than oncology (N = 188) 175 (93.1%) 13 (6.9%) ref ref

Abbreviations: IQR = interquartile range; IRR = incidence rate ratio; Cl = confidence interval. *This model was restricted
to the phase 2 and phase 3 trials of the cohort. The control group were phase 2 and phase 3 trials that were completed
as planned. " One efficacy-related discontinuation was a phase 1 trial (table 2.2.3) and is therefore not included in this
model.

TABLE $2.2.3 Multivariable Poisson regression model for discontinuation due to recruitment failure versus com-
pleted as planned in the subgroup of non-phase 1 trials.

Completed as Discontinued due Crude IRR Adjusted IRR

Total in model: 395*
planned to recruitment failure  (95% Cl) (95% ClI)

364 (92.2%) 317 (7.8%)
Sample size
Planned target sample size, median (IQR) 107 (33-494) 80 (25-200) 09(08-1.0)  09(08-1.1)
Sponsor
Pharmaceutical industry (N = 202) 193 (95.5%) 9 (4.5%) ref ref
Investigator-initiated (N = 193) 171 (88.6%) 22 (11.4%) 26(12-56)  20(0.9-4.6)

Abbreviations: IQR = interquartile range; IRR = incidence rate ratio; Cl = confidence interval. “This model was restricted
to the phase 2, 3, 4, and other than phase 1-4 trials of the cohort. The control group was non-phase 1 trials that were
completed as planned. "Two discontinuations due to recruitment failure were phase 1 trials (table 2.2.3) and are therefore
not included in this model.
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ABSTRACT

Objectives

The objective of this study was to investigate the occurrence and determinants of
non-publication of clinical drug trials in the Netherlands.

Methods

All clinical drug trials reviewed by the 28 Institutional Review Boards (IRBs) in
the Netherlands in 2007 were followed-up from approval to publication. Candi-
date determinants were trial characteristics. The main outcome was publication
as peer-reviewed article. The percentage of trials that were published, crude and
adjusted odds ratio (OR), and 95% confidence interval (CI) were used to quantify
the associations between determinants and publication.

Results

Of the 574 analyzed trials, 334 (58%) were published as peer-reviewed article.
The following determinants were statistically significant associated with publi-
cation: phase 2 (60% published; adjusted OR 2.6, 95% CI 1.1-5.9), phase 3 (73%
published; adjusted OR 4.1, 95% CI 1.7-10.0), and trials not belonging to phase
1-4 (60% published; adjusted OR 3.2, 95% CI 1.5 to 6.5) compared to phase 1
trials (35% published); trials with a company or investigator as applicant (63%
published) compared to trials with a Contract Research Organization (CRO) as
applicant (50% published; adjusted OR 1.7; 95% CI 1.1-2.8); and multicenter
trials also conducted in other EU countries (68% published; adjusted OR 2.2,
95% CI 1.1-4.4) or also outside the European Union (72% published; adjusted OR
2.0, 95% CI 1.0-4.0) compared to single-center trials (45% published). Trials that
were not prospectively registered (48% published) had a lower likelihood of pub-
lication compared to prospectively registered trials (75% published; adjusted OR
0.5, 95% CI 0.3-0.8), as well as trials that were terminated early (33% published)
compared to trials that were completed as planned (64% published; adjusted OR
0.2, 95% CI 0.1-0.3).

Conclusions
The non-publication rate of clinical trials seems to have improved compared
to previous inception cohorts, but is still far from optimal, in particular among

phase 1, single-center, not prospectively registered, and early terminated trials.
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INTRODUCTION

Since decades, non-publication of trial results has been a major concern in clini-
cal research, as non-publication causes research waste'?, and can bias evidence-
based treatment guidelines and clinical decision making®®. Research waste was
defined by Chalmers and Glasziou as avoidable waste of investments in research
due to inadequately producing and reporting, non-publication being one of its
four stages’. In 2009, the magnitude of research waste in clinical research was
estimated at 85%'. Moreover, non-publication is unethical because the burdens
and risks imposed on study participants do not contribute to the body of knowl-
edge.

The implications of waste and bias in research caused by non-publication®*'®
strengthens the view that all clinical trials must be published'*?. Previous stud-
ies specifically focused on publication of randomized controlled trials (RCTs)*,
covered only trials within one medical specialty®, examined a limited selection
of determinants, or used incomplete trial cohorts depending on public registra-

2627 or interview response rates'’. As a result, there is limited data on the

tions
occurrence of non-publication and its determinants that is both recent and com-
plete. The most well-known determinant for non-publication is having a ‘negative’
outcome®®. However, other reasons for non-publication have been proposed (e.g.
rejection by editors or influence of the sponsor®). Investigating determinants of
non-publication can identify and provide specific solutions for areas where the
problem of research waste and bias is most persistent. Therefore, the aim of our
study was to investigate the occurrence and determinants of non-publication of

clinical drug trials in a countrywide inception cohort of clinical drug trials.

METHODS

The design of our study and the characteristics of the included trials have been
published elsewhere®. In short, the inception cohort consisted of all clinical drug
trials reviewed by IRBs in the Netherlands between 1 January and 31 December
2007. We used ToetsingOnline®, the database of the competent authority of the
Netherlands (the Central Committee on Research Involving Human Subjects,
abbreviated in Dutch as CCMO), the only source containing a complete record of
all trials that underwent IRB-review, to identify the cohort, the determinants,
and the stages of progress of the included trials. In addition, we searched the
trial registries clinicaltrials.gov and ISRCTN for the candidate determinant
prospective registration, and for the availability of trial results in public reg-
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istries. We originally defined prospective registration as registration before
the first patient is recruited®. Because start-of-trial dates were missing in the
database, we changed the definition of prospective registration to registration
within one month of IRB-approval. In our experience, most trials start recruit-
ment later than one month after IRB-approval, so this threshold classified more
not prospectively registered trials as prospectively registered than vice versa.
Sensitivity analyses were performed using two less strict thresholds of prospec-
tive registration: registration within 1 year of IRB-approval, and registration at
any moment.

Inception cohort: clinical drug trials reviewed by
Dutch IRBs in 2007:
N =622

Rejected by Dutch IRB:
N =19

A 4

\ 4
Approved by Dutch IRBs:
N =603

Still ongoing: N = 10
Never started inclusion of patients: N = 19

A 4

\ 4
Included in analysis:
N = 574*

FIGURE 2.3.1 Selection of the samples for the analysis of the primary outcome, determinant analysis and protocol
evaluation, starting with the inception cohort of all IRB-reviewed trials in 2007. *The end-of-trial form was missing of 186
of the 574 trials that were included in the analysis. Principal investigators of 73 of these trials responded to our question-
naire, completing the information on the end-of-trial. From the remaining 113, of 87 trials we found other documents
than the end-of-trial form indicating that the trial had started (for example, emails from the IRB or amendments), or we
found that the trial was published. Of 26 trials included in the analysis, we had no follow-up information. The 113 trials
with missing information about completion were assumed to be completed as planned.

The search algorithm for publications used the platforms Pubmed, Embase and
Google Scholar. More details are reported in the protocol®. We conducted the
final search for publication and availability of results in January and Febru-
ary 2016. Therefore, the follow-up since IRB-approval was 8 years at minimum,
and 9 at maximum. Questionnaires were e-mailed to the principal investigators
(PIs) of the trials, asking for reasons for non-publication. If the PI had left the
company or the hospital that conducted the trial, we tried to contact the PI at
his current affiliation, or otherwise we attempted to contact colleagues of the PI
that were involved in the same trial. After identification of the right person, at
maximum two reminders were sent. The Dutch accredited IRBs were asked for
permission to send the questionnaire to the PIs. All IRBs consented and provided
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a signed letter of endorsement, which we attached to the questionnaire. The list
of 23 Dutch accredited IRBs can be found on the website of the CCMO®. More
information about the questionnaires is provided in appendix 2.2, including cop-
ies of the questionnaire templates (these can also be freely downloaded through
the publication of this chapter in PLoS One®).

Candidate determinants were trial characteristics that the PI filled out on a
form at the time of submission of the trial application for IRB-review. This form
is mandatory and identical for all IRBs in the Netherlands. Prospective registra-
tion on the registries of clinicaltrials.gov or ISRCTN, and whether the trial was
completed as planned or terminated early were also candidate determinants.

To be consistent with the literature referred to above, and for the purpose of
linguistic clarity, we used publication as an outcome rather than non-publica-
tion. A publication was defined as a peer-reviewed article (i.e. the reciprocal of
non-publication). Percentages of published trials were calculated for each of the
determinant categories. Logistic regression was used to calculate crude and ad-
justed odds ratios (ORs) and 95% ClIs for the association between determinants
and publication. The final multivariable model included determinants that were
retained after backward stepwise elimination based on the likelihood ratio, using
p>0.2 as elimination rule. The original published study protocol prescribed Cox-
regression for multivariable analysis instead of logistic regression®™. However,
the hazard ratios of determinants were not proportional during the observation
period. Moreover, the end-of-trial dates were missing for 186 trials. Therefore,
the date of IRB-approval was used as the starting point of follow-up, instead
of the end-of-trial date prescribed by the protocol®. Because we were unable to
control for the duration of the trials, interpretation of the hazard ratio would
therefore be challenging and we decided to use logistic regression instead. The
Kaplan Meier analysis was used to visualize the cohort from its starting point
(date of IRB-review) until the endpoint (publication or non-publication), strati-
fied by trial phase, one of the key determinants which also discriminates between
longer- and shorter-during trials®.

We also stratified by oncology versus other disease areas (pre-specified in the
protocol), and further stratified oncology trials by phase 1 trials versus other
phase trials (post-hoc). Oncology phase 1 trials differ from other disease area
phase 1 trials in that oncology phase 1 trials are usually restricted to patients,
while most other disease areas include healthy volunteers®.

In a second post hoc analysis, we investigated the association of the direc-
tion of results and publication. We categorized the direction of conclusions as
positive, negative or descriptive. This categorization was based on the conclu-
sion paragraph of the publication (e.g. the investigated treatment was superior,
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TABLE 2.3.1 Frequencies and publication percentages of candidate determinants.

N in analysis
(% published)
All trials included in the analysis 574 (582%)
Sponsor
Pharmaceutical industry 352 (59.1%)
Investigator (industry (co-)funded) 71 (52.1%)
Investigator (no industry funding involved) 151 (58.9%)
Phase
Phase 1 119 (34.5%)
Phase 2 130 (60.0%)
Phase 3 172 (72.7%)
Phase 4 57 (56.1%)
Other than phase 1-4* 96 (60.4%)
Applicant
Contract research organization 214 (50.0%)
Investigator or company 360 (63.1%)
Centers
Single center 249 (45.4%)
Multi center only in the Netherlands 54 (53.7%)
Multi center in the Netherlands and the EU 82 (68.3%)
Multi center in the Netherlands and outside the EU 189 (72.0%)
Therapeutic effect expected
Therapeutic effect expected” 356 (64.6%)
No therapeutic effect expected 218 (47.7%)
Type of trial
Intervention 517 (59.8%)
Invasive observational® 45 (42.2%)
Non-invasive observational 12 (50.0%)
Approval status of drug(s) in trial
Unapproved drug(s) in trial 306 (54.6%)
All drugs in trial approved, studied outside approved indication 147 (65.3%)
All drugs in trial approved and studied within approved indication 121 (58.7%)
Drug type
Regular medicinal product 549 (57.7%)
Special drug category involved® 25 (68.0%)
Participant category
>18 years old and mentally capacitated 532 (58.6%)

<18 years old and/or mentally incapacitated 42 (52.4%)
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TABLE 2.3.1 Frequencies and publication percentages of candidate determinants. (continued)

N in analysis
(% published)

Disease area
Oncology 113 (66.4%)
Other disease areas 461 (56.2%)

Prospective registration'

Prospectively registered 215 (74.9%)
Not (prospectively) registered 359 (48.2%)
Completion

Completed as planned 472 (63.6%)
Terminated early 102 (33.3%)

*Studies not primarily intended to provide information about the drug, nor conducted within the context of a drug
development program. "Trials were regarded as therapeutic if it is reasonable to assume that participation will be of direct
clinical benefit to the subject. 'In observational trials, the investigator does not seek to change the observed situation,
but simply to describe and record it as accurately as possible. Invasive procedures concern the penetration of the skin or
mucosa with the aid of instruments, X-rays or magnetic resonance, or the introduction of an instrument into the body,
or psychologically invasive observational research, involving the experimental creation of an unaccustomed situation
that may give rise to negative emotions in the subject. *Vaccine, radiopharmaceutical, somatic cell therapy, antisense
oligonucleotide. I Prospective registration was defined as registration of the trial at www.clinicaltrials.gov or wwwisrctn.
com, at latest one month after IRB-approval.

equivalent, and/or safer than the comparator), and for the unpublished trials
on the primary outcome measurement reported in the registry (positive if the
primary outcome was in favor of the investigated treatment, negative if not, and
descriptive if no statistical test was provided in the registry). All data analyses
were performed in IBM SPSS Statistics, version 23.

RESULTS

Of the 622 trials reviewed by the Dutch IRBs, 19 (3.0%) were rejected, and after
obtaining IRB-approval, another 19 trials never started the inclusion of patients
(figure 2.3.1). Thus, before any patients were included, 6% of the trials had
reached their final stage of progress. Of the 574 trials that started, 334 trials
(58.2%) were published within the observation period of 8-9 years after IRB-
approval.

Table 2.3.1 shows all candidate determinants and the percentages of publication
for each determinant category. Nine of these candidate determinants were in-
cluded in the multivariable logistic regression model (table 2.3.2). In this model,
phase 2 (adjusted OR 2.6; 95% CI 1.1-5.9), 3 (adjusted OR 4.1; 95% CI 1.7-10.0)
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and other-phase trials (adjusted OR 3.2; 95% CI 1.5-6.5) had a significantly
higher likelihood of publication compared to phase 1 trials. Trials of which the
investigator or company was the applicant had a significantly higher likelihood
of publication compared to trials of which a contract research organization was
the applicant (adjusted OR 1.7; 95% CI 1.1-2.8). Furthermore, international
multicenter trials within the EU (adjusted OR 2.2; 95% CI 1.1-4.4) or also outside
the EU (adjusted OR 2.0; 95% CI 1.0-4.0) were more likely published than single
center trials. Invasive observational trials had a lower likelihood of publication
compared to intervention trials (adjusted OR 0.4; 95% CI 0.2-0.9). Trials that
were not prospectively registered had a lower likelihood of publication compared
to prospectively registered trials (adjusted OR 0.5; 95% CI 0.3-0.8). Sensitivity
analyses showed that the magnitude of this association increased if the thresh-
old of prospective registration was changed to registration within one year of
IRB-approval, or to registration at any moment (data not shown). Finally, trials
that were terminated early had a substantially lower likelihood of publication
compared to trials that were

Visually, the Kaplan Meier curves of all phases seemed to approach their
plateau after 8-9 years of follow-up since IRB-approval (figure 2.3.2). The overall
median time to publication since IRB-approval was 53 months (interquartile
range (IQR) 39-65) and was not different between the trial phases.

Overall, non-oncology trials had a lower likelihood of publication compared to
oncology trials; however, this association was not significant in the multivariable
analysis (table 2.3.2, adjusted OR 0.7, 95% CI 0.4-1.1, supplementary results
figure S2.3.1). No significant difference was observed in the median time to
publication between other disease area and oncology trials (median time to pub-
lication 52 months (IQR 41-69) vs. 57 months (IQR 39-63), respectively). Post-hoc
analysis showed that only 28 out of 100 (28%) other disease area phase 1 trials
were published, which was significantly lower compared to the 13 out of 19 (68%)
published oncology phase 1 trials (OR 0.2, 95% CI 0.1-0.5; supplementary results
figure S2.3.2). Among other phases, we observed no difference in publication of
other disease area and oncology trials (64% vs. 66%, respectively; supplementary
results figure S2.3.3).
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TABLE 2.3.2 Associations between determinants and publication, expressed as crude and adjusted odds ratios (OR),
and 95% confidence intervals (Cl) of the crude and adjusted ORs.

Crude OR Adjusted OR
Determinants (95% CI) (95% CI)
Phase
Phase 1 ref ref
Phase 2 29 (1.7-48) 26 (1.1-59)
Phase 3 5.1(3.1-84) 41(1.7-10.0)
Phase 4 24(13-46) 24(09-63)
Other than phase 1-4 29 (1.7-5.1) 32(1.5-65)
Applicant
Contract research organization ref ref
Investigator or company 17 (12-2.4) 17 (1.1-2.8)
Centers
Single center ref ref
Multicenter only in the Netherlands 14 (0.8-2.5) 1.2 (0.6-2.4)
Multicenter in the Netherlands and the EU 26 (1.5-4.4) 22 (1.1-4.4)
Multicenter in Netherlands and outside EU 3.1(2.1-4.6) 2.0 (1.0-4.0)
Therapeutic effect expected
Therapeutic effect expected ref ref
No therapeutic effect expected 05 (0.4-0.7) 1.7 (09-33)
Type of trial
Intervention ref ref
Invasive observational 15 (0.5-4.7) 0.4 (0.2-09)
Non-invasive observational 0.7 (02-26) 09(03-32)
Participant category
>18 years old and able to provide consent ref ref
<18 years old and/or unable to provide consent 0.8 (04-15) 05(02-1.0)
Disease area
Oncology ref ref
Other disease areas 0.7 (0.4-1.0) 0.7 (0.4-1.1)
Prospective registration
Prospectively registered ref ref
Not (prospectively) registered 03(0.2-0.5) 05 (03-0.8)
Completion
Completed as planned Ref ref

Terminated early 0.3 (0.2-05) 02 (0.1-03)
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Substantially more published trials (113/334, 34%) had also uploaded a summary
of results in the clinicaltrials.gov or ISRCTN registries compared to the unpub-
lished trials (23/240, 10%). Post hoc analyses showed that of the published trials,
42% of the direction of conclusions was positive, 19% was negative, and 39% were
descriptive. Of the unpublished trials that reported results in their registry, 5
(22%) trials reported a positive primary outcome, 2 (9%) reported a negative pri-
mary outcome and 16 (70%) were descriptive or missing (primarily due to missing
statistical information that was needed to infer a direction of the results).

Trial phase
—Phase 1
" Phase 2
— 7Phase 3
[—" TPhase 4
- * 'Other than phase 1-4
0,87

0,67

0,47

Proportion of trials published
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FIGURE 2.3.2 Kaplan Meier analysis of the publication rates of trial phases. IRB = Institutional Review Board.

The principal investigators of only 55 of the 240 (23%) unpublished trials re-
sponded to the questionnaire and provided the reason(s) for non-publication
(supplementary results table S2.3.1). The most important reason for non-publi-
cation among the responders was that the investigators had other priorities than
to write a manuscript (18.2%). Other reasons included no statistically significant
or clinically relevant results (14.5%), the manuscript was rejected by a journal
(12.7%), the article was not finished yet (10.9%), and the study was underpow-
ered due to poor inclusion of participants (10.9%).
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DISCUSSION

Of the clinical drug trials approved by the Dutch IRBs in 2007, 42% had not been
published as a peer-reviewed article by January/February 2016. The publica-
tion rate approximated their plateau at the time of our final search, suggesting
that only a few more publications can be expected. The observed publication
rate of 42% is relatively high compared with other studies investigating older
cohorts®¢ 91114163637 hig qygoests that the publication rate of clinical trials has
somewhat improved, but is still far from ideal. In particular, the publication
percentage of the phase 3 trials (mainly RCTs) in our cohort (73%) was higher
compared to previous cohorts investigating RCTs (overall, 54% published)'®?®,
Other recent research also supports that publication of phase 3 trials has been
improved'’. Therefore, the regularly mentioned number of 50% non-publication®
probably needs to be updated with regard to the phase 3 trials. Awareness-raising
public campaigns®, incorporation of publication requirements in clinical trial
legislation*’ and advocacy by influential organizations® over the past decade
may have contributed to this improvement. However, it is uncertain whether
the identified publications have adequately reported all relevant aspects of the
trials’®. We are investigating this in the next phase of our cohort study™.

The implicated research waste is considerable. Starting with the inception
cohort of 622 IRB-reviewed trials, at least 140 (23%) failed to be completed as
planned (figure 2.3.1 and table 2.3.1). If we consider the published trials and the
trials that are still running as not (yet) wasted, waste is implicated in 50% of the
trials. This percentage should not be compared to the research waste estimate
of 85% (of which 50% was due to non-publication) suggested by Chalmers and
Glasziou', as we did not factor in research waste due to a poor design, conduct,
data analysis, and selective reporting within the publications. Some waste is
probably unavoidable (for example, trials sometimes are terminated early for
ethical reasons). However, the need for better solutions is urgent considered the
large public and private investments involved in the unpublished trials. Further-
more, 42% non-publication implies that publication bias in clinical drug trials is
likely still substantial, despite many years of attention to this topic *.

A limitation of our study was that we did not include the direction, magnitude
and statistical significance of the trial results as determinants in our analysis.
Previous studies included this determinant'®'?, by interviewing the PIs'™, or us-
ing trial reports submitted to the IRB'. However, this approach excludes trials
of which no such data is available, potentially introducing selection bias. This
would have excluded 113 of the 240 (77%) unpublished trials from our cohort.
Furthermore, it is questionable how objective investigators can judge the direc-
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tion of results of their own research**, and definitions of ‘positive’ and ‘negative’
results are heterogeneous®. Despite the attached endorsement letters from the
local IRBs, the response rate to our questionnaire was low. Among the respond-
ers, only 14.5% of the PIs reported that lack of significance or relevance of the
results were a reason for non-publication. Having other priorities was the most
common reason. Rejection by a journal was also among the most common rea-
sons for non-publication. Both these reasons have been reported previously in
the literature'®*. The post hoc analysis of the results of the unpublished trials
that were uploaded in their registry demonstrated that these results sections are
often incomplete and provide therefore little information on the influence of the
direction of the results on the likelihood of publication. Furthermore, this find-
ing suggests in line with other studies that uploading results in trial registries
should be done more often, and that the quality of these results uploads needs
improvement®*’.

The publication rate of phase 1 trials was substantially lower compared to
other phases. This has been shown before®. However, the percentage of phase
1 trials that was published in our cohort was substantially higher (35%) than
the previous study (17%)°, suggesting that progress has also been made in the
field of phase 1 trials, but still not sufficient. Publication of phase 1 trials may
be considered less interesting because their direct impact for clinical practice is
limited when the drug is still far from marketing approval. Yet, phase 1 trials are
an important source for the clinical pharmacology of drugs. Furthermore, data
from previous phase 1 trials on similar drugs is essential in determining the risk
of phase 1 (first in man) trials upfront*®. Increasing transparency in general in
this field of clinical research should be high on the agenda of regulators and the
pharmaceutical industry, as emphasized by the slow release of information after
the recent tragic events in a phase 1 trial in France®.

Our post hoc finding that oncology phase 1 trials are more likely to be published
than phase 1 trials in other disease areas suggests that inclusion of patients who
are typically very ill*° may positively influence publication of phase 1 trials. Or,
argued differently, oncology phase 1 trials are in fact phase 2 trials, as phase
2 trials in most other disease areas are usually the ‘first-in-patient’ trials. The
publication percentage of oncology phase 1 trials in our cohort was indeed similar
to that of the phase 2 trials (68% and 60%, respectively).

The lower likelihood of publication of single center trials compared to multi-
center trials has been shown in previous research'®. In our cohort, this trend was
visible, but only statistically significant for multicenter trials conducted also out-
side the Netherlands. Opportunities for increasing the incentive to publish exist
at the level of the trial center. Publication metrics (including, but not limited to
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the number of trials published divided by the total number of trials conducted)
should be reported on the center-website as well as the website of the local IRB
for all trials conducted in the center®. Transparency about the local publication
practices may stimulate stakeholders to require publication of all trials.

Invasive observational trials had a lower likelihood to be published compared
to intervention trials. This association was not observed between observational
non-invasive trials and intervention trials. Findings by other studies regarding
this determinant are inconsistent®® and the poor precision makes this determi-
nant difficult to interpret.

We found that prospective registration in a trial registry was associated with
publication. The idea of prospective registration of all trials was proposed many
years ago’, but in our cohort, only 37% of the trials were prospectively registered.
The sensitivity analyses showed that the significant association with publica-
tion remained when using the less strict definition of prospective as registration
within 1 year of IRB-approval. Since 2007, prospective registration has become
increasingly mandatory, and higher registration rates have been reported®.
However, given the changes in the requirements for prospective registration
since the inception of this cohort, higher publication rates cannot be predicted
from this rise in prospective registration. Furthermore, there is no evidence that
registries in their current state can adequately replace journal articles as the
primary source for clinical guidelines, decision making and designing future tri-
als. Until the issues with registries, such as completeness and quality of uploads
of trial results, are solved, the peer-reviewed journal article remains the golden
standard for reporting the results of clinical trials, and all clinical trials should
be published as such.

To conclude, our study shows a non-publication rate of clinical trials of 42%,
which seems to be an improvement compared to previous inception cohorts, but
is still far from optimal. Determinants of non-publication are early termination,
no prospective registration, phase 1, and single center. Nevertheless, consider-
able waste 1s implicated, and the likelihood of publication bias is high.
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SUPPLEMENTARY RESULTS

TABLE $2.3.1 Reported reasons for non-publication (responses were obtained for 55/240 unpublished trials).

Reason for non-publication

Frequency reason
was reported

Percentage of the 55
responding Pls

Other priorities

Results not clinically relevant

Manuscript rejected by journal

Article/analysis is not finished yet

Low number of participants, therefore underpowered
Discontinued development of the drug

Study was preliminary terminated

Results not statistically significant

Study was presented on conference

Study only intended for development of drug

Results may be published after drug approval

No reason provided/known

Investigators felt not responsible to publish

Journal space restrictions

Sponsor decision

Results were not spectacular

Drug development was transferred to other company
Not included in trial register

Phase 1 study

Validity of data questioned by health authorities

Only reported internally

10

A O NN

(S NV

18.2%
12.7%
12.7%
10.9%
10.9%
9.1%
7.3%
5.5%
5.5%
5.5%
3.6%
3.6%
3.6%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
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ABSTRACT

Objectives

To identify the occurrence and determinants of protocol-publication discrepan-
cies in clinical drug trials.

Methods

All published clinical drug trials reviewed by the Dutch Institutional Review
Boards in 2007 were analyzed. Discrepancies between trial protocols and publica-
tions were measured among key reporting aspects. We evaluated the association
of trial characteristics with discrepancies in primary endpoints by calculating
the risk ratio (RR) and 95% confidence interval (CI).

Results

Of the 334 published trials, 32 (9.6%) had a protocol/publication discrepancy
in the primary endpoints. Among the subgroup of randomized controlled trials
(RCTs; N=204), 12 (5.9%) had a discrepancy in the primary endpoint. Investiga-
tor-initiated trials with and without industry (co-) funding were associated with
having discrepancies in the primary endpoints compared to industry-sponsored
trials (RR 3.7; 95% CI 1.4-9.9 and RR 4.4; 95% CI 2.0-9.5, respectively). Fur-
thermore, other than phase 1-4 trials (vs. phase 1; RR 4.6; 95% CI 1.1-19.3),
multicenter trials also conducted outside the EU (vs. single center; RR 0.2; 95%
CI 0.1-0.6), not prospectively registered trials (RR 3.3; 95% CI 1.5-7.5), non-RCT's
(vs. superiority RCT; RR 2.4; 95% CI 1.2-4.8) and, among the RCTs, crossover
compared to a parallel group design (RR 3.7; 95% CI 1.1-12.3) were significantly
associated with having discrepancies in the primary endpoints.

Conclusions

Improvement in completeness of reporting is still needed, especially among
investigator-initiated trials and non-RCTs. To eliminate undisclosed discrepan-
cies, trial protocols should be available in the public domain at the same time
when the trial is published.
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INTRODUCTION

Selective reporting is considered to be the most important cause of the poor
reproducibility of biomedical research'. If mainly the positive results of a study
are published, this may lead to overrepresentation of positive results and conclu-
sions in the scientific literature®. Ignoring negative results can cause research
waste, as futile experiments may be unnecessarily repeated ®. Moreover, an
inadequate description of the protocol of a study can frustrate replication of
the study*®. Transparency of the process from study protocols until publication
remains therefore paramount in the responsible conduct of research. Complete
and unbiased publication of clinical trials is an ethical and scientific obligation
as recommendations and conclusions derived from clinical trials are often trans-
lated into clinical guidelines, and human participants were involved in obtaining
the results®.

One type of selective reporting is non-publication’. Evidence across medical
and geographical areas shows that approximately half of the clinical trials that
are conducted, are not being published in the scientific literature ®. Another type
is selective publication, meaning that at least some results are published, but
with undisclosed discrepancies between the trial protocol and the publication.
The first empirical study investigating the problem of selective publication found
that 62% of the trials had at least one primary endpoint that was discrepant
between the trial protocol and the trial publication®. As the main conclusions
and recommendations of trials will be based on their primary outcome, this find-
ing suggests that a substantial proportion of clinical evidence is biased due to
selective publication. Other studies also showed an alarming amount of selective
publication regarding subgroup analyses, sample size calculations and sponsor-
ship acknowledgement'®*?.

While the existence of selective publication has been convincingly established

%19 jts occurrence may have de-

among clinical trials starting 15-20 years ago
creased due to subsequent countermeasures. Governments, journals, pharma-
ceutical companies, and research communities have implemented requirements

1420 However, more recent evidence

for trial registration and data sharing
suggests that only limited progress has been made'®. Empirical evidence is very
limited on whether other aspects of trials are transparently reported, such as the
selection criteria, sample size, subgroup or other additional analyses, and the
methods used for data analysis. Therefore, we studied the occurrence of protocol-
publication discrepancies, determinants of discrepancies in primary endpoints,
and the association between discrepancies and the direction of trial conclusions

in a cohort of clinical drug trials.



82

Chapter 2.4

METHODS

The design of the study has been published before’. In short, we selected all clini-
cal drug trials that were reviewed by the Dutch accredited Institutional Review
Boards in 2007 and we followed these trials until publication as peer-reviewed
article in the scientific literature. The results of the study on non-publication
have been published and showed that of the 574 trials in the cohort, 240 (42%)
remained unpublished®. For this follow-up study, we included the 334 trials
in the cohort of which we found at least one publication by January 2016 in
the scientific literature presenting results (figure 2.4.1). The data source was
ToetsingOnline, a database containing all clinical drug trials submitted to ac-
credited Institutional Review Boards (IRBs) in the Netherlands, overseen by
the competent authority (the Central Committee on Research Involving Human
Subjects, CCMO). Hence, the cohort consists of all clinical drug trials that were
IRB-reviewed in the Netherlands in 2007. The data sources for the discrepancy
assessment were the IRB-files of the CCMO including the original trial protocols
and substantial amendments (as required by law, these documents are submitted
to both the IRB and the CCMO before start of the trial or before implementation
of the amendment). We searched Pubmed, Embase and Google Scholar for pub-
lications of the trials in scientific journals. All publications containing results of
the trials were downloaded as full-text. The publication search was conducted in
January and February 2016. Thus, the minimal follow-up between IRB-approval
and publication was 8 years (December 2007 — January 2016).

We identified discrepancies between the most recently IRB-approved trial
protocol (including IRB-approved substantial amendments) and the publications
reporting results of the trial at issue. If multiple publications of the same trial
were identified, all publications were included in the assessment. Discrepancies
were scored by comparing the full-text of the original protocol with the full-texts
of all identified publications of the trial. Five categories of protocol-publication
discrepancies were measured: endpoints (the operationalization of events, symp-
toms, biomarkers etc. that were measured in the trial); trial objectives (the gen-
eral conceptual goals of the trial as stated in the introduction of the protocols and
the publications); selection criteria; sample size; and sponsor acknowledgement.
Two additional protocol-publication discrepancies were only scored among the
randomized controlled trials (RCTs) in the cohort: discrepancies in additional or
subgroup analyses, and discrepancies in the method used for the data analysis.
The method used for data analysis was defined as how the trial arms were com-
pared. For example, using the intention-to-treat, or the per protocol approach for
the analysis (and whether the definition of the analysis population was similar
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in the protocol and in the publication). More details on the protocol-publication
categories are provided in the supplementary methods and results, table S2.4.1.

Inception cohort: clinical drug trials reviewed by
Dutch IRBs in 2007:
N =622

Rejected by Dutch IRB:
N =19

A 4

v
Approved by Dutch IRBs:
N =603

Still ongoing: N = 10
Never started inclusion of patients: N = 19

A 4

\ 4
Follow-up for publication:
N =574

Not published:
N =240

4

\ 4
Included in analysis:
Published trials: N = 334

FIGURE 2.4.1 Trials included in the analysis.

Disclosure was the leading principle in scoring the discrepancies. Aspects were
only scored as being discrepant if no reason for the discrepancy was provided in
the publication, and we could not find another reason for the discrepancy that was
disclosed to the IRB (such as approved substantial amendments). For example,
if a primary endpoint was added in a publication compared to the trial protocol,
and the publication also explained this addition, it was not considered discrep-
ant. Similarly, a post hoc subgroup analysis was only considered discrepant if
the post hoc nature of the subgroup analysis was not stated in the publication.
In addition, if the trial was discontinued before the planned end of follow-up, and
this was reported in the publication, we did not score the lower sample size as
discrepancy. If multiple methods for data analysis were described in the publica-
tion and only one was specified in the protocol, we only scored this as being a
discrepancy if the publication did not state which method was specified in the
protocol. In case that multiple publications were found of one trial, omissions
were only scored as discrepancy if the omitted item was not reported in any of
the publications of the trial. Additions were scored as discrepancy if not labeled
as post hoc in all publications of the trial. If we found in one of the publications
an unexplained change compared to the protocol, it was scored as a discrepancy,
regardless whether it was reported correctly in the other publications of the trial.
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Trial characteristics were extracted from the ToetsingOnline database, from
the form that all trial applicants filled out at the time of submission of the trial
application for IRB-review. This form is mandatory and identical for all IRBs
in the Netherlands. Other trial characteristics were prospective registration in
the international registries of clinicaltrials.gov or ISRCTN, and whether the
trial was completed as planned or discontinued. Other trial characteristics were
the trial design (RCT superiority, RCT non-inferiority, or non-RCT/exploratory
pharmacology), and, only among the RCTs, the treatment arms (parallel group
or crossover). Associations between these trial characteristics and protocol-
publication discrepancies in the primary endpoints were evaluated.

Among the subgroup of RCTs, we categorized the direction of conclusion of the
trials as positive or negative, as formulated in the publications. The direction
of conclusion was positive if the trial results supported the trial objectives or
hypotheses as stated in the protocol (for example, drug X is superior compared
to placebo against disease Y). If the conclusion section of the publication stated
that the results were negative, non-significant, or inconclusive, the direction of
conclusion was classified as negative. If more than one publication was found of a
trial, the first publication of the completed trial that reported primary endpoints
was used to classify the direction of conclusion.

The protocol-publication discrepancies were described using univariate
analysis, stratified for RCTs and non-RCTs. Randomized trials with exploratory
objectives (for example, phase 1 trials investigating pharmacology, safety and
tolerability) were included in the non-RCT stratum. For the discrepancies in
endpoints, objectives and additional/subgroup analyses, we merged the outcome
variable by calculating the sum total of primary endpoint discrepancies and
primary objective discrepancies, and the sum total of discrepancies in additional
or subgroup analyses.

We analyzed the association between the trial characteristics that were con-
sidered as being potential determinants of protocol-publication discrepancies.
In addition to the sponsor type, we analyzed the trial characteristics that were
significantly associated with non-publication in the same cohort®': phase, centers
involved, prospective registration, and completion. Furthermore, in line with

919 we also analyzed the association of the trial design and the

previous studies
treatment arms with discrepancies in the primary endpoints. The protocol of
our study’ prescribed the analysis of determinants for all protocol-publication
discrepancies separately. In this paper, we focus on determinants of the discrep-
ancies in the primary endpoints, which are most likely to influence the direc-
tion of conclusions of the trials. Then, we analyzed the association between the

protocol-publication discrepancies and the direction of conclusions of the trials.
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To estimate the overall associations, we used Pearson’s chi-square test and indi-
cate the associations of p <0.01 and p < 0.05. Furthermore, risk ratios (RRs) and
their 95% confidence interval (Cls) were calculated to estimate the direction and
precision of the associations. If zero outcomes (or zero reciprocal-outcomes) were
observed in categories with low numbers of trials, the RR was not calculated as a
zero cell count will strongly bias the association towards statistical significance.
The protocol of our study prescribed also multivariable logistic regression analy-
sis. However, due to the relatively low number of discrepancies in the primary
endpoints (32), the precision of the regression coefficients would have been low.
Therefore, we decided to omit multivariable analysis.

One investigator (CAB) performed the discrepancy scoring for all trials.
A second investigator (PCS) examined the reliability of the discrepancy scor-
ing method. The protocol prescribed an additional double-check of 10% of the
cohort and subsequently a randomly selected 20 trials. After comparing the
seven discrepancy categories of the initial 35 trials selected for crosschecking
(245 data entries in total), three data entries were changed after discussion.
These included one discrepancy in the selection criteria, one discrepancy in the
secondary endpoint, and one discrepancy in the subgroup or additional analyses.
Thus, the inter-rater agreement was (1-(3/245))*100 = 99%, with no disagree-
ments about discrepancies in the primary endpoints. Based on the inter-rater
agreement of 99%, we concluded there was sufficient proof of reliability of the
scoring procedure and that the double-check could be restricted to the randomly
selected 35 trials (10%). We included this protocol deviation in table S2.4.2 of the
supplementary methods and results.

RESULTS

Of'the 334 trials that were published by January 2016 (figure 2.4.1), we identified 506
articles. Of 91% of these trials, we found one or two articles (supplementary methods
and results, table S2.4.3). The characteristics of the 334 trials are summarized in
table 2.4.1. The trials were mostly industry-sponsored (62.3%), phase 3 (37.4%) and/
or international multicenter (16.8% was also conducted in other EU countries, and
40.7% was also conducted outside the EU). Oncology was the largest disease area
(22.5%), and most trials (51.8%) were not prospectively registered at clinicaltrials.
gov or ISRCTN. A small proportion (10.2%) was discontinued before the planned
end of recruitment and/or follow-up. Sixty-one percent were RCT's (50.6% superiority
and 10.5% non-inferiority), and most trials had a parallel group design. Almost half
of the trials (47.9%) planned to include less than 100 participants.
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TABLE 2.4.1 Characteristics of the analyzed trials.

Number of trials in analysis

Total clinical trials in cohort
Characteristics

Sponsor

Pharmaceutical industry

Investigator (industry (co-)funded)
Investigator (no industry funding involved)
Phase

Phase 1

Phase 2

Phase 3

Phase 4

Other than phase 1-4*

Centers

Single center

Multi center only in the Netherlands

Multi center in the Netherlands and the EU
Multi center in the Netherlands and outside the EU
Disease area

Oncology

Endocrine diseases

Neurological diseases (including analgesia and anesthesia trials)
Infectious diseases (including vaccine trials)
Cardiovascular diseases

Respiratory diseases

Other disease areas

Musculoskeletal diseases

Mental and behavioral disorders
Hematological and immunological diseases
Digestive system diseases

Genitourinary system diseases
Prospective registration’

Prospectively registered

Not (prospectively) registered
Completion

Completed as planned

Terminated early

334 (100%)

208
37
89

41
78
125
32
58

113
29
56

136

75
40
36
32
29
25
22
19
17
17
12
10

161
173

300
34

% (of 334)

62.3%
11.1%
26.6%

12.3%
23.4%
37.4%
9.6%
17.4%

33.8%
87%
16.8%
40.7%

22.5%
12.0%
10.8%
9.6%
87%
7.5%
6.6%
5.7%
5.1%
5.1%
3.6%
3.0%

48.2%
51.8%

89.8%
10.2%
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TABLE 2.4.1 Characteristics of the analyzed trials. (continued)

Number of trials in analysis

Design'

RCT; superiority 169 50.6%
RCT; non-inferiority 35 10.5%
Non-RCT and/or exploratory pharmacology trial 130 38.9%
Treatment arms

Parallel group 226 67.7%
Cross-over 39 11.7%
Single arm 69 20.7%

Number of participants planned in the trial protocol

<100 160 479%
>100-500 89 26.6%
>500-1000 50 15.0%
>17000 35 10.5%

Table 2.4.2 shows an overview of the protocol-publication discrepancies that were
measured in all 334 trials. Omissions (N = 17; 5.1%) and changes (N = 14; 4.2%)
of the primary endpoint were more common than additions (N = 1; 0.3%). The
most common discrepancies were in secondary endpoints: 89 (43.6%) of the RCT's
and 48 (36.9%) of the non-RCTs had no discrepancy in the primary endpoints but
a discrepancy in the secondary endpoints. Discrepancies in the sample size were
mainly due to inclusion of <80% of the sample as calculated in the protocol, which
occurred in 10 (4.9%) of the RCTs and in 22 (16.9%) of the non-RCTs). Three
(1.5%) of the RCTs and three (2.3%) of the non-RCT's included more than 120% of
the sample size as calculated in the protocol.

Table 2.4.3 summarizes the discrepancy categories that were only measured among
the subgroup of 204 RCTs. Among the 204 RCTs, 91 (44.6%) had a discrepancy in the
subgroup analysis. Furthermore, 21 (10.3%) of the RCTs had a discrepancy in the
methods used for data analysis. None of the trials had a discrepancy in sponsorship
acknowledgements. Seventy-eight trials (23.3%) had no discrepancy at all (table
S2.4.4, supplementary methods and results). In 36 (17.6%) of the RCT-protocols and/
or publications, the methods used for data analysis were not specified (table 2.4.3).
In 21 of the 204 RCTs (10.3%), it was only missing in the protocol, in nine RCTs
(4.4%) only in the publications, and in six (2.9%) both in the protocol and in the
publications. The information on the methods used for data analysis was missing in
30 (55.6%) of the protocols and/or publications of the 54 investigator-initiated RCTs,
and in 6 (4.0%) of the 150 industry-sponsored RCTs. The other discrepancy catego-
ries were missing in the protocols and/or publications of zero to four trials (0-1.5%).



88 | Chapter 2.4

TABLE 2.4.2 Occurrence of protocol-publication discrepancies stratified for trial design.

All trials RCTs Non-RCTs'
N (%) N (%) N (%)

Number of trials assessed 334 (100%) 204 (100%) 130 (100%)
Discrepancies in endpoints
Primary endpoint added in publication 1(03%) 0 (0.0%) 1(0.8%)
Primary endpoint omitted in publication 17 (5.1%) 3(15%) 14 (10.8%)
Primary endpoints changed in publication 14 (4.2%) 9 (4.4%) 5(3.8%)
Sum total of discrepancies in primary endpoint* 32(96%) 12(59%) 20 (15.4%)
No discrepancy in primary endpoint, but discrepancy in secondary endpoint 137 (41.0%) 89 (43.6%) 48 (36.9%)
No discrepancies in endpoints 163 (48.8%) 102 (50.0%) 61 (46.9%)
No information in protocol and/or publication on endpoints 2 (0.6%) 1(0.5%) 1(0.8%)
Discrepancies in objectives
Primary objective added in publication 2 (0.6%) 2 (1.0%) 0 (0.0%)
Primary objective omitted in publication 12 (3.6%) 2 (1.0%) 10 (7.7%)
Primary objective changed in publication 11(33%)  6(29%) 5 (3.8%)
Sum total of discrepancies in primary objective* 25(75%)  10(49%)  15(11.5%)
No discrepancy in primary objective, but discrepancy in secondary objective 64 (19.2%) 47 (23.0%) 17 (13.1%)
No discrepancies in objectives 241 (722%) 144 (70.6%) 97 (74.6%)
No information in protocol and/or publication on objectives 4(1.2%) 3(1.5%) 1(0.8%)
Discrepancies in selection criteria
Changed in publication 37 (11.1%)  21(103%) 16 (12.3%)
No discrepancies in selection criteria 295 (883%) 183 (89.7%) 112 (86.2%)
No information in protocol and /or publication on selection criteria 2 (0.6%) 0 (0.0%) 2 (1.5%)
Discrepancies in sample size
< 80% of sample size as calculated in protocol included 32(96%)  10(49%) 22 (16.9%)
> 120% of sample size as calculated in protocol included 6 (1.8%) 3(1.5%) 3(2.3%)
No discrepancies in selection criteria 296 (88.6%) 191(93.6%) 105 (80.8%)
No information in protocol and/or publication on sample size 0(0.0%) 0 (0.0%) 0 (0.0%)

RCT = randomized controlled trial.
* Sum total of all discrepancies in primary endpoints or primary objectives
*Randomized exploratory pharmacology trials were also included in the non-RCT stratum.
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TABLE 2.4.3 Occurrence of protocol-publication discrepancies that were only scored among the subgroup of ran-
domized controlled trials (RCTs).

N (%)
Number of trials assessed 204 (100%)
Discrepancies in additional or subgroup analyses
Additional/subgroup analysis added in publication 25 (12.3%)
Additional/subgroup analysis omitted in publication 62 (30.4%)
Additional/subgroup analysis changed in publication 4(2.0%)
Sum total of discrepancies in additional or subgroup analysis* 91 (44.6%)
No discrepancies in additional or subgroup analysis 111 (54.4%)
No information in protocol and/or publication on subgroup analysis 2 (1.0%)
Discrepancies in method used for data analysis
Method used for data analysis changed in the publication 21(10.3%)
No discrepancies in method used for data analysis 147 (72.1%)
No information in protocol and/or publication on data analysis 36 (17.6%)

* Sum total of all discrepancies in additional or subgroup analysis

Associations between trial characteristics and discrepancies in the primary end-
points are shown in table 2.4.4. Investigator-initiated trials were associated with
a higher likelihood to have a discrepancy in the primary endpoints compared
to industry-sponsored trials, whether or not the industry was involved as (one
of) the funder(s) of the trial (RR 3.7, 95% CI 1.4-9.9 and RR 4.4, 95% CI 2.0-9.5,
respectively). Furthermore, trials not being classified as phase 1-4 had a higher
likelihood of discrepancies in the primary endpoints compared to phase 1 trials
(RR 4.6, 95% CI 1.1-19.3). Multicenter trials also conducted outside the EU had
a lower likelihood of having a discrepancy in the primary endpoints compared to
single center trials (RR 0.2, 95% CI 0.1-0.6). Trials that were not prospectively
registered in clinicaltrials.gov or the ISRCTN registry were more likely to have a
discrepancy in the primary endpoints compared to trials that were prospectively
registered (RR 3.3, 95% CI 1.5-7.5). Compared to superiority RCTs, non-RCTs
had a higher likelihood to have a discrepancy in the primary endpoint (RR 2.4,
95% CI 1.2-4.8). This association was not observed when comparing superiority
RCTs to non-inferiority RCTs (RR 0.4, 95% CI 0.1-3.3). Finally, crossover RCTs
had a higher likelihood of discrepancies in the primary endpoint compared to
parallel group RCTs (RR 3.7, 95% CI 1.1-12.3).
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TABLE 2.4.4 Association between trial characteristics and protocol-publication discrepancies in primary endpoints.

N (%) X’ RR (95% Cl)
Total clinical trials in analysis 334 (100%)
Discrepancies in primary endpoints’ 32 (9.6%)
Sponsor 17.82*
Pharmaceutical industry (n = 208) 9 (4.3%) ref
Investigator (industry (co-)funded) (n = 37) 6(16.2%) 3.7 (1.4-99)
Investigator (no industry funding involved) (n = 89) 17 (19.1%) 4.4 (20-95)
Phase 17.04*
Phase 1(n = 41) 2 (4.9%) ref
Phase 2 (n = 78) 6(7.7%) 16 (03-7.5)
Phase 3 (n = 125) 6 (4.8%) 1.0 (02-4.7)
Phase 4 (n = 32) 5 (15.6%) 32 (0.7-154)
Other than phase 1-4° (n = 58) 13 (22.4%) 46(1.1-19.3)
Centers 15.42*
Single center (n = 113) 19 (16.8%) ref
Multi center only in the Netherlands (n = 29) 5(17.2%) 1.0 (0.4-25)
Multi center in the Netherlands and the EU (n = 56) 3 (54%) 03(0.1-1.0)
Multi center in the Netherlands and outside the EU (n = 136) 5(3.7%) 02 (0.1-06)
Prospective registrationH 9.83*
Prospectively registered (n = 161) 7 (43%) ref
Not (prospectively) registered (n = 173) 25 (14.5%) 33(1.5-7.5)
Completion 0.03
Completed as planned (n = 300) 29 (9.7%) ref
Discontinued before planned end (n = 34) 3(8.8%) 09 (0.3-28)
Design’ 872"
RCT; superiority (n = 169) 11 (6.5%) ref
RCT; non-inferiority (n = 35) 1(2.9%) 0.4 (0.1-3.3)
Non-RCT and/or exploratory pharmacology trial (n = 130) 20 (15.4%) 24(12-4.8)
Subgroup of RCTs 204 (100%)
Discrepancies in primary endpoints’ 12 (5.9%)
Treatment arms 464"
Parallel group (n = 187) 9 (4.8%) ref
Crossover (n = 17) 3(17.6%) 37(1.1-123)

RCT = randomized controlled trial; RR = risk ratio; CI = confidence interval. * P-value < 0.01 (based on Pearson’s chi-
square) ' P-value between 001 and 0.05 (based on Pearson’s chi-square). " The sum total of discrepancies in primary
endpoints (N = 32; see table 2), or for the subgroup of RCTs (N=12). ® Trials carried our using medicinal products in con-
nection with objectives other than those referred to in the phase definitions 1-4. Such trials are not intended primarily
to provide information about the product itself, but a medicinal product is needed in order to address the objective of
the trial *'.| Prospective registration was defined as registration of the trial at the international public registers www.clini-
caltrials.gov or wwwiisrctn.com, at latest one month after IRB-approval. * Exploratory pharmacology trials that involved
randomization, but no formal hypothesis testing (which is common in, for example, phase 1 randomized dose-escalation
trials) were also excluded from the RCT-subgroup.
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Table 2.4.5 shows the association between the protocol-publication discrepan-
cies and a positive direction of the trial conclusions. In none of the discrepancy
categories, having a protocol-publication discrepancy in that category was associ-
ated with a positive direction of trial conclusions.

DISCUSSION

We found that 9.6% of all clinical drug trials, and 5.9% of the RCTs, in our
study had a protocol-publication discrepancy in the primary endpoints. This is a
substantially lower proportion than reported by the two previous studies inves-
tigating this issue. Chan et al. found discrepancies in primary endpoints among
62% of RCTs’. Berendt et al. conducted a study among academic (investigator-
initiated) trials and found discrepancies in primary endpoints in 38% and 43% in
non-RCTs and RCTs, respectively'®. In the subgroup of the 126 academic trials
in our cohort, discrepancies in primary endpoints were found in 10 out of 54
RCTs (19%), and in 13 out of 72 non-RCTs (18%). This finding suggests that also
the reporting of academic trials has been improved. Furthermore, both in RCTs
and in non-RCTs, protocol-publication discrepancies were substantial in second-
ary endpoints: 89 (44%) and 48 (37%), respectively. These proportions were also
considerably lower than those of the recent COMPare initiative®®, which reported
discrepancies in endpoints among 87% of the trials (not differentiating between
primary and secondary endpoints). Discrepancies in primary objectives were
found in 7% (N = 25) of the trials, and in 5% (N = 10) of the RCT subgroup. This
is also lower than the previous study that investigated this discrepancy'. In line
with secondary endpoints, discrepancies in secondary objectives occurred in 19%
(N =64) of the trials and in 23% (N = 47) of the RCTs. We found a discrepancy in
selection criteria in 11% (N = 37) of the trials, and in 10% (N = 21) of the RCTs.
To our knowledge, our study is the first to investigate this.
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TABLE 2.4.5 Association between protocol-publication discrepancies of the subgroup of randomized controlled
trials (RCTs) and the direction of conclusion.

RCTs with positive X
direction of conclusion

N (%) RR (95% Cl)
Total RCTs 204 (100%)
Total number of RCTs with positive direction of conclusion 141 (69.1%)
Endpoints 429
No discrepancies (n = 102) 75 (73.5%) ref
Primary endpoint added in publication (n = 0) - -
Primary endpoint omitted in publication (n = 3) 2 (66.7%) 09 (0.4-2.0)
Primary endpoint changed in publication (n =9) 4 (44.4%) 06(03-13)
Secondary endpoint omitted/added/changed in publication (n = 89) 59 (66.3%) 09 (0.7-1.1)
No information in protocol (n = 1) 1(100%) .
Objectives 837
No discrepancies (n = 144) 105 (72.9%) ref
Primary objective added in publication (n = 2) 2 (100%) A
Primary objective omitted in publication (n = 2) 0(0%) Ry
Primary objective changed in publication (n = 6) 4 (66.7%) 0.9 (05-1.6)
Secondary objective omitted/added/changed in publication (n = 47) 28 (59.6%) 0.8 (06-1.1)
No information in protocol (n = 3) 2 (66.7%) 09 (0.4-2.0)
Selection criteria 0.06
No discrepancies (n = 183) 126 (68.9%) ref
Changed in publication (n = 21) 15 (71.4%) 1.0 (0.8-1.4)

No information in protocol (n = 0) - .

Discrepancies in the sample size were also found in 11% (N = 38) of the trials,
and in 6% (N = 13) of the RCTs). This finding is considerable lower than reported
in a previous study, which found discrepancies in sample size calculations in 53%
of the RCTs*,

Among 91 (45%) of the 204 RCTs, we also found discrepancies in subgroup or
other additional analyses. In this discrepancy category, omissions of subgroup or
additional analysis that were planned in the protocol were most common. Omis-
sions of planned subgroup analyses are, to our knowledge, not investigated in
previous studies. The 25 RCTs (12%) that added an unplanned subgroup analysis
and did not label it as being post hoc is lower than a previous study that found
35%"". Finally, 21 (10%) of the RCTs changed the method used for data analysis.
This is also considerably lower compared to findings by a previous study®.
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TABLE 2.4.5 Association between protocol-publication discrepancies of the subgroup of randomized controlled
trials (RCTs) and the direction of conclusion. (continued)

RCTs with positive ~ X**
direction of conclusion

N (%) RR (95% CI)
Sample size 326
No discrepancies (n = 191) 133 (69.6%) ref
< 80% of sample size as calculated in protocol included (n = 10) 6 (60.0%) 09 (0.5-1.4)
>120% of sample size as calculated in protocol included (n = 3) 2 (66.7%) 1.0 (0.4-2.1)
No information in protocol (n = 0) - -
Additional/subgroup analyses 3.06
No discrepancies (n = 111) 76 (68.5%) ref
Additional/subgroup analysis added in publication (n = 25) 18 (72.0%) 1.1(0.8-1.4)
Additional/subgroup analysis omitted in publication (n = 62) 41 (66.1%) 1.0(0.8-1.2)
Additional/subgroup analysis changed in publication (n = 4) 4(100%) -
No information in protocol (n = 2) 2 (100%) B
Methods used for data analysis 1.85
No discrepancies (n = 147) 101 (68.7%) ref
Changed in publication (n = 21) 17 (81.0%) 12(09-15)
No information in protocol (n = 36) 23 (63.9%) 09(0.7-12)

[notes to table 2.4.5) RCT = randomized controlled trial; RR = risk ratio; Cl = confidence interval. *None of the Pearson’s
chi-square tests indicated a statistically significant association (p < 0.05) between protocol-publication discrepancies and
a positive direction of trial conclusions. " In case 100%, or 0%, of the RCTs within a category with a low number of trials
had a positive direction of conclusion, the risk ratio was not calculated because a zero cell count would bias the estima-
tion of the 95% Cl towards statistical significance.

The reason for the lower occurrence of discrepancies compared to the three pre-

vious cohort studies®™

may be that more clinical investigators and journals are
aware of the importance of complete and accurate reporting of all protocol aspects.
In 2007, the Standard Protocol Items: Recommendations for Interventional Tri-
als (SPIRIT) Statement initiative was launched. Furthermore, the CONsolidated
Standards of Reporting Trials (CONSORT) statement was updated in 2010. The
broad attention to and implementation of these initiatives by the major medical
journals might have contributed to better reporting'®***’. Another reason could be
related to the information that was available to explain the observed differences
between protocols and publications. If a potential discrepancy was identified,
we exhaustively searched substantial amendments and follow-up publications to
explain the difference. If these explanations were available, for example in online
supplementary files or in publications other than the main results publication,
we did not consider it as being a discrepancy. Hence, it might have made a differ-
ence whether the research team was determined to find as many discrepancies
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as possible, or find as many explanations for potential discrepancies as possible.
Another reason for the difference with two of the previous cohorts is that we
included all available publications in the assessment, whereas these studies only
included one publication for each trial protocol®'**. The third previous cohort
study'® had only a follow-up from IRB-approval until publication of five years,
which is likely too short to identify all relevant (additional) publications™®.

We replicated the previous findings that non-RCTs/exploratory trials have more
discrepancies than RCTs'’, and that, among the RCTs, trials with a crossover
treatment arm have more discrepancies compared to parallel group treatment
arms’. Furthermore, the analysis of trial characteristics suggests that discrepan-
cies in primary endpoints mainly occur in small, local, investigator-initiated tri-
als not in the context of drug product development (other than phase 1-4*), that
also were less likely to be prospectively registered. These characteristics often
coincide. A reason for this may be that such trials are more flexible in the choice
of endpoints, as the protocol and subsequent publications will not be reviewed
by the drug marketing authorization authorities (who request standardized end-
points for a given disease area®). These analyses elucidate trial types that have
remained outside the reach of the past initiatives and countermeasures against
selective reporting.

No discrepancy categories were significantly associated with a positive direction
of conclusion of the RCT subgroup. This suggests that the observed discrepancies
have not been introduced in the publications to change the overall direction of
conclusion of the trials. However, this was only assessed using a binary classifi-
cation of direction of conclusion, leaving no room for nuances. In particular the
discrepancies in primary and secondary endpoints may still have led to a ‘more
positive’, or ‘less negative’ conclusion, thereby introducing reporting bias®. If
investigators measure several endpoints, and can decide afterwards which to re-
port, the likelihood is high that those endpoints are reported that fit expectations
or desires™. If objectives are discrepant, the publication may fail to provide an
accurate description of the original rationale and research question of the trial.
This can be relevant for the interpretation of results. Discrepancies in the sample
size can bias the interpretation of results, as the likelihood of erroneous chance
findings is high if the sample size is too small®. Discrepancies in the methods used
for data analysis can also be a way to spin the interpretation of results towards
the preferred conclusion, for example by excluding or including outliers or cases
with partially missing data entries. Not reporting planned subgroup analyses
occur likely because of the absence of effect, and unplanned subgroup analyses
were probably added post hoc because there was an (unexpected) effect. Although
the latter can serendipitously lead to important discoveries, their exploratory
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nature should be clearly acknowledged when they are reported®*®. Furthermore,
protocol-publication discrepancies in the selection criteria can affect the ethical
justification to include certain participants in the trial. For example, a protocol in
the cohort prescribed inclusion of only patients with a given tumor characterized
as grade 4 (the tumor grade indicating the most severe grade of illness). The
publication reported inclusion of patients with tumor grade 3-4. However, as
the protocol stated only the inclusion of grade 4 tumors, the IRB had approved
the trial to be conducted specifically in the population with grade 4. The IRB
had not considered grade 3 tumors in their evaluation, and investigators were
therefore not permitted to include these patients. In addition, including more
participants than needed according to the protocol can also be unethical. The
research question could then have been answered at the cost of a smaller number
of participants being exposed to risks and burdens of the trial®’.

In our cohort, the magnitude of non-publication likely exceeded the magnitude
of selective publication in terms of causing research waste and publication bias.
Of the 574 drug trials initially followed until publication, 42% remained unpub-
lished?, and of the published trials, 32 (10%) had discrepancies in the primary
endpoints). Nevertheless, the identified discrepancies could still have introduced
spin and bias in the trial publications®. Trial publications should therefore
become more transparent and provide a clear track record of the process of a
clinical trial, from the initial research protocol until the publications present-
ing the results®. Some journals published the trial protocol as well as protocol
amendments as online supplement, but this was rather an exception than com-
mon practice. To further facilitate independent interpretation of protocol devia-
tions, simple checklists can indicate which part of the protocol changed, when
and why, and to which extent this may have influenced the conclusions*. This
discrepancy checklist could then also be included in the assessment of bias (such
as outcome reporting bias), which should be done when the trials are included
in systematic reviews**"**. The finding that 20% of the RCTs missed information
in the protocol and/or the publication about the methods used for data analysis
incites IRBs and journals to always request this important information®**. This
attention is especially needed for the investigator-initiated RCTs.

A strength of our study is that the selection of protocols was not limited to those
that are publicly available, thereby avoiding selection bias. We had access to all
clinical drug trials that were submitted to an IRB in 2007. Further, we did not
limit our discrepancy assessment to the endpoints, but assessed seven essential
trial aspects that should be consistent between trial protocol and subsequent
publications. As we included trials across all medical specialties, and 57% of the

trials were multicenter international trials, our findings can be considered as
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being generalizable across geographical and medical areas. Although a higher
sample size would have enabled a more precise conclusion, the number of 334
trials included in our cohort is higher than most previous studies, with the excep-
tion of the study by Kasenda et al®'"*. A limitation of our study was that we
might have missed some documents explaining the discrepancies that were not
included in the CCMO-archive. However, this missing information would then be
incidental and therefore unlikely systematic or differential. And, if substantial
amendments were missing in the archives, a record of these as well as non-
substantial amendments should nevertheless have been provided in the publica-
tion, thus discrepancies scored as a result from these missing documents can
be justified. Another limitation is that we might have missed some publications
that were published after the follow-up period, or were missed in the publication
search. Finally, a limitation was the low number of cases in some trial charac-
teristic categories (for example, investigator-initiated trials), which limited the
precision of the risk estimates. We could, therefore, not perform multivariable
analysis. Conclusions regarding the associations between trial characteristics
and discrepancies should be interpreted with caution.

To conclude, protocol-publication discrepancies in clinical drug trials were not
unusual in primary endpoints, but common in secondary endpoints, secondary
objectives, and subgroup or other additional analyses. Despite the improvement
compared to previous studies, the occurrence of discrepancies was still substan-
tial, indicating that selective publication remains a problem in clinical research.
Investigator-initiated, not prospectively registered and non-randomized trials
were determinants of discrepancies in the primary endpoint. Full transparency
of the process of clinical trial protocols to publications can eliminate these op-
portunities for selective reporting. Practically, this could mean that the original
trial protocol and substantial amendments are made publically available at the
moment of publication of the results of the trial. That is likely the essential way

forward in pursuing ethically sound and scientifically valid clinical research.
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SUPPLEMENTARY METHODS AND RESULTS

TABLE S2.4.1 Protocol-publication discrepancies and their categories.

Protocol-publication discrepancies Discrepancy categories’®

Endpoints* Primary endpoint discrepant (added, omitted, or changed!, and sum toral)
in publication/no discrepancy in primary, but in secondary endpoint

Objectives* Primary objective discrepant (added, omitted, or changed!!, and sum total)
in publication/no discrepancy in primary, but in secondary objective

Selection criteria Changed in publication
Sample size' <80% or >120% of sample as estimated in protocol included
Sponsorship acknowledgement Missing in publication

Subgroup or other additional analyses” Additional or subgroup analysis discrepant (added, omitted, or changed!,
and sum total) in publication

Methods used for the data analysis Intention-to-treat, per protocol analysis (or other method) changed in
Y Y
publication

* Discrepancies in secondary endpoints or objectives were only scored if there were no discrepancies in the primary end-
points or objectives. This was done because if a trial had already a discrepancy in the primary endpoint, we considered
eventual discrepancies in secondary endpoints or objectives as redundant extra information, as selective publication was
already at issue due to the discrepancies in primary endpoints/objectives. Discrepancies in secondary endpoints were
not subdivided into added/omitted/changed, as these are unlikely to influence the direction of the conclusion of the
trial and were therefore considered less important. 'If a trial contained a dose escalation procedure to find the maximum
tolerated dose (MTD), the scoring of discrepancy of sample size is not applicable, as there is no target sample size in such
trials. " Only scored among randomized controlled trials, as these aspects are often not a part of non-randomized trials.
Randomized exploratory pharmacokinetic/-dynamic, safety/tolerability trials with descriptive objectives were also ex-
cluded from this subgroup analysis because of the same reason. * For all items, the additional categories not mentioned in
the table were no discrepancy or no information provided in protocol/publications. Discrepancy categories were scored
as no information provided if the protocol and/or the publication provided insufficient detail to identify the category as
being either discrepant or not discrepant. The number of trials with insufficient information is tabulated in table 2.1 Add-
ed: the publication reported aspects that were not described in the protocol. Omitted: the publication did not report
aspects that were described in the protocol. Changed: the publication used another definition than the protocol (for
example, a different classification cut-off for a categorical variable), or primary was switched to secondary or vice versa.
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TABLE $2.4.2 Table of protocol deviations*.

Description of deviation

When

Why

1. Omission of the double-
check by second investigator of 20
additional randomly selected trials

2. Calculation of overall
discrepancy score

3. Only analyzing determinants of
primary endpoint discrepancies, and
not the other discrepancies.

After discussion of the scoring of
discrepancies of the first 35 trials by
second investigator

After discussion with all other
investigators during data collection

After finishing discrepancy scoring

Inter-rater agreement was very high,
and 100% for the most important
discrepancies (primary endpoint)

Does not add much information

Primary endpoint discrepancies are
most likely to influence direction of
conclusion. Other discrepancies may
be relevant, but for this paper we had
to prioritize

* Deviations reported in the table are deviations from the originally published study protocol, included in appendix 2.1.

TABLE $2.4.3 Number of articles found per trial.

Number of article publications found per trial

Number of trials

(n=506) (n=334) Cumulative percentage of trials
1 263 (79%) 79%
2 41 (12%) 91%
3 13 (4%) 95%
4 5(1%) 96%
5 5 (1%) 97%
6 1(03%) 97%
7 2 (0.6%) 98%
9 2 (06%) 99%
17 1(0.3%) 99%
2 1(0.3%) 100%

TABLE $2.4.4 Number of protocol-publication discrepancies found per trial.

Total number of discrepancies

RCTs (n = 204)

Non-RCTs (n = 130)

v AN W

N % Cumulative %
34 16.7% 16.7%
75 36.8% 53.4%
65 31.9% 85.3%
23 11.3% 96.6%
6 2.9% 99.5%
1 0.5% 100.0%

N Cumulative %
44 33.8% 33.8%
49 37.7% 71.5%
25 19.2% 90.8%
6 4.6% 95.4%
6 4.6% 100.0%
0 0.0% 100.0%




Discrepancies between protocols and publications of clinical drug trials | 99

REFERENCES

1. BakerM. 1,500 scientistslift thelid on reproducibility. Nature. May 25 2016;533(7604):452-
454,

2. lIoannidis JP. Why most published research findings are false. PLoS Med. Aug
2005;2(8):e124.

3. Dickersin K, Chalmers I. Recognizing, investigating and dealing with incomplete and
biased reporting of clinical research: from Francis Bacon to the WHO. J R Soc Med. Dec
2011;104(12):532-538.

4. Bouter LM. Open data are not enough to realize full transparency. Journal of clinical
epidemiology. Jul 8 2015.

5. Knottnerus JA, Tugwell P. Selection-related bias, an ongoing concern in doing and pub-
lishing research. Journal of clinical epidemiology. Oct 2014;67(10):1057-1058.

6. Strech D. Normative arguments and new solutions for the unbiased registration and
publication of clinical trials. Journal of clinical epidemiology. Mar 2012;65(3):276-281.

7. vanden Bogert CA, Souverein PC, Brekelmans CT, et al. Occurrence and determinants of
selective reporting of clinical drug trials: design of an inception cohort study. BM<J Open.
2015:5(7):e007827.

8. Chan AW, Song F, Vickers A, et al. Increasing value and reducing waste: addressing
inaccessible research. Lancet. Jan 18 2014;383(9913):257-266.

9. Chan AW, Hrobjartsson A, Haahr MT, Gotzsche PC, Altman DG. Empirical evidence for
selective reporting of outcomes in randomized trials: comparison of protocols to published
articles. JAMA. May 26 2004;291(20):2457-2465.

10. Berendt L, Callreus T, Petersen LG, Bach KF, Poulsen HE, Dalhoff K. From protocol to
published report: a study of consistency in the reporting of academic drug trials. Trials.
2016;17:100.

11. Kasenda B, Schandelmaier S, Sun X, et al. Subgroup analyses in randomised controlled
trials: cohort study on trial protocols and journal publications. BM.J. 2014;349:24539.

12. Mathieu S, Boutron I, Moher D, Altman DG, Ravaud P. Comparison of registered and pub-
lished primary outcomes in randomized controlled trials. JAMA. Sep 2 2009;302(9):977-
984.

13. Raghav KP, Mahajan S, Yao JC, et al. From Protocols to Publications: A Study in Selective
Reporting of Outcomes in Randomized Trials in Oncology. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology. Nov 1 2015;33(31):3583-
3590.

14. Merck Guidelines for Publication of Clinical Trials in the Scientific Literature. https://
www.merck.com/research/discovery-and-development/clinical-development/Merck-
Guidelines-for-Publication-of-Clinical-Trials-in-the-Scientific-Literature.pdf. ~ Accessed
on 16-02-2016.

15. Food and Drug Administration Amendments Act of 2007, Title VIII - Clinical trial data-
bases. Public Law 110-85. September 27, 2007.

16. Amendment of the Medical Research Involving Human Subjects Act with regard to the
evaluation of the act and recovery of incomplete implementation of guideline no. 2001/20/
EG. Dossier 31452. Enacted as per 1 July 2012 (full text in Dutch only).



100

Chapter 2.4

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Trans-NIH BioMedical Informatics Coordinating Committee (BMIC). NIH Data Sharing
Repositories. https://www.nlm.nih.gov/NIHbmic/nih_data_sharing repositories.html.
Last accessed on 18 October 2016.

European Federation of Pharmaceutical Industries and Associations (EFPIA) Position
- Transparency of Information on Clinical Trials included in the Proposed EU Database
(Article 78 of the Proposal for a Regulation on Clinical Trials). http://www.efpia.eu/
uploads/Modules/Documents/efpia_key_messages_transparency_final 10.12.2012-
updated_0.pdf. Last accessed on 2 November 2016.

ICMJE. Recommendations for the Conduct, Reporting, Editing, and Publication of
Scholarly Work in Medical Journals. Update December 2015. http://www.icmje.org/icmje-
recommendations.pdf Last accessed on 2 November 2016.

Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for
reporting parallel group randomised trials. BMJ. 2010;340:¢332.

van den Bogert CA, Souverein PC, Brekelmans CT, et al. Non-Publication Is Common
among Phase 1, Single-Center, Not Prospectively Registered, or Early Terminated Clini-
cal Drug Trials. PLoS One. 2016;11(12):e0167709.

The COMPare Trials Project. Goldacre B, Drysdale H, Powell-Smith A, et al. www.
COMPare-trials.org, 2016. Website last accessed on 18 October 2016.

Chan AW, Hrobjartsson A, Jorgensen KdJ, Gotzsche PC, Altman DG. Discrepancies in
sample size calculations and data analyses reported in randomised trials: comparison of
publications with protocols. BMJ. 2008;337:a2299.

Chan AW, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: defining standard
protocol items for clinical trials. Ann Intern Med. Feb 5 2013;158(3):200-207.

Chan AW, Tetzlaff JM, Altman DG, Dickersin K, Moher D. SPIRIT 2013: new guidance
for content of clinical trial protocols. Lancet. Jan 12 2013;381(9861):91-92.

Deangelis CD, Fontanarosa PB. Strengthening the credibility of clinical research. Lancet.
Jul 24 2010;376(9737):234.

Eldridge SM, Chan CL, Campbell MJ, et al. CONSORT 2010 statement: extension to
randomised pilot and feasibility trials. BMJ. Oct 24 2016;355:15239.

Piaggio G, Elbourne DR, Pocock SJ, Evans SJ, Altman DG. Reporting of noninferiority
and equivalence randomized trials: extension of the CONSORT 2010 statement. JAMA.
Dec 26 2012;308(24):2594-2604.

Schulz KF, Moher D, Altman DG. CONSORT 2010 comments. Lancet. Oct 9
2010;376(9748):1222-1223.

Sune P, Sune JM, Montoro JB. Positive outcomes influence the rate and time to pub-
lication, but not the impact factor of publications of clinical trial results. PLoS One.
2013;8(1):e54583.

Central Committee on Research Involving Human Subjects. Explanation of the General
Assessment and Registration (ABR) Form (version 15 December 2015). Available at:
http://www.ccmo.nl/attachments/files/b1-abr-toelichting-15-dec-2015-eng.pdf. Last ac-
cessed on 30 October 2016.

European Medicines Agency. Clinical efficacy and safety guidelines. http://www.ema.
europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000085.jsp
Last accessed on 18 October 2016.

Hewitt CE, Mitchell N, Torgerson DdJ. Listen to the data when results are not significant.
BMdJ. Jan 5 2008;336(7634):23-25.



34.

35.

36.

37.

38.

39.

40.

41.

42.

Discrepancies between protocols and publications of clinical drug trials

Munafo MR, Nosek BA, Bishop DVM, et al. A manifesto for reproducible science. Nature
Human Behaviour. 2017;1, 0021.

Button KS, Toannidis JP, Mokrysz C, et al. Power failure: why small sample size under-
mines the reliability of neuroscience. Nat Rev Neurosci. May 2013;14(5):365-376.

van der Valk FM, van Wijk DF, Stroes ES. Serendipity of post-hoc surrogate marker
research. Eur Heart J. Dec 2012;33(23):2897-2898.

World Medical Association Declaration of Helsinki: ethical principles for medical research
involving human subjects. JAMA. Nov 27 2013;310(20):2191-2194.

Chan AW. Bias, spin, and misreporting: time for full access to trial protocols and results.
PLoS Med. Nov 25 2008;5(11):e230.

Santori G. Research papers: Journals should drive data reproducibility. Nature. Jul 20
2016;535(7612):355.

National Institutes of Health. Principles and Guidelines for Reporting Preclinical
Research. https://www.nih.gov/research-training/rigor-reproducibility/principles-guide-
lines-reporting-preclinical-research. Last accessed on 19 October 2016.

Knottnerus JA, Tugwell P, Tricco AC. Individual patients are the primary source and the
target of clinical research. Journal of clinical epidemiology. Aug 2016;76:1-3.

Koletsi D, Valla K, Fleming PS, Chaimani A, Pandis N. Assessment of publication bias
required improvement in oral health systematic reviews. Journal of clinical epidemiol-
ogy. Aug 2016;76:118-124.

101






Chapter 2.5

One third of clinical drug trials end
up 1n the drug licensing dossier

Cornelis A van den Bogert, Susan W J Janssen, Peter van Meer, Ylfa
van Bergen, Patrick C Souverein, Cecile T M Brekelmans, Gerard H
Koéter, Hubert G M Leufkens



104

Chapter 2.5

ABSTRACT

We investigated which clinical drug trials conducted are included in the product
dossier of the regulatory authorities among a cohort consisting of all clinical drug
trials that were reviewed by the accredited Independent Review Boards in the
Netherlands in 2007. Of the analyzed 558 trials, 197 (35.3%) were included in
a product dossier. Hundred eighty-three trials were not included because the
manufacturer was not licensed in the Netherlands, 153 were not included be-
cause not sponsored by the manufacturer, 14 because the indication/dose was
not licensed for the product, and 11 because the information was in line with
the already licensed claims in the dossier. Thus, all legally required data was
submitted to the regulatory product dossier. Findings of trials not sponsored by
the manufacturer may, however, be relevant to update the licensed drug label.
Incorporating investigator-initiated trials in the regulatory dialogue could opti-
mize the dissemination of clinically relevant findings.



One third of clinical drug trials end up in the drug licensing dossier
INTRODUCTION

The overall purpose of clinical drug trials is to seek answers to relevant questions
about the efficacy and safety of the investigated drugs. Based on the findings of
trials, drug marketing regulatory authorities (the Medicines Evaluation Board
(MEB) in the Netherlands, and the European Medicines Agency (EMA) for the
EU) evaluate the risks and benefits for both new and existing drug products on
the market, and review whether the submitted evidence can sustain the medical
claims made in the drug label. The marketing authorization holders are required
to submit all relevant information obtained through clinical trials for inclusion
in the marketing authorization product dossier when applying for marketing
authorization or post-marketing variations.

A proportion of all clinical drug trials may be specifically initiated with the
intention to add information to the clinical data package of the regulatory prod-
uct dossier. Other drug trials are not initiated with this purpose, but are purely
conducted to answer a clinical and/or pharmacological research question and add
knowledge to the biomedical literature and clinical treatment guidelines. Results
generated by this latter type of drug trial may or may not be required and/or
relevant for the regulatory product dossier. Currently, only manufacturers of
drug products are authorized to submit data to be incorporated in the claims in
the licensed drug label.

Understanding which drug trials are (not) involved in regulatory licensing
activities, and why, will inform regulators if all required clinical data is included
in the product dossier, and inform prescribers on the extent to which the licensed
drug label reflects the actual body of clinical evidence that is available. There-
fore, in this study we aimed to identify which clinical drug trials were submitted
to the marketing authorization authorities 9-10 years after institutional review
board (IRB)-review, among a complete cohort of clinical drug trials within the
Netherlands.

METHODS

The design, setting and previous results of this cohort study have been published
before'*. Here, a follow-up study of the same dataset was performed, but with a
different outcome. In short, we included all clinical drug trials reviewed by the
Dutch Institutional Review Boards (IRBs) in 2007 and obtained characteristics
of the trials from the electronic clinical trial application form. This form is sub-
mitted and saved in the online portal ToetsingOnline, which is required by Dutch
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law. Thus, this data source provided a complete selection of all clinical drug trials
conducted in the Netherlands. In December 2015, we determined for all trials in
the cohort whether they had started and were either completed, discontinued or
still running, and whether the results were published as peer-reviewed article in
the scientific literature®. Figure 2.5.1 shows the selection of the cohort, exclusion
of trials that were rejected by the IRB, never started, were still running, and did
not involve a drug product eligible for marketing authorization by the MEB or
the EMA (for example, transplantation trials, medical device trials, and trials
investigating illicit drugs were excluded).

Cohort 2007: clinical trials on medicinal products
reviewed by an accredited IRB in the Netherlands:
N =622

Rejected by IRB: N = 19

Y

) 4
Approved trials:
N =603

.| Never started inclusion after approval: N = 19
" Still ongoing: N = 10

Not testing a drug product that can be
licensed®: N = 16

A 4

v
Trials included in analysis:
N =558

FIGURE 2.5.1 Selection of trials included in the analysis. *Sixteen trials were excluded because they tested a product or
therapy that does not qualify for marketing authorization (e.g. medical devices, tissue/cell transplantation, party drugs).

The outcome of interest was the inclusion of the results of the trials in a product
dossier of the EMA or MEB. The dossiers of products that were submitted for
marketing authorization, either approved or declined by the EMA or the MEB,
are since 2007 stored in the Information and Communication Infrastructure
(ICI) database.

For each trial, we looked which drug product was stated as the main interest
in the trial rationale, objective, and/or hypothesis, and defined this as the “index
product”. If multiple drugs were stated as the main interest, it could have mul-
tiple index products. We classified whether the index product was an innovator
or a generic/biosimilar product. The index product was considered as innovator
if it was the first product to be licensed with the active substance (the fifth level
of the Anatomical Therapeutic Chemical (ATC) classification). Furthermore, we
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looked at the global age of the index product. Of drugs that were licensed in
the Netherlands, the year that they have become available on any national or
international market is available in the drug monograph of the Informatorium
Medicamentorum (a reference book with monographs of all drugs in use in the
Netherlands®). Of drugs that were not licensed in the Netherlands and therefore
not included in the Informatorium Medicamentorum, we used websites of regula-
tory authorities in the EU and the US, and PubMed, to find out whether they
were new or old in the global context. We categorized the global age as not on the
market (yet), on the global market for 0-10 years, and on the global market for
>10 years.

We searched whether the results of the trials were available in the product
dossier. Sources were the licensed drug label (also known as the Summary of
Product Characteristics, or SPC), European Public Assessment Report (EPAR),
and in ICI. SPCs and EPARs were manually examined to investigate whether
the trial was mentioned in the clinical sections. The ICI search was performed
with the product names, EudraCT-numbers and the trial protocol numbers as
keywords. Trial results were considered as being included in the dossier if a
report of the trial was found in the SPC, EPAR, and/or ICI. Possible formats of
the results could be full clinical study reports (CSRs), summaries, or copies of
literature articles. Reports of single cases of adverse events that occurred in the
trials were not considered included if there was no integral description of the
results of the trial. One investigator (YB) performed the search for the avail-
ability of the results. Then, a second investigator (CAB) double-checked all trials
of which the first investigator found no results. The search for inclusion was
performed between August and December 2016 (9-10 years after IRB-approval).

For the non-included trials, we investigated why they were not included. Pu-
tative reasons for non-inclusion that would be legally justified were assigned
in a logical order. The flowchart in figure 2.5.2 shows the order in which all
non-included were assigned the reason for non-inclusion. The first possibility
was that the index product had no marketing authorization application in the
Netherlands. In that case, no product dossier was submitted. The second pos-
sibility was that the trial sponsor was not the MAH of the index product in the
trial (investigator-initiated trials, or trials sponsored by a company who is not
the MAH). Investigator-initiated trials can be carried out with no involvement
of the MAH. Only the MAH is allowed in the current system to submit the data
to support the therapeutic claims in the product dossier. Thus, investigator-
initiated trials can remain outside the scope of the product dossier if the MAH
does not include them in a new application. The third possible reason was that
the marketing authorization of the index product was not valid for the indication,
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Trial not included in
product dossier

Putative reason for non-
inclusion 1:
No product dossier for
Dutch market (yet)

Has product marketing
authorization for the
Netherlands?

“No

Yes

Putative reason for non-
inclusion 2: trial is not
sponsored by marketing
authorization holder

Is trial sponsored by the marketing

<€No .
authorization holder?

Yes

Putative reason for non-
inclusion 3: investigated
indication/treatment line/
dose has not (yet) become
part of the product dossier

Is the product authorized for the
indication/treatment line and in the
dose investigated in the trial?

Yes

v

Putative reason 4 (basket):
Trial results not considered to
add relevant information for
product dossier (yet)

Product dose authorized for
indication, trial sponsored by
marketing authorization
holder

FIGURE 2.5.2 |dentification of the reason for non-inclusion for each non-included trial.
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or the dose, investigated by the trial. Trials could be not included in the dossier
because the extension to the indication and/or dosage regimen of the trial was
never submitted by the MAH, for example after the trial showed negative results.
Finally, if the manufacturer sponsored the trial and the marketing authorization
included the combination of the index product and indication, we determined
whether the results of the trial were already covered by the current claims and
data of the product dossier, identified no issues regarding the product, and were
therefore not submitted to the regulatory authorities. We summarized the gen-
eral objectives of the trials in this fourth category separately.

Trial characteristics were summarized, and the frequencies of included and
non-included trials were described for all characteristics. Furthermore, we ana-
lyzed the external validity of our cohort by comparing the inclusion percentages
of the subgroup of industry-sponsored trials by phase to attrition rates reported
in the literature ®’. The reasons for non-inclusion explained the differences in
inclusion percentages between trial characteristic categories. Kaplan-Meier
survival analysis was used to visualize the inclusion of trials over time, start-
ing from IRB-review. The mean and interquartile range (IQR) of the time-to-
inclusion were calculated. All calculations were performed in IBM SPSS, version
23 and 24. No ethical approval was required for this study.

RESULTS

Baseline characteristics of the 558 included trials are shown in table 1. Forty-
eight percent of the analyzed trials included drugs of which the innovator product
has been on the international market for more than 10 years. Of these, we found
that a report of the results of 197 trials (35.3%) was included in the product dos-
sier. Results of fifty-eight trials (10.4%) were submitted as part of a marketing
authorization for a new product; 60 (10.8%) were submitted to update the drug
label (for example, addition of a new indication, or change in treatment line); 56
(10.0%) were submitted as part of a post-marketing surveillance program; 18
(3.2%) as part of pediatric drug development, and 5 (0.8%) as a notification that
was not part of a specific regulatory procedure or application.
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TABLE 2.5.1 Characteristics of the 558 included trials.

Total clinical trials in cohort

Characteristics

Sponsor

Industry sponsored

Investigator-initiated

Phase

Phase 1

Phase 2

Phase 3

Phase 4

Other than phase 1-4*

Centers

Single center

Multicenter(only the Netherlands)

Multiccenter (only the Netherlands and within the EU)
Multicenter (the Netherlands and also outside the EU)
Disease area

Oncology

Neurological diseases (including analgesia and anaesthesia trials)

Cardiovascular diseases

Endocrine diseases

Infectious diseases (including vaccine trials)
Mental and behavioral disorders
Respiratory diseases

Haematological and immunological diseases
Musculoskeletal diseases

Digestive system diseases

Genitourinary system diseases

Other disease areas

Completion

Completed as planned

Discontinued

Innovator or generic

Innovator product

Generic, biosimilar or new formulation

N = 558 (100%)

348 (62.4%)
210 (37.6%)

117 (21.0%)
123 (22.0%)
171 (30.6%)
56 (10.0%)
91 (16.3%)

239 (42.8%)
51(9.1%)
80 (14.3%)

188 (33.7%)

112 (20.1%)
72 (12.9%)
59 (10.6%)
58 (10.4%)

2%)

3%)

6.1%)

3 (59%)

40 (7
35(6
34 (
33(
30 (5.4%)
22 (3.9%)
24 (4
39 (7

3%)
10%)
458 (82.1%)
100 (17.9%)

471 (84.4%)
87 (15.6%)
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TABLE 2.5.1 Characteristics of the 558 included trials. (continued)

Global age of active substance of index product

Not on market (yet) 165 (29.6%)
0-10 years 124 (22.2%)
>10 years 269 (482%)

Published in the literature as peer-reviewed article
Published 324 (58.1%)
Not published 234 (41.9%)

Table 2 summarizes the inclusion and reason-specific non-inclusion percentages.
Out of 558, 183 trials (32.8%) were not included because the product was not
licensed within the Netherlands and hence did not have a product dossier in
the database of the regulatory authority. One-hundred fifty-three (27.4%) trials
involved a product that was licensed, but the sponsor of these trials was not the
marketing authorization holder. These trials were mostly investigator-initiated,
with the exception of two industry-sponsored trials that investigated products of
which they were not the marketing authorization holder. Fourteen trials (2.5%)
sponsored by the marketing authorization holder of the product were not included
because the new indication, treatment line or dose had not been submitted by
them to the regulatory dossier, for example because the results were negative.
Finally, eleven trials (2.0%) sponsored by the marketing authorization holder
of the product that was approved for the tested indication and dose were not
included. Based on the objectives of these trials, we determined that ten of them
were carried out for other purposes than for inclusion in the regulatory product
dossier. One trial was testing the efficacy and safety of a product. The results
of this trial were published in the scientific literature. We determined that the
results and conclusions of this publication were in line with the licensed drug
label by the time that the trial was completed. Therefore, updating the product
dossier due to this trial was not warranted. The MAH conducted this trial to
confirm the efficacy and safety of the product in a subpopulation that had been
underrepresented in previous trials.
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TABLE 2.5.2 Overview of the inclusion percentage and why trials were not included in the regulatory product dosser.

Total 558 (100%)

Trials included in product dosser 197 (35.5%)

Trials not included in product dossier:

Index product has no marketing authorization in the Netherlands 183 (32.8%)
Trial is not sponsored by MAH of index product 153 (27.4%)
Index product is sponsored by MAH, no marketing authorization for indication/dose combination 14 (2.5%)

Index product is sponsored by MAH and authorized for dose/indication:

Biomarker trial 3(0.5%)
Trial on dose optimization (in combination with other drug therapies) 3(0.5%)
Trial on difference in patient satisfaction between 2 authorized dosage forms 2 (0.4%)
Trial is conducted as basis for development of new product with similar properties 1(0.2%)
Trial testing a different non-active ingredient of the drug product 1(02%)
Trial testing efficacy and safety of index product; results in line with dossier 1(0.2%)

Abbreviation: MAH = marketing authorization holder

Table S2.5.1 (supplementary results) summarizes the percentages of included
and non-included trial (per reason), stratified by trial characteristics. Differences
in inclusion and non-inclusion percentages per characteristics could be explained
by the proportion of investigator-initiated trials in that category. For example,
trials on older drugs (>10 years on the international market) were generally less
likely to be included in a product dossier compared to trials on newer drugs (0-10
years on the international market) because most of these trials were investigator-
initiated. Of the 324 published trials, 158 (48.8%) were not included, vs. 31 (13%)
of the 234 unpublished trials. Most of the non-included unpublished trials were
not included because the product was not authorized (47.9%), or because they
were not sponsored by the MAH (33.3%).

Figure 2.5.3 shows that, based on visual inspection, the inclusion over time
was not saturated at the end of follow-up for all trial phases, as new inclusions
were observed close to the end of follow-up. The overall median time to inclusion
was 4.5 years (IQR 3.0-6.4). Among the subgroup of industry-sponsored phase
1-3 trials, 13 out of the 104 (12.5%) phase 1 trials, 34 out of the 80 (42.5%) phase
2, and 98 out of 138 (71.0%) phase 3 trials were included in the dossier.
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FIGURE 2.5.3 Kaplan-Meier curve of the inclusion of trials in the product dossier stratified by trial phase. T, = date of
IRB-approval. The median time to inclusion of phase 1 trials was 5.0 years (IQR 2.8-7.6), for the phase 2 trials also 5.0 years

(IQR 3.7-6.7), for the phase 3 trials 3.8 years (IQR 2.9-5.6), for the phase 4 trials 3.6 years (IQR 1.9-7.3), and for the trials
other than phase 1-4 6.0 years (IQR 5.0-6.7).

DISCUSSION

We found that after 10 years following IRB approval of the trial protocol, 35% of
the clinical drug trials approved by Dutch IRBs were included in the regulatory
product dossier. Our analysis of the non-included trials demonstrated that all tri-
als that were required to support the licensed label claims of the drug products at
the time of application of the license, were included in the dossier. Non-included
drug trials involved unlicensed products, investigator-initiated trials, trials test-
ing dosages or indications that were not licensed, or confirmed the benefit/risk
profile for subpopulations within the licensed indication.

Most non-included trials were sponsored by the manufacturer, testing products
that have no marketing authorization for the drug product, or testing drugs
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against indications in dosages that were not included in the licensed drug label.
These categories can be considered as attrition in clinical drug development:
the product, indication and/or dosage did not prove efficacious and therefore, no
licensing follow-up activity occurred (yet). According to two previous studies®’,
the probability that a phase 1 trial leads to a marketing authorization of a new
drug is 10-32%. This probability is 16-38% for phase 2 trials and 50-71% for
phase 3 trials. The inclusion percentages of the industry-sponsored phase 1-3
trials were within these ranges of attrition rates in clinical drug development.
The disease areas were represented in approximately similar proportions as in
studies based on global clinical trial databases. These findings suggest that our
national cohort is indeed a good representation of clinical drug development in
the international context.

Twenty-seven percent of the trials were not included in the product dossier
because they were not sponsored by the manufacturer of the drug product, but
(mostly) investigator-initiated. This is an interesting category, as these trials
are likely not intended to be used for licensing, but the results of these trials
might nevertheless be relevant for the medical claims stated in the licensed drug
label. This is not necessarily problematic, as if these trials disseminate useful
therapeutic findings through scientific publication, they will supposedly be incor-
porated in the clinical treatment guideline update. Moreover, if worrying safety
signals emerge from such trials, alternative regulatory pathways exist to quickly
inform prescribers and patients *° and to update the licensed drug label as well.
However, there may be cases where such pathways for investigator-initiated
trials are also warranted for efficacy-related findings, especially if subgroups are
identified for which a product is not, or less efficacious. Guideline updates can
take several years, and meanwhile patients should not be treated with drugs
that investigator-initiated trials demonstrated to be inefficacious. In the current
system, the manufacturer of the drug product is the only authorized stakeholder
to submit data to the regulatory product dossier. It is not in the interest of the
manufacturer to quickly apply for a restricting the licensed indications of its
product. Therefore, to avoid delay and prejudice, submission of contradictory
trial results to the regulatory authorities can better be done directly by the
investigators of the trial. An investigator-initiated trial in France, for example,
demonstrated that epidermal growth factor receptor inhibitors were ineffective
against KRAS-mutated colorectal cancer'’. The claim in in the licensed drug
label of cetuximab at that time did not exclude patients carrying this mutation.
The investigator-initiated trial was published in February 2007, but the licensed
drug label was not restricted until September 2008 '. Prescribers and patients
unaware of this publication and faring on the medical claims of the drug label
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would have made different treatment decisions and, likely, could have had better
outcomes.

Coles & Cloyd described the role of academic institutions in neglected diseases
and orphan drugs '*. They acknowledged the importance of investigator-initiated
research, but also identified several challenges including lack of infrastructure,
regulatory experience, funding, scientific career-related issues, globalization,
collaboration with the industry and conflicts of interest. We concur that these
practicalities need to be solved before investigator-initiated data can be fully
integrated in the licensing dialogue. Notwithstanding these challenges, in the
pursuit of adaptive pathways to drug licensing, investigator-initiated research
represents a valuable addition to the proposed adaptations '**°.

Our study has some limitations. First, the question can be raised how represen-
tative our cohort was, as regulatory product dossiers consist of data collected all
over the world ¢, illustrated by figure 2.5.4. As some trials were only carried out
in the Netherlands, some trials will also only be carried out in Germany, United
Kingdom, United States, etc., and these were therefore not included in our dataset.
Over 60% of patients involved in pivotal trials supporting marketing authorization
applications to the EMA came from countries outside the EU . In our cohort,
122 trials (21.9%) were multicenter and conducted in countries outside the EU.
This indicates that product dossiers contain also many trials not conducted in the
Netherlands. In addition, the trials analyzed in our cohort may be included in
product dossiers of regulatory authorities elsewhere. Secondly, the follow-up from
IRB-review was 9-10 years, which may be in some cases too short to definitely
conclude whether the trial is included in the dossier. The percentage of 35% should
therefore be interpreted with caution — in particular, the early-phase trials may
be part of a development program that will lead to a license dossier in the future.
The second limitation is that we had only access to the database of the Dutch
regulatory authority, which contains the product dossiers of drugs that have an
EU-wide license or a license only for the Netherlands. Therefore, trials that were
not included in the product dossier because the drug was not licensed in the Neth-
erlands could still be included in product dossiers elsewhere.

In conclusion, one-third of all clinical trials conducted in the Netherlands were
included in a product dossier of the drug marketing regulatory authorities, 9-10
years after follow-up. All information that should have been in the product dos-
sier according to the legal requirements was included. The two main reasons for
non-inclusion were no existing product dossier in the Netherlands and that the
trial was investigator-initiated with no intention to be included the drug licens-
ing dossier. Investigator-initiated trials could be used more often in the future to
update the regulatory drug label efficiently and timely.
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Marketing authorization application

Clinical part of application

IRB-approved clinical
drug trials in
the Netherlands

Clinical data from outside the EU

EMA/MEB product dossier

Clinical data from within the EU
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Preclinical data ‘

FIGURE 2.5.4 Schematic overview of the role of IRB-approved clinical drug trials in the Netherlands in the composition
of regulatory product dossiers. The trial activity in the Netherlands consists partially of international multicenter trials
(mostly within, and also outside the EU), and partially of trials only conducted within the country. The clinical part of

marketing authorization application also contains trials that were not conducted in the Netherlands.
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SUPPLEMENTARY RESULTS

I TABLE $2.5.1 Percentages of included and non-included trials (per reason), summarized per trial characteristic

N (%) not 9
N (%) not N (%) not included N (%) not
included included (indication/ included
N (%) (product not (trial not dose not (no new
included authorized) sponsored)  authorized) information)
Sponsor
Industry sponsored (n = 348) 163 (46.8%) 158 (45.4%) 2 (0.6%) 14 (4.0%) 11 (32%)
Investigator-initiated (n = 210) 34 (16.2%) 25 (11.9%) 151 (71.9%) 0(0.0%) 0 (0.0%)
Phase
Phase 1 (n = 117) 14 (120%) 90 (76.9%) 9 (7.7%) 2 (1.7%) 2 (17%)
Phase 2 (n = 123) 43(350%)  41(333%)  34(27.6%) 5 (4.1%) 0 (0.0%)
Phase 3 (n =171) 106 (62.0%) 33(19.3%) 23 (13.5%) 4(23%) 5(2.9%)
Phase 4 (n = 56) 23 (41.1%) 5 (89%) 24 (42.9%) 2 (3.6%) 2 (3.6%)
Other than phase 1-4* (n = 91) 11(121%)  14(154%) 63 (692%) 1(1.1%) 2(22%)
Centers
Single center (n = 239) 30(126%) 98 (410%) 107 (448%)  1(04%) 3(1.3%)
Multicenter (only the Netherlands) 10 (19.6%) 7 (13.7%) 31 (60.8%) 1(2.0%) 2 (39%)

Multicenter (only the Netherlands and 35 (43.8%) 29 (36.3%) 9 (11.3%) 4(5.0%) 3(3.8%)
within the EU)

Multicenter (the Netherlands and also 122 (64.9%) 49 (26.1%) 6(32%) 8 (4.3%) 3(1.6%)
outside the EU)

Disease area

Oncology (n = 112) 44(393%) 28 (250%) 6(321%)  4(36%) 0 (0.0%)
Neurological diseases (n = 72) 24 (33.3%) 31 (43.1%) 7 (23.6%) 0(0.0%) 0(0.0%)
Cardiovascular diseases (n = 59) 21 (35.6%) 18 (30.5%) 19 (32.2%) 1(1.7%) 0 (0.0%)
Endocrine diseases (n = 58) 13 (22.4%) 31(53.4%) 0(17.2%) 2 (3.4%) 2 (3.4%)
Infectious diseases (n = 40) 21(525%) 15 (37.5%) 3 (7.5%) 1(2.5%) 0 (0.0%)
Mental and behavioral disorders (n

=35) 4 (11.4%) 13(371%) 16 (45.7%) 2 (57%) 0 (0.0%)
Respiratory diseases (n = 34) 13 (38.2%) 17 (50.0%) 1(29%) 1(29%) 2 (5.9%)
Hematological and immunological

diseases (n = 33) 15 (45.5%) 8 (24.2%) 9(27.3%) 1(3.0%) 0 (0.0%)
Musculoskeletal diseases (n = 30) 9 (30.0%) 6 (20.0%) 10 (33.3%) 1(33%) 4(13.3%)
Digestive system diseases (n = 22) 12 (54.5%) 5(22.7%) 5(22.7%) 0 (0.0%) 0 (0.0%)
Genitourinary system diseases (n = 24) 7(29.2%) 5(20.8%) 9 (37.5%) 1(4.2%) 2 (8.3%)
Other disease areas (n = 39) 14 (35.9%) 6(15.4%) 18 (46.2%) 0 (0.0%) 1(26%)
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TABLE $2.5.1 Percentages of included and non-included trials (per reason), summarized per trial characteristic
(continued)

N (%) not
N (%) not N (%) not included N (%) not
included included (indication/  included
N (%) (product not (trial not dose not (no new
included authorized) sponsored)  authorized) information)

Completion
Completed as planned (n = 458) 176 (384%) 144 (314%)  119(260%) 10 (2.2%) 9 (2.0%)
Discontinued (n = 100) 21(21.0%) 39 (39.0%) 34 (34.0%) 4 (4.0%) 2 (20%)
Innovator or generic product
Innovator (n = 471) 176 (37.4%) 169 (35.9%) 106 (22.5%) 11 (2.3%) 9 (1.9%)
Generic (n = 87) 21(241%)  14(161%) 47 (54.0%) 3 (3.4%) 2(2.3%)
Time since innovator version of index drug has been on the market
Not on market (yet) (n = 165) 14 (8.5%) 151 (91.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
0-10 years (n = 124) 103 (83.1%) 7 (56%) 11 (89%) 2 (1.6%) 1(0.8%)
>10 years (n = 269) 80 (29.7%) 25 (9.3%) 142 (528%)  12(45%) 10 (3.7%)
Published in the literature
Published 166 (512%)  71(219%) 75 (231%) 7(22%) 5 (1.5%)

Not published 31(132%)  112(47.9%) 78 (33.3%) 7 (3.0%) 6 (2.6%)
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ABSTRACT

Introduction

Responsible conduct of research implies that results of clinical trials should be
completely and adequately reported. This article describes the design of a cohort
study that aims to investigate the occurrence and the determinants of selective
reporting in an inception cohort of all clinical drug trials that were reviewed
by the Dutch Institutional Review Boards (IRBs) in 2007. It also describes the
characteristics of the study cohort.

Methods and analysis

In 2007, Dutch MRECs reviewed 622 clinical drug trials. For each trial, we as-
sessed the stages of progress. We discriminated five intermediate stages and
five definite stages. Intermediate stages of progress are: approved by an IRB;
started inclusion; completed as planned; terminated early; published as article.
The definite stages of progress are: rejected by an IRB; never started inclusion;
not published as article; completely reported; selectively reported.

We will use univariate and multivariate Cox regression models to identify trial
characteristics associated with non- publication.

We will identify seven trial-specific discrepancy items including the objectives,
inclusion and exclusion criteria, endpoints, sample size, additional analyses, type
of population analysis, and sponsor acknowledgement. The percentage of trials
with discrepancies between the protocol and the publication will be scored. We
will investigate the association between trial characteristics and the occurrence
of discrepancies.
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INTRODUCTION

Responsible conduct of clinical research implies that results of clinical trials
should be completely and adequately reported™*. However, a significant part of
clinical trial results is never reported: on average, only 50 percent of clinical

3-20

trials that are started are published in the scientific literature”™. As reporting
often depends on the magnitude or direction of the trial conclusions, incomplete
reporting may result in publication bias®*'***** For example, if negative findings
are more often not published than positive findings, overall evidence synthesis
will be biased, which can harm patients®?".

Publishing negative results is sometimes judged irrelevant or uninteresting by

the investigator, the journal editor or the sponsor of the trial®

. Negative trials,
however, add valuable information to the body of evidence on the effects of the
interventions studied. Moreover, publishing negative findings can prevent the
start of unnecessary new clinical trials. This may make the use of resources for
investigators and sponsors more efficient®,

Selective reporting of trial results comes in two forms. Firstly, selective report-
ing can mean that the trial at issue is never published in the scientific literature
(non-publication). This can be judged by searching for publications on trials
included in an inception cohort, e.g. using information from a trial register®'*!%,
Secondly, selective reporting may indicate that a trial is published in the scien-
tific literature with changes, additions, or omissions of study aspects or findings
(selective publication)®?®*. This second meaning is more subtle and can only be
judged by comparing published reports to the full original study protocol.

Non-publication rates of 10 to 88 percent have been reported in the litera-
ture®® 121419 Qelective publication was identified by studying discrepancies be-
tween the protocol and publication in reporting endpoints, sample size, statistical
methods and subgroup analysis®**,

That non-publication and selective publication can lead to patient harm was
also shown for clinical trials with drugs intended for marketing authoriza-
tion'>**% Some new drugs had to be withdrawn from the market after additional
data was revealed, showing harmful effects. For example, clinical data on the
new anti-inflammatory drug rofecoxib were neither published in the literature,
nor revealed to the regulators®. Other examples of non-publication and selective
publication potentially resulting in patient harm include the antihypertensive
drug reboxetine®®, and the antiarrhythmic drug lorcainide®. The negative media
attention about these and other drug trials has caused a decrease of the public’s
trust in the pharmaceutical industry and medical research®®*'. Since then, vari-

42-44

ous codes and guidelines aiming at reducing selective reporting were devel-
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oped. However, recent research showed that these guidelines have only reduced
selective reporting marginally*>*®.

Most studies that investigate selective reporting use data from a public regis-
try, like clinicaltrials.gov. However, not all clinical trials are registered in public
registries, and details of the original trial protocol are often unclear or lacking
because these registers often do not include full study protocols. In addition,
information published in public registries may be subject to selective reporting
as well. The availability of the full and original trial protocol submitted to an In-
stitutional Review Board (IRB) enables to track the stages of progress of a study
from the start. Therefore, to our opinion, starting with a series of consecutive full
trial protocols submitted to an IRB in a defined time window and in a defined
area is the best approach to examine non-publication and selective publication.
To date, few studies have been done using this approach®’.

We report the design of a study that aims to evaluate reporting practices in
an inception cohort of clinical drug trials in the Netherlands. The primary objec-
tive of the study is to investigate non-publication and selective publication in an
inception cohort of clinical drug trials. With regard to non-publication, we will
identify factors associated with non-publication. With regard to selective publica-
tion, we will evaluate factors associated with discrepancies between the protocol
and the publications of the trials. The secondary objective of this study is to
investigate whether selective publication is associated with the direction of trial

conclusions. Furthermore, we describe the characteristics of the study cohort.

METHODS AND ANALYSIS

Characteristics and data sources

We identified all clinical drug trials reviewed by the Dutch accredited IRBs *
between 1 January 2007 and 31 December 2007 (n = 622). These trials define the
inception cohort. According to previous studies, a seven year time window is suf-
ficient for most trials to recruit participants, collect data, prepare a manuscript
and publish the manuscript™*'.

In addition, we identified the characteristics of these trials (supplementary
methods and results, table SA2.1.1). The used source was the General Assess-
ment and Registration (GAR) form. This is a standard obligatory form that
investigators submit to the IRB. For 194 trials, multiple therapeutic areas were
indicated. Two investigators (CAB and CTMB) independently examined whether
these trials could be reclassified to a single therapeutic area and reclassified the
combination trials as one therapeutic area. Differences were solved by consensus
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TABLE A2.1.1 Planned analyses, endpoints and determinants.

Determinants Endpoint
Analysis of non- Trial characteristics + early termination + Publication as peer-reviewed article
publication prospective registration on clinicaltrials.gov
Analysis of selective Trial characteristics + early termination + Discrepancies between protocol and
publication* prospective registration on clinicaltrials.gov publication

Discrepancies between protocol and publication’  Direction of publication conclusions*

*Only among published trials; ‘Only among randomized trials

after involving a third investigator (GHK). To reduce the large number of differ-
ent therapeutic areas, we reclassified the variable to the International Classifica-
tion of Diseases, version 10*°. This reclassification retained 11 therapeutic areas
and 1 ‘other’ category.

From the trials included, we will extract data on the stages of progress, non-
publication and selective publication. In addition to the public data sources and
original trial protocols, we plan to send out a questionnaire to the investigators
(see appendix 2.2). An overview of the variables we plan to extract is presented
in the data extraction form (supplementary methods and results, table SA2.1.2).

Stages of progress

For the 622 trials in the inception cohort, we will determine the various stages
of progress (figure A2.1.1). For each clinical drug trial, we will discriminate ten
stages of progress. Of these, five are intermediate (meaning that further action
is observed or possible), and five are definite (meaning that no further action is
observed or possible). We named the stages of progress according to the flow of
the cohort, shown in figure A2.1.1. The intermediate stages of progress are: B1
approved by IRB; C1 started inclusion; D1 completed as planned; D2 terminated
early; E1 published as article. The definite stages of progress are: B2 rejected
by IRB; C2 Never started inclusion; E2 Not published as article; F1 completely
reported; F2 selectively reported. We primarily aim to investigate the publica-
tion-related stages of progress E1, E2, F1, and F2. However, to understand why
these stages of progress are not reached, we also determine the other stages of
progress. The stage of progress F2 (selectively reported) is definite for the end of
our data collection; later publications can still fill remaining gaps, moving trials
to F1 (completely reported).
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A. Inception cohort: clinical drug trials reviewed by a Dutch

IRB in 2007
N =622
|
B1. Approved by Dutch IRB B2. Rejected by Dutch IRB
N =603 N=19
v v
C1. Started inclusion C2. Never started inclusion
N = N =
v v
D1. Completed as planned D2. prematurely ended
N = N =
A v Reasons for
E1. Published as article E2. Not published as article _ non-
N = N = "1 publication
\_/H
Y v Discrepancies:
F1. Completely reported F2. Selectively reported | Types
N = N = ”| Determinants
\_/H

FIGURE A2.1.1 Overview of stages of progress of the 2007 inception cohort of clinical drug trials in the Netherlands.
The numbers in the boxes indicate the numbers of trials that succeeded to the specific stages of progress. From B1, C1,
D1, E1to F1is the ‘perfect’ flow of a trial in the cohort, meaning that all aspects took place according to the application.
The sum of the boxes B2, C2, E2 F1 and F2, which are the five final stages of progress, will be 622.

Non-publication

We search for publications on the trial results in the scientific literature us-
ing a standardized algorithm (figure A2.1.2). A publication is defined as a
peer-reviewed article containing at least methods and results. All reports not
fulfilling this publication (e.g. results reported in registries, conference abstracts
containing results, trial summaries on sponsor websites containing methods and
results) will be also collected. Peer-reviewed publication is in our opinion the
golden standard for reporting clinical research, but trial results can be reported
by other means (e.g. registries, sponsor websites, conference abstracts). Using
only peer-reviewed articles as endpoint for non-publication is in line with the ma-
jority of other research®’. If we identify more than one publication of trial results,
we classify the publication as either primary (i.e., containing the overall results
and conclusions) or secondary (i.e., interim, post hoc, subgroup or other analysis).
In general, we assume that this will be clearly stated in the publications®. Other
information collected includes the full-text of the article, the journal, and the first
date of publication (e.g., advance online publication). We have completed this
part of the publication search in March 2015.
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‘ Trial from cohort 2007 ‘

l

Sources to check:
Medline
Embase

Clinicaltrials.gov
Google Scholar
EudraCT B7 form

}

Enter terms: study drug(s), disease,
investigator name and study acronym

v v

Publication found, but uncertain if publication Publication clearly identified
belongs to the protocol

>1 publications found

R l

Save publication and collect:
1. Sponsor
Clinicaltrials.gov number Title

2. Study center N
Not similar ———————— 3, Publication is in chronology with protocol and URL | Saveallpublications and indicate primary

Journal publication
approval by MREC Date published (online) PDF
4. Involved investigators

5. Studied drug and comparator with full tekst

|

Collect:

Compare publication with protocol:

No fullarticle publication Send questionnaire to investigator for
P End of trial date > q %
found verification of collected data
Whether trial was prematurely

terminated

FIGURE A2.1.2 Publication search algorithm. EudraCT = European Union Drug Regulating Authorities Clinical Trials
database: obligatory registration database for clinical drug trials carried out in the European Union.

We will also collect the end of trial date and information about (early) termina-
tion of the trial. We define the end of trial date as the date of the last visit of
the last patient undergoing the trial®®. A trial is terminated early if either the
inclusion or the follow-up is terminated earlier than foreseen in the research
protocol. Because early termination is an intermediate stage of progress of a
trial, we include early termination as a potential determinant for the endpoints
studied. In addition, prospective registration on clinicaltrials.gov will be exam-
ined as a potential determinant (table A2.1.1). We define prospective registration
as registration of the trial before the first patient is recruited'. The data field
‘first received’ on clinicaltrials.gov will be used as the date of registration.

To validate the used publication search algorithm, two investigators indepen-
dently searched for publications using the algorithm, using a random selection of
30 trials of the cohort. The two searches identified no differences. We checked the
external validity of the algorithm by comparing the results to a search algorithm
used for another study®, kindly provided by the investigators. This comparison
showed no differences, which suggested that the construct validity of our algo-
rithm was adequate.

In addition, we will send questionnaires to the main investigators of the research
divisions or hospital departments that conducted the trials. We will specifically
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TABLE A2.1.2 Reasons for not publishing results, to be obtained from the questionnaire (for unpublished completed
trials in cohort).

Manuscript is in preparation / under review

Results were not interesting enough to publish
Journal rejected the manuscript
Sponsor decided not to publish without providing a reason

Other

ask the investigators to confirm or rectify our information about which stage
of progress the trial reached according to our findings. For the non-published
trials we ask for the reasons that the trial was not published (table A2.1.2), and
whether the results of the trial were reported in alternative ways, such as on
clinicaltrials.gov. When the investigator does not respond to the mailed question-
naire, we will try to engage the investigator by telephone contact. In case we are
unable to contact the investigator, we will contact the sponsor of the trial.

The various stages of progress of the trial in the flowchart will be updated
according to the results of the questionnaire. In case neither the investigator nor
the sponsor could be reached, the stages of progress remain unchanged. We as-
sume that if a trial was incorrectly placed in the stage of progress boxes C2, D2,
or E2, the investigator or sponsor would have responded. If we are unable to find
any information on whether a trial started inclusion, ended, or was published, we
will exclude the trial for subsequent analysis. After showing construct validity,
the publication search was performed by two authors (CAB and MH), double-
checked by the questionnaire to the investigators. To assess the likelihood of
bias, we will investigate whether the characteristics of included cases differ from
excluded cases.

Selective publication

Among the trial protocols that resulted in a publication, we will further in-
vestigate selective publication. We include only peer-reviewed articles for the
discrepancy analysis because other reports contain too little detail to investigate
discrepancies with the trial protocol. Selective publication can be measured
by identifying discrepancies between protocol and publication. Discrepancies
between protocol and publication are indications of selective publication, which
may lead to reporting bias. The degree of the risk of reporting bias depends on
the association of discrepancies with the direction of trial conclusions. Therefore,
among the trials with a randomized design, we will also assess the direction
of publication conclusions and investigate whether the direction of publication
conclusions is associated with discrepancies between protocol and publication.
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We define discrepancies between protocol and primary publication as addi-
tions, omissions, or changes in pre-specified discrepancy-items. To identify dis-
crepancies systematically, we developed an extraction form containing relevant
items. We used items from common protocol and publication guidelines like
SIRIT and CONSORT to compel a list with trial items that should be reported.
From that list, we selected seven items in which we expected selective reporting
(supplementary methods and results, table SA2.1.2)****%" The seven discrepancy
items include: (1) objectives, (2) inclusion and exclusion criteria, (3) endpoints,
(4) sample size, (5) additional analyses, (6) type of population analysis, and (7)
sponsor acknowledgement. We will extract these items both from the protocols
and the publications. Subsequently, we will compare the extracted data of the
protocol to the publications. With regard to discrepancies in the objectives
and endpoints, we will distinguish between discrepancies in the primary and
in the secondary objectives and endpoints. With regard to discrepancies in the
inclusion and exclusion criteria, we will only consider an objective change as
discrepancy because inclusion and exclusion criteria are often not fully reported
in publications due to the limited availability of space. We will operationalize
discrepancies in the planned vs. included sample size as the ratio of sample size
achieved divided by sample size planned. With regard to discrepancies in the
type of population analysis, we will assess whether an intention to treat or per
protocol analysis was planned and used accordingly. We will also indicate when
there was a lack of information in the protocol and/or in the publication to assess
a discrepancy.

In case we identify multiple publications of one trial protocol, we will include
the primary publication in the discrepancy assessment. In addition, if a second-
ary publication contains any analyses that were not described in the study pro-
tocol and this was not stated in the publication, we classify that as an additional
discrepancy.

The discrepancy assessment was developed by one author (CAB), and will be
tested for construct validity by a second author (PCS), by performing an inde-
pendent discrepancy assessment of a random selection of 10% of the published
trials. Remaining differences will be solved by discussing them with two other
authors (CTMB and SWJ). The remaining trials will then be assessed by one
author (CAB), with a randomly selected double-check of 20 of the published trials
by a second author (PCS). Uncertainties will be solved by a discussion involving
two other authors (CTMB and SWdJd).

Among the trials with a randomized design, we will classify the direction of
publication conclusions as either positive or negative. This classification is in-
cluded to investigate whether discrepancies are associated with the direction of
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the conclusions (and the interpretation) that the authors draw in the discussion
sections of the publications. If trials with a positive conclusion have more discrep-
ancies than trials with a negative conclusion, this may mean that discrepancies
are used to spin trial conclusions towards a positive direction. . Two independent
investigators (CAB and PCS) will independently classify the trials, and solve
differences by consensus.

Data analysis

According to the objectives of the study, we will analyze three endpoints (table
A2.1.1): non-publication, discrepancies between the protocol and the publication

as a proxy for selective publication, and the direction of publication conclusions.

Non-publication

In a survival analysis of the non-publication rate, only trials that started inclusion
will be analyzed (box C1 of figure A2.1.1). The endpoint used is non-publication
as peer-reviewed article, according to the definition provided above. The trial
end date marks the start of follow-up (i.e. the date the trial transits to the stage
of progress D1 or D2, figure A2.1.1). We chose this date instead of the date of
IRB approval, because the trials in the cohort might differ in time span. This
time span may depend, for example, on the phase of the trial and the number of
participants to be recruited. In case of multiple publications of one trial protocol,
we use the publication date of the primary publication.

We assume that all trials that started including patients are eligible for pub-
lication. Thus, the population of the non-publication survival analysis includes
all trials that started inclusion (box C1, figure A2.1.1). Trials that never started
inclusion are excluded from this analysis.

To identify characteristics that are associated with (non-)publication, we per-
form Cox regression analysis to estimate the strength of the association between
characteristics and publication status, expressed as hazard ratios and 95% confi-
dence intervals. Because trials of oncolytic drugs are different with respect to the
disease severity compared to most trials in other therapeutic areas (which may
affect publication), a stratified analysis will be conducted as well. In addition,
we will tabulate reasons for non-publication. Finally, we will describe the means
of publication by other means than by the definition of publication. By doing so,
we will identify the subset of trials with no results reported at all (not as peer-
reviewed article and not by other means).
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Selective publication

For each of the seven discrepancy-items, we calculate the proportion of trials
with the discrepancy. We investigate the association between characteristics
and discrepancies for each item (chi-square test) and for the total discrepancy
summary score (paired t-test). We will use multivariate logistic (individual dis-
crepancies) and linear (total discrepancy score) regression models to estimate the
strength of the association of characteristics and publication status, expressed as
odds ratios and 95% confidence intervals. Among the trials with a randomized
design, we investigate whether the discrepancies are associated with the direc-
tion of the publication conclusions using identical bivariate and multivariate
analyses. Data analysis will be performed by two authors (CAB and PCS), and
double-checked by all other authors.

By measuring non-publication and selective publication, the study will identify
the extent of research underreporting waste in a cohort of clinical trials in the
Netherlands®%. To increase the value derived from clinical trials, transparency
from protocol to the public is needed®®. Our study will provide this on a national
level and may elucidate areas for improvement. Ultimately, this study may con-
tribute to evidence-based medicine by improving the unbiased reporting rates of
clinical drug trials. This may increase the overall trust in research on drugs and
the willingness of participants to enroll in clinical drug trials.
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SUPPLEMENTARY METHODS AND RESULTS

TABLE SA2.1.1 Cohort 2007 characteristics retrieved from the General Review and Registration-forms.

N %
Total clinical trials in cohort 622 100.0%
Sponsor
Pharmaceutical industry 372 59.8%
Investigator (industry (co-)funded) 74 11.9%
Investigator (no industry funding involved) 176 283%
Applicant
CRO 220 35.4%
Investigator 402 64.6%
Centers involved
Single center 274 44.1%
Multi center, only in Netherlands 61 9.8%
Multi center, Netherlands and EU 87 14.0%
Multi center, Netherlands and rest of the world 200 32.2%
Phase of study
Phase 1 125 20.1%
Phase 2 137 22.0%
Phase 3 185 29.7%
Phase 4 66 106%
Other/not applicable 109 17.5%
Therapeutic/non therapeutic
Therapeutic 386 62.1%
Non-therapeutic 236 37.9%
Intervention/observational
Intervention 556 89.4%
Observational, invasive 51 82%
Observational, non-invasive 15 2.4%
Participant category
>18 years old and mentally capacitated 571 91.8%
<18 years old and/or mentally incapacitated 51 82%
Registration status of product
Unregistered product 297 47.7%
Registered, studied outside indication 159 25.6%
Registered, studied within indication 128 20.6%
No registration status indicated 38 6.1%
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I TABLE SA2.1.1 Cohort 2007 characteristics retrieved from the General Review and Registration-forms. (continued)

N %
Product category
Regular medicinal product 590 94.9%
Complex product involved: vaccine, radiopharmaceutical, somatic cell therapy, antisense 32 5.1% 2
oligonucleotide
Therapeutic area
Neoplasms 117 18.8%
Neurological diseases (including analgesia and anesthesia trials) 74 11.9%
Endocrine diseases 70 11.3%
Cardiovascular diseases 68 109%
Mental and behavioral disorders 45 72%
Infectious diseases (including vaccine trials) 44 7.1%
Hematological and immunological diseases 38 6.1%
Respiratory diseases 36 5.8%
Musculoskeletal diseases 34 5.5%
Digestive system diseases 26 42%
Genitourinary system diseases 25 4.0%

Other 45 7.2%
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TABLE SA2.1.2 Data extraction form. GAR = General Assessment and Registration
Extract: Source Use If categorical, options
Approved or rejected by GAR-form Stage of progress  Approved / rejected

Dutch medical research ethics
committee

Started inclusion/never started
inclusion

Completed as planned/
preliminary terminated

End of trial date

Publication date

Completely reported /
selectively reported

If not published: reason for
non-publication

Randomized/non-randomized

Trial framework

Primary, secondary, and other/
exploratory objectives

Inclusion and exclusion criteria
for participants

Primary, secondary, and other
endpoints

Planned and actual number of
participants

Methods for any additional
analyses (e.g. subgroup)
Intention to treat (ITT) or per

protocol (PP) analysis

Sponsor acknowledgement

Secondary publications:
planned in protocol and
mentioned in publication

Questionnaire

EudraCT
B7-form and
questionnaire

EudraCT
B7-form and
questionnaire

PubMed and
questionnaire

Protocol and
publication

Questionnaire

Protocol

Protocol

Protocol;
publication

GAR-form;
publication

Protocol;
publication

GAR-form;
publication

Protocol;
publication

Protocol;
publication

Publication

Protocol;
publication

B1/B2

Stage of progress
/2

Stage of
progress D1/D2;
determinant

Time to
publication
calculation

Time to
publication
calculation

Stage of progress
F1/F2; endpoint

Reasons for non-
publication

Characteristic

Characteristic

Discrepancy-
item 1

Discrepancy-
item 2
Discrepancy-
item 3

Discrepancy-
item 4
Discrepancy-
item 5

Discrepancy-
item 6

Discrepancy-
item 7

Multiple
publications

Started / never started

Completed as planned / preliminary
terminated

Published (yes/no); if yes, date of online
publication

Completely reported / selectively reported

Randomized / non-randomized

Single-arm / parallel group / crossover/
adaptive; superiority / non-inferiority /
exploratory / no information*

No discrepancies / primary objectives added
/ primary objectives omitted / primary
objectives changed / other additions,
omissions or changes / no information

No discrepancies / criteria changed / no
information

No discrepancies / primary endpoints added
/ primary endpoints omitted / primary
endpoints changed / other additions,

omissions or changes / no information

No discrepancies / sample size smaller /
sample size larger / no information

No discrepancies / analysis added / analyses
omitted / analyses changed / no information

No discrepancies / changed / no information

Yes (specific sponsor) / no

Planned / not planned and not mentioned
/ not planned and mentioned / no
information



Occurrence and determinants of selective reporting of clinical drug trials: design and characteristics of an inception cohort study | 137

I TABLE SA2.1.2 Data extraction form. GAR = General Assessment and Registration (continued)

Extract: Source Use If categorical, options
Direction of publication Publication Direction of Positive / negative
conclusion publication
conclusion
2
Prospective registration on WWW. Determinant Yes / no

clinicaltrials.gov clinicaltrials.gov
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Questionnaire to the investigator






Questionnaire to the investigator

Questionnaires were sent to the principal investigators of all 622 clinical drug

trials that were reviewed by a Dutch Institutional Review Board in 2007. Four

different questionnaires were used, based on our search results.

1. We found no publication and no data on whether the trial was completed as
planned or discontinued before planned end of recruitment and/or follow-up

2. We found a publication and no data on whether the trial was completed as
planned or discontinued before planned end of recruitment and/or follow-up

3. We found no publication and data on whether the trial was completed as
planned or discontinued before planned end of recruitment and/or follow-up

4. We found at least one publication and data on whether the trial was com-
pleted as planned or discontinued before planned end of recruitment and/or
follow-up.

In this appendix, the template of questionnaire #1 is included. The other ques-

tionnaires were copies of questionnaire 1, except for the abovementioned adapta-

tions.

145



146 | Appendix 2.2

QUESTIONNAIRE 1

UPPER survey 2.0 - Questionnaire of research project ‘Better Use of Files'

T

Questionnaire of research project 'Better Use of Files

This is the online questionnaire of the research project 'Better Use of Files, of which you were informed by email

There are 16 questions in this survey

Trial identification

1[1]
What is the NL-number of the trial?

Please fill out the NL-number exactly as it is noted in the email, including the 2 dots.
Example: NL12345.678.90

Investigators who received emails for more than one trial, please complete a separate
survey for each trial *

Please check the format of your answer.

Please write your answer here:

2 [8]What was the date that inclusion started? *

Please write your answer(s) here:

In the Netherlands:

In case of an international multicenter trial: for the

whole trial:

3 [4]Has the trial prospectively been registered at a public register, e.g.
www .clinicaltrials.gov or ISRCTN? By prospectively we mean before recruitment of the first

participant. *

Please choose only one of the following:

O Yes

file://fC|/...%20survey%202.0%20-%20Questionnaire%200f%20research%20project%?2 (f Better%20Use%2 00f%20Files".htmi[ 11/8/2015 4:05:33 PM]
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UPPER survey 2.0 - Questionnaire of research project 'Better Use of Files'

O No

4 [6]Note the trial identification number for the register at issue (e.g. NCT12345678) *

Only answer this question if the following conditions are met:
Answer was 'Yes' at question '3 [4]' (Has the trial prospectively been registered at a public register, e.g. www.clinicaltrials.gov or
ISRCTN? By prospectively we mean before recruitment of the first participant. )

Please write your answer here:

Start of the trial

These questions address whether the trial was started after approval of the medical research ethics committee

5 [1]Are there any participants included in this trial? *
Please choose enly ene of the following:
O Yes, also in the Netherlands

(O Not in the Netherlands, but in other countries
O No, the trial has not started at all

6 [2]Why has inclusion for the trial not started in the Netherlands? *

Only answer this question if the following conditions are met:
Answer was 'Not in the Netherlands, but in other countries' at question 'S [1]' (Are there any participants included in this trial?)

Please choose all that apply and provide a comment:

[ There were already sufficient participants included

in other countries

[:] Other:

In the window on the right you can give further explanation, if desired

7 [5]Why has the trial not started at all? *

Only answer this question if the following conditions are met:
Answer was 'No, the trial has not started at all' at question 'S [1]' (Are there any participants included in this trial?)

Please write your answer here:

file:///C|/...9%20survey%202.0%20-%20Questionnaire%200f%20research%20project%20 Better%20Use%200f%20Files' . htmi[ 11/8/2015 4:05:33 PM]
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UPPER survey 2.0 - Questionnaire of research project ‘Better Use of Files'

Progress of the trial

These questions address the progress of the trial

8 [1]How many participants were included in the trial?
Only answer this question if the following conditions are met:
Answer was 'Not in the Netherlands, but in other countries' or 'Yes, also in the Netherlands' at question 'S [1]' (Are there any participants

included in this trial ?)

Please write your answer(s) here:

file:///C|/...%20survey%202.0%20-%20Questionnaire%200f%20research%20project%2 0 Better%20Use%200f%20Files'.htmi[ 11/8/2015 4:05:33 PM]
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Number of participants included in the Netherlands: |

If the trial is an international multicenter trial: number

of participants included in whole trial

9 [3]How was the trial completed? *

Only answer this question if the following conditions are met:
Answer was 'Yes, also in the Netherlands' or 'Not in the Netherlands, but in other countries' at question '5 [1]' (Are there any participants
included in this trial ?)

Please choose only ene of the following:

Q Completed as planned
O Preliminary terminated

10 [4]What was the reason for the preliminary termination of the trial? *
Only answer this question if the following conditions are met:
Answer was 'Preliminary terminated' at question '9 [3]' (How was the trial completed?) and Answer was 'Yes, also in the Netherlands' or

'Not in the Netherlands, butin other countries' at question 'S [1]' (Are there any participants included in this trial?)

Please choose all that apply and provide a comment:

[C1 Insufficient participants

I:I Adverse events

[ Interim analysis shows superiority

[] Interim analysis shows futility

O Stopped on advice of the Data Monitoring Board

[[] other

Multiple answers can be selected and explanation may be provided in the boxes on the right

11 [5]What was the date of the last visit of the last patient in the trial? Please input the
date in the following format: dd-mm-yyyy, e.g. 01-01-2010 *

Only answer this question if the following conditions are met:

Answer was 'Not in the Netherlands, but in other countries' or 'Yes, also in the Netherlands' at question '5 [1]' (Are there any participants

included in this trial?)

Please write your answer(s) here:

In the Netherlands:

If the trial is an international multicenter trial: for the

whale trial:
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For example: 01-01-2010

Publication of the trial

The final set of questions addresses the publication of the trial. By publication we mean publishing the methods and results of the trial in a peer-
reviewed journal

12 [1]We hebben in Medline, Embase en Google Scholar geen publicatie van de studie
kunnen vinden. Klopt het dat de studie (nog) niet als artikel is gepubliceerd? *

Only answer this question if the following conditions are met:
Answer was "Yes, also in the Netherlands' or 'Not in the Netherlands, but in other countries' at question 'S [1]' (Are there any participants
included in this trial 7)

Please choose only one of the following:

O No, the trial has been published in a peer-reviewed journal

O Yes, the trial has indeed not been published

13 [2]

Please note the title(s), journal name(s), journal edition(s), and publication date(s) of the
publication(s) *

Only answer this question if the following conditions are met:

Answer was 'No, the trial has been published in a peer-reviewed journal' at question 12 [1]' (We hebben in Medline, Embase en Google
Scholar geen publicatie van de studie kunnen vinden. Klopt het dat de studie (nog) niet als artikel is gepubliceerd? ) and Answer was
"Yes, also in the Netherlands' or 'Not in the Netherlands, but in other countries’ at question 'S [1]' (Are there any participants included in
this trial?)

Please write your answer here:
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14 [3]
Why has the trial not been published? *

Only answer this question if the following conditions are met:

Answer was 'Yes, the trial has indeed not been published' at question 12 [1]' (We hebben in Medline, Embase en Google Scholar geen
publicatie van de studie kunnen vinden. Klopt het dat de studie (nog) niet als artikel is gepubliceerd? ) and Answer was 'Not in the
Netherlands, but in other countries’ or 'Yes, also in the Netherlands' at question 'S [1]' (Are there any participants included in this trial?)

Please choose all that apply and provide a comment:

[] Andere prioriteiten | |

[] Resultaten niet statistisch significant | |

|:| Resultaten niet klinisch relevant | |

| Manuscript is afgewezen door tijdschrift(en)

[] Andere reden(en)

15 [4]Are the results of the trial reported in a different way than in a peer reviewed
journal?

Only answer this question if the following conditions are met:

Answer was 'Yes, also in the Netherlands' or 'Not in the Netherlands, but in other countries' at question 'S [1]' (Are there any participants
included in this trial?)
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Please choose only one of the following:

O Yes (Please specify where, e.g. results reported on clinicaltrials.gov + registration number)

O No

Make a comment on your cheice here:

Einde vragenlijst

16 [3]Thank you for completing the questionnaire. You can add any additional comments
here. Please do not forget to click on the button "Submit’ at the bottom of this page.

Please write your answer here:
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Many thanks for your collaboration! Your answers have been saved. Please do not fill out the questionnaire again

In case of unforeseen errors or system malfunction, please contact Sander van den Bogert: s.van.den.bogert@ccmo.nl

Submit your survey.
Thank you for completing this survey.
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Trends in the clinical drug trial landscape in the Netherlands

INTRODUCTION

This thesis includes several studies of the Dutch clinical drug trial landscape
of 2007. All drug trials reviewed by an institutional review board (IRB) in 2007
were studied. As the clinical trial landscape is dynamic and may evolve over
time, characteristics of clinical drug trials in 2007 may look different compared
to trials reviewed by IRBs in more recent years. This potential change in the
outlook of the trial landscape may impact the interpretation of the results and
recommendations for research and practice. Therefore, in this appendix to the
chapter of the 2007 cohort, we aimed to investigate trends in the characteristics
of clinical drug trials in the Netherlands after 2007, and to examine if changes
may influence the findings of the studies of the 2007 cohort described in chapter
2.

METHODS

From ToetsingOnline we extracted all clinical drug trials reviewed by all ac-
credited Dutch IRBs from 1 January 2007 until 31 December 2015. Extracted
trial characteristics included IRB decision; sponsor; phase, contract research
organization (CRO) as applicant; number and location of centers; therapeutic
effect expected; type of trial; approval status of the drugs involved in the trial;
drug type; participant category; and the disease area.

First, the absolute number of reviewed trials per year was assessed using a
marked line graph. Then, the proportional distribution of characteristics was
depicted per year of IRB approval (2007, 2008,..., 2015) using stacked column
graphs. The trends were assessed by visual inspection of their graphical repre-
sentation. Graphs were created using Microsoft Excel.

RESULTS

The number of clinical drug trials that were reviewed by all accredited Dutch
IRBs between 2007 and 2015 varied between 635 (2008) and 528 (2010), as
shown 1n figure A2.2.1. After the 2010 drop, from 625 to 528 trials, the numbers
seem to recover towards the level of 2007-2009.
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FIGURE A2.3.1 Number of clinical drug trials reviewed by all Dutch IRBs by year.

The sponsoring of the trials remained stable over time (figure A2.2.2). There
was a slight drop of investigator-initiated trials without industry (co-)funding in
2015, but it is unknown whether this is structural. Regarding the disease areas
(figure A2.2.3), the share of each area in the overall landscape varied per year.
The disease areas that seemed to show a consistent increase included oncology
(from 18.8% in 2007 to 24.3% in 2015) and hematological and immunological
diseases (from 6.1% in 2007 to 10.3% in 2015). Disease areas that showed an
overall consistent decrease included cardiovascular diseases (from 10.9% in 2007
to 6.3% in 2015) and mental/behavioral diseases (from 7.2% in 2007 to 4.4% in
2015).

No changes over time were observed in the characteristics IRB decision; phase;
CRO as applicant; therapeutic effect expected; study type; approval status of
drugs involved in the trial; drug type; and participant category (results not
shown).
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FIGURE A2.3.2 Distribution of the sponsor type of the clinical drug trials by year of IRB-review. The numbers in the bars
are the number of trials in that year with the corresponding sponsor type.

DISCUSSION

Overall, the clinical drug trial landscape in the Netherlands has remained stable
between 2007 and 2015. The drop in 2010 could have been the result of the
financial crisis that hit Europe around that time — as a consequence, compa-
nies and investigators might have had less financial space to start new projects
[1]. Furthermore, outsourcing trials to cheaper countries may be particularly
popular in times of crisis. Since 2010, the number of trials gradually recovered,
approximating its pre-2010 level in 2015.

The rise of oncology in clinical research was expected and is in line with other
analyses. The increased trial activity in hematological and immunological diseas-
es likely also reflects the development of new pharmacological immunotherapies
(e.g. peptides, antibodies). The decrease of research in cardiovascular diseases
is consistent with negative forecasts of R&D productivity for these areas [2 3].

The results of this analysis only provide insights in trends of the analyzed
characteristics, and not about the outcomes that were investigated in the studies
of this chapter. We also cannot claim based on these results that the clinical
trial landscape has not changed. Reality is closer to the opposite regarding the
average number of countries per trial, recruitment patterns and endpoints [4].
The aims and scope of this analysis was limited to the investigation of the repre-
sentativeness of the 2007 cohort in the recent history of clinical drug trials in the
Netherlands, i.e. to examine the possibility that 2007 was an outlier regarding
the investigated characteristics.
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To conclude, our analysis of the clinical drug trial landscape of the Netherlands

in the years after 2007 suggests that the landscape has remained stable. The

distributions of characteristics of the later years show that the findings of the

studies described in chapter 2 of this thesis are based on a representative cohort.
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