REVIEW

Trial design and endpoints in clinical transplant

research

Simon R. Knight'%*, Peter J. Morris'?, Stefan Schneeberger® & Liset H. M. Pengel’**

1 Centre for Evidence in
Transplantation, Clinical
Effectiveness Unit, Royal College of
Surgeons of England and the
London School of Hygiene and
Tropical Medicine, University of
London, London, UK

2 Nuffield Department of Surgical
Sciences, University of Oxford,
Oxford, UK

3 Department of Visceral Transplant
and Thoracic Surgery, Innsbruck
Medical University, Innsbruck,
Austria

Correspondence

Simon Knight, Nuffield Department
of Surgical Sciences, Oxford
Transplant Centre, Churchill Hospital,
Old Road, Oxford OX3 7LE, UK.

Tel.: 01865 227131,

e-mail: simon.knight@nds.ox.ac.uk

* These two authors contributed
equally to the research and prepara-
tion of this review.

The number of clinical trials in solid organ transplantation is progressively
increasing year on year, but the quality of design and reporting still varies
considerably. The constraints on organ availability, improving short-term
outcomes, ethics and timescales involved in organ transplantation present
unique challenges for trials in this field. An understanding of the method-
ology and potential pitfalls in clinical research is essential both to interpret
trial results and to design robust studies. This review summarizes the scope
and quality of reporting in existing transplant clinical trials and details
aspects of clinical trial methodology with particular relevance to transplan-
tation. We highlight initiatives designed to improve the quality of this pro-
cess to ensure that the results of clinical trials are robust, well reported and
of use in everyday clinical practice.
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Randomized controlled trials are the backbone of evi-
dence-based surgical practice. It is therefore important

A large part of the increasing success of organ trans-
plantation stems from a drive to improve the evidence
base with which we make treatment decisions for our
patients. The adoption of evidence-based practice in
surgical specialities has historically lagged behind that
seen in medical specialities, with patient management
less likely to be supported by evidence from randomized
controlled trials (RCTs) [1]. Trials in surgical speciali-
ties face unique challenges relating to recruitment, equi-
poise, learning curves and ethics [2]. The mix of
surgical and medical interventions used in transplant
recipients mean that only part of transplant practice has
developed around evidence from RCTs.
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to realize that not all clinical trials are of equal method-
ological quality, and indeed, clinical trials are not always
the optimal way to answer a given clinical question.
This review examines the design and reporting of clini-
cal trials in solid organ transplantation, with particular
attention to the peculiarities of transplantation that can
make conducting quality trials challenging.

The number of randomized controlled trials published
over the past 5 years in solid organ transplantation is
summarized in Table 1. Of the 738 publications, nearly

© 2016 Steunstichting ESOT
doi:10.1111/tri. 12743



Table 1. Total number of publications from randomized
controlled trials (RCTs) published between January 2010
and September 2015.

Organ Total publications %

Kidney 576 64
Liver 181 20
Heart 75 8
Lung 50 6
SPK 4 1
Pancreas 8 1
Total 894* 100

*Total number of RCTs is 738; some publications cover more
than one organ type. Data from the Transplant Library data-
base (www.transplantlibrary.com).

two-thirds recruited renal transplant recipients, with
studies focussing on other organ types lagging behind.
As a point of reference, 68% of the total number of
transplants performed in the United Kingdom in the
year 2014/2015 were kidneys, whilst liver transplants
made up 18.8% of the total [3]. These figures
therefore suggest that trial activity, at least for kidney
and liver transplantation, is in proportion to overall
transplant activity. In contrast, very few trials have
been published in pancreas transplantation (<2% of
the total) despite these making up around 5% of all
transplants.

These figures highlight the problem with generating
evidence for rare interventions. To demonstrate incre-
mental benefits in an already-successful treatment such
as transplantation, large numbers of patients are
required, putting adequately powered clinical trials out
of the reach of individual institutions. Multicentre, and
even international, collaboration is therefore essential to
deliver robust trials of new interventions, particularly
for the less frequently transplanted organs.

Systematic literature reviews are designed to identify
gaps in the existing evidence and thus help to inform
researchers of future research priorities. Such syntheses
will help to avoid duplication of existing research but
can also help to guide trial design in terms of sample
size calculations, selection of appropriate outcomes and
treatment regimens. An increasing number of funding
bodies now require a formal systematic review of the
subject area to be submitted as part of the application
process. The use of the Transplant Library of random-
ized clinical trials (www.transplantlibrary.com) allows a
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Table 2. The PICO structure for defining a research

question.

Description

Example

Patient characteristics
to be included/
excluded from the
study. May include
age, underlying
condition,
comorbidity.

The intervention,
exposure or test to
be studied. May

Population

Intervention

De novo adult renal

transplant recipients

Withdrawal of

corticosteroids at day
7 post-transplant.

include dose,
procedural technigue
or duration.
Comparator The control Continuation of
comparator, maintenance steroids

exposure or test to
be studied. May be
no intervention,
placebo or current
standard therapy.

Outcomes of clinical
importance, including
efficacy, survival and
safety.

at 5 mg/day.

Outcomes Acute rejection, graft
function, graft and
patient survival,
steroid-related side
effects (serum lipids,
hypertension, new-
onset diabetes,
leucopenia, infection,
cataracts)

quick examination of the evidence that is available. All
members of ESOT have access to this library.

There is also a growing recognition that the research
priorities of clinical researchers may be biased, and not
reflect the priorities of patients or their carers [4]. To
address this, there has been a great deal of interest in
ways to involve patients and carers in clinical research
and, in particular, in helping to set the research agenda
[5]. In the UK, a project is currently ongoing to identify
and prioritize areas for research in renal transplantation
(www.transplantpsp.org/kidney).

Defining a clear, concise research question is essential
when planning a clinical trial. For randomized and
other comparative trial designs, a commonly used tool
for defining the research question is the ‘PICO’ struc-
ture: population, intervention, comparator and out-
comes (Table 2). The specific question has implications
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for inclusion and exclusion criteria, the exact nature of
the study intervention and comparisons, and the out-
comes recorded, all of which can affect the generaliz-
ability and applicability of the results of the trial when
completed.

Population

The trial population must be defined clearly, and the
patients recruited into the trial must be representative
of the population that we see in everyday practice. Here,
a distinction is often made between ‘efficacy’ trials and
‘effectiveness’ trials. Efficacy trials recruit participants
under ideal, highly controlled circumstances with the
aim of increasing internal validity and minimize con-
founding variables. Effectiveness trials recruit partici-
pants under pragmatic, real-world conditions to test the
impact of an intervention in day-to-day clinical practice
and allow a more heterogeneous trial population. This
difference can be illustrated by looking at two trials
comparing once-daily versus twice-daily tacrolimus in
renal transplant recipients. The OSAKA trial aimed to
include patients representative of the European trans-
plant population and included a large proportion of
deceased donors and extended criteria donor (ECD)
transplants [6]. An earlier European trial used more
stringent eligibility criteria, with exclusion of donation
after circulatory death (DCD) recipients and sensitized
patients, and as a result, the generalizability of results is
much more limited [7]. In reality, the distinction is not
dichotomous, with efficacy and effectiveness at two ends
of a continuous spectrum, ideally presenting a balance
between acceptable internal validity and high generaliz-
ability.

Many transplant trials, even effectiveness trials, limit
the inclusion to certain patient populations such as
those with high immunological risk (usually defined by
panel reactive antibodies or previous graft loss), the
elderly, or recipients of high-risk organs such as DCD,
long cold ischaemia times or elderly donors. Whilst
these decisions are often guided by ethics committees
and safety concerns, they may result in trial populations
that are not reflective of our increasingly high-risk
recipient and more marginal donor populations. In an
analysis of 573 randomized controlled trials in renal
transplantation, Blosser and colleagues found that 30%
of trials had an exclusion criteria based on age [8]. The
mean age of the recipients enrolled in the trials was sig-
nificantly lower than the prevailing US renal transplant
population, questioning the external validity of existing
trials in older populations.
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Intervention

Careful consideration must be given as to the exact defi-
nition of the intervention to be used in the trial. Differ-
ences in procedural technique, drug dose and timing of
the intervention can all have important implications for
the treatment effect recorded. Restricting aspects of nor-
mal care, such as baseline immunosuppression, can also
reduce the external validity of the results. Where the
optimum dose or timing has not yet been determined,
randomization to multiple intervention groups may be
of use [9]. Particular attention must be paid to the
detailed description of complex interventions (those
containing multiple interacting components) to ensure
reproducibility. In the transplant setting, examples
include behavioural interventions aimed to increase
donation rates [10] or to improve compliance [11].

Comparator

The comparator should be clinically meaningful and is
determined by the research question. In transplantation,
the comparator is often the prevailing standard of care,
which may vary between centres or countries. Whilst, in
an efficacy trial, the comparator may be very rigidly
defined, more pragmatic effectiveness trials may allow
for greater variation [12]. For a large trial with med-
ium- to long-term follow-up (3-5 years or more), it is
conceivable that standard of care will change during the
duration of the trial, making the results at best difficult
to interpret, and at worst irrelevant by the time, the
trial results are published. A good example is the BENE-
FIT trial — at trial inception, standard of care was
cyclosporine-based immunosuppression, but by the time
of trial completion, almost all centres had switched to
tacrolimus-based regimens [9]. This leaves us wondering
whether the excess early rejection rates seen in the belat-
acept arms would be even greater when compared to a
tacrolimus-based regimen.

Outcomes

Selecting an appropriate primary endpoint for a clinical
trial can often be difficult. There is a conflict between
what we actually want to measure, and the practicalities
and costs of doing so. For example, in trials of
immunosuppressive drug therapy, one could argue that
one of the most important outcomes for the patient is
long-term graft survival. With current 5-year kidney
graft survival at around 85%, demonstrating an (per-
haps unrealistic) improvement in graft survival to 90%
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with 80% certainty would require recruitment of over
1300 patients (chi-squared test, alpha = 0.05). The rarer
the event of interest, and the smaller the anticipated
treatment effect, the larger the number of patients
required becomes. Thus, the majority of trials focus on
short-term outcomes and this leaves trials with a limited
ability to detect differences in survival outcomes and
rare adverse events of interest, such as post-transplant
lymphoproliferative disease, infections and other malig-
nancies.

It is also important that the outcomes reported in
clinical trials reflect those that are important to
patients, not just those treating them, as there is some
evidence that priorities may differ. In a nominal group
study of renal transplant recipients, only 12% of partic-
ipants ranked their own survival as more important
than transplant survival, in stark contrast to the tradi-
tional clinician-led view that the survival of the patient
is most important [13]. Outcomes reported directly by
patients (patient reported outcomes; PROMs) are
increasingly recognized as important and are essential if
a health economic analysis of a new intervention is
planned. These usually consist of questionnaires or sur-
veys that record patient’s activities, symptoms and
quality of life. PROMs can be generic, working across
different conditions, or disease specific. Both generic
and disease-specific tools have been evaluated for use
in transplant recipients and are likely to be comple-
mentary [14].

Developing alternative endpoints

With one-year graft survival rates reaching 90-95%
and the rate of biopsy proven acute rejection (BPAR)
decreasing to below 10%, the established study end-
points are challenging as a framework for development
of new interventions. Not only are numbers required
to establish differences in the outcome high and the
burden of cost for any trial significant, but early cellu-
lar BPAR alone as an established endpoint — if reversi-
ble — may also be less significant in the context of
modern salvage options and the characteristics of
rejection [15]. Whilst graft loss during the first year
has been reduced to a minimum in nonsensitized
patients, the long-term outcome and deterioration of
graft function remain unsolved challenges. Hence, the
development of early alternative endpoints has gained
attention in order for the field to develop a framework
for development of novel treatment strategies and/or
drugs to address the unmet need for improving long-
term graft survival in solid organ transplantation.
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Transplant clinical trials often resort to the use of
surrogate endpoints [16,17]. Surrogate endpoints are
those that are not necessarily of direct importance to
the patient, but have been shown to predict long-term
outcomes such as survival. Most research has been in
the field of renal transplantation, with little literature on
outcomes in other organ types [18]. In kidney trans-
plantation these include (de novo) donor-specific anti-
bodies and/or complement binding subgroups, graft
histological features such as inflammation at an early
stage after transplantation, biomarkers and gene or pro-
tein expression profiles indicative for chronic damage to
the grafts, adherence with immunosuppression,
glomerular filtration rate (GFR) and/or composite end-
points including a number of the candidates mentioned
above and balanced in relevance to each other following
mathematical modelling. A multidimensional approach
seems to have the advantage of incorporating measures
of the damage caused by different agents, but holds the
limitation of driving a cause-effect relationship. Markers
of chronic graft injury can predict graft outcomes in
renal transplantation [19], but biopsy is an invasive
procedure with associated cost and risk of complica-
tions meaning that there is a reluctance for protocol
biopsies in clinical trials. In the liver, scores of early
function have been developed and can predict survival
[20,21].

An initiative commenced by major transplant medi-
cal associations and facilitated by the Food and Drug
Administration (FDA) in the USA is currently being
developed further and carries the hope of driving the
steps required to establish surrogate endpoints and
developing them to the point of robustness to serve as
endpoints for future trials [22].

Whilst the randomized controlled trial is arguably the
current gold standard for assessing new interventions,
there are variations in quality and methodology. An
analysis of the reporting methodology of RCTs included
in the Transplant Library (www.transplantlibrary.com)
demonstrates that just over half of the trials published
between 2010 and 2015 are considered good quality
(Fig. 1). Around half reported an adequate method of
allocation concealment, and around 60% report some
form of intention-to-treat analysis. Whilst these figures
appear to be relatively static over the past 5 years, this
is a considerable improvement over a previous analysis
of trials reported between 2004 and 2006, in which only
around one-third were considered good quality and a
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Figure 1 Trends in trials quality in transplantation 2010-2015. Randomized controlled trials with a Jadad score of at least 3 of 5 are consid-
ered good-quality trials. Intention-to-treat analysis includes strict intention-to-treat analysis, available case analysis and modified intention-to-

treat analysis. *January-September, 2015.

similar proportion reported adequate allocation conceal-
ment [23].

Careful study protocol design is the necessary basis to
conduct a trial to a high standard and will also aid ade-
quate reporting of the study once complete. Initiatives
such as the standard protocol items: Recommendations
(SPIRIT)
researchers by providing a checklist of times required in
a high-quality study protocol [24].

for interventional trials statement assist

Superiority versus noninferiority

Most trials of new interventions employ a superiority
design to demonstrate that the new intervention is
superior to the existing gold standard by a clinically
relevant margin. In contrast, equivalence trials are
powered to demonstrate that a new treatment is nei-
ther worse or better than existing standard of care,
whereas a noninferiority study attempts to demonstrate
that a new intervention is not worse than the existing
standard of care by more than a predefined margin.
Equivalence trials are common in pharmacokinetic
studies, where the treatment effect can vary in either
direction from the reference, for example investigating
whether a generic formulation of a drug is (bio)
equivalent to the reference drug [25]. For a noninferi-
ority design to be appropriate, there must be a reason
other than clinical efficacy where a new treatment
would be preferred — usually relating to cost, route of
administration or availability. A good example in the
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field of transplantation is the use of a noninferiority
design to compare once-daily versus twice-daily tacroli-
mus formulations [6].

Understanding the trial design to be used at an early
stage is very important, as it has implications for sample
size and analysis plans. In contrast to superiority stud-
ies, noninferiority studies usually employ a per-protocol
analysis (intent-to-treat analysis biases towards finding
no difference) and a single-sided p-value (e.g. 0.025) is
used.

Randomized controlled trials can still contain bias

The random assignment of interventions in an RCT
aims to reduce the risk of systematic differences between
groups of participants (bias). On the face of it, selection
bias (the preferential assignment of patients with partic-
ular characteristics to one study group) should not be
possible with adequate randomization. It can, however,
still occur when participants are systematically excluded
from the trial on the basis of their randomized group.
This can occur before randomization if the trial staff are
able to predict the allocation for the next participant
(inadequate allocation concealment) or after randomiza-
tion by the means of withdrawal from the trial (attrition
bias). The former scenario can be avoided by the used
of centralized or Web-based randomization, sequentially
numbered containers or sealed opaque envelopes. Whilst
attrition bias can be difficult to avoid, it is important
that all randomized patients are followed and a full
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description of trial withdrawals and exclusions from the
analysis are presented in a flow diagram.

Even in those patients remaining in the trial, bias can
be introduced if there are systematic differences in the
way that patients are treated or outcomes are measured
between groups. This may include differences in care,
but also more frequent and intensive monitoring result-
ing in over-reporting of adverse events in one group
compared with another (detection bias). The most
robust method for preventing this is adequate double-
blinding of participants and investigators. Whilst this is
relatively straightforward in drug trials with the use of a
placebo, it can be prohibitively expensive in larger trials
and difficult if the route of administration of two treat-
ments differs. If it is not possible to fully double-blind
study, it is often possible to partially blind either partic-
ipants (for example in organ preservation studies) or
outcome assessors (radiologists, pathologists) to attempt
to reduce the risk of bias. Despite these limitations,
there are some excellent examples of transplant trials in
which blinding has been maintained for up to 5 years
post-transplant, such as the Astellas steroid withdrawal
study [26].

Blinding can be even more problematic in trials of
surgical interventions. Blinding the operating surgeon is
impossible. Whilst the use of sham surgery to blind the
patients and/or outcome assessors is possible, there are
considerable ethical concerns with recruiting patients to
control interventions with an associated procedural risk
[27]. Even if ethical approval is granted, recruitment to
such trials often fails because of reservations from par-
ticipants and investigators.

Randomization does not always result in the desired
effect of equivalent baseline characteristics between
groups. Particularly in small trials, chance variation can
lead to a difference in characteristics between groups
making interpretation of results difficult. Whilst it is
possible to correct for imbalances in analysis, this is far
from desirable. The risk of chance variation can be min-
imized by the use of stratified block randomization.
Stratification ensures that subgroups of participants in
whom the treatment effect may differ are equally allo-
cated between treatment arms. Commonly stratified
subgroups in clinical trials include transplant centre (as
differing protocols and standard care between centres),
immunological risk and donor type (DCD, DBD, living
donor). Stratification must be taken into account in the
final analysis of the trial data.

Stratification is usually achieved by the use of blocked
randomization — each block has an equal number of
treatments and controls to ensure that the groups are

Transplant International 2016; 29: 870-879
© 2016 Steunstichting ESOT

Trial design and endpoints in clinical transplant research

balanced at all stages of the trial. If the block sizes are
known to the investigators, it may become possible to
predict the allocation of the next patient within a centre
at the end of each block. An example of this is seen in
a recent trial of conventional versus piggy-back venous
drainage in liver transplantation [28]. Patients were
stratified by Child—Pugh score and randomized in
blocks of size 2. If an investigator knew which group
that the last recipient with the same Child—Pugh score
was randomized to, he could predict that the next
patient would be in the alternative group. This may
then effect the decision to include the patient in the
trial. Such situations can be avoided by the use of ran-
dom block sizes to maintain allocation concealment.

Registry data

The field of transplantation is fortunate to be serviced
by a number of robust national and international reg-
istries. Whilst these have their own drawbacks, includ-
ing incomplete data and risk of recall bias, the sheer
volume of data collected and ability to follow patients
for longer periods of time than is feasible in clinical tri-
als makes them an ideal platform to study rare out-
comes and long-term effects of treatments. There are,
however, some notable examples of opposing results
from registry and clinical trial data. Whilst meta-analy-
sis of randomized controlled trials has demonstrated
increased risk of acute rejection in patients undergoing
steroid withdrawal following transplantation, registry
data from the Collaborative Transplant Study demon-
strated no increased risk of rejection, with improved
survival in patients avoiding maintenance steroids
[29,30].

It is also possible to use registry data to complement
the design of clinical trials and facilitate long-term fol-
low-up. An excellent example of this is the ongoing 3C
study [31]. Whilst the primary outcomes will be
reported at 2 years, participants will be flagged in the
national transplant registry to enable longer term follow-
up of basic outcomes such as graft function and survival.
Other examples utilizing UNOS and ANZDATA registry
data have also been reported [32,33].

When randomization is challenging or impossible

Particular aspects of transplantation can make random-
ization challenging. Deceased donor transplantation
often occurs at short notice out of hours, making the
potential window to consent participants short. Ethical
review panels often find this difficult to comprehend as
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it may not allow sufficient time for the recipient to con-
sider the risk and benefits of the trial and make an
informed decision. This can be improved by providing
patients on the waiting list with information regarding
ongoing trials, and even recruiting patients on the wait-
ing list, although this can be resource-intensive.

Not all interventions that we wish to study can be con-
trolled. This is particularly true in transplantation in rela-
tion to donor characteristics and interventions. Whilst it
may be desirable to investigate the effect of a donor char-
acteristic or intervention on a particular recipient, we
have no control over organ offers and allocations. Gener-
ating evidence as to which organs we should accept for
transplantation, and which organs should be allocated to
which recipients, is therefore not possible in the context
of a randomized controlled trial. For example, comparing
the outcomes of older donor DBD and DCD transplants
is not possible in a clinical trial as we have no control
over the allocation of these organs. Carefully analysed
observational studies, with adequate identification and
correction for confounding variables, become essential to
generate evidence for practice [34].

Even when randomization is possible, it is not always
successful. In nonblinded trials, clinicians may lose
equipoise and patients may express a preference for one
treatment or another. This can be especially true in
studies comparing medical and surgical interventions,
or where treatment changes in stable patients are pro-
posed. The result is often either poor recruitment or
increased withdrawals following randomization leading
to an imbalance between arms. A good example is seen
in a recent trial investigating the use of cyclosporine in
conjunction with antiviral therapy in liver transplant
recipients with recurrent hepatitis C [35]. Only 92 of
the planned 355 patients were recruited, at least in part
because local investigators were reluctant to switch
stable patients from tacrolimus to cyclosporine.

Alternative study designs

Even if recruitment targets are met, patient and physi-
cian preferences may result in particular subgroups of
eligible patients missing from the trial population. This
will affect the external validity of the trial, even when
inclusion criteria are broad. To address these issues, a
number of variations on the traditional RCT design have
been suggested. In the comprehensive cohort study
design, all eligible patients that refuse randomization but
receive one of the study treatments by preference are
included in the trial and followed up in the same way as
randomized participants [36]. Analysis of the four
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resulting groups improves the external validity of the
trial. The downside to this approach is that if a large
number of patients express a preference for one treat-
ment, then insufficient patients may be randomized.

An alternative strategy, proposed by Zelen, is to seek
consent from patients after randomization, once the
assigned treatment is known [37]. Those patients receiv-
ing standard care need only be consented for data col-
lection. Thus, in situations where equipoise may have
been lost but a new intervention is not yet standard of
care, recruitment of patients to the control arm
becomes easier. There are some ethical concerns, as ran-
domization occurs prior to patient approach, and there-
fore, patients do not receive information about all
available treatment options. Intent-to-treat analysis is
essential, and significant crossover can lead to dilution
of the treatment effect seen.

A more recently suggested alternative to the prag-
matic RCT is the cohort multiple randomized con-
trolled trial design (cmRCT) [38]. This design starts
with a large observational cohort in the population of
interest, with regular outcome assessments performed.
For each randomized controlled trial, eligible patients
from within the cohort are identified. A random subset
of these patients are selected and offered the trial inter-
vention. Outcomes in these patients are then compared
with those eligible patients in the cohort that remained
on usual care. This system has the capacity for multiple
randomized controlled trials to run within the same
cohort and facilitates long-term follow-up of outcomes.

The existence of robust national and international
registries makes the use of a cmRCT design a feasible
alternative to pragmatic trials in the field of transplanta-
tion, as the infrastructure for patient identification and
follow-up are already in place. Existing registries con-
centrate on post-transplant follow-up, meaning that this
approach would be most suited to the study of post-
transplant interventions in stable patients. Using such a
design to study de novo recipients would be challenging,
but could be made possible by the linking of national
transplant waiting lists to national transplant registries
for the identification and follow-up of patients respec-
tively.

To date, no published examples of these alternative
trial designs exist in the transplant literature.

Not all patients entering a clinical trial maintain the
study treatment until the end of the trial. This can result
from treatment changes because of poor tolerance or
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adverse events, graft losses, deaths and losses to follow-
up. If such events are balanced between the two arms,
then this is unlikely to affect the results. A problem
arises when one intervention leads to a greater dropout
rate than another, resulting in an imbalance between
arms. Take, for example, the Spiesser study in which de
novo renal transplant recipients were randomized to
cyclosporine or sirolimus-based immunosuppression. At
8 years, those patients still receiving sirolimus have a sig-
nificantly better glomerular filtration rate compared with
those on cyclosporine (74 vs. 46.9 ml/min) [39]. How-
ever, only 52% of the originally randomized patients
remained on sirolimus. If patients were analysed in the
groups to which they were originally assigned (irrespec-
tive of their final treatment), the difference between the
arms was much smaller (62.5 vs. 47.8 ml/min). It is
therefore important that patients entering superiority
trials are analysed in their originally randomized groups
(termed intention-to-treat analysis), as this better reflects
the real-world use of a new treatment and takes into
account differing dropout rates between arms.

Other examples where imbalance can arise between
groups include where access to treatment is limited. This
can occur when comparing transplantation to another
intervention — transplantation has a waiting list, and the
effects of remaining on the waiting list when compared to
an intervention that is immediately available must be con-
sidered. Patients with hepatocellular carcinoma may bene-
fit from liver transplantation compared with surgical
resection, but this benefit may be lost if their disease pro-
gresses to become unresectable whilst on the transplant
waiting list [40].

Whilst a strict intention-to-treat analysis, where all
patients are analysed in their randomized group, is the
gold standard, difficulties can arise when randomized
patients do not receive the randomized intervention and
therefore no outcome data are available. This is a par-
ticular problem in transplant trials, where recipients are
often consented and randomized pretransplant. In a
proportion of cases, the transplant may not go ahead
because of an unsuitable organ, nonproceeding DCD
donor or positive cross-match. It would not seem logi-
cal to include these patients in analysis as they have not
received the intervention and outcome data will not be
available, requiring imputation. In this situation, a
modified intention-to-treat analysis may be more
appropriate, excluding patients who did not follow the
protocol. However, there may be a situation where
knowledge of the randomized group leads to withdrawal
prior to transplantation, leading to a systematic differ-
ence between the groups. Take, for example, a trial of a
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novel organ perfusion machine versus standard cold
storage. If an investigator loses equipoise and decides to
only transplant marginal organs that have been allocated
to the machine, then a bias is introduced that would be
missed if patients not transplanted were excluded from
analysis.

A detailed statistical analysis plan should be included
when writing a trial protocol. The plan should specify
the primary and secondary outcomes including the
methods of analysis and effect measures to compare
groups, how missing data will be dealt with, and
whether any subgroup or sensitivity analyses will be
conducted [24]. If interim analyses are planned, details
of these should be provided including a description as
to how they will be incorporated into the final analysis.
A complete and clear statistical plan allows replication
of the analysis and it is important that any changes and
deviations from the original plan are explained and
justified to avoid reporting bias (see below).

When planning a trial the sample size is a key aspect
in terms of statistical power, budget, successful recruit-
ment and recruitment time frame. Larger
improve precision of the effect estimate and thus more
likely to reflect the true effect of a treatment compared
with the results of small studies by minimizing random
error [41]. Sample size estimation requires both an
understanding of the likely primary outcome in the
control cohort (event rate for dichotomous outcomes,
mean and standard deviation for continuous outcomes)
and an estimate of the minimal clinically important
treatment effect that the investigator would like to be
able to detect. Useful sources of information for these
estimates include systematic reviews, registry data and
previous/pilot studies. The investigator must also specify
the required significance level (usually 5%) and the
required power to detect the specified treatment effect
(usually 80-90%) [41,42].

studies

Regardless of the quality of trial design, accurate and
complete reporting of trial outcomes is essential to
allow interpretation and adoption into clinical practice.
The CONSORT statement, adopted by the majority of
medical journals, provides a useful checklist of all com-
ponents that should be included in a report of a ran-
domized controlled trial [43]. The STROBE statement

provides equivalent reporting recommendations of
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observational studies [44]. Despite the adoption of the
CONSORT statement by the majority of transplant
journals, a previous analysis demonstrated that on aver-
age, less than half of items on the checklist were
reported in randomized controlled trials in organ trans-
plantation [45]. Quality of reporting is directly related
to the methodological quality, that is studies of better
methodological quality report items more consistently.

Quality of reporting can also be an issue at the out-
come level. Missing or incompletely reported outcomes
in clinical trials can lead to difficulties in interpretation
and lead to biased effect estimates in subsequent meta-
analyses. In an analysis of immunosuppression trials in
renal transplant recipients, there was significant varia-
tion in the reporting of the most common outcomes
[46]. About 94% of studies reported a measure of
patient survival, and 92%, a measure of graft survival.
Serum creatinine was reported in 68%, with estimated
glomerular filtration rate (eGFR) reported in 64%. All
four outcomes were reported in some form in just 34%
studies, with only 16% complete.

Good-quality trials require careful planning, with ade-
quate consideration given to the population enrolled,

intervention employed and comparator selected to
ensure external validity. Improving outcomes means
that identifying suitable endpoints for adequately pow-
ered studies is increasingly challenging. Strategies to
facilitate longer term follow-up such as registry linkage
are becoming increasingly important.

Whilst the overall quality of trials in transplantation
is improving over time, there are still improvements to
be made in terms of study design and accuracy and
completeness of reporting. Randomized controlled tri-
als remain the gold standard but even these can be
subject to bias making rigorous methodology and
transparency of reporting essential. There are many sit-
uations where parallel randomization is not feasible,
and the use of alternative strategies, including newer
pragmatic designs with observational components or
robust observational registry studies may be more
appropriate.
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