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Surgery is central to the cure of most solid cancers and an integral part of modern multimodal cancer
management for early and advanced stage cancers. Decisions made by surgeons and multidisciplinary
team members are based on best available knowledge for the defined clinical situation at hand. While
surgery is both an art and a science, good decision-making requires data that are robust, valid, repre-
sentative and, applicable to most if not all patients with a specific cancer. Such data largely comes from
clinical observations and registries, and more preferably from trials conducted with the specific purpose
of arriving at new answers. As part of the ESSO core curriculum development an increased focus has been
put on the need to enhance research literacy among surgical candidates. As an expansion of the cur-
riculum catalogue list and to enhance the educational value, we here present a set of principles and
emerging concepts which applies to surgical oncologist for reading, understanding, planning and
contributing to future surgeon-led cancer trials.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Surgery is central to the cure of most solid cancers and an in-
tegral part of modernmultimodal cancermanagement for early and
advanced stage cancers. Decisions made by surgeons and multi-
disciplinary team members are based on best available knowledge
for the defined clinical situation at hand. While surgery is both an
art and a science, good decision-making requires data that are
robust, valid, representative and, applicable to most if not all pa-
tients with a specific cancer. Such data largely comes from obser-
vational studies and registries, and more preferably from trials
conducted with the specific purpose of arriving at new answers.

Unfortunately clinical research driven by surgeons have been
traditionally poor and even dubbed a ‘comic opera’ in the past [1].
Progress in surgical trials have beenmade over the past decades [2],
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particularly being strong in Europe. However, the bulk of ‘surgical
science’ is still made up of retrospective studies [3]. Also, the quality
of surgical trials is still lacking several items to live up to the ex-
pected standards [4,5]. Historically, the quality of surgical RCTs has
been rather low: a systematic review of 388 RCTs published be-
tween 2008 and 2020 showed that many of the included trials were
small, studied minor clinical events, and were prone to several
sources of bias [6]. There is an urgent need to remedy these issues.

Overall, trials are still few and far between in surgical research,
also for cancer patients. Of note, a study from the United States
using 2002 to 2008 California Cancer Registry data frommore than
555.000 patients with stage I to IV solid organ tumors found that
only 0.3% of the patient population with cancer were included in
any type of clinical trials [7]. This very low number should be
viewed in the context of the USA being the most prolific research
country, with several countries lagging behind and with regions
deprived of research altogether [8].

Surgical oncologists remain severely underrepresented in can-
cer research, particularly in high-impact journals [9]. The reasons
for this lack of participation and collaboration in trials are well
described (Fig. 1) and include limited funding, inadequate training,
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. Barriers to surgical trials and trials research.
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lack of interest, lack of mentoring and support, and lack of time
[10]. Nevertheless, a recent literature analysis shows that both the
number of surgical clinical trials, and the proportion of ‘late’ trials
(phase IV) are increasing [11]. In trials that investigate multi-
modality regimens such as neoadjuvant or adjuvant therapy, sur-
gical oncologists used to play a leading role. For example, the
practice changing trials on neoadjuvant radiotherapy for locally
advanced rectal cancer were surgeon driven. Unfortunately, surgi-
cal oncologists are much less involved nowadays in neoadjuvant
trials, in particular when they are industry driven. It is imperative
that the surgical oncology community retakes the initiative in this
regard, and is involved as an equal partner in order to guarantee
surgical quality and increase multi-disciplinary awareness.

As part of the ESSO core curriculum development [12], an
increased focus has been put on the need to enhance research lit-
eracy among surgical candidates [13]. As an expansion of the cur-
riculum catalogue list and to enhance the educational value, we
here present a set of principles and emerging concepts which ap-
plies to surgical oncologist for reading, understanding, planning
and contributing to future surgeon-led cancer trials.
Fig. 2. The evidence-based medicine hierarchy pyramid.

2. The evidence hierarchy in medicine

Ever since the term “evidence-based medicine” entered the
scientific lexography in the early 1990s [14], the strive to grade
available data to support clinical care in a systematic way [15] has
evolved through medical [16] and surgical practice [17]. Study de-
signs are usually structured in a evidence hierarchy (Fig. 2), with
the randomised controlled trial (RCT) as the gold standard for
determining a difference between two treatments.

However, many research questions cannot be answered through
an RCT [18]. Hence, the appreciation for observational studies,
epidemiological research, frameworks for evaluating novel devices
and surgical procedures [19,20], andmechanistic research (e.g from
lab-driven data) are equally important for the progress of medicine.

Here, we will focus on the RCT and some of the emerging tech-
niques and alternatives that are available to surgical oncologists to
pursue randomized and quasi-randomized trial designmethods [21].
2

3. Research question and trial design

The design of a RCT should guarantee that the results have in-
ternal validity and, avoid as much as possible sources of systematic
error known as bias (Table 1). The first step in any scientific
experiment is to clearly define the research question. In clinical
studies, the research question is usually formatted as a PICO
(definition of the patient population, interventional treatment,
control treatment, and outcome). The research hypothesis should
be Feasible, Interesting, Novel, Ethical, and Relevant (‘FINER’).

Next, the researcher should decide whether a superiority,
equivalence, or non-inferiority design is appropriate. Typically, the
non-inferiority RCT design is chosen when the experimental



Table 1
Sources of bias in randomized trials and how to avoid them.

Potential source of bias Solution

HARK-ing; Hypothesizing After the Results are Known’ Study should be registered before trial start
Selection bias Adequate random allocation; stratification
Performance bias - Masking/blinding of patients and surgeons
Pygmalion effect - Quality assurance
Attrition bias Intention to treat analysis
Gender bias Pre-plan analysis of gender effects; stratification
Detection bias Masking/blinding of outcome assessors
Inflation of type I error rate No pre-planned subgroup analyses
Risk of futility or excess toxicity Plan an interim analysis
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method is less invasive or more cost-effective compared to an
accepted gold standard butmay put patients at risk. An example are
the trials that have comparedminimally invasivewith open surgery
for colon cancer [22]. The experimental treatment is declared non-
inferior when the 95% confidence interval around the effect esti-
mate does not cross a predefined margin [23]. The outcome dif-
ference and concepts compared to superiority trials is shown in
Fig. 3. Several surgical trials have been conducted with this meth-
odology [24e27], which has its own caveats and limitations to
consider [28].
3.1. Pragmatic versus explanatory trials

Despite their theoretical methodological superiority, RCTs
inform only a fraction of daily clinical practice. The astronomical
costs and complexity of RCTs have prompted the development of
pragmatic trials, which offer an easier and cheaper design to
generate evidence. Also, it is well known that RCTs often lack
external validity, and trial results are often not replicated in the
wider patient population. While explanatory trials primarily focus
on a biological mechanism, pragmatic trials focus on external val-
idity, and aim to show effectiveness in ‘real world’ settings rather
Fig. 3. Point estimate interval for different outcomes using superiority, equivalence and no
Legend:
The different effect measures and their direction that are used for different trial designs, w
treatment. Non-inferior design relies on the effect being within the defined non-inferior mar
estimates with bars represent tentative situations and interpretation of the results.
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than efficacy. Pragmatic trials utilize less strict inclusion criteria
compared to ‘explanatory’ trials. One of their key attributes is that
they aim to inform stakeholders (patients, clinicians, and decision
makers) rather than elucidate a biological or pathophysiological
mechanism. The extent of pragmatism of a trial can be quantified
using the PRagmatic-Explanatory Continuum Indicator Summary 2
(PRECIS-2) score, which ranges from 9 to 45 (with a higher score
reflecting increased pragmatism) [29]. A limitation of pragmatic
trials is that they are inherently more prone to heterogeneity, and
this must be carefully considered and accommodated in the plan-
ning, conduct and analysis of a pragmatic trial. Conversely, an
explanatory trial may answer a very specific question by a stringent
hypothesis yet have very low validity outside the narrow criteria for
inclusion in the given trial. Hence, real-world applications from a
purely explanatory trial result may be limited or the effect diluted
when introduced to a wider population without validation. The
true design of many trials, may not be purely explanatory nor
purely pragmatic, as demonstrated across the field of critical care
[30]. Also, problems with reporting seems to be similar in both
pragmatic and explanatory trials in surgery [31]. Some key issues to
consider when designing surgical interventions include the iden-
tification of each surgical intervention and their components, who
n-inferiority methods.

hereby superiority design implies an improvement of new over previous or standard
gin. Equivalence trials are designed to show equal effect within a defined margin. Point
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will deliver the interventions, and where and how the in-
terventions will be standardized and monitored during the trial.
The trial design (pragmatic and explanatory), comparator and stage
of innovation may also influence the extent of detail required [32].
In order for evidence from trials to be used in clinical practice and
policy, trialists should make every effort to make trials widely
applicable, which means that more trials should be designed to-
wards a pragmatic design in attitude [33]. Of note, even where
surgical RCTs exist, these seem to have variable impact on adoption
to clinical practice [34].

4. Choice of study endpoints

4.1. Primary endpoint

The choice of a relevant primary endpoint is one of the most
important steps in the design of a RCT. The sample size and power
calculation of a randomized trial are based on the estimated effect
of the intervention on this primary endpoint. All too often, surgical
trials use endpoints chosen for convenience rather than patient
relevance. Examples include the volume of drainage fluid, or the
duration of a procedure.

In oncology trials, it is common to use surrogate endpoints,
which are intermediate on the pathway between the exposure or
intervention and the ‘hard’ endpoint, such as death or long-term
survival. An example is recurrence-free survival (RFS) often re-
ported rather than overall survival (OS), demonstrated recently in
surgery for colorectal liver metastasis to be largely different and
RFS to be an invalid endpoint compared to OS [35].

The obvious advantage of using surrogate endpoints is that
more (and earlier) events will occur in the same time-period, thus
enhancing the power of the study and/or allowing to limit its
duration and costs. However, it should be kept in mind that despite
the increasing use of these surrogates, they are often unvalidated
and do not adequately predict the ‘hard’ endpoint [35,36]. Further
examples of surrogate endpoints that are unvalidated include the
rate of pathological response after neoadjuvant therapy in rectal
cancer (rather than survival), and the harvested lymph node count
in colon cancer (as a proxy for ‘quality of surgery’ rather than true
survival) [37e39].

4.2. Secondary endpoints

Examples of secondary endpoints include response data, sur-
gical outcome, or laboratory data. Typically, observed effects on
secondary outcomes should be interpreted cautiously because of
the inflated type I error rate associated with multiple testing.

4.3. Patient reported outcome measures

Increasingly, funders require that due attention is given to
involvement of patients or patient organizations in the design,
execution, and reporting of trials. As a minimum, prospective
clinical trials should include patient reported outcome measures
(PROMs). Typically, this entails the use of validated questionnaires
that prospectively follow patient's perceived health related quality
of life.

4.4. Composite endpoints

Some endpoints or outcomes are too rare to meaningly inves-
tigate alone. One suggested solution is to generate a ‘composite’
endpoint, which is considered to have occurred when one of the
component events occurs. One such composite endpoint was
developed for liver surgery [40]. The components selected for the
4

liver surgery-specific composite endpoint were ascites, liver failure,
bile leakage, intra-abdominal haemorrhage, intra-abdominal ab-
scess, and operative mortality, all with a Clavien-Dindo grade of at
least 3 and occurring within 90 days after initial surgery. The
composite endpoint is reached when any of these events occurs. A
disadvantage of using composite endpoints is the fact that it assigns
equal importance to endpoints with a very different relevance for
patients, e.g. a postop bile leak or mortality in the example given.

4.5. Core Outcome Measures in Effectiveness Trials (COMET)
initiative

In many fields, considerable heterogeneity exists in outcome
measurement among trials which study the same intervention.
This hampers the ability to compare and pool results from indi-
vidual studies. The COMET initiative (Core Outcome Measures in
Effectiveness Trials, www.comet-initiative.org) was initiated in
2010 in order to stimulate the development and application of
agreed standardised sets of outcomes (core outcome sets) for a
specific disease or treatment.

5. Sample size calculation

Calculation of the required sample size to demonstrate a causal
effect of the intervention is an essential step in the design of a RCT.
Calculation of the sample size requires the following information:
the study design, the estimated effect of the experimental inter-
vention (e.g. we hypothesize that the novel intervention will
improve the 5 year survival with 10% on average, compared to
controls), the precision (variance) of this estimate, the type I error
rate (typically 5%), and the desired power (typically 80%). The effect
size estimate and its variance should be carefully chosen, and can
be based on previous studies, literature data, preclinical data, or a
pilot experiment [41]. The DELTA2 guideline provides guidance on
determining the target difference and sample size calculation in
RCTs, as well as recommendations for reporting the sample size
calculation [42]. Many surgical studies have a limited sample size,
and can therefore detect only large effects. Underpowered studies
will not only fail to detect a potentially relevant effect, but will also
overestimate the effect size, if an effect is observed. Data suggest
that these issues are not adequately addressed in many surgical
trials [43].

6. Randomization and masking

Studies using random treatment allocation are commonly
regarded as being able to generate the highest level of certainty
regarding the effects of an intervention (Fig. 2). The goal of
randomization is to control for known aswell as unknownpotential
confounders, ensuring that any observed treatment effect is the
result of the intervention. Although it is often stated that the aim of
randomization is to create balanced groups, its main role is to allow
valid estimation of standard errors [44]. Some remaining imbal-
ances are unavoidable, but these are by definition the result of
chance. In order to guarantee treatment allocation masking, pa-
tients should be randomized at a timepoint as close as possible to
the actual intervention. Several ‘pseudo’ randomization methods
such as treatment allocation according to the day of the week, date
of birth, etc violate the principle of allocation blinding. Acceptable
methods are software generated random lists or the use of opaque
sealed envelopes.

Specifically for pragmatic or small trials, it should be considered
to stratify randomization. Patients are then randomized within
strata that represent one or more factors known to be associated
with the outcome. As an example, pragmatic multicenter trials

http://www.comet-initiative.org
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often stratify randomization on centre, since between centre dif-
ferences may create a baseline imbalance.

Failure to mask researchers and patients to the allocated inter-
vention leads to multiple sources of bias and overestimation of the
treatment effect [45]. Specifically, masking (blinding) of surgeons
and patients is essential to avoid performance bias and the Pyg-
malion effect. The latter refers to the fact that the expectation of the
surgeon, when she knows the treatment that will be assigned, may
affect patient outcome, thus creating a bias [46]. While masking of
surgeons to surgical procedures is evidently impossible, with some
efforts patients have been masked to open versus laparoscopic
procedures by covering the entire abdomen with a bandage. When
masking of neither surgeons nor patients is feasible, those assess-
ing the outcomes should be masked.

Trials that compare a surgical with a medical treatment are
confronted with specific challenges in recruitment and retention of
patients. Both the surgeon and the patient may have strong a priori
preferences, and perceive a lack of equipoise, which makes trial
participation challenging (Fig. 4) [47].

A specific form of clinical trial evaluating a surgical technique
are those where the control arm consists of ‘sham’ surgeries or
placebo interventions. A historical example is a trial that studied
the effect of ligation of the internal mammary artery to treat angina
pectoris [48]. In both groups, the internal mammary arteries were
dissected and looped, but only in the experimental group theywere
ligated. No differences in outcome were observed. A more recent
example is a RCT evaluating arthroscopic subacromial decompres-
sion for subacromial shoulder pain, in which patients were
assigned to either arthroscopic subacromial decompression,
arthroscopy only (sham surgery group), or no treatment [49].
Interestingly, the outcome in the decompression arm was equiva-
lent to that in the sham surgery arm. Obviously, sham controlled
Fig. 4. Challenges associated with randomized trials comparing a surgical with a non-surg
Legend: A priori preferences among clinicians and patients in trials comparing surgery to n
Reproduced under the Creative Commons licence ©Authors from Davies, L., Beard, D., Cook
parison: a qualitative synthesis using meta-ethnography. Trials 22, 678 (2021).
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trials are not relevant for cancer-related questions where the
intervention is intended to cure.

7. Analysis and reporting

7.1. Intention to treat versus per protocol analysis

The aim of the ‘intention to treat’ (ITT) approach is to avoid
attrition bias caused by an uneven rate of dropouts between study
arms. In the ITT analysis, outcomes are analyzed according to the
treatment allocated, irrespective of whether a patient actually
received the treatment. When a considerable amount of missing
data or protocol deviations are present, authors increasingly
deviate from the ITT approach (‘modified’ ITT analysis). However,
this practice was shown to result in overestimation of the treat-
ment effect, and multiple imputation to address missing values is
the preferred approach [50].

7.2. Sex and gender effects

It is increasingly realized that both sex and gender can interact
with the treatment effect in clinical trials [51]. Therefore, funders
such as the European Commission require that due attention is paid
to the analysis of the results according to sex and gender [52].

7.3. Reporting of ‘time to event’ outcomes

Oncology trials often study a time dependent outcome such as
overall or progression free survival. Typically, some patients have
not experienced the event of interest by the time of analysis or are
lost to follow up and, are therefore right-censored. The survival
probability can be estimated using the Kaplan-Meier product-limit
ical intervention.
on-surgical intervention.
, J.A. et al. The challenge of equipoise in trials with a surgical and non-surgical com-
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method [53], which does not make any assumptions about the
underlying shape (e.g. exponential decline) of the survival curve (it
is ‘nonparametric’). When reporting a Kaplan-Meier estimate, the
numbers at risk should be provided along the X-axis, and the sur-
vival curve should ideally be supplemented with its associated 95%
confidence interval.

Comparisons between survival curves are usually tested with
the log-rank test, which tests the hypothesis that there is no dif-
ference between groups in the probability of the event at any time.
Importantly, similar to the Kaplan-Meier estimator, the log-rank
test assumes that censoring is ‘non informative’, i.e. that censored
subjects have the same probability of experiencing the event. In
surgical studies, this assumption can be violated when patients
drop out of the study (and are censored) due to excessive compli-
cations, which obviously puts these patients at higher risk of
experiencing the event of interest. Importantly, the logrank test
loses its ability to detect differences between survival curves if the
hazards between both groups are non-proportional over time,
which becomes evident when survival curves are crossing. Such a
scenario has become more frequent in studies of immune check-
point inhibitors, which often show an initially poorer survival, but
later a better survival compared to standard therapy [54]. When
crossing survival curves are encountered, specialist statistical
techniques and guidance are required [55]. The Kaplan-Meier test
provides a P-value, but not the size of the difference between
groups in time to event outcome. The effect size can be estimated
using the Cox model, which calculates the ratio of the hazard in
both treatment arms. The hazard function is the instantaneous event
rate, and mathematically the derivative of the survival function.

7.4. Reporting of trials

The reporting of randomized trials should adhere to the CON-
SORT (Consolidated Standards of Reporting Trials) guidelines
(www.consort-statement.org). In 2008, a CONSORT extension for
nonpharmacologic treatments (including surgery) was published
and further updated in 2017 [10]. Depending on the trial design,
many other extensions have been published, and these can be
found at the website of the Equator network (www.equator-
network.org).

7.5. Registration of trials

In the past, it was found that half of all published trials had at
least one primary outcome changed, newly introduced, or omitted
compared to protocol [56]. This lead to a form of scientific
misconduct known as HARKing, or ‘Hypothesizing After the Results
are Known’, in order to make the data fit the desired outcome [57].
Also, negative results often remain unpublished, leading to publi-
cation or reporting bias. To try to prevent both sources of bias,
journals and funders now require that trial protocols are registered
before the start of the study in a national or international public
repository such as www.clinicaltrials.gov.

8. Trials evaluating devices, implants, or surgical procedures

Before the implementation of the novel Medical Device Regu-
lation (MDR) in the EU, very few novel devices, implants, or surgical
procedures were evaluated in formal clinical trials, leading to high
profile scandals such as those involving the PIP silicone breast
prosthesis, vaginal meshes, and faulty hip prostheses [58,59].

The absence of formal evaluation in clinical studies can be
explained by Buxton's law: ‘it is aways too early, until it is suddenly
too late’ [60]. This refers to the fact that it is often felt that formal
evaluation of a novel device is not yet desirable because of learning
6

curves and ongoing technical improvements, until at a certain point
the pressures of personal prestige and the industry led to wide-
spread clinical adoption without proof of safety. The MDR now
makes clinical studies compulsory for all high-risk (class III and
class II implantable) devices.

The Idea, Development, Exploration, Assessment, and Long-
term Follow-up (IDEAL) framework and recommendations were
introduced as a structured approach that allows to reconcile sur-
gical innovation and protection of the patient [61]. Originally
designed to evaluate surgical techniques, it was later extended to
the study of devices (IDEAL-D). It has been argued that devices
which do not claim superior efficacy and do not claim to be new in
terms of mechanism of action need not be subjected to randomized
trials [18].

9. Alternative trial designs in surgical oncology

While randomized trials allow unbiased estimation of average
treatment effects and are regarded as the design offering the
highest internal validity, their results often suffer from poor
external validity [33,62,63]. Specifically, it is known that the char-
acteristics of the highly selected patients participating in clinical
trials usually differ from the average patient, resulting in the
observation that results from RCTs are often not replicated in the
‘real world’ setting.

Also, surgeons and patients may find it difficult to accept
random allocation of treatment when there is no perceived equi-
poise between the intervention and the control treatment. This
typically arises when a surgical intervention is compared with a
medical treatment, or when open and minimally invasive surgery
are compared (Table 2). Another problem is the issue with poor
outcomes in the control arm [64], e.g. suggesting that the standard
of care has not been met for controls over the intervention arm.
Notably, several modified or alternative trial designs have been
proposed to overcome the obstacles associated with perceived lack
of equipoise [21].

9.1. Cluster randomized trials

In cluster randomized trials, the unit randomized is not an in-
dividual subject, but a group (cluster) of subjects such as a hospital,
ward, or geographical entity. They are mainly used to study public
health interventions such as guideline implementation or quality
improvement initiatives. Also, they may be the preferred design
when there is a high risk of bias by contamination. As an example,
when a surgical oncologist is recruiting patients for an RCT
comparing open versus minimally invasive surgery, overhearing
other patients in the waiting roommay influence the willingness of
potential trial candidates to participate in the trial. In this setting,
randomizing hospitals rather than patients, may sequentially allow
for a change in practice yet allow for measuring the effect from the
‘old’ to the ‘new’ strategy.

9.2. Stepped-wedge trial-design

A specific cluster randomized trial design is the stepped wedge
trial (Fig. 5), which gradually introduces the novel intervention to
groups of clusters over time [21,65]. Groups of clusters cross over to
the experimental intervention in random order and in a stepwise
fashion, until all groups have received the experimental interven-
tion at the end of the trial. An example is a study introducing the
surgical safety checklist which was sequentially rolled out in a
random order until all 5 clusters in two hospitals had received the
checklist; the results showed a significant reduction in morbidity
and length of stay [66]. Another example is a trial aiming at

http://www.consort-statement.org
http://www.equator-network.org
http://www.equator-network.org
http://www.clinicaltrials.gov


Table 2
Key differences between oncology trials investigating an investigational medicinal product (IMP) versus a surgical technique or device.

Key differences Trials investigating an investigational medicinal product (IMP) Trial investigating a surgical technique, device, or implant

Investigational
product

Pharmaceutical product Surgical technique, device, or implant

Compliance Depends on patient, remains a concern throughout the trial Depends on surgeon, relevant during the index surgery
Masking Usually possible with matching placebo Usually not possible, but assessors may be masked
Cointerventions A risk in drug studies, may be inadvertent Less of a risk, may be intentional
Crossover Uncommon, may occur inadvertently through packaging errors A common concern, may indicate surgeon expertise or individual

equipoise
Early-phase studies Phase 1, phase 2, regulated by health agencies Case series, unregulated by health agencies
Interventions Very reproducible, biological activity may depend on genetic diversity Intervention not as precisely defined, may vary depending on

surgical expertise
Generalizability Recruitment of population with minimal exclusion criteria from various types

of centers
Inclusion of a variety of surgeons, and loosely defined interventions

Feasibility Depends on numbers of patients with condition Can also depend on numbers of surgeons with expertise with new
procedure
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increasing patients' engagement in breast cancer surgery decision-
making through a shared decision-making intervention [67]. Re-
ported stepped wedge trials were found to often lack methodo-
logical quality, including failure to incorporate time effects and
repeated measures in power calculations [68].
9.3. Patient-preference trials

One of the main obstacles confronting surgical trials is the
perceived lack of equipoise between treatment arms. This has
motivated the Zelen design [69], characterized by randomization
prior to consent, followed by encouragement to accept the assigned
treatment. Randomizing patients prior to consent is potentially
problematic from an ethical point of view, and therefore this design
is usually implemented to evaluate the benefit of adding a poten-
tially beneficial treatment or service to usual care. In surgical
oncology, an example is a randomized trial comparing radio-
frequency ablation with surgical resection in the treatment of he-
patocellular carcinoma, where the authors used the Zelen design to
avoid patient refusal [70].

In the partially randomized patient preference design (PRPD),
patients are asked whether they have a treatment preference. [71]
If they do not, they are randomized; if they do have a clear treat-
ment preference, they are offered the treatment of choice. A recent
example is the protocol of the STAR-TREC trial, which will offer
patients the choice between TME and organ preservation for early
stage rectal cancer [72]. Those who prefer organ preservation will
be allocated to either long course chemoradiation versus short-
course radiotherapy, with selective transanal microsurgery. With
the recent emphasis on patient participation, this trial design is
increasingly used, and has shown to result in comparable outcomes
between the randomized cohort and the preference cohort [71].
9.4. Expertise-based trials

In certain circumstances, surgeons may be reluctant to partici-
pate in a trial which randomizes patients to two different surgical
techniques, if she is an expert in one of these. Typically, this setting
occurs in comparative trials with minimal-invasive to open surgery
techniques. Also, surgeons may be in the learning curve of the
procedure. These restrictions may be overcome by the expertise-
based trial design, where surgeons only provide the procedure in
which they have appropriate expertise [73]. Patients therefore
receive treatment from different surgical teams or hospitals, ac-
cording to the allocated treatment. A recent example is the MIVATE
trial, which will evaluate minimally invasive versus open esoph-
agectomy for esophageal carcinoma [74]. The allocated procedure
7

will be performed by themost experienced surgeon in each surgical
center.

9.5. Registry-based trials

In registry based pragmatic trials [75], data collection and
analysis uses existing large scale registries [76], which significantly
simplifies the administrative and financial burden of a large RCT
[75e79]. A prerequisite is the presence of a prospective registry, run
either nationally, regionally or through a society [75,77,79,80]. An
example is the TASTE trial, which assigned patients with myocar-
dial infarction to either conventional percutaneous coronary
intervention (PCI) or to thrombus aspiration followed by PCI, and
used the existing Swedish angiography and angioplasty registry
(SCAAR) as a platform [81]. The PyloResPres registry based trial will
compare pylorus preservation versus pylorus resection in patients
undergoing pancreaticoduodenectomy, and will use the StuDoQ|
Pancreas registry established by the German Society of General and
Visceral Surgery as a trial platform [82]. Registry-based RCT design
can also be helpful for rare or orphan cancers, such as adrenocor-
tical carcinoma. The European Network for the Study of Adrenal
Tumors (ENSAT) has described three different registry-based RCTs
through which they aim to enhance the evidence for treating this
rare tumor [83].

9.6. Trials within cohorts

In this design, broad informed consent for data collection is
obtained before enrollment in a prospective cohort. A second
informed consent may be asked when a patient is randomized to
the intervention arm; if they are assigned to the standard arm
patients are not informed. As an example, the MEDOCC-CrEATE
randomized trial will be performed within the Prospective Dutch
ColoRectal Cancer cohort (PLCRC) [84]. The subgroup of stage II
patients will be randomized to either standard follow up or an
experimental arm, consisting of chemotherapy when circulating
tumor DNA is detected.

9.7. Adaptive trial designs

The protocol of the standard RCT is fixed, and outcomes or
methods must not be changed during the trial course. In contrast,
an adaptive trial entail continuous modifications to key compo-
nents of trial design (allocation ratio, sample size, eligibility criteria,
number of treatment arms) while data are being collected [85].
Advantages of the adaptive design include reduced cost, shorter
time to trial completion, lower risk of allocating patients to an



Fig. 5. Stepped-wedge design outline.
Legend: each unit of hospital (letters A to Z) are recruiting patients in standard care (yellow zone) over time (i.e. weeks, months, marked by numbers 1, 2, 3,…etc), then randomized
to intervention (blue zone) which is implemented during a “washout” period (green). Eventually the trial will have recruited patients in ‘standard’ and ‘intervention’ groups for
comparison.
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ineffective treatment, and greater scientific and clinical relevance
of the results. Typically, they use Bayesian methods to continuously
adapt design features based on the observed outcomes. Adaptive
designs have mostly been used in drug development, but some
examples are available in the field of surgery, e.g. a Bayesian
adaptive clinical trial of tranexamic acid in severely injured chil-
dren [86]. Related is the group sequential design, which does not
calculate a sample size but evaluates data as they are collected; the
trial is stopped when a predefined threshold of efficacy, futility, or
toxicity is reached [87].

10. Novel developments in surgical oncology trials

10.1. Precision oncology in surgery

Cancer therapy is increasingly guided by genomic andmolecular
biomarkers. This has led to the development of novel biomarker
guided trial designs such as basket trials, which include patients
with different cancer types but sharing a common molecular
alteration, and umbrella trials, in which multiple targeted therapies
are tested in a single cancer type according to the molecular profile
identified [88]. It is likely, that the indications for surgery, the
extent or type of surgery, and the use of neoadjuvant and adjuvant
therapy will also be increasingly based on molecular biomarkers,
and not only on imaging and routine clinicopathological staging. As
an example, nomograms based on expression of S100A2 or S100A4
allow to identify pancreatic cancer patients with a particularly poor
prognosis, and to avoid futile surgery [89]. Another example is the
use of targeted imaging probes, based on a tumor's molecular
profile, to guide the surgical approach or to define margin status
intraoperatively [90]. Furthermore, the administration of neo-
adjuvant therapy presents new challenges, as tumors may show a
complete or near-complete response. In this setting, there may be a
8

need to randomize for further strategy: should one proceed with
surgery as planned or, enroll patients in a watch and wait type of
surveillance program? A more personalized strategy with emer-
gence of new trial designs may allow to identify the best method to
the specific question for such clinical challenges.

10.2. Artificial intelligence (AI) driven cancer trials

The increasing availability of multimodal ‘omics’ data sets and
the development of computing power and bioinformatic infra-
structure has resulted in the development of in silico trials, which
use a variety of artificial intelligence tools to emulate cancer trials.
While these in silico methods cannot replace clinical trials, they
allow to inform the design of a study, resulting in improved efficacy
and safety [91].

Furthermore, the interest into radiomics and deeper under-
standing of data derived from CT, MRI, PET scans and other imaging
studies may yield prognostic signatures that may be used to stratify
into different treatment arms in the future, also for surgical pa-
tients. Hence, several emerging technologiesmay influence surgical
options, strategies and methodology for trial execution.

11. Conclusions

In modern cancer care, the surgical oncologist is at the centre of
several ground-breaking discoveries and emerging technologies.
While the standard RCT design remains the reference standard for
clinical experimentation, alternatives are on the horizon, but
implementation in surgical clinical research is still embryonic. An
increased recognition by surgeon-scientists, surgeon-trialists and
among surgical journal editors of these alternative prospective trial
designs and of their methodological requirements are imperative.
Only by investing in research methods we can hope to recruit more
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patients to appropriately designed trials and hence arrive at new
answers for more optimal and personalized surgical cancer
treatment.
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