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LAY ABSTRACT  

The most common factor that leads to trial failure is poor recruitment. A trial is a 

prospective study of an intervention (either with a comparator or not). This thesis discusses 

issues with recruitment and ways to improve recruitment. It uses a series of trials. The first 

trial investigated nutritional supplements before surgery. Problems with recruitment were 

related to the short time interval before surgery and the opportunity for improvement is to 

approach participants during their first appointment with surgeons. 

The second trial investigated the feasibility of performing a surgical intervention in patients 

with colon cancer and liver metastases, in which the liver and colon are removed at the 

same time. A method of using provincial databases to identify potential participants is 

proposed. 

Next, the thesis proposes a surgical trial of a surgical technique using the methods from the 

previous studies and ends with the lessons learned from the thesis.  
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ABSTRACT 

Surgical trials involve patients undergoing a surgical intervention. Poor recruitment is the 

most important issue that can lead to study failure.  

Chapter 1 provides the conceptual framework of recruitment issues that can arise when 

conducting a surgical trial. Different methodological challenges that lead to poor 

recruitment are discussed based on the different steps of a trial. It provides a rationale for 

conducting the included studies. 

Chapter 2 describes a double blind, placebo controlled randomized clinical trial; a pilot 

feasibility trial evaluating the use of perioperative nutritional supplements versus placebo 

for patients undergoing gastrointestinal cancer surgery. This chapter expands on issues 

related to recruitment to surgical trials in this setting (i.e., surgical trials that compare a 

medical intervention or drug among patients undergoing surgery) and explores potential 

opportunities to improve accrual. 

Chapter 3 presents a single arm, multi-institutional, pilot trial, evaluating the feasibility of 

enrolling patients to a trial involving an innovative surgical intervention. This chapter 

evaluates recruitment issues to surgical trials that investigate surgical interventions and 

explores potential solutions to these challenges.  

Chapter 4 reports on a prospective study that was performed alongside the trial presented 

in Chapter 3 that evaluated the use of population-based electronic databases as a possible 

opportunity to improve accrual.  

Chapter 5 describes a protocol for a randomized controlled trial comparing simultaneous 

versus staged resection for synchronous colorectal cancer liver metastases. It uses the 
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results gathered from previous trials for its design and proposes the use of population-based 

databases as a recruitment strategy.  

Chapter 6 discusses the lessons learned from the two different trials and the one prospective 

cohort study as a form of conclusion, examining possible opportunities to improve 

recruitment, based on the challenges described in this PhD thesis. This chapter also 

discusses limitations as well as future research planned based on this thesis work. 
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CHAPTER 1. 

1.1.Background 

Surgical clinical studies are a type of clinical study design that involves patients 

undergoing a surgical intervention, where an intervention is defined as “the physical change 

of body tissues through manual operation such as cutting, abrading, or suturing”(Cook, 

2009). These studies can be categorized into two main groups: experimental (i.e., 

randomized clinical trials) and observational. The United States’ National Institutes of 

Health defines an experimental clinical trial as any “research study in which one or more 

human participants are prospectively assigned to one or more [surgical] interventions 

(which may include placebo or other control) to evaluate the effects of those interventions 

on health-related biomedical or behavioural outcomes”.(NIH, 2019 (cited 2020 Nov 27) 

Available from: https://grants.nih.gov/policy/clinical-trials/definition.htm) Surgical 

observational studies on the other hand, investigate outcomes of patients who will receive 

or have received a surgical intervention as part of their standard of care. Some examples of 

observational studies include: prospective cohort studies, retrospective cohort studies, case 

control studies and case series.(Del Fabro G, 2019 (avaliable from: 

https://doi.org/10.1007/978-3-030-05120-4. Springer) There are two different types of 

surgical clinical trials: 1) trials that investigate different medical therapies among surgical 

patients, in which although surgery is involved, it is not one of the interventions under 

investigation (which comprise 55% to 75% of all surgical clinical trials), and 2) trials that 

investigate different surgical procedures or surgical interventions, which could include 
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comparing surgery to observation.(McCulloch et al., 2002; Solomon & McLeod, 1998; 

Wente et al., 2003)  

Surgical clinical trials are traditionally considered to be more difficult to perform 

compared to medical clinical trials (i.e., studies investigating medical drugs).(Rosenthal et 

al., 2015) One finding that suggests that clinical trials in surgery are more difficult to 

perform compared to medical trials is the lower proportion of published surgical clinical 

trials that are randomized controlled trials. In a study performed by Wente et al, only 3.4% 

of all publications in leading surgical journals were clinical trials, while over 80% were 

case reports and single institutional small series, a finding that has not significantly 

improved over time.(Gelijns et al., 2009; Horton, 1996) Some authors have suggested that 

as high as 25% of patients found in surgical wards receive treatments based on clinical 

trials, compared to up to 50% in medicine wards.(Ellis et al., 1995; Howes et al., 1997) 

Although this poor quality of published literature in surgery can be regarded as a measure 

of the difficulty of performing surgical trials, it is a multifactorial issue, that perhaps is 

more abstract and therefore more difficult to quantify and explain.(Serrano et al., 2021) 

The most common objective finding that has been used to measure this higher degree 

of difficulty of surgical trials, is the higher discontinuation rate of surgical compared to 

medical clinical trials. In a study involving 863 protocols for randomized controlled trials 

submitted to 6 different research ethic boards (15% surgical and 85% medical), surgical 

trials were discontinued more often than medical trials, 43% versus 27%, risk difference 

16%, 95% confidence interval (CI): 5 to 26, p=0.01.(Rosenthal et al., 2015) Another study 

showed that up to one in five surgical trials found in the clinicaltrials.gov database were 
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discontinued (or early terminated) and one in three completed surgical trials remain 

unpublished.(Chapman et al., 2014) Another study reviewed the website 

“clinicaltrials.gov” and reported a discontinuation rate of 11% in non-surgical trials 

compared to 16% in surgical ones.(Mouw et al., 2018) The most commonly cited reason 

for this higher discontinuation rate was: slower recruitment in surgical trials compared to 

medical trials. Recruitment has been defined as a multi-step and multi-disciplinary process 

or set of activities that are performed with the aim to complete enrollment to a clinical trial 

(i.e., accrual).(Kost et al., 2014) This same manuscript that reviewed protocols submitted 

to 6 research ethic boards, found that surgical trials were more often discontinued due to 

slow recruitment compared to medical trials, 18% versus 11%, risk difference 8%, 95% CI: 

1 to 16, p=0.02.(Rosenthal et al., 2015) And in the review of “clinicaltrials.gov”, 

discontinuation due to poor recruitment was more commonly found in surgical trials (45% 

versus 35%, p<0.001).(Mouw et al., 2018) However, slower recruitment in surgical trials 

has not been consistently found across studies. Cook et al, reviewed 114 publicly funded 

trials in the UK and found that there was no clear evidence that surgical trials differ from 

medical trials in terms of recruitment activity.(Cook et al., 2008)  

For both, medical and surgical trials, slow recruitment is one of the most cited 

challenges leading to discontinuation. Time to accrue the first patient has been associated 

with the rate of recruitment throughout the trial; centres that take longer than one year to 

recruit the first patient tend to have a very slow rate of recruitment.(Haidich & Ioannidis, 

2001) In a study from the UK, of 114 trials reviewed between 1994 and 2002, less than 1/3 

achieved their original enrollment target, with 53% being awarded an extension. The 
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proportion of studies achieving their target sample size did not appear to improve over time. 

Recruitment start time was delayed in 47 (41%) trials and early recruitment problems were 

identified in 77 (63%) trials.(McDonald et al., 2006) In this study, some of the factors that 

were more commonly associated with higher accrual rate or that were found to increase 

accrual included: 1) interventions not available outside the trial, odds ratio (OR) 1.66, 95% 

CI: 0.58 to 4.76, 2) dedicated trial manager, OR 3.80, 95% CI: 0.79 to 36.14 and, and 3) 

being a cancer or drug trial, OR 2.7, 95% CI 1.11 to 6.93.(McDonald et al., 2006)  

Some general interventions that have been suggested to increase recruitment 

include: incentives to motivate patients, training of recruiters, monthly newsletters, flyers 

to clinical staff and / or patients, phone calls to wards and sites, attending international 

congresses to update trial enrollment rates, as well as, public access to website with up-to-

date information on enrollment.(McDonald et al., 2006; Treweek et al., 2013) The use of 

incentives to motivate patients to participate in studies can be classified as: 1) tangible 

incentives, such as paying for the cost of travel, parking or for the time involved in study 

participation, and 2) intangible incentives: encourage patient’s self-motivation and feelings 

associated with greater benefit to society, continuity of participant-clinician relationship 

and perception of a greater level of care.(Featherstone & Donovan, 1998; Haidich & 

Ioannidis, 2001; Treweek et al., 2013)  

This chapter will describe the methodological challenges of a surgical clinical trial that 

could lead to early discontinuation of the trial due to slow recruitment rates. These 

methodological challenges, although not unique to surgical clinical trials, are described 

within the context of a surgical trial (i.e., study population, study intervention, enrollment, 
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outcomes, etc.). The second portion of this chapter describes factors influencing 

recruitment that are unique to surgical clinical trials (i.e., timing of the study in relation to 

the development of the surgical procedure, patients’, referring physicians’ and surgeons’ 

preferences regarding the intervention). 

1.2.Methodological Challenges Influencing Recruitment 

1.2.1. Study Population 

Strict inclusion criteria are sometimes preferred in surgical clinical trials, to have a 

more homogeneous population and therefore decrease variability, thereby, increasing the 

power of the study, however, it may also slow accrual to a surgical trial.(Lilford et al., 2004; 

McCulloch et al., 2002) Surgical trials already limit the study population as surgical therapy 

is only indicated in some patients with the disease (i.e., comorbidities precluding surgery) 

and some patients thought to be eligible may become ineligible for the intervention once 

they are already in the operating room, a challenge that can affect both types of surgical 

trials.(Bonchek, 1997; Haynes RB, 2006. Lippincott Williams & Wilkins; Howes et al., 

1997) Surgical oncology trials are more restrictive than other surgical trials as they only 

include patients with a diagnosis of cancer, therefore limiting the eligible population for 

the trial and adding the variable of time to the equation (i.e., patients with cancer require 

surgery in a timely manner).(Evrard et al., 2016) For example, in the RESECT trial, patients 

were enrolled in a trial involving simultaneous resection of colorectal cancer and liver 

metastases, however, of all participants enrolled, only 78% of them were eventually able 

to undergo simultaneous resection due to intraoperative findings (progression of disease, 

bleeding leading to shock, intraoperative death, etc.). Therefore, when considering the 
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sample size in a surgical trial, one must also take into consideration and identify the 

proportion of participants that although enrolled, will not be able to undergo surgery (i.e., 

the study intervention), which must be known a priori. This proportion varies depending 

on the type of procedure performed and the indications (i.e., 30% of patients with pancreatic 

cancer are not able to undergo pancreaticoduodenectomy due to intraoperative findings 

related to tumour progression).(Bilimoria et al., 2007; Conlon & Brennan, 2000) Therefore, 

to the traditional ideal study population for any clinical trial (i.e., patients with high event 

rates of the target condition, high compliance to the intervention and high responsiveness 

of the treatment in question), for a surgical trial, one must also add the resection rate.(Kan 

& Kestle, 2007) It is important to determine the correct sample size before starting the trial 

so that if needed, other sites are added to finish accrual in a timely manner. 

1.2.2. Study Intervention 

There are two different types of surgical trials: 1) trials that investigate different 

surgical procedures or surgical interventions, and 2) trials that investigate different medical 

therapies among patients undergoing surgery, in which although surgery is involved, it is 

not the intervention under investigation. This latter type of trial is the most commonly found 

in the surgical literature and comprise 55% to 75% of all published surgical trials. They are 

also thought to be less challenging to perform.(McCulloch et al., 2002; Solomon & 

McLeod, 1998; Wente et al., 2003) 

Surgical trials that investigate surgical interventions can be classified into three 

different sub-categories based on the magnitude of the difference between comparators, as 

issues with compliance and clinical equipoise are higher when the difference between 
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interventions is greatest.(Bonchek, 1997; Cook et al., 2008; Wartolowska et al., 2016) The 

three sub-categories based on a perceived increasing level of difficulty to conduct are: 1) 

Level 1: studies comparing surgical procedures that differ only slightly (i.e., comparison of 

two methods of pancreas anastomosis or applying a patch to the distal pancreatic 

stump),(Hassenpflug et al., 2016; Keck et al., 2016) 2) Level 2: studies comparing different 

ways to perform an operation, involving significant differences such as the overall approach 

and skills (i.e., open versus laparoscopic liver resection or simultaneous versus staged colon 

and liver resection for colorectal cancer metastases),(Fretland et al., 2018; Serrano et al., 

2018) and 3) Level 3: comparison of medical (or observation) versus surgical treatment 

(i.e., trial of carotid endarterectomy versus best medical management or a trial of surgical 

fundoplication versus proton pump inhibitors for gastrointestinal reflux disease).(Mahon et 

al., 2005; North American Symptomatic Carotid Endarterectomy Trial et al., 1991) Level 

1 and Level 2 studies usually deal with some type of surgical innovation, where innovation 

is defined as a “new or modified surgical procedure that differs from currently accepted 

local practice, the outcomes of which have not been described, and which may entail risk 

to the patient”.(Barkun et al., 2009) It is recommended that all types of surgical innovation 

be scientifically studied prior to implementation, although the term scientific is loose and 

not always follows a clear path, there are some recommendations on the types of studies 

that should be performed to evaluate surgical innovation based on the “timing” of the 

development of the innovation (see section 1.3.1).(Ergina et al., 2009; McCulloch et al., 

2009)  
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1.2.3. Blinding Methods 

Although blinding is generally recommended as a method to decrease bias in 

randomized trials, most surgical trials that compare surgical interventions lack 

blinding.(Kan & Kestle, 2007) On the other hand, surgical trials that compare a medical 

intervention or when the intervention includes only a small portion of the surgery, are 

somewhat easier to blind.(Whitlock et al., 2021) This lack of blinding in surgical trials, 

affects their internal validity as it can be associated with different types of bias: 

performance bias (concurrent interventions depending on allocation), attrition bias 

(differential withdrawal from follow-up), ascertainment bias (differential assessment 

introduced by evaluators or investigators)  and, detection bias (differential outcome 

assessment).(Ergina et al., 2009; Lilford et al., 2004)  

A Cochrane Review on medical and surgical trials, found that open label trials were 

more effective in increasing recruitment compared to placebo-controlled trials, risk ratio 

(RR): 1.2, 95% CI 1.09 to 1.36.(Treweek et al., 2013) Interestingly, a systematic review of 

63 different surgical trials that had a placebo arm reported that many of the challenges 

described by these trials were not associated with the fact that they had a placebo arm 

(funding, anesthesia, blinding of patients and assessors), but rather, challenges relevant to 

other surgical trials in general (i.e., difficulty in finding eligible patients).(Wartolowska et 

al., 2016) However, it is generally thought that recruitment to placebo controlled trials is 

more difficult to perform compared to open arm controls.  

Some authors argue that patients are often less keen to participate in a study in 

which there is a possibility of a placebo intervention, an issue that is mostly related to 



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 9 

medical trials that involve surgical patients since randomized surgical trials that compare 

surgical interventions are notoriously difficult to blind, moreover, to blind to a placebo 

intervention.(Halpern et al., 2002; Hare et al., 2014; Howes et al., 1997) Despite the 

common thought that blinding patients, surgeons and outcome assessors is often difficult 

in surgical trials and that the ethics of performing a sham operation is open to debate, 

several surgical trials have been performed using a placebo-controlled design (sham-

controlled surgical trials).(Dowrick & Bhandari, 2012; Wartolowska et al., 2016) Some of 

these trials have been crucial, as they avoided ineffective treatments from becoming 

standard practice, as is the case with the use of internal mammary artery ligation for the 

treatment of angina pectoris.(Cobb et al., 1959) While some other trials have not changed 

surgical management despite showing no superiority over a sham surgical procedure (i.e., 

arthroscopic lavage or debridement for the treatment of osteoarthritis).(Hawker et al., 2008; 

Moseley et al., 2002)  

If a sham-controlled trial is being developed, it is recommended that researchers 

discuss in detail four different principles in their protocol: 1) equipoise, 2) how to minimize 

risk for the patient, 3) clear description of informed consent and 4) how the surgeon will 

deal with patient blinding over the follow-up period (principle of “deception”).(Dowrick & 

Bhandari, 2012) Sham-controlled surgical trials are still being performed, as the discussion 

of ethical issues continues to evolve. Currently, the decision to proceed with a sham-

controlled surgical trial relies on the local research ethics board. 
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1.2.4. Statistical Considerations 

1.2.4.1. Sample Size and Feasibility 

The planning of a surgical trial should include a thorough assessment of the 

institution’s realistic expectations of accrual, based on incidence of cases, potential eligible 

participants (based on inclusion / exclusion criteria), potential eligible participants who 

would agree to enroll and as previously mentioned, the proportion of patients expected to 

complete the intended surgical intervention, which varies according to the type of surgical 

procedure and patient population. The calculation of sample size should include an over-

estimation of the number of patients available for the study and who will agree to 

participate, considering that study participation is usually 10% of all screened 

patients.(Howes et al., 1997) And of those that are eligible for the study (based on inclusion 

/ exclusion criteria), only 50% end up participating, usually due to patient and surgeons’ 

preferences, timing of the intervention, among other issues described in this thesis.(Howes 

et al., 1997)  It is very common for clinicians to overestimate the number of patients 

potentially eligible for study participation, a finding that has been named “Lasagna Law” 

or “Muench’s Third Law”.(Lasagna, 1979) Some authors have also suggested to take into 

consideration the “number of patients needed to screen”, which sometimes can be as high 

as 5.5 times the number of participants eventually included in the study (for a study 

comparing surgical versus no surgical treatment).(Frobell et al., 2007) This overestimation 

can lead to slow recruitment in a multicentre trial, if researchers avoid adding alternate 

centres.(McDonald et al., 2006) 
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When calculating the sample size of a study, some authors recommend to first 

estimate the number of patients that can be enrolled in the study, also called: “patients I can 

get”. From this number, then specify a range of reasonable differences in event rates 

between control and intervention group (also called delta) and pick the acceptable degree 

of type I error (typically alpha=0.05). This method will create different levels of power (1-

beta) according to each delta.  Sometimes, the power of the study may need to be lowered 

in order to achieve a realistic sample size.(Haynes RB, 2006. Lippincott Williams & 

Wilkins) 

Specifically related to surgical trials that compare a surgical intervention, high 

variability is often an issue, especially at the beginning of the learning curve of the surgical 

intervention. This increase in variability will inevitable decrease the power of the study and 

therefore increase the required sample size to reject the null hypothesis and detect a 

difference between groups.(Haynes RB, 2006. Lippincott Williams & Wilkins)  

It is commonly reported that study completion is more likely in multicentre 

studies.(Howes et al., 1997) Multicentre trials, although important to improve 

generalizability, introduce a certain degree of variability, as the level of skills of the surgeon 

and anesthesiologists as well as the surgical team vary between centres.(Stirrat et al., 1992) 

This variability can be controlled to a certain degree by randomization stratified by site. 

Contrary to an intuitive approach to site selection, having opinion leaders, experience with 

previous surgical studies, and publication record may not predict the recruitment ability of 

a site.(Flodgren et al., 2019; Foy et al., 2003) Moreover, clinical trials of surgical 

innovation led by opinion leaders can have some difficulties in accrual if the opinion leader 
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is not trained in research methodology and is not keen on clinical trials.(Denost et al., 2014) 

Some authors suggest that the key factor to select a site is the presence of a motivated 

surgeon that can act as the principal investigator, which sometimes has been characterised 

as a junior faculty member with sufficient protected research time. It is also important to 

have a good project manager for clinical trials.(Mills et al., 2003; Thoma et al., 2010) Most 

scholars agree that studies that involve a network of interdisciplinary teams, such as trial 

methodologists, statisticians, data managers and trial managers have lower rates of 

discontinuation.(Rosenthal et al., 2015) It is also important to consider whether sites work 

within a publicly or privately funded health care system as this may influence participation 

and enrollment, as some insurance carriers may refuse to pay for an intervention that has 

not been proven to be effective.(Mills et al., 2003; Thoma et al., 2010) 

Pilot studies have been recommended as effective means to evaluate particular 

study aspects such as recruitment, resource utilization and protocol feasibility. Pilot studies 

can also be used to identify protocol (i.e., inclusion criteria), site- and investigator-specific 

issues, to determine adherence of the investigators and patients to the study protocol, to 

obtain an estimate of patient follow-up and drop-outs as well as to collect preliminary data 

to calculate sample size.(Mills et al., 2003; Rosenthal et al., 2015; Thoma et al., 2010) Also, 

the enrollment fraction of pilot studies can predict the number of sites that will need to be 

opened in the larger trial. Data from pilot studies could be used in the larger trial if the data 

is unblinded and if it is a pre-specified objective. Most importantly, in order to use pilot 

data into the main trial, the changes incorporated into the pilot trial must be congruent with 

the final study. 
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1.2.5. Ethical and regulatory standards 

1.2.5.1. Informed consent 

 

Obtaining consent is usually one of the first steps in the accrual process (following 

screening). This first introduction of the trial is therefore crucial for trial recruitment and 

could be the limiting factor affecting accrual to a study.(Stirrat et al., 1992) Although it is 

important to engage the patient in the consent process, it is also paramount to fully explain 

the potential risks of participating in the trial to the patient and how it would differ from 

standard of care (i.e., surgical procedure alone without being on the trial). Some authors 

suggest having a standard script when consenting patients over the phone or in person, that 

includes answers to potential questions or concerns about the study. However, strategies 

comparing different ways to deliver the consent process have failed to identify a preferred 

approach that improves recruitment (i.e., reading out loud, timing of consent, video 

consent, providing supplementary material, etc.).(Treweek et al., 2013)  

Persistent attempts to include patients in a study may hurt patient-doctor 

relationship as patients may think their physician is mostly attentive to the study rather than 

the patient’s own best interest.(Featherstone & Donovan, 1998; Haidich & Ioannidis, 2001) 

Lack of standardized consent methods can lead to discrepancy and / or incomplete 

disclosure of risk and benefits, especially if surgeons have strong preferences for one 

treatment over another.(Sibai et al., 2012)  Although the consent process is typically 

performed by trained research personnel that do not take part in treatment decisions for the 

patient, it is the role of the treating surgeon to introduce the study to the patient. Patients 
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may be willing to participate in the study based on the enthusiasm of their treating surgeon 

for the study. Previous studies have shown that removing the treating physician from the 

consent process increases the proportion of patients who are willing to participate in a 

surgical trial.(Donovan et al., 2002) The language used in the consent process should be 

simple and easy to understand, i.e., it is better to talk about “toss of a coin” instead of 

“random allocation”.(Etchells, 1999)  

 It is important to understand that for surgical clinical trials that involve a sham 

procedure, obtaining informed consent does not justify its ethics. This is true, even after 

considering that all risks would be minimized if patient is randomized to a sham surgical 

procedure (i.e., minimizing exposure to radiation, bleeding, infection, general anesthesia, 

etc.).(Dowrick & Bhandari, 2012) 

1.3.Factors Unique to Surgical Clinical Trials that Influence Recruitment 

1.3.1. Timing of the Trial 

The timing of the trial in relation to the development of the surgical procedure or 

surgical intervention is crucial, affecting all types of surgical trials, but mostly surgical 

trials that investigate surgical procedures.  

Many procedures become standard of care without prior clinical trial evaluation. 

This proliferation of surgical innovation on the basis of limited and weak scientific 

evidence has been linked to the absence of regulatory bodies for surgical procedures and 

interventions.(McCulloch et al., 2009) Unlike drugs that need to be thoroughly tested prior 

to adoption, surgeons can proceed with new techniques and operations with little constraint, 

even from their own institution’s ethical committee or administration.(Solomon & 
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McLeod, 1993; Stirrat et al., 1992)  There are different stages of evaluation of a surgical 

innovation, starting from the innovation stage, that describes “the first use of a new 

procedure in a patient prompted by the need for a new solution to a clinical problem”. This 

is followed by the “development phase”, in which the surgery is performed in a small 

number of patients, then by the “exploration phase”, that happens once the procedure has 

been described and the main technical aspects worked out. The assessment stage compares 

the new procedure to the current surgical standard, ideally, a randomized clinical 

trial.(McCulloch et al., 2009)  

The uptake of surgical innovation without scientific evidence tends to be different 

across geographical areas.(Diehr et al., 1993) Different theories have been proposed to 

explain this phenomenon, including Chassin’s hypothesis of “small area rate variations”, 

which suggests that high-uptake areas are associated with the presence of surgeons with 

high enthusiasm for the procedure of interest (i.e., opinion leaders).(Chassin, 1993) A 

recent population-based study in Ontario suggested that the greater use of laparoscopic liver 

resection in certain geographical areas was due to a relative enthusiasm for that procedure 

among a small number of opinion leader surgeons.(Wang et al., 2020) The adoption of 

surgical procedures prior to rigorous research evaluation can lead to the widespread uptake 

of a procedure that may cause harm, such as the adoption of laparoscopic 

pancreaticoduodenectomy.(van Hilst et al., 2019) 

If the trial is performed late in the uptake process of the procedure, the indications 

for the procedure may be clearer and the risks may be lower, and, it is also possible that the 

procedure may no longer be relevant or that the procedure may have already be established 
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by the community of surgeons, in which case, the study becomes “unnecessary” as surgeons 

and patients may already have a preference, (i.e., lack of equipoise).(Bonchek, 1997; 

McCulloch et al., 2002; McLeod, 1999; McLeod et al., 1996) This was nicely described as 

the Buxton’s law (“it is too soon for a trial, until it is too late”).(Barkun et al., 2009) Some 

examples of delayed timing of surgical trials in relationship to the uptake by the surgical 

community include: 1) the NASCET trial, which was performed even when the procedure 

(i.e., carotid endarterectomy) had already gained popular acceptance (North American 

Symptomatic Carotid Endarterectomy Trial et al., 1991) and 2) laparoscopic 

cholecystectomy, which was widely accepted by the surgical community without being 

evaluated in large clinical trials.(Majeed et al., 1996) Likewise, delayed initiation of a study 

could lead to a lack of referral of patients to institutions that are trialing the procedure, as 

referring doctors may know that the procedure in question can be performed at a different 

institution without the need of a trial (see section 1.3.5; referring physician preference), as 

was seen in the CLOCC trial, that compared the use of radiofrequency ablation (usually 

performed intraoperatively) and systemic chemotherapy to systemic chemotherapy alone 

for colorectal cancer liver metastases; the trial became obsolete when radiofrequency 

ablation was available outside of the trial and chemotherapy regimens changed by including 

biological treatments.(Bonchek, 1997; Evrard et al., 2016) On the other hand, if the 

intervention in question can only be performed within the trial, then participation and 

recruitment will probably be better as patients and referring physicians would want patients 

to try the new technology, as was the case with the REMATCH trial, that evaluated the use 

of a left ventricular assist device.((US Institute of Medicine), 2012; Rose et al., 2001) 
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1.3.2. Standardization of the Surgical Intervention 

Unique to surgical trials compared to medical trials, is their dependence on the 

technical skills of the surgeon as the clinical investigator.(Haynes RB, 2006. Lippincott 

Williams & Wilkins; Lilford et al., 2004) New technical modifications, individual 

preferences and improvements of perioperative care are prone to happen as the procedure 

evolves, influencing the outcome of patients undergoing such procedures.(Lilford et al., 

2004) Postoperative outcomes, such as postoperative complications, readmission, and 

postoperative mortality are, by definition, dependent on the skill of the surgeon and / or of 

the surgical team as a whole with a specific procedure.(Cook et al., 2013) Outcomes tend 

to improve with extensive experience, therefore with time.(Birkmeyer et al., 2002; 

Devereaux et al., 2005; Ergina et al., 2009) This improvement of performance over time is 

called “learning curve”, and this learning curve affects surgeons of all skill levels, from 

poorly skilled to highly skilled surgeons. The learning curve has two different components: 

1) the community or technology learning curve: as technology evolves and technique 

develops, the refinement of the new intervention increases and 2) the personal learning 

curve of the individual surgeon, which is often driven by personal attitudes, their surgical 

training, and their professional experience. Medical trials, and even medical trials in 

surgical patients, have the advantage of a more standardized process. Medication dosages 

are standardized, and the measurement of compliance and side effects is 

predictable.(McLeod et al., 1996) Instead, variability in the skill level of individual 

surgeons leads to less standardization in surgical trials and higher statistical variance. This 

higher variability can decrease statistical power and could also lead to challenges to 
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complete the study as poor surgical outcomes could stop accrual to a study.(Fielding et al., 

1978; van Hilst et al., 2019; Wente et al., 2003)  

This variability in surgeon’s expertise is an important trait of pragmatic or 

effectiveness trials, which aim to replicate common surgical practice. On the other hand, 

explanatory or efficacy trials are usually performed by a small group of surgeons that are 

often experts in the field, and although they are best suited to test an intervention, their 

results may not be generalizable to the population of interest.(Lilford et al., 2004; Thoma 

et al., 2010) These explanatory trials are best suited for the initial evaluation of an 

intervention or the beginning stages of the development of a specific surgical procedure, 

when the study investigator wants to determine feasibility and applicability.(Devereaux et 

al., 2005) Pragmatic designs on the other hand fit more with reality, are more widely 

applicable and answer the question: “is this surgical procedure effective when performed 

by many different surgeons without special expertise?”.(McCulloch et al., 2002; McLeod, 

1999) 

Most authors suggest that standardization of the surgical intervention is important 

in any surgical trial. In order to have more standardization in a clinical study, it is 

recommended that surgeons perform a minimum number of the specific surgical procedure 

prior to the initiation of a clinical trial, that surgeons have a minimum professional and 

training level (i.e., hepatobiliary surgical training), and / or that the learning curve is 

measured using CUSUM tests (for assessment of complications over time).(McCulloch et 

al., 2002; Wente et al., 2003) Standardization of a specific surgical procedure (which, in a 

randomized trial, should include standardization of the surgical intervention as well as 
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standardization of the control procedure) can also be achieved by study-specific in-person 

training of the critical aspects of the procedure, intra-procedure videos, pictures or manuals 

describing how the procedure should be performed. It is generally not recommended to 

include patients into a trial in which the surgeon is not properly trained in the specific 

intervention.(Chalmers, 1975) It is key to standardize the perioperative care as well 

(preoperative antibiotics, venous thromboembolism prophylaxis, preoperative 

chemotherapy, etc.), all with the intent to leave the effect of the surgeon as a variable as 

minimal as possible.(Howes et al., 1997; McLeod, 1999) 

Expertise-based clinical trials have been postulated as an alternate solution to the 

different learning curve of surgeons and as a type of explanatory clinical trial.(Devereaux 

et al., 2005; Thoma et al., 2010) In these trials, patients are allocated to expert surgeons 

performing the intervention to which they were randomized. This method prevents 

differential expertise bias, a bias that is introduced by the preference of each surgeon to a 

specific procedure (thereby attempting to limit the influence of the surgeon on the 

outcome). Even if the surgical community as a whole can be in equipoise for a specific 

surgical procedure, individual surgeons may have a strong preference of one procedure 

over another, and therefore, they may tend to be more meticulous or attempt more co-

interventions on patients randomized to their surgical procedure of preference.(McCulloch 

et al., 2002) Expertise-based trials may also avoid differential procedural cross-over (i.e., 

different rate of cross-over between arms).(Bonchek, 1997; Sibai et al., 2012) These types 

of trials are thought to be especially relevant to evaluate different types of surgical 

techniques (i.e., minimally invasive versus open technique) given that there is evidence of 
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small area rate variations with these types of procedures.(Wang et al., 2020) Expertise-

based trials have been applied successfully in orthopedic procedures comparing different 

techniques of insertion of a fixation device.(Alobaid et al., 2004) Although initially 

postulated in 1980, a recent meta-analysis revealed that expertise-based trials have not 

gained popularity across different specialties, including surgery.(Cook et al., 2015; van der 

Linden, 1980) The use of propensity score matching in cohort studies can be an alternative 

to randomized trials where expertise bias is an important confounding factor.  

1.3.3. Patient Preferences 

Patients are key stakeholders in the planning phase of a study, as they may have 

pre-conceived opinions of the study intervention in question, which may lead to refusal to 

participate in a surgical study (lack of equipoise from patient’s perspective).(Howes et al., 

1997; Kennedy et al., 1998; Stirrat et al., 1992) Refusal to participate is usually a bigger 

problem in surgical trials that evaluate surgical interventions, and within that group, refusal 

is even higher for trials that compare a surgical intervention to a medical therapy (or even 

observation) as patients may fear the surgical intervention “is too aggressive” or that the 

risk of surgery is considered to be much higher.(Solomon & McLeod, 1998) Surgical trials 

are also unique in the sense that patients may perceive they have limited options for cross-

over (as compared to medical studies) given the irreversibility of surgery.(Featherstone & 

Donovan, 1998; Haidich & Ioannidis, 2001; McLeod et al., 1996) One approach that has 

been suggested to increase patient recruitment is the Zelen design, which was used in a 

surgical trial comparing lumpectomy to mastectomy for breast cancer.(Blichert-Toft et al., 

2008) In this type of randomized trial, patients are allocated into two groups (prior to patient 
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consent) by random allocation. Patients in the first group receive standard treatment, while 

patients in the second group are invited to participate in a trial receiving the experimental 

intervention. If patients decline the experimental therapy, then they would be treated with 

the standard treatment. At the end, patients in the first group are compared to the second 

group regardless of treatment allocation.(Zelen, 1979) This approach has not been widely 

utilized in surgical trials, mostly due to its ethical controversies.(Homer, 2002)   

Some feasibility studies have found that patients may not wish to leave the decision 

of their treatment to chance or uncertainty, in the case of randomized trials.(Mills et al., 

2003) It is also possible that patients prefer the surgical treatment to medical therapy if 

surgery is considered to be the “best” option for cure, alternatively, patients may prefer the 

less invasive treatment (i.e., chemoradiation therapy), if the alternative is a high risk 

surgery.(Kennedy et al., 1998; McCulloch et al., 2002) For example, observational studies 

of patients with oropharyngeal squamous cell carcinoma have found that the overall 

survival is similar between patients who undergo upfront surgery versus definitive 

chemoradiation therapy.(Kelly et al., 2017) A recent clinical trial comparing both arms was 

withdrawn after it failed to accrue enough patients eligible for the study. (FC) 2021, 

available from: https://clinicaltrials.gov/ct2/show/NCT01953952) Therefore, surgical trials 

seem to polarise participant attitudes for and against surgery for different reasons.(Cook et 

al., 2008; Stirrat et al., 1992) 

Patients may also prefer one type of surgical procedure versus another, and this 

preference may come from their own research on the internet or social media, from the 

opinion of their trusted physicians (i.e., family doctor) or from the interactions they have 
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with their treating surgeon (i.e., patients may sense that their surgeon has a preference of 

one procedure over the other).(Evrard et al., 2016; "Surgical research: the reality and the 

IDEAL," 2009) A study of open versus laparoscopic versus robotic cystectomy was 

deemed not feasible after a pilot study failed to reach the accrual target as patients had a 

preference of one procedure over the other and they were able to get that procedure outside 

of the clinical trial.(Harrop et al., 2016) This shows the difficulties of trying to enroll 

patients in surgical clinical trials of innovative interventions when the innovative 

intervention is available as standard of care elsewhere (Section 1.3.1). Some patients may 

not be willing to travel long distances to a tertiary care cancer centre for the main purpose 

of being enrolled in a clinical trial, when they can receive treatment closer to home.(Lamont 

et al., 2003) Recently, with the development of telemedicine with the COVID-19 pandemic, 

some clinical trial sponsors are allowing patients to receive the intervention in alternate 

centres outside of the cancer centre as long as the alternate centre agrees to participate in 

the clinical trial procedures and patients agree to be followed using telemedicine.  

It is inconclusive if other patient factors, such as patient level of education, age, 

wealth, and patients’ confidence with their physician are potential barriers to patient 

participation in a surgical trial.(Prescott et al., 1999; Ross et al., 1999) Patients’ perception 

of the risk from their disease could be a limiting factor for participation in surgical trials; 

patients with worse outlook towards disease might be less likely to consent to a study. Some 

authors have suggested that cultural factors, such as the country of origin (European Union 

versus North America) is associated with a higher participation rate in clinical trials, 

although this concept has not been studied in detail, it is clear that most surgical trials 
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originate from European countries even though, most of the journals where they are 

published are based in North America.(Robinson et al., 2021) Some studies have suggested 

differences in study regulations (by ethics committee), study costs, and other aspects of 

study conduct between regions as the likely cause of the suspected variation in patient 

participation between these two regions.(Mackintosh DR, 2001; NJ, 2004) Participants’ 

trust with the healthcare system can also drive recruitment as some populations may feel 

disengaged with the health care system. Some have suggested the use of education 

materials that are culturally and linguistically relevant for the population of interest, 

however this has not been tested widely.((US Institute of Medicine), 2012) 

1.3.4. Surgeon Preferences 

There is a large body of literature that attempts to investigate if surgeons are less 

motivated to include patients in trials when compared to other clinicians. Some barriers to 

recruitment are general to all clinicians and not unique to surgeons, i.e., time constraints, 

need for ethics approval, development of a more complex consent process, discussion of 

uncertainty with patients, more intense follow-up, lack of staff and lack of training of 

clinicians in trial methodology and statistical methods, loss of professional autonomy, lack 

of rewards and recognition, among others.(McLeod et al., 1996; Ross et al., 1999) There 

are others factors that are only applicable to certain health care systems (i.e., fee for 

service); some surgeons could see an economic disadvantage if patients were randomized 

to a non-surgical arm. Surgeons may also fear a loss of their referral base; if they do not 

adopt a specific surgical procedure that has been taken up by the community of surgeons 

(i.e., surgeon’s reputation in the community is placed into question).(Evrard et al., 2016)  
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For a randomized clinical trial to be successful, surgeons must have equipoise. 

Usually, there is equipoise when there is a lack of scientific data for a particular surgical 

procedure. This equipoise (particularly for surgical procedures and less so for medical 

interventions involving surgical patients), is sometimes difficult to find among surgeons, 

with some authors suggesting that one of the reasons for this lack of equipoise is that 

surgeons tend to rely on the results of case series and intuition to guide their treatment 

options, since most surgical procedures have been adopted without the back up of a clinical 

trial.(Howes et al., 1997)  

Some authors have suggested that surgeons, when compared to medical physicians 

are less tolerant to uncertainty (a key principle of any clinical trial) and therefore avoid 

having discussions with patients about the uncertainty of a surgical procedure.(McCulloch 

et al., 2005; Sibai et al., 2012) This intolerance to uncertainty may stem from the traditional 

master-student model of surgical training, in which the “master” (or surgeon) is supposed 

to “know everything”, therefore, new techniques are often not utilized following 

evidence.(Ergina et al., 2009) A large survey among surgeons involving patients in a 

surgical trial for breast cancer (comparing segmental mastectomy and postoperative 

radiation therapy to segmental mastectomy alone and total mastectomy) identified self-

reported key reasons for low accrual to this trial.(Taylor et al., 1984) Among all the reasons, 

the most common one, was related to concerns that the doctor-patient relationship would 

be affected (73% of respondents). This survey noted that clinical studies, specifically 

randomized trials, have the potential to compromise the perceived authority of the surgeon 
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by limiting their expert knowledge and individualized decision-making power. However, 

this study is over 40 years old and surgeons’ perceptions may have evolved since then. 

Multiple studies have suggested that the opinion of the treating surgeon towards a 

clinical trial is the most important factor that affects accrual (i.e., strongly-held beliefs in 

favour or against the trial), as patients tend to trust the opinion of their treating 

physician.(Kaas et al., 2005) The surgeon’s opinion of a clinical trial and therefore the 

eligibility of their patients to a clinical trial can be modified prior to making a treatment 

decision by the way of a multidisciplinary discussion at tumour boards, therefore presenting 

cases at tumour boards can increase patient accrual to clinical trials.(Kuroki et al., 2010) It 

is also important for surgeons to communicate with patients the existence of clinical trials 

for which their patients may be eligible for.(Arnaout et al., 2016) Some suggest that patient 

education sessions (in the forms of pamphlets mailed to patients) prior to their appointment 

with their treating surgeons may improve accrual to trials by eliminating the role of the 

surgeon in communicating possible clinical trials to their patients.(Wallace et al., 2006) 

However, most authors agree that surgeon’s opinion on a possible clinical trial for their 

patients is one of the most important aspects that influence patient’s decision to participate 

in a trial.(Siminoff et al., 2000) 

1.3.5. Referring Physician preferences 

The referring physician is a key member of a surgical clinical trial as it is rare for 

surgeons to be the first point of contact for a potential participant, unless the trial is set in a 

hospital setting (i.e., emergency room). Patients usually trust the opinion of their first point 

of contact with the health care system, especially if it is their family physician, a physician 
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with whom they already have a previous relationship. However, a referring physician can 

also be from a different specialty, including gastroenterologists, cardiologists, or even 

surgeons that are not part of the clinical trial organization (i.e., community surgeons).  

As discussed above, referring physicians may not wish to refer patients to an 

institution where a clinical trial is being offered if they know that same intervention can be 

offered somewhere else outside the trial (i.e., timing of the intervention). Therefore, 

education and communication of trial procedures, including trial enrollment and ways in 

which physicians can participate in the trial (including feedback), is necessary not only with 

physician trialists but also those surrounding the patients’ circle of care, including referring 

physicians.((US Institute of Medicine), 2012; Arnaout et al., 2016; D'Alimonte et al., 2015)  

In this thesis, we explore a relatively new way to identify potential patients to a surgical 

clinical trial, by using population-based databases. Using these databases may eliminate the 

dependence on referring physicians to identify potential participants, however, it does not 

eliminate their role entirely, as they will always be the point of contact for patients, 

therefore, communication and education is vital. It is possible that some referring 

physicians prefer their patients to be in a trial as some studies have suggested that patients 

in a trial have better outcomes compared to clinical practice, which could be due to different 

reasons, among them, better quality of care offered when patients participate in trials. 

1.3.6. Funding 

Funding for surgical trials has always been considered an important issue that limits 

the possibility to perform high quality research in surgery. Some scholars have anecdotally 

cited that surgical trials have less funding opportunities compared to medical trials because 
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there is a relative lack of incentive from pharmaceutical companies due to lack of 

commercial interest. The proportion of public funding for surgical trials is significantly less 

(<5%) to that dedicated to “medical trials”.(Evrard et al., 2016) It is also rare to have large 

multicentre surgical trials supported by publicly funded national bodies.(Johnson & Dixon, 

1997; Kennedy et al., 1998; McLeod et al., 1996; Mills et al., 2003; Wente et al., 2003) 

Some surgical trials that test new devices (i.e., the left ventricular assist device in the 

REMATCH trial) may have dual funding (privately and publicly funded organizations), 

which can help finish the trial if recruitment is slow and funding runs out.((US Institute of 

Medicine), 2012; Rose et al., 2001) This lack of funding might also be responsible for the 

delayed initiation of a trial in relationship to the development of the procedure of interest 

(i.e., timing), as pointed out earlier.(McCulloch et al., 2002; Solomon & McLeod, 1993)  

1.4.Summary of Chapters and Rationale 

This thesis consists of four different manuscripts, including two different surgical 

clinical trials (one surgical trial comparing medical interventions and the other one, a 

surgical trial evaluating a complex surgical intervention), one population-based study 

describing a possible solution for recruitment to surgical trials, that was run alongside a 

surgical trial, and lastly the protocol of a surgical trial that compares two different surgical 

interventions, that incorporates the results of the previous studies. These studies are 

separated into four different chapters, beginning with Chapter 2. The second and third 

chapter present the manuscript, as it was published, and ends with a discussion section (and 

a table) added at the end of the manuscript, describing the specific recruitment challenge 

posed by the trial and the opportunity for improvement, based on the framework described 
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above. The fourth chapter include only the final manuscript as it was published, and the 

fifth chapter (protocol for a trial) is written in accordance with the requirements for 

publication by the International Journal of Surgery Protocols. 

Chapter 2 describes the PROGRESS randomized trial. This is a single institution, 

double blind, placebo controlled randomized pilot feasibility clinical trial. It compares the 

use of perioperative nutritional supplements versus placebo for patients undergoing cancer 

surgery. Perioperative nutritional supplements are thought to improve nutrition by 

increasing protein intake to influence cell-mediated immunity, thereby potentially reducing 

the rate of postoperative infectious complications. This feasibility trial hypothesized that a 

large trial of perioperative nutritional supplements was feasible, and that this intervention 

would improve clinical and surgical outcomes (postoperative complications and quality of 

life). The aim was to estimate the feasibility of a large-scale trial (defined as feasible if 

enrollment rate was >60% throughout the trial). This chapter expands on issues related to 

recruitment to surgical trials comparing medical interventions among patients undergoing 

a surgical procedure. 

Chapter 3 reports the results of the RESECT trial, a multicentre, single arm pilot trial, 

exploring the feasibility of enrolling patients to a surgical trial involving a surgical 

intervention: simultaneous resection of colorectal cancer and liver metastases. This chapter 

investigates challenges with accrual to a trial of a surgical intervention that could carry a 

high risk of complications and a potential loss of physician-patient relationship. It expands 

on challenges that are unique to surgical trials of a surgical intervention.  
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Chapter 4 proposes the use of population-based electronic databases (i.e., ePATH and 

OneView) as a possible solution to patient accrual to the RESECT trial, by eliminating the 

need for a surgeon to identify potential study participants and refer them to the clinical 

trials group (the ACCESS study). This study was performed in parallel to the RESECT trial 

and therefore served as a comparison to the number of patients enrolled by traditional 

methods to the number of eligible patients identified through databases. 

Chapter 5 presents the protocol for a randomized controlled trial comparing 

simultaneous versus staged resection for synchronous colorectal cancer liver metastases 

(RESECT-RCT). It builds on the results of the RESECT trial to identify the patient 

population, outcome of interest and sample size. This protocol also incorporates the 

findings of the ACCESS study to improve trial accrual. 

Chapter 6 discusses the lessons learned from the two different trials as a form of 

conclusion, examining possible solutions to the recruitment challenges described in this 

PhD thesis. This chapter also discusses limitations as well as future research planned based 

on this thesis work. 
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Chapter 2.  

Perioperative Optimization with Nutritional Supplements in Patients Undergoing 

Gastrointestinal Surgery for Cancer: A Randomized, Placebo Controlled Feasibility 

Clinical Trial. 

 

Elsevier granted irrevocable, nonexclusive license to McMaster University and to the 

National Library of Canada to reproduce this material as a part of the thesis. DOI: 

10.1016/j.surg.2022.04001. 
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INTRODUCTION TO CHAPTER 2 

This chapter describes the feasibility of a surgical clinical trial comparing 

perioperative nutritional supplements to placebo among patients undergoing 

gastrointestinal cancer surgery. Based on the framework described in the Introduction of 

this thesis (Chapter 1), this study fell into the first category of surgical clinical trials, a trial 

that investigates medical therapies among surgical patients. This trial was chosen because 

this is the most common type of surgical clinical trial performed currently (~65%). 

There are certain limitations and difficulties in the recruitment process that are 

unique to trials that investigate medical therapies among surgical patients. Specifically for 

this trial, recruitment, randomization and administration of the intervention or placebo must 

happen several weeks prior to surgery, which is not a typical issue for surgical trials that 

investigate a surgical intervention. Having to identify, randomize and administer the 

intervention or placebo several weeks prior to surgery makes the recruitment of potential 

participants difficult. Enrolling cancer surgical patients to a trial four weeks prior to their 

scheduled surgery is complex. Surgeries are frequently scheduled within two to four weeks 

of patient’s first encounter with the surgeon (date of the decision to operate) and this date 

often changes to an earlier or a later date depending on operating room availability. 

Coordination between the research team and the surgeon must be very precise to avoid 

missing a potential participant.  

Different strategies or opportunities to improve recruitment are provided 

throughout the chapter and a summary is provided at the end of the chapter.  
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ABSTRACT 

Background 

Perioperative nutritional supplementation may improve outcomes. Trials have not 

investigated the role of combination strategy using different types of nutritional 

supplements. 

Study Design 

We conducted a single-site randomized pilot trial, among gastrointestinal cancer patients 

undergoing surgery, comparing perioperative nutritional supplements versus placebo (one 

placebo to each supplement), to determine feasibility of a larger trial. Intervention, 

administered in sequence, included: protein supplementation (preoperative day 30-6), 

protein supplementation rich in arginine and omega-6 (preoperative day 5-1 and 

postoperative day 1-5), and carbohydrate loading (surgery day). Primary outcome was 

enrollment. Secondary outcomes included participant compliance with study supplements 

(target >70% of total packets). We planned protocol modifications to improve enrollment 

and compliance. Postoperative complications were described. 

Results 

Over 18 months, 495 patients were screened, 144 were deemed eligible, and 71 consented 

to participate, resulting in an enrollment fraction of 71/144 (49%, 95% CI 41%-57%). ‘Too 

much burden’ was the most common reason for refusal to participate (34%). Participants’ 

median overall compliance with study packets was 80%. Protocol modifications 

(decreasing the interval from enrollment to surgery from 4 to 2 weeks and decreasing length 

of baseline assessment) did not impact enrollment or compliance. Postoperative 



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 43 

complications were similar between control (18/31 (58%, 95% CI: 41-74)) and intervention 

(22/34 (65%, 95% CI 48-79)) arms, with a higher proportion of infectious complications in 

the control arm (16/31, 52% versus 12/34, 35%). 

Conclusion 

Results from this pilot suggest a larger phase III trial is feasible. Postoperative infectious 

complications were common, making this a suitable outcome of interest.  
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INTRODUCTION 

Perioperative nutritional supplements in patients with gastrointestinal cancer 

undergoing surgery, may decrease postoperative complications and length of hospital stay.1 

However, the optimal duration, route of administration, and type of nutrients in the 

formulations have not been well defined. It is thought that perioperative oral 

supplementation of protein, solutions rich in arginine, omega-6 fatty acids, and solutions 

high in glucose taken the day of surgery (carbohydrate loading), while working separately 

through different mechanisms of action, are associated with better postoperative 

outcomes.2-4  

 Patients undergoing surgery experience a degree of immunosuppression 

characterized by an intensification of the lymphocyte T helper type 2 (Th2) over the Th1 

cell response and a suppression of the cellular immunity, in particular, natural killer cell 

function.5, 6 This reported shift may be one of the factors increasing the susceptibility to 

infections and septic complications following surgery.7 Oral supplementation of arginine, 

omega-6 fatty acids and nucleotides may modulate the immune system, as they are 

necessary elements for normal T cell function.8  These supplements have the potential to 

modulate the activity of the immune system and thus decrease postoperative infectious 

complications. 9 

Patients undergoing surgery experience an extended period of insulin resistance that 

can last 3 to 4 weeks after surgery.10 This state of postoperative insulin resistance is related 

to the increased release of cortisol and glucagon associated with surgical stress, which 

induce gluconeogenesis, glycogenolysis and decreased glucose uptake in peripheral tissues, 
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stimulating a high degree of catabolism.11 The practice of administering a large amount of 

carbohydrates before surgery is called “carbohydrate loading” and it is intended to allow 

maximal glycogen storage, a metabolically “fed state” at the time of surgery, and decreased 

insulin resistance, although the mechanism of action for the latter is not fully understood.11, 

12 Decreasing insulin resistance following surgery has been associated with lower rates of 

postoperative complications and has been adopted by different surgical society 

guidelines.13 

We believe that a combination of these three interventions (administered in 

sequence), including 1) perioperative nutritional supplements with protein-rich solutions, 

2) protein rich solutions with omega-6 fatty acids, nucleotides, and arginine 

supplementation (i.e., immunonutrition), and 3) carbohydrate loading prior to surgery; can 

have an additive effect to improve postoperative outcomes. A phase III trial testing the 

efficacy of these three different types of perioperative nutritional supplements versus 

placebo will require a large sample size and considerable resources. The main purpose of 

this study was to identify potential factors that may arise as obstacles to the trial successful 

execution as those factors would need to be overcome. Therefore, we performed a single-

centre, placebo-controlled, pilot randomized clinical trial, to determine the feasibility of 

such a phase III trial. Our primary goal was to evaluate rate of enrollment and participants’ 

compliance with perioperative nutritional supplements. Secondary outcomes included 

postoperative infectious complications and other postoperative complications, the logical 

primary endpoints of a larger phase III randomized trial.  
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MATERIALS AND METHODS 

 Study Design and Setting  

This was a parallel, 1:1, placebo-controlled, double-blinded, feasibility randomized 

clinical trial at a single tertiary care academic hospital in Ontario, Canada. The 

randomization scheduled was web-based, computer-generated and stratified by nutritional 

risk status, using the Malnutrition Universal Screening Tool (MUST).14. The interventions 

and placebo were produced and provided at a cost by Enhanced Medical Nutrition, Toronto, 

Canada. All supplements were sent directly to the Pharmacy Research Support Services, 

located in the trial institution (i.e., pharmacy). Data were unblinded after statistical analyses 

were performed. 

Participants 

Potentially eligible patients for the trial included consecutive adult patients that 

presented with a resectable type of gastrointestinal cancer for which an elective operation 

was planned.15 Patients were excluded from eligibility if they had type 1 diabetes, 

malabsorption syndrome, end organ failure, inflammatory diseases, galactosemia or 

ongoing infections,  poorly controlled type 2 diabetes mellitus, were on systemic steroids, 

unable to tolerate oral intake, pregnant, or lactating females, surgery scheduled in less than 

4 weeks. Eligible patients were approached to be enrolled once we obtained confirmation 

from their surgeon(s) that an operation would take place. Reasons for non-enrollment were 

collected in anonymized case report forms. This trial was registered with clinicaltrials.gov 

(NCT03445260) and approved by the Institutional Research Ethics Board prior to 

initiation. All patients provided written informed consent prior to enrollment. 
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Study Intervention  

Patients received perioperative nutritional supplements or placebo. This study used 

a commercial immune nutrition and protein supplement designed based on the 

recommendations of ASPEN and ESPEN.16, 17 The intervention consisted of the following 

three different solutions: 1) a protein isolate powder (ISOlution®, Enhanced Medical 

Nutrition, Toronto, Canada) containing 20g of protein. Patients were instructed to consume 

1 serving per day mixed with either liquid or soft food, from the time of randomization 

until 6 days before surgery (from “day -30” to “day -6” of surgery). 2) An 

“immunonutrition” solution (Inergy-FLD®, Enhanced Medical Nutrition, Toronto, 

Canada) containing arginine, protein isolate, omega-6 fatty acids, and RNA (51g of powder 

reconstituted in 250mL of cold water). Patients were asked to consume 3 servings per day 

for 5 days prior to surgery (from “day -5” to “day -1” of surgery) and for 5 days following 

surgery (from “day 1” to “day 5” after surgery). If patients were discharged home prior to 

postoperative day 5, they were asked to take the supplements home and continue taking 

them until they were finished. 3) Carbohydrate-rich solution (PreCovery®, Enhanced 

Medical Nutrition, Toronto, Canada) containing 50g of maltodextrin at a 12.5% 

carbohydrate concentration, including 2g of glucides. This carbohydrate loading solution 

was reconstituted in 400 mL of cold water and was administered 2 servings the evening 

before surgery and 1 serving 2-3 hours before anaesthesia. Each of the solutions 

administered to patients in the intervention arm had a similar placebo. The placebo looked 

exactly as the intervention externally (packet) and internally (white powder). Each placebo 
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was composed of a collagen-based filler (zero calories) with the same taste and texture as 

the intervention.  

Following randomization, patients waited in the clinic for study package to be given 

to them by the pharmacy; this process was revised in January 2019 as the time to wait was 

approximately 90 minutes and some patients were not willing to enroll in the trial when 

they were informed that they might have to wait long for the trial package, and they were 

expressing that they were feeling overwhelmed already. After January 2019, patients went 

home after they consented and the intervention or the placebo package was mailed to them 

via an overnight courier service (blinded package). Postoperative supplements initially 

were administered by patients themselves, however, this was changed in March 2019 so 

that the clinical nurses taking care of patients administered the packets as a type of 

medication, and recorded patient’s compliance in their nurses’ computer log.  

Outcomes 

The primary outcome was enrollment. This was measured as an enrollment fraction, 

defined as number of enrolled patients / numbers of eligible patients. A priori, we decided 

the trial would be feasible if the enrollment fraction, was >40%. Also, if the ongoing 

observed enrollment fraction was between 40-59%, we would allow protocol modifications 

to optimize the chances of an enrollment fraction >40%. An enrollment fraction of >60% 

would be considered excellent and would not require any protocol modifications during the 

pilot phase. Secondary outcomes included: 1) patients’ compliance with study packets: 

defined as “good” if intake was at least 70% of study supplements. The number of packets 

each patient had to take varied according to the number of days prior to surgery that each 
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patient was randomized, from a maximum of 58 packets to a minimum of 42 packets. 2) 

Overall complications: occurrence of any postoperative complication from surgery up to 

90 days from the index operation according to the Clavien-Dindo classification (CD), and 

the Comprehensive Complication Index.18, 19 3) Rate of any infectious complications at 90 

days from surgery, 4) health related quality of life (QoL) measured using the EORTC-

QLQ-C30 instrument 20 and the FACT-G scale21 at 30 and 90 days from surgery. 5) Length 

of hospital stay 6) Eligibility fraction, defined as the number of eligible patients / number 

of patients meeting inclusion criteria (i.e., potentially eligible patients). 7) Recruitment 

fraction, defined as the number of enrolled patients / number of patients meeting inclusion 

criteria (i.e., potentially eligible patients).  

Eligibility, Follow-up, and Data Collection 

Patients seen in the outpatient surgical clinics with no exclusion criteria and with a 

confirmed operative date within a minimum of 4 weeks, were approached for informed 

consent and enrollment. This requirement was modified to a minimum of 2 weeks in March 

2019, to facilitate enrollment, after a review of the literature suggested no major differences 

between 2 or 4 weeks of preoperative supplementation.22  

During the initial clinic visit, patients underwent a baseline assessment that included 

QoL questionnaires and baseline demographics. Patients were asked to fill a compliance 

diary daily (paper or electronic) and reasons for non-compliance were collected. Patients 

were called 5 days prior to their operation to remind them they had to change the type of 

supplement they were taking and to encourage compliance.  
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Postoperative complication data up to 90 days following surgery (including 

procedural re-interventions or re-operations and hospital re-admissions or emergency room 

visits) were collected. 

Statistical Analyses 

Sample size was based around the precision of the proportion of eligible patient 

being enrolled. With an estimated 18-month duration of the study, and 300 potentially 

eligible patients (i.e., patients meeting inclusion criteria), we expected at least 165 (55%) 

patients to be eligible for the study. We anticipated that 60% (n=100) of the eligible patients 

were going to be enrolled (enrollment fraction), giving us a 95% confidence interval (CI) 

around the estimate of 53% to 68%. In March 2020, due to government mandated changes 

to research activity related to the COVID-19 pandemic, the steering committee performed 

an interim blinded data analysis of the primary outcome (enrollment fraction) and decided, 

based on the available results, the stable trajectory of enrollment rate throughout the trial, 

and assuming the same trend of enrollment would continue, that a larger sample size would 

not be able to show a higher enrollment rate and therefore, it would not change the results 

of the trial. Therefore, it was decided to stop the trial early with the sample size of 71.  

Patient baseline characteristics were presented using descriptive statistics. 

Categorical variables were presented in number and percentage and continuous variables 

as median and interquartile range (IQR), as appropriate. Compliance was calculated for 

each patient individually by dividing the number of study packets consumed by the number 

of study packets they were assigned. Compliance was presented as proportion of patients 

adhering to >50% and >70% of study packets. Overall compliance with study packets was 
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presented as median and IQR. Overall, major, and infectious postoperative complications 

were presented as the proportion with 95% CI, calculated using the Wilson-Score method. 

Overall complications were also expressed as the median and IQR of the comprehensive 

complication index.  QoL outcomes were summarized using means and corresponding 

standard deviations (SD). A change in the mean score of 10% or more was defined as a 

minimal clinical important difference.23, 24 Statistical analyses were performed using R (R 

Foundation for Statistical Computing, version 3.5.0, Vienna, Austria). 

 

RESULTS  

Patient Flow and Feasibility Outcome Measure 

Between October 2018 and March 2020, 495 patients met the inclusion criteria and 

were deemed potentially eligible participants, of which, 174 met an exclusion criterion (see 

consort diagram in Figure 1). There were 177 patients that did not meet an exclusion 

criterion but were not asked to be enrolled and therefore were “not eligible” due to short 

interval between identification as a potentially eligible participant and surgery (eligibility 

fraction: 29% (144/495), 95% CI, 25-33). Of the remaining 144 eligible participants, 71 

agreed to participate in the study (primary outcome, enrollment fraction 49%, 95% CI 41-

57).  

The proportion of participants enrolled remained 51nchangedd throughout the 

duration of the study, without any difference in the proportion of participants randomized 

before or after the decision to enroll with interval to surgery £2 weeks. However, the 

decision to allow the interval to surgery to be £2 weeks significantly increased the number 
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of participants eligible for the trial, improving the eligibility fraction (Figure 2). The 

eligibility fraction increased from 18%, 95% CI, 12-27 before March 2019 to 34%, 95% 

CI, 30-39 after March 2019. Reasons for non-enrollment were: 25/73 (34%) patients felt 

overwhelmed, 10/73 (14%) patients did not agree with the placebo arm, and 5/73 (7%) 

patients had their own nutritional support. There were 33/73 (45%) patients that did not 

provide a reason for refusing to participate. The recruitment fraction was 14% (71/495), 

95% CI, 12-18. Median number of days patients were enrolled prior to surgery differed 

between groups: control: 15 days (IQR, 10-25) and intervention: 24 days (IQR, 15-30) 

(Table 1).   

Participant baseline characteristics 

Baseline characteristics of participants are described in Table 1. However, the 

location of the tumour and the type of surgery participants underwent were not balanced 

between arms, with a lower proportion of participants with pancreatic tumours randomized 

to the control group (3/35, 9%) compared to the intervention group (13/36, 36%). 

Patients’ Compliance with Study Packets 

 Compliance with study packets was similar between groups, however, compliance 

with the postoperative solution was higher in the placebo group (Table 2). Median overall 

participants’ compliance with all supplements for both groups was 80% (IQR, 20-100) 

Median compliance did not change throughout the study period nor did it change based on 

the number of preoperative days participants were required to ingest the packets. The most 

common reason for non-compliance with the postoperative solution in the placebo versus 

the intervention group were related to nausea (57% vs. 73%, respectively). 
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Clinical Outcomes  

In the control and intervention group, respectively, the proportion of participants 

experiencing infectious complications was 52% (16/31), 95% CI, 35-68% and 35% (12/34), 

95% CI, 22-52% (Table 3). The most common postoperative infectious complications were 

intra-abdominal abscess (26% versus 21%), pneumonia (16% versus 3%), and wound 

infection (19% versus 12%) (Supplementary Table 1). Postoperative chemotherapy was 

administered to 6/31 (19%) participants (control group) and 9/34 (27%) participants 

(intervention group). The median number of days from surgery to chemotherapy was 70 

(IQR, 40-139) in the control and 60 (IQR, 54-90) in the intervention group. Postoperative 

weight and biochemical nutritional assessment are reported in Supplementary Table 2. 

 Of enrolled participants, overall compliance with all QoL questionnaires was 66/97 

(68%) in the control group and 67/104 (64%) in the intervention group. At 4 weeks from 

surgery, the decline from baseline in most scores was lower in the intervention group 

compared to control, with no difference in scores between groups. At 12 weeks from 

surgery, most EORTC-QLQ-C30 and FACT-G domains returned to baseline levels in the 

intervention, however not in the control group (Supplementary Figure 1a, 1b and 1c).  

  

DISCUSSION 

Enrolling patients with gastrointestinal cancer to a randomized placebo-controlled 

trial of perioperative nutritional supplements is feasible according to our pre-specified 

enrollment fraction criteria. Enrollment fraction remained stable throughout the trial 

duration, despite protocol modifications. Although enrollment fraction was within a pre-
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specified acceptable limit, the number of patients needed to screen in order to accrue one 

patient was higher than anticipated, therefore, the eligibility fraction and recruitment 

fraction were lower than expected (29% and 14%, respectively).25  

One protocol modification made during the trial, aimed to increase the enrollment 

fraction, was to allow a decrease in the interval from enrollment to surgery from 4 to 2 

weeks. We noticed that there were many screened patients (177/495, 36%) that were being 

categorized as “not eligible” and therefore excluded, due to a short time interval to surgery. 

We considered that by increasing the number of eligible participants, we could increase the 

proportion of participants enrolled. Our results show, that although the number of eligible 

participants substantially increased immediately after the implementation of this protocol 

modification, the proportion of participants being enrolled remained the same. Moreover, 

the reasons for not being enrolled were similar. Based on the feedback from patients that 

refused to participate due to the feeling of being overwhelmed, we implemented another 

protocol modification early on. Some patients were not willing to enroll to the trial when 

we explained that they had to wait 90 minutes for the supplements to be given to them by 

the pharmacy. With the change, we allowed participants to go home after randomization, 

and the supplements and QoL questionnaires were couriered to them overnight. We 

strongly believed that this change increased the enrollment rate in February and March 

2019. However, when analyzing the proportion of participants being enrolled throughout 

the trial, we do not see a significant difference after these protocol changes. In response to 

the high number of patients who refused to participate due to the feeling of being 

overwhelmed by trial procedures, some of the modifications that could be implemented to 
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increase enrollment include: 1) limiting the first encounter with patient to a maximum of 

15 minutes (i.e., only do the informed consent), performing the rest of the baseline 

assessment at a later meeting over the phone, 2) eliminate the use of self-compliance diaries 

given the high compliance found with preoperative supplements. The assessment of 

compliance can be performed through simpler self-reported assessments the day of 

surgery,26 3) decrease the number of QoL questionnaires administered and to find better 

timing for participants to fill them out (i.e., using either the EORTC-QLQ-C30 or the 

FACT-G questionnaire in the preoperative unit, while they wait for their surgery).  

Participants’ compliance with the preoperative packets was good, however, specific 

compliance with the postoperative supplements in both groups was poor. For that reason, 

we involved the ward nurses to administer the intervention or placebo to participants and 

to keep record of their intake as part of their regular medication log. This process improved 

the record keeping of the compliance and the reasons for participants not taking the 

supplements, however, it did not improve participants’ compliance with study packets. 

Compliance with the postoperative solution was much lower in the intervention group 

compared to control, which led to differences in overall compliance between groups. This 

was related to the higher proportion of participants in the intervention group undergoing 

pancreatectomies (35% vs. 7%), patients that are known to have a high rate of delayed 

gastric emptying and nausea.27  

Postoperative infectious complications were common in both arms. There was a 

trend for lower infectious complications in the intervention group compared to control, 

particularly pneumonia, which would make the outcome of infectious complications a good 
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candidate for a primary outcome in future studies. The intervention and control group had 

different baseline scores in most QoL domains, which could be related to the imbalance in 

the types of tumours among patients. It is known that patients with pancreatic malignancies 

have low QoL scores even prior to surgery.28 However, the decline in most QoL domains 

was substantially worse in the control group compared to the intervention group (i.e., more 

participants meeting the minimal clinical important difference threshold), suggesting a 

signal that is worth exploring further. This trend in QoL was better appreciated with the 

FACT-G domains, making this questionnaire the preferred tool for this patient population. 

We showed that it is feasible to enrol participants in a placebo-controlled trial of 

combination perioperative nutritional supplements with a high rate of compliance with 

study packets and QoL questionnaires. Adherence to study procedures, including 

participants follow-up was excellent. There are some limitations to our study that are worth 

discussing. Although it is unlikely that the enrollment rate would have changed if the 

initially proposed sample size of 100 patients would have been achieved, it is possible that 

some of the changes proposed herein would have taken place and would have provided 

information on potential influence on enrollment. The unbalanced proportion of 

participants undergoing pancreatic surgery between groups makes it challenging to 

determine if differences between groups are related to the intervention or placebo or to 

differences in patients baseline characteristics. To prevent imbalances between arms for 

known factors that influence response to the intervention, a future trial should stratify 

randomization according to the type of tumour participants have (pancreatic versus other). 

Since none of the protocol changes implemented demonstrated a substantial improvement 
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in the enrollment fraction during the trial, it is reasonable to accept a 50% enrollment rate 

as the threshold to which a future larger trial must be planned. It is important to understand 

that 50% enrollment fraction is good, especially considering that most trials enrol between 

30% to 35% of eligible patients.25, 29 By anticipating an enrollment fraction in a larger trial 

of 50%, we can then inform plans for sample size, budget, timelines, number of sites, etc. 

The feasibility of this trial may not be modifiable at the patient level, but rather at the level 

of trial procedures such as those described above. 

CHALLENGES AND OPPORTUNITIES FOR IMPROVEMENT  

This chapter reported the results of a pilot study demonstrating the feasibility of a 

large randomized controlled trial comparing three different perioperative nutritional 

supplements to placebo among patients with gastrointestinal cancer undergoing surgery.  

Throughout the duration of the trial, we encountered different areas that could be 

explored to improve the recruitment process (Table 4). 

1) Study population: the main challenge for this study was the need to enroll and 

randomize patients four weeks prior to surgery. This is difficult, as often surgeons and 

/ or patients do not know the date of the operation, and this date is subject to change. 

Moreover, patients with cancer commonly have surgery within two to four weeks of 

diagnosis, decreasing their chances of being eligible for clinical trials prior to surgery. 

One opportunity to improve recruitment is to identify patients early in their cancer 

journey (i.e., prior to their first clinic visit with the surgeon or when their case is being 

first discussed at multidisciplinary rounds). Once the patient attends the surgical clinics, 

the research staff is already aware of them due to previous discussions with surgeons 
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and can discuss with the patient the possible trials they would be eligible for. This first 

encounter will establish a relationship between the research personnel and potential 

new participants. Patients and surgeons’ administrative staff will be asked to notify the 

research team as soon as they know a date for surgery. Also, research staff will follow 

up with surgeon’s administrative staff and potential participant, at one and three weeks 

from the first visit to determine if a patient will undergo surgery within 4 weeks. Once 

a plan for surgery has been confirmed, even if it has not yet been booked, the research 

team will call the potential participant to invite them to participate in the study, that had 

been previously described to them. There are some disadvantages with this method, and 

they must be considered. By approaching all potential participants without confirming 

if they will have surgery, the workload for the research team will be higher, which may 

not be feasible when the research team is small and already “stretched out” to their 

maximum capacity. Secondly, patients may not wish to hear potential research options 

when they are unaware if they require surgery. Thirdly, there may not be enough 

physical space in the surgical clinics to spend time with multiple potential participants. 

2) Study intervention: the intervention or control needed to be administered for four weeks 

prior to surgery, which is a challenge as explained above. Given that there is no data on 

the length of preoperative nutritional supplements that are required, we were able to 

amend the protocol to administer the intervention / control for 2 weeks prior to surgery. 

This increased the number of eligible patients to the study. 

3) Blinding methods: Some patients were not interested in the study due to blinding. They 

considered that they would not want to be in the study if they were taking placebo and 
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that they would rather take nutritional supplements on their own. The opportunity here 

is for the research staff to do their best to explain to patients the concept of clinical 

equipoise and to emphasize that the surgical community does not know if a combination 

of different nutritional supplements would improve outcomes after surgery and attempt 

to incentivise patients this way. 

4) Statistical considerations: there were 5% of patients (same in both arms) that were 

enrolled to the study and later their surgery was cancelled due to progression of disease 

(i.e., cancer). Having learned this in the pilot study, we will add 5% of patients to each 

arm when considering the sample size. 

5) Ethical and regulatory standards (i.e., consent process): many patients were not keen to 

be randomized because the consent process and baseline assessment was too long. We 

believe a shorter baseline interview to obtain consent and essential baseline assessment 

questions (max 15 min) will improve recruitment. Baseline assessment can be finished 

later over the phone or at a different clinic visit. 

6) Timing of the trial: no issues 

7) Standardization of the surgical intervention: no issues 

8) Patient preferences: some patients believe that taking nutritional supplements around 

the time of surgery is important and are not willing to be randomized to a placebo arm. 

The opportunity here is to explain to all patients that they will be coached by a dietitian 

prior to surgery to recommend dietary changes they can all make prior to surgery so 

that everyone has an opportunity to improve their nutritional support, therefore the 
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placebo arm will not only include a placebo but also an assessment and 

recommendations by dietitians, which is standard of care in many institutions already.  

9) Surgeon preferences: no issues 

10) Referring physician preferences: no issues 

11) Funding: no issues   
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Figure 1: Patient Flow – Consort Diagram. Patients meeting inclusion criteria: screened 

patients. Eligible patients: patients meeting eligibility criteria. 
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Figure 2. Proportion of Enrolled Patients Throughout Trial Duration 
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Table 1. Baseline patient characteristics. ASA: American Society of Anesthesiologists. 

IQR: interquartile range. BMI: Body Mass Index. 

Variable 
Placebo 

n= 35 

Intervention 

n= 36 

Age median (IQR) 63 (59 to 68) 65 (59 to 72) 

Female Sex n (%) 15 (43%) 14 (39%) 

Risk of Malnutrition n (%) 

     Medium / high risk  12 (36%) 13 (36%) 

Weight (Kg) median IQR 80 (72 to 95) 85 (71 to 91) 

BMI (Kg/m2) median IQR 29 (25 to 31) 30 (35 to 33) 

Tumour location n (%)   

    Liver 16 (46%) 15 (42%) 

    Pancreas 3 (9%) 13 (36%) 

    Colorectal 12 (34%) 7 (19%) 

ASA Class n (%)   

     ASA 4 25 (71%) 24 (67%) 

Resection Type n (%)   

    Colorectal resection 12 (39%) 7 (21%) 

    Hepatectomy 13 (42%) 15 (44%) 

    Pancreatectomy 2 (7%) 12 (35%) 

Days enrolled prior to 

surgery median (IQR) 
15 (10 to 25) 24 (15 to 30) 

 



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 66 

Table 2.  Patient’s compliance with intervention and placebo. IQR: interquartile range 

TYPE OF 

SOLUTION 

Placebo 

COMPLIANCE 

Intervention 

COMPLIANCE 
ALL PATIENTS 

Preoperative solution 

(Day -30 to -6) 

Median (IQR) 

95% (49 to 100) 92% (62 to 100) 93% (50 to 100) 

Preoperative solution 

(Day -5 to -1) 

Median (IQR) 

100% (63 to 100) 87% (27 to 100) 90% (33 to 100) 

Day of surgery 

solution (Day 0) 

Median (IQR) 

67% (0 to 100) 67% (0 to 100) 67% (0 to 100) 

Postoperative solution 

(Day 1 to 5) 

Median (IQR) 

50% (7 to 72) 23% (0 to 35) 27% (0 to 60) 

All solutions 

combined (Overall) 

Median (IQR) 

87% (23 to 100) 67% (20 to 100) 80% (20 to 100) 
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Table 3. Postoperative outcomes. IQR: interquartile range. ER: Emergency Room. CI: 

confidence interval. CCI: Comprehensive Complication Index. 

Outcomes 
Placebo 

n=31 

Intervention 

n=34 

Length of Stay (median, IQR) [days] 6 (3 to 9) 6 (5 to 10) 

Unplanned visit to ER n (%, 95% CI) 11 (36%, 21 to 53%) 11 (32%, 19 to 49%) 

Readmission n (%, 95% CI) 8 (26%, 14 to 43%) 4 (12%, 5 to 27%) 

All postoperative morbidity (Clavien-

Dindo Grade 1 to 5) n (%, 95% CI) 
18 (58%, 41 to 74%) 22 (65%, 48 to 79) 

Major postoperative morbidity (Clavien-

Dindo Grade >3) n (%, 95% CI) 
8 (26%, 14 to 43%) 8 (24%, 12 to 40%) 

Infectious complications n (%, 95% CI) 16 (52%, 35 to 68%) 12 (35%, 22 to 52%) 

90-day mortality n (%, 95% CI) 2 (7%, 2 to 21%) 3 (9%, 3 to 23%) 

CCI median (median, IQR) 29 (21 to 39) 25 (21 to 33) 
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Table 4. Challenges and opportunities for improvement in the PROGRESS trial. 

Variable Challenge Opportunity 

Study population 
Not enough time to enroll 

patients prior to surgery 

Approach patients at their first 

clinic visit with surgeon 

Study intervention 
Administration for 4 weeks prior to 

surgery 

Administration for 2 weeks 

prior to surgery 

Blinding methods 
Patients not willing to be 

randomized to placebo 

Explain importance clinical 

equipoise 

Statistical 

considerations 

Proportion of randomized patients 

not undergoing surgery  

Adjust sample size based on 

the findings of the pilot study 

Ethical and 

regulatory standards 

Baseline assessment including 

consent was too long 

Baseline assessment to 

include only patient consent 

Timing of the trial NA NA 

Standardization  NA NA 

Patient preference 
Patients' beliefs in the importance 

of nutritional supplements 

Offer dietitian advice to both 

arms 

Surgeon preference NA NA 

Referring physician 

preference 
NA NA 

Funding NA NA 
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Supplement Table 1: Postoperative Bloodwork and Weight. IQR: interquartile range. 

BMI: Body Mass Index. 

Variable 
Placebo 

n=31 

Intervention 

n=34 

Creatinine µmol/L median (IQR) 
  

3 days 63 (59 to 74) 64 (56 to 71) 

5 days 63 (57 to 68) 63 (56 to 67) 

4 weeks 69 (64 to 73) 70 (64 to 84) 

Albumin g/L median (IQR) 
  

3 days 27 (23 to 30) 27 (23 to 28) 

5 days 23 (21 to 28) 25 (24 to 28) 

4 weeks 29 (27 to 31) 28 (27 to 33) 

Glucose mmol/L median (IQR) 
  

3 days 6 (5.5 to 6.4) 7 (6.1 to 8.7) 

5 days 5.8 (5.1 to 7.4) 6.3 (5.6 to 8.4) 

4 weeks 6.9 (6.3 to 9.2) 8.8 (6.8 to 10.1) 

Weight Kg median (IQR) 
  

4 weeks 79 (75 to 90) 78 (67 to 88) 

12 weeks 80 (68 to 94) 82 (75 to 92) 

BMI (Kg/m2) median IQR 
  

4 weeks 27 (23 to 32) 28 (23 to 30) 

12 weeks 29 (26 to 32) 29 (26 to 33) 
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Supplement Table 2: Types of Postoperative Complications 

Event Placebo 

n=31 

Intervention 

n=34 

Intra-abdominal 

abscess 

8 (26%) 7 (21%) 

Bacteremia 1 (3%) 2 (6%) 

Pneumonia 5 (16%) 1 (3%) 

Wound infection 6 (19%) 4 (12%) 

Urinary tract 

infection 

- 2 (6%) 

Organ failure 3 (10%) 2 (6%) 

Small bowel 

obstruction 

1 (3%) 2 (6%) 
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Supplementary Figure 1: Quality of life. Figure 1a: EORTC-QLQ-C30, Figure 1b: 

FACT-G Gastrointestinal Cancer Subscale, Figure 1c FACT-G Total Outcome Index. 

Figure 1a. 

  

Figure 1b.  
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Figure 1c. 
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Chapter 3. 

Simultaneous resection for synchronous colorectal cancer liver metastases: a 

feasibility clinical trial. 

 

Wiley granted irrevocable, nonexclusive license to McMaster University and to the 

National Library of Canada to reproduce this material as a part of the thesis. DOI: 

10.1002/jso.26764. 
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Introduction to Chapter 3 

 In this chapter, we examined the feasibility of a trial for a surgical intervention that 

was in its earlier stages of evaluation, the exploration phase. This study falls into the second 

category of surgical clinical trials, a trial that investigates surgical interventions, 

specifically, a trial that would compare different ways to perform an operation, involving 

significant differences, such as the overall approach and skills. By the time this trial was 

developed, there were many retrospective reviews published, however no prospective 

surgical trials had been performed. Therefore, after careful consideration and after 

obtaining support from different surgical groups, we decided to perform a single arm trial 

to evaluate the feasibility of performing simultaneous resection and to capture data 

systematically for every patient undergoing the procedure, specifically to ensure that all 

eligible patients were accounted for and that adverse outcomes were documented.  

 Although not a randomized trial, this study offers the opportunity to evaluate most 

recruitment issues that were developed in chapter 1 of this thesis as it is a “typical” surgical 

trial. These issues and the opportunities for improvement are developed at the end of the 

chapter only. 
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SYPNOPSIS 

• We performed a feasibility trial of simultaneous colorectal cancer liver 

metastasectomy  

• Pre-specified feasibility criteria: ³66% enrollment of eligible patients and ³75% 

completion of simultaneous resection 

• Trial is feasible; however, it is associated with higher than anticipated 90-day 

postoperative complications (41%)  
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ABSTRACT 

Background and Objectives 

We tested the feasibility of a simultaneous resection clinical trial in patients with 

synchronous colorectal cancer liver metastases to obtain the necessary information to plan 

a randomized trial. 

Methods 

Multi-centre feasibility single arm trial enrolling patients with synchronous colorectal 

cancer liver metastases eligible for simultaneous resection. Pre-specified criteria for 

feasibility were: proportion of eligible patients enrolled ³66% and, proportion of enrolled 

patients who completed simultaneous resection ³75%. Pre-specified 90-day major 

postoperative complication rate was 30%.  

Results 

Of 61 eligible patients from February 2017 to August 2019, 41 were enrolled (67%, 95% 

confidence interval (CI), 55-78%), 32 underwent simultaneous resection (78%, 95% CI, 

63-88%). Four patients were not enrolled due to surgeon’s preference, 3 due to complexity 

of resection (right hepatectomy and low anterior resection). Intraoperative complications 

during liver resection (n=4) and progression of disease (n=4) were the main reasons for not 

undergoing simultaneous resection. The 90-day incidence of major complications was 41% 

(95% CI, 16-58%) and the 90-day postoperative mortality was 6% (95% CI, 1.7-20%). 
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Conclusion 

According to pre-specified criteria, enrolling patients with synchronous colorectal cancer 

liver metastases to a trial of simultaneous resection is feasible, however it is associated with 

higher than anticipated 90-day postoperative complications. 

Keywords: Colorectal Cancer, Colorectal Liver metastases, synchronous metastases, 

simultaneous resection, clinical trial, feasibility. 
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1. BACKGROUND 

Approximately 25% of patients who are diagnosed with colon cancer have 

synchronous liver metastases.1-3 These patients with synchronous disease may still be 

candidates for cure by resecting the primary tumour and the liver metastases with or without 

the addition of systemic chemotherapy.4,5 Patients able to undergo complete margin-

negative resection are anticipated to have a 5-year overall survival of 50%.6,7  

The appropriate timing of liver and colorectal resection among patients who present 

with synchronous disease has not been standardized. Most patients undergo the more 

traditional staged resection pathway (i.e., resection of the primary and liver metastases on 

separate admissions with a period of recovery between the two operations), while others 

undergo simultaneous resection (i.e., resection of the primary and liver metastases on the 

same operative day). Simultaneous resection is an attractive option as it decreases the 

number of operations a patient will need, it may have an overall shorter length of hospital 

stay and thus lower health care costs, and it may avoid disease progression while waiting 

for a second surgery. However, staged resections may have lower rates of postoperative 

complications. Finally, a delay to liver surgery may demonstrate aggressive disease that 

avoids what would have proven to be a futile liver resection.  

The decision to proceed with a simultaneous versus a staged approach is complex 

and depends on multiple factors, such as, location of the primary tumour, extent of liver 

metastases, patient comorbidities, availability of HPB surgeons and local practice. Most 

studies informing the decision for simultaneous versus staged resections are retrospective 

and observational, and many are from single centres. Thus, there is great potential for bias 
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favouring lower risk patients who undergo simultaneous resection, or possibly favouring 

patients who undergo delayed liver resection after demonstrating slow-growing disease. 

The only way to resolve such uncertainty is evidence from well-designed and executed 

randomized clinical trials. The only randomized controlled trial to date comparing 

simultaneous versus staged resections was recently published. 8 This multi-centre French 

trial enrolled 105 patients, of which, 85 were analyzed, and suggested a similar 

postoperative complication rate between groups (49% versus 46%, respectively), with a 

trend towards improved disease-free survival and overall survival in the simultaneous 

group that did not reach statistical significance. However, the trial was long (over 10 years 

to accrue) and included a small number of patients. Even in the absence of high-quality 

evidence, the use of simultaneous resection is increasing.9-11  

We performed a pilot single arm feasibility trial of simultaneous resection. Our 

primary aim was to determine potential enrollment numbers, rate of enrollment, and rate of 

simultaneous resection. Results, including potential clinical outcomes, will inform the 

design of a randomized trial comparing staged versus simultaneous resection.  

2. MATERIALS AND METHODS 

2.1 Study Design and Setting  

This was a prospective single-arm feasibility trial at three hepato-pancreato-biliary 

(HPB) centres in Ontario, Canada, involving 11 HPB and 12 colorectal surgeons. Ontario 

is Canada’s largest province (population 15 million) that has centralized high volume 

centres performing liver resection. Of the 10 dedicated HPB centres that perform liver 

resections, these three centres perform 50% of liver resections in the province.   
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2.2 Participants 

Potentially eligible patients for the study included adult consecutive patients that 

presented with a resectable primary colorectal cancer and resectable synchronous liver 

metastases.12 Patients were excluded from potential eligibility if they had extrahepatic 

disease (other than resectable lung metastases), planned primary treatment with local 

transanal excision, liver metastases resection requiring a two-stage liver procedure, prior 

liver resection, or if the patient was pregnant. Patients were also excluded if they required 

resection of more than one additional pelvic or abdominal organ involved by direct primary 

tumour extension (i.e., duodenum, pancreas, bladder, prostate, or gynecological organs). If 

patients required neoadjuvant chemotherapy or radiation therapy, they were assessed for 

study eligibility after the planned neoadjuvant treatment was completed.  

Eligible patients were approached to be enrolled once their surgeon(s) decided that 

a simultaneous resection was possible, however surgeon decision was not a requirement to 

meet eligibility criteria. The Research Ethics Board at each participating institution 

approved this study. All patients provided written informed consent prior to enrolment. 

This feasibility trial was registered with clinicaltrials.gov (NCT02954913). 

2.3 Study Intervention  

Patients underwent resection of the primary tumour and liver metastases in the same 

anesthetic setting by one or two different surgeons (i.e., colorectal surgeon and HPB 

surgeon). The treating physician decided the type of colorectal and liver resection. The type 

of liver resection was described according to the Couinaud classification and the Brisbane 

terminology of liver anatomy.13,14 Resections of 3 or more segments of the liver were 
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considered a major liver resection.15 The anesthetic technique and the order of liver 

resection or colorectal resection was determined by the clinical standard at each institution. 

It was recommended that a low central venous pressure be maintained in order to decrease 

intraoperative blood loss 16,17 and that liver resection be performed prior to colorectal 

resection in order to keep a low central venous pressure during that part of the case. Any 

deviation from the intended intervention (i.e., colorectal or liver resection not performed at 

the same time of the index operation) was noted with a reason.  

2.4 Surgery, follow up and Data collection 

Patients attending the outpatient HPB clinics were screened for potential eligibility 

using the inclusion criteria. During the clinic visit, potentially eligible patients that did not 

meet any exclusion criteria were considered eligible patients for the trial. Patients that were 

eligible for participation were identified and approached for enrollment after confirming 

with the treating surgeon (s) that a simultaneous approach was possible at the next clinic 

visit.  Following study enrolment, patients underwent a baseline assessment that included 

Quality of Life (QoL) questionnaires. Patients were then assessed the day of their surgery, 

every day during their hospital stay, at their first post-operative clinic visit, 4 weeks (± 1 

week) and at 12 weeks (± 2 weeks) following the index operation. QoL questionnaire and 

health resource utilization forms were collected in each postoperative assessment. 

Operative data (i.e., surgical technique, type of colorectal and liver resection, operative 

time and estimated blood loss for each procedure), pathological details and, postoperative 

complication data up to 90 days following surgery (including procedural re-interventions 

or re-operations and hospital re-admissions or emergency room visits) were collected into 
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case report forms that included de-identified source documentation and sent to the 

Coordinating Methods Centre in Hamilton, Ontario. Five-year overall survival information, 

obtained from Provincial Registries (Institute for Clinical and Evaluative Sciences), was a 

pre-specified outcome to be obtained without active patient follow-up. 

2.5 Outcomes 

The goal was to gauge the feasibility of a future randomized controlled trial. 

Feasibility, the primary outcome was established by pre-defined criteria: 66% of eligible 

patients enrolled (enrolment fraction) and the proportion of patients who completed 

simultaneous resection of at least 75%.18 Baseline characteristics (including location of 

primary tumour and extent of metastases) of enrolled patients would be analyzed to define 

the inclusion / exclusion criteria of a larger trial. Secondary clinical outcomes included 

incidence of major postoperative complications up to 90 days following surgery, which 

were classified as per Clavien-Dindo (CD) and the Comprehensive Complication 

Index.19,20 Although not a component of the feasibility criteria, prior to study start-up, the 

steering committee agreed that a major complication rate of 30% would be the highest rate 

accepted for patients undergoing simultaneous resection for synchronous disease, a relative 

risk increase of 50% (from the baseline rate of 20% obtained from the literature).8,15,21,22 

Other secondary outcomes included health related QoL using the EORTC-QLQ-C30 and 

the EORTC-QLQ-LMC21. 23,24   

2.6 Statistical Analyses 

Sample size was based around the precision of the proportion of eligible patient 

being enrolled. Assuming an estimated enrolment of 66%, we would require 60 eligible 
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patients to yield a 95% confidence interval (CI) of 54 to 77 around the estimated enrolment 

percentage. This would require more than 40 patients to be enrolled. Patient baseline 

characteristics and demographics, including operative characteristics were presented using 

descriptive statistics. Categorical variables were presented in number and percentage and 

continuous variables as median and interquartile range (IQR), as appropriate. The 

proportion with 95% CI of overall and major postoperative complications and the mortality 

at 90 days were calculated using the Wilson-Score method.  QoL outcomes were 

summarized using means and corresponding standard deviations (SD). A change in the 

mean score of 10% or more was defined as a minimal clinical important difference (10-

point difference in both scales).25,26 Statistical analyses were performed using R (R 

Foundation for Statistical Computing, version 3.5.0, Vienna, Austria). 

3. RESULTS  

3.1.Patient Demographics  

The median age at the time of enrolment was 57 (IQR, 50-67). The most common 

location of the primary tumour was the rectum in 18/41 (44%) patients, followed by the 

right (12/41, 29%) and left (11/41, 27%) colon. The median number of liver lesions on 

imaging was 2 (IQR, 1-3) with 17/41 (42%) patients having bilateral liver lesions. 

Preoperative chemotherapy was administered to 27/41 (68%) patients (categorized as 

palliative chemotherapy in 9/41, 22%), with a median number of cycles of 6 (IQR, 5-8) 

(Table 1). All enrolled patients completed the follow-up schedule. 
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3.2.Patient Flow and Feasibility Outcome Measure 

From February 2017 to August 2019, there were 82 patients who met the inclusion 

criteria and were deemed potentially eligible patients, of which, 21 met an exclusion 

criterion, leaving 61 eligible patients (eligibility fraction 74%, 61/82). Of those, 41 (67%, 

95% CI 55-78%) were enrolled (enrolment fraction, primary feasibility outcome). The 

reasons for non-enrollment were: 8 patients were not approached with enough time prior to 

surgery, 5 patients refused to participate, 4 patients not being enrolled due to surgeon’s 

choice (3 due to complexity of the resection (i.e., right hepatectomy and low anterior 

resection) and one due to patient’s factors (i.e., obesity), and 3 patients had an urgent 

primary tumour resection after being deemed eligible. The recruitment fraction was 50% 

(41/82). Of the 41 patients enrolled, 40 patients underwent surgery (1 patient had a lethal 

preoperative stroke) and 32 underwent simultaneous resection (secondary feasibility 

outcome: 78%, 95% CI, 63-88%). Reasons for not proceeding with simultaneous resection 

were: two patients not undergoing surgical resection (exploratory laparotomy / laparoscopy 

only) due to progression of metastatic disease found at the time of surgery; one patient 

undergoing liver-only resection due to intraoperative complications leading to death; two 

patients undergoing colon-only resection due to intraoperative findings of extrahepatic 

metastatic disease; and three patients undergoing staged resections due to intraoperative 

complications during liver resection (i.e., bleeding). The median time to staged resection 

in those three patients was 14 weeks (range 12 to 16) (Figure 1).  
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3.3.Clinical Outcomes  

 Among patients who underwent simultaneous resection, the most 

commonly performed liver resection was a wedge non-anatomical resection (one or 

multiple wedges) in 10/32 (31%) patients followed by left lateral sectionectomy in 8/32 

(25%) patients and right hemihepatectomy in 6/32 (19%) patients. The wedge resection 

were of the following segments: segment 2 (n=1), segment 7 (n=2), segment 6 (n=1), 

segment 8 (n=2), multiple segments (n=4). The most commonly performed colorectal 

resection was a low anterior resection in 14/32 (44%) patients, followed by right 

hemicolectomy in 10/32 (31%) patients (Table 2). On pathology report, the positive margin 

rate (i.e., R1 - less or equal to 1mm) was 9/32 (28%), mostly driven by the liver specimen 

(7/32, 23% - all 7 margins ranging from 0.1 to 0.9 mm). There were no R2 resections 

performed. 

Major postoperative complications (CD ³3) occurred in 16/40 (39%, 95% CI, 26-

54%) patients among those who underwent surgery, and in 13/32 (41%, 95% CI, 26-58%) 

patients undergoing simultaneous resection (Table 3 and Supplementary Table 1). 

Respectively, the non-operative re-intervention rate was 14/40 (35%, 95% CI, 22-51%) and 

13/32 (41%, 95% CI, 26-58%), the operative re-intervention rate was 3/40 (8%, 95% CI, 

2.6-20%) and 3/32 (9%, 95% CI, 3-24%), and the postoperative mortality rate was 4/40 

(10%, 95% CI, 4-23%) and 2/32 (6%, 95% CI, 1.7-20%). The postoperative causes of death 

were: progression of cancer (patient did not undergo resection), postoperative bleeding 

(patient underwent liver only resection), and for those who underwent simultaneous 

resection: post-hepatectomy liver failure and colonic anastomotic dehiscence.  
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 Of enrolled patients, there were 39/41 (95%) patients who completed the baseline 

QoL assessments, 35/38 (92%) the first postoperative assessment and 33/36 (92%) the 

second postoperative assessment. Of the patients who underwent simultaneous resection, 

26/32, 81% completed all planned QoL questionnaires.  

There was a decline in the mean global health QoL (EORTC-QLQ-C30) from baseline 

(mean 68, SD 24.8) to the one-month (mean 62, SD 23, difference: -6.02) and three-month 

evaluation (mean 64, SD 20, difference: -3.48). The physical functioning score had a 

clinically significant decline from baseline (mean 86, SD 17) to the one-month evaluation 

(mean 72, SD 24, difference: -13.97), which recovered at three months (mean 83, SD 18, 

difference: -3.19), whereas role functioning declined from baseline (mean 76, SD 30) to 

the one-month evaluation (mean 52, SD 33, difference: -23.68) and did not recovered at 

three months (mean 56, SD 32, difference: -19.39). Social functioning declined from 

baseline (mean 78, SD 23) to the one-month (mean 67, SD 30, difference: -10.96) and 

three-month evaluation (mean 67, SD 27, difference: -10.96). The EORTC-QLQ-LMC-21 

identified that fatigue remained an important symptom that did not improve from baseline 

(mean 33, SD 26) to the one-month and the three-month evaluation (mean difference: -

12.12 and -14.24, respectively).  

4. DISCUSSION 

This study found that enrolling patients with synchronous colorectal cancer liver 

metastases to a trial of simultaneous resection is feasible, according to the pre-specified 

enrolment fraction criteria and the proportion of enrolled patients undergoing simultaneous 

resection. Of the eligible patients, there were only five (5/61, 8%) patients that refused 
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participation, four (4/61, 7%) that were not enrolled due to surgeon’s choice and three 

patients (3/61, 5%) due to logistical reasons (primary tumour resected urgently elsewhere).  

One of the goals of this study was to identify the patient population that surgeons 

would feel comfortable including in a randomized trial comparing simultaneous to staged 

liver resections. There were three eligible patients that were not enrolled due to the 

complexity of resection (i.e., right hepatectomy and low anterior resection) and of the 

patients enrolled there was only one that underwent a right hepatectomy simultaneous with 

low anterior resection. These findings suggest that patients who require a right hepatectomy 

and low anterior resection, may not be favoured to participate in a trial including 

simultaneous resection. Although we collected the reasons for not enrolling patients that 

were eligible for the study, we did not collect information on patients that had their primary 

tumour removed prior to assessment of their liver metastases. Since patients were enrolled 

at tertiary care referral centres, it is possible that there were many other patients that would 

have been eligible for simultaneous resection if their primary were still in-situ at the time 

of assessment, which may have made the enrolment fraction lower and the patient 

population different (i.e., older patients, more complex resections). In this study, there were 

three patients undergoing wedge resection of segment 2 or segment 6 combined with a 

rectal resection or a left colectomy. This may be another patient population not suitable for 

a randomized trial (i.e., patients that require simple wedge resection of the liver, as surgeons 

may think that the added morbidity to any colorectal resection would be minimal.  

While not defined as a limiting factor to determine feasibility, patients undergoing 

simultaneous resection experienced a higher than anticipated rate of major postoperative 
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complications. Although this finding can seem disturbing, a recently published randomized 

trial comparing simultaneous to staged resections for colorectal cancer liver metastases 

found a major postoperative complication rate of 41% in the simultaneous group, 

suggesting similar patient population between studies and implying that the rate of 20% 

obtained from previous studies was inaccurate.8 It is our belief that this rate although high, 

is still in the acceptable range for a complex procedure like this one, especially considering 

that the postoperative mortality rate, although higher compared to the mortality observed 

following liver resection alone (3-5%),27 is similar to previously reported series of 

simultaneous resection.3,28 It is also reassuring that even though many QoL domains 

decreased significantly one month after surgery, most recovered to baseline levels by three 

months, consistent with previously published work on QoL in patients undergoing liver 

resection for colorectal cancer metastases.29 This is especially valid, considering the high 

compliance rate, suggesting that our QoL results did not overestimate the true QoL.  

Some of the limitations of this study include its relatively small sample size, which 

decreases our ability to make generalizable conclusions, such as predictors of postoperative 

complications and mortality following surgery, although that was not the purpose of this 

feasibility trial. It is not clear with this study if patients undergoing complex rectal and liver 

resections experienced significantly worse postoperative complications compared to those 

who undergo less complex resections (i.e., left lateral sectionectomy and right 

hemicolectomy). Those analyses would have provided the surgeon a clearer picture when 

deciding to enrol patients in a simultaneous versus staged randomized trial. Most 

importantly, given that this was not a pilot randomized study, we did not answer the 
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question of whether surgeons and patients were willing to enrol in a randomized trial of 

simultaneous versus staged resection. At the beginning of this study, we wanted to confirm 

that surgeons were capable of enrolling patients, and that patients were willing to enrol in 

a simultaneous resection study, as the idea of this type of resection was relatively new and 

not fully embraced by the surgical community. With that in mind, we kept a record of 

patients that were eligible but not enrolled, including reasons for not being enrolled and 

found only 5 patients who refused to participate in this trial. The recently published 

randomized trial from Europe may give us a glimpse of the struggles of including patients 

in such trial, since it took more than 10 years to enrol 85 patients.8 They cite the difficulty 

of finding eligible patients in tertiary care institutions since most resectable cases would be 

resected outside of the HPB centre prior to referral. This situation may also be the case in 

our region as suggested by prior surgeon surveys in our area; however, the current study 

was not designed to prove that hypothesis.30 Moreover, this study is not able to answer the 

question of whether simultaneous resection of certain cases has already become standard 

of care. We do not know if surgeons would be willing to randomize a patient to a trial 

comparing simultaneous versus staged resection if the surgical community as a whole 

believes that a simple liver resection (i.e., wedge of the left lateral sector) should be 

performed at the same time as a simple colon resection (i.e., right hemicolectomy).  

5. CONCLUSIONS 

It is feasible for surgeons to enrol patients in a trial of simultaneous resection for 

synchronous colorectal cancer liver metastases, however, surgeons may not be willing to 

enrol patients requiring complex procedures such as right hepatectomy and low anterior 
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resection. Patients undergoing simultaneous resection have a high rate of postoperative 

complications, although this is not an impediment for a trial as the postoperative mortality 

rate is low and the decline in QoL seen at one month from surgery is transient, with most 

domains returning to back to baseline at three months from surgery. Results from this study 

will be used to build upon a larger randomized trial comparing simultaneous to staged 

resections, providing relevant information that can be used to determine patient population, 

calculate sample size, and define outcomes of interest. 

6. CHALLENGES AND OPPORTUNITIES FOR IMPROVEMENT 

This chapter reported the results of a pilot study aimed to demonstrate the feasibility 

of a trial of simultaneous resection for colorectal cancer liver metastases. The goal is to 

design a large randomized controlled trial of simultaneous versus staged resection for these 

patients. 

Throughout the duration of the trial, we encountered different areas of opportunity 

that could improve the recruitment process (Table 4). 

6.1 Study population: patients requiring complex liver and colorectal surgery are 

considered to be inadequate candidates for simultaneous resection given 

hesitancy from surgeons to enroll those patients in this trial. Given this 

hesitancy, those patients will be excluded from the future larger trial.  

6.2 Study intervention: in this trial, the study intervention included a surgical 

innovation (i.e., a new or modified surgical procedure that differs from currently 

accepted local practice, the outcomes of which have not been described, and 

which may entail risk to the patient).31 Specifically, this intervention would 
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compare different ways to perform an operation, involving significant 

differences such as the overall approach and skills (i.e., difficulty Level 2 as 

described in the Introduction of this thesis).32 This intervention is therefore a 

challenging one, as it requires approval from surgeons, patients, and hospitals. 

One approach to improve recruitment is to emphasize to the potential participant 

and to the participating surgeons, the importance of the trial, to explain that it 

has the potential to be practice changing. Also, to explain that previous studies 

have demonstrated that such intervention is safe and that the main goal of the 

trial is to investigate other potential benefits of the intervention (i.e., overall 

survival).  

6.3 Blinding methods: since this study was not randomized, blinding is not an issue, 

however, when planning a randomized trial of this intervention (compared to 

staged resection or control), there are some issues to consider. Given the 

complexities of the study intervention, it is not possible to blind the surgeon, 

the patient or even the outcome assessors. However, it will be possible to blind 

statisticians for the primary outcome. The lack of blinding should not have an 

impact over recruitment from the patient perspective as the control or standard 

of care, is also a type of intervention (i.e., staged resection) and would not 

involve a placebo arm.  

6.4 Statistical considerations: there were ~20% of patients that were enrolled to the 

study and were not able to undergo simultaneous resection. The reasons were 

varied, from surgical complications to progression of metastatic disease. Having 
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learned this in the pilot study, we will add 20% of patients to each arm when 

considering the sample size of a randomized trial. 

6.5 Ethical and regulatory standards (i.e., consent process): no issues.  

6.6 Timing of the trial: based on our survey study and the feasibility trial we know 

that surgeons are willing to enroll most patients to a trial of simultaneous versus 

staged resection and that there is equipoise in terms of preference. We therefore 

believe that now is the best time for a trial such as this one to take place.  

6.7 Standardization of the surgical intervention: our feasibility trial demonstrated 

that there are important differences between centres regarding how the 

operation is performed (technical differences that may lead to different surgical 

outcomes). Also, there are varied practices on the administration of 

perioperative chemotherapy between centres (procedural differences that may 

lead to different long-term oncological outcomes, like disease free survival). 

We believe that enforcing specific surgical technique (i.e., liver or colon 

resection first) or administration of chemotherapy would be difficult and would 

limit recruitment. For that reason, we agree on a more pragmatic approach for 

this trial, allowing for differences in surgical technique or administration of 

chemotherapy.  

6.8 Patient preferences: our feasibility trial demonstrated that most eligible patients 

agreed to undergo simultaneous resection of both the liver and the primary 

tumour at the same time. It is possible that patients have a preference to 

simultaneous resection as they would avoid a second operation. For those 
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patients, we will emphasize that at the moment, we do not have a clear 

understanding of the long-term effects of simultaneous versus staged resections, 

that there is equipoise in the surgical community, and therefore the need for the 

trial.  

6.9 Surgeon preferences: our survey and feasibility trial showed that surgeons were 

willing to enroll most patients to a trial of simultaneous resection. There were 

some patients that although eligible for simultaneous resection, the surgeon did 

not agree to enroll given the complexity of the operation required. We plan to 

exclude such patients that require a major liver resection and a complex 

colorectal resection from a future trial (see Chapter 5, section 2.3.2 Exclusion 

criteria). It is unclear if surgeons consider patients requiring simple liver and 

simple colorectal resection good candidates for the larger trial. It is possible that 

simultaneous resection is already considered standard for these patients, 

however, this trial is not able to provide that answer, since it did not have a 

staged approach arm.  

6.10 Referring physician preferences: potential participants who are referred to 

the trial institution for simultaneous resection will lose the relationship 

established with their local surgeons. Referring physicians are hesitant to refer 

these patients to the trial institution because of fear of losing that patient-

physician relationship. By engaging referring surgeons, for example, by using 

population-based databases, we will be able to identify potential participants 

and engage surgeons with the trial, obtaining their consent to approach their 



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 95 

patients and allowing them to discuss with their patients the trial, so that they 

can feel and become part of the research team. Medical oncologists can also be 

included in this category as the decision to proceed with chemotherapy around 

the time of surgery is left to medical oncologist, which could alter trial 

participation. 

6.11 Funding: no issues  
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Figure and Table Legend 

Figure 1. Patient Flow. Patients meeting inclusion criteria: potentially eligible patients. 

Eligible patients: patients meeting eligibility criteria. 

Table 1. Baseline patient characteristics. ECOG: European Cooperative Oncology group. 

ASA: American Society of Anesthesiologists. CEA: carcinoembryonic antigen. 

Table 2.  Perioperative characteristics. * Multivisceral resection included: tail pancreas and 

spleen, duodenum, abdominal wall, ovaries, and diaphragm. pRBC: packed red blood cells. 

Table 3. Postoperative outcomes. 

Table 4. Challenges and opportunities for improvement in the RESECT trial 

Supplement Table 1. Types of major postoperative complications (Clavien-Dindo ³3) 
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Figure 1: Patient Flow. Patients meeting inclusion criteria: potentially eligible patients: 

Eligible patients: patients meeting eligibility criteria. 
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Table 1. Baseline patient characteristics. ECOG: European Cooperative Oncology group. 

ASA: American Society of Anesthesiologists. CEA: carcinoembryonic antigen 

Variable  n=41 
Age median (IQR) 57 (50 to 67) 
Female sex n (%)  13 (32%) 
Charlson Comorbidity Index n (%) 

 

     0 3 (7%) 
     1 7 (17%) 
     ≥ 2 31 (76%) 
ECOG Performance Status 

 

    ECOG 0 n (%) 19 (58%) 
    ECOG 1 n (%) 13 (39%) 
ASA Physical Status Classification 

 

    ASA 3 n (%) 15 (38%) 
    ASA 4 n (%) 25 (63%) 
Primary n (%) 

 

     Right and transverse colon 12 (29%) 
     Left and sigmoid colon 11 (27%) 
     Rectum 18 (44%) 
Number of liver lesions (radiology) (median, IQR)  2 (1 to 3) 
Max size liver lesions (radiology) (median, IQR) [mm] 19 (14 to 31) 
Bilateral liver lesions (radiology) n (%) 17 (42%) 
Preoperative CEA (median, IQR) [ug/L] 4.7 (2.3 to 22) 
Presurgical treatment (diversion) n (%) 3 (7.3%) 

Neoadjuvant therapy   

     chemotherapy n (%) 27 (68%) 
     number of cycles (median, IQR) 6 (5 to 8) 
     palliative intent n (%) 9 (22%) 
     radiation therapy n (%) 16 (39%) 
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Table 2.  Perioperative characteristics. * Multivisceral resection included: tail pancreas and 

spleen, duodenum, abdominal wall, ovaries, and diaphragm. pRBC: packed red blood cells. 

Variable Patients who underwent simultaneous 
liver and colon surgery n=32 

Operative approach n (%) 
 

   Laparoscopic 13 (41%) 
   Laparoscopic converted to open 1 (3%) 
   Open 18 (56%) 
        Midline incision  18 
        Subcostal incision 1 
Liver as first organ resected n (%) 24 (75%) 
Multivisceral resection* n (%) 6 (19%) 
Liver resection type n (%) 

 

    Right hemihepatectomy 6 (19%) 
    Right posterior sectionectomy 5 (16%) 
    Left hemihepatectomy 3 (9%) 
    Left lateral sectionectomy 8 (25%) 
    Wedge resections 10 (31%) 
Number of segments resected median (IQR) 2 (2 to 4) 
Colon Resection Type n (%) 

 

    Right hemicolectomy 10 (31%) 
    Left colectomy / sigmoidectomy 2 (6%) 
    Low anterior resection 14 (44%) 
    Abdominoperineal resection 5 (13%) 
    Subtotal colectomy 2 (6%) 
Intraoperative blood loss (median, IQR) [mL] 615 395 to 1000) 
    Liver surgery 400 (300 to 700) 
    Colon surgery 200 (100 to 375) 
Receipt of transfusion of blood products n (%) 8 (25%) 
Receipt of transfusion of PRBC n (%) 5 (16%) 
Number of pRBC transfused (median, IQR) 2 (1 to 3) 
OR Time (median, IQR) [min] 381 (269 to 425) 
    Liver surgery 181 (95 to 252) 
    Colon surgery 174 (124 to 226) 
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Table 3. Postoperative outcomes 

Outcomes 
Patients who underwent simultaneous 

liver and colon surgery n=32 

Length of hospital stay (median, IQR) [days] 10 (6 to17) 

Readmission n (%, 95% CI) 6 (19%, 9 to 35%) 

90-day all postoperative morbidity  

(Clavien-Dindo Grade 1 to 5) n (%, 95% CI) 
22 (69%, 51 to 82) 

90-day major postoperative morbidity  

(Clavien-Dindo Grade >3) n (%, 95% CI) 
13 (41%, 26 to 58%) 

Non-operative re-intervention n (%, 95% CI) 13 (41%, 26 to 58%) 

Operative re-intervention n (%, 95% CI) 3 (9%, 3 to 24%) 

90-day postoperative mortality n (%, 95% CI) 2 (6%, 1.7% to 20%) 

Comprehensive complication index median  

(Median, IQR) 
35 (29 to51) 
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Table 4. Challenges and opportunities for improvement in the RESECT trial 

Variable Challenge Opportunity 

Study population 
Patients with complex disease 

are not candidates  

Exclude patients requiring 

complex surgery 

Study intervention Recruitment difficulty “Level 2” 
Describe the trial as practice 

changing / innovative 

Blinding methods 
Not possible to blind patients, 

outcome assessors or surgeons 

Blind statisticians for 

primary outcome 

Statistical 

considerations 

High proportion of enrolled patients 

not undergoing resection 

Adjust sample size based on 

the findings of the pilot study 

Ethical standards NA NA 

Timing of the trial 
Surgeons agree to enroll most 

patients to trial.  

Now is the best time for this 

trial given equipoise 

Standardization  
Important centre-based differences 

on surgical technique  
Pragmatic trial design  

Patient preference 
Patients may wish to undergo only 

one surgery 

Explain importance clinical 

equipoise 

Surgeon preference 
Surgeon not willing to randomize 

complex cases 

Exclude these patients from 

the larger trial 

Referring physician 

preference 

Surgeons not willing to refer to trial 

institution  

Involve surgeons in trial 

procedures 

Funding NA NA 
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Supplementary Tables 

Supplement Table 1: Types of major postoperative complications (Clavien-Dindo ³3) 

Event Patients who underwent simultaneous 
liver and colon surgery n=32 

Intra-abdominal abscess 7 
Colorectal anastomotic leak 4 
Pneumonia 2 
Septic shock 3 
Hemorrhage 1 
Bile leak (liver surface) 1 
Post hepatectomy liver failure 1 
Wound dehiscence 2 
Liver related n (%) 8 (25%) 
Colorectal related 5 (16%) 
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Chapter 4. 

Use of population-based electronic databases for the identification of patients with 

synchronous colorectal cancer and liver metastases potentially eligible for a surgical 

trial.  

 

This paper has been accepted for publication by the Canadian Journal of Surgery but not 

yet published. The Canadian Medical Association granted irrevocable, nonexclusive 

license to McMaster University and to the National Library of Canada to reproduce this 

material as a part of the thesis. DOI: pending. 
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Introduction to Chapter 4.  

This chapter does not describe a type of surgical trial, but a study designed to 

increase the number of potential participants eligible for the RESECT trial presented in 

Chapter 3, a potential solution to recruitment issues. Although a large effort was undertaken 

to incentivize surgeons to refer patients diagnosed with synchronous colorectal cancer liver 

metastases to the trial institution prior to resection of the primary tumour (patient 

population of the RESECT trial), we realized that we would only accrue a small percentage 

of eligible patients.  

With the main goal of determining the value of population-based databases to 

identify potential trial participants diagnosed with colorectal cancer and liver metastases, 

we developed the study presented in this chapter that was performed alongside the RESECT 

trial. This is a prospective cohort study evaluating the use of electronic databases to identify 

all patients in the LHIN-4 region eligible for the RESECT trial at the Juravinski Hospital. 

By identifying all eligible patients, we could determine the percentage of patients that were 

not being referred for the RESECT trial prior to surgery, and therefore not enrolled. The 

population-based datasets used in this study are available in the LHIN-4 region of the 

province of Ontario, Canada. They are also available with different names but similar uses 

in the other regions of the province. 

We planned to include this method of identifying potential participants in the design 

of a larger trial (i.e., RESECT-RCT), presented in Chapter 5. 
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Running head: Electronic databases increase trial accrual 

Synopsis for Table of Contents: 

• Traditional methods of patient accrual for cancer surgical trials are low yielding. 

Electronic databases have the potential to improve accrual.  

• Proportion of patients identified using population-based databases versus traditional 

accrual methods to surgical trial: “Simultaneous Resection of Colorectal Cancer 

with Synchronous Liver Metastases (RESECT)” was compared. 

• Population-based methods of trial accrual are able to identify potentially eligible 

participants for the RESECT trial, though optimal accrual likely requires the use of 

traditional methods as well. 
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ABSTRACT  

Background  

Number of patients identified using population-based databases versus traditional accrual 

methods to surgical trial: “Simultaneous Resection of Colorectal Cancer with Synchronous 

Liver Metastases (RESECT)” was compared. 

Methods 

Electronic database (e-PATH) was interrogated for colorectal cancer patients biweekly. 

Radiological images database (OneView) identified those with liver metastases (Level-1-

screening). Reports were interrogated to identify potentially eligible patients for RESECT 

(Level-2-screening). Hepatobiliary surgeon reviewed radiology images to identify eligible 

patients for RESECT (Level-3-screening). We evaluated the use of the population-based 

electronic databases to identify patients that could be potentially accrued to the RESECT 

trial and compared it to the traditional methods used to accrue patients for that same trial 

during the same time-period. 

Results 

Population-based methods identified 90/803 (11%) colorectal cancer liver metastases 

patients (Level-1-screening). Level-2-screening identified 60/90 (67%) potentially eligible 

patients for RESECT (OneView radiological reports). Of these, 18/90 (20%) were eligible 

following radiographic images review (Level-3-screening). Traditional methods identified 

38 patients with liver metastases and Level 2 screening yielded 27/38 (71%) potentially 

eligible patients, and 14/38 (37%) eligible patients (Level-3-screening). There were 26 

patients identified by both methods. There were 12 patients identified by population-based 



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 110 

methods alone and 8 patients by traditional methods alone. Six eligible patients were 

identified by both methods. Baseline characteristics were similar between groups.  

Conclusions 

Population-based methods of trial accrual are able to identify potentially eligible 

participants for the RESECT trial, though optimal accrual likely requires the use of 

traditional methods as well. 

Keywords:  

Accrual, clinical trial, colorectal cancer, metastases, databases 
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BACKGROUND 

Approximately half of surgical clinical trials fail to reach their target sample size 1. Low 

rate of recruitment is a major barrier to the completion of clinical trials. Due to a variety of 

reasons, this recruitment issue is more evident in surgical trials for patients with cancer 

(i.e., patients are in a rush to be treated, leaving little time to explore clinical trials) 2. While 

70% of patients report an inclination to participate in clinical trials, less than 5% of patients 

being treated at cancer centres across North America are enrolled in a clinical trial each 

year 3,4. Poor accrual is the main factor associated with early trial termination in up to 30% 

of clinical trials in cancer 5-7.  Traditional accrual to cancer surgery trials requires involved 

clinicians (e.g., surgeons) receiving a patient referral, to recognize that a specific patient is 

trial-eligible, and then approaching the patient for enrollment. 

Alternate methods to recruit patients to clinical trials in cancer could decrease early trial 

termination, expediting trial completion 8,9. Some population-based recruitment methods, 

such as registries and databases, have been used in the past to increase enrolment to clinical 

trials by identifying eligible participants based on baseline characteristics 10,11. These 

methods are attractive due to the availability of a large pool of potentially eligible 

candidates, especially for multicentre studies, or those involving patients with rare diseases. 

These methods, however, have not been tested in surgical trials, in which accrual occurs 

prior to surgery, and therefore there is a rush to identify patients within a limited amount 

of time, an issue that is even more relevant for patients with a diagnosis of cancer.  

Surgery for patients with synchronous colorectal cancer and liver metastases can be 

performed via the traditional staged resection approach, where patients usually undergo 



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 112 

primary tumour resection followed weeks later by a liver resection or via the more recently 

used and not fully researched, simultaneous resection, involving a single operation to resect 

both sites (i.e., primary colorectal cancer and liver metastases) 12,13. Our group designed a 

multi-institutional single arm surgical trial called the “Simultaneous Resection of 

Colorectal Cancer with Synchronous Liver Metastases” (RESECT) trial to evaluate 

feasibility of a larger randomized trial evaluating efficacy of simultaneous resection.  

Local Health Integration Network (LHIN) 4 region (population 1.4 million) is one of 

fourteen health administrative regions in the province of Ontario 14. All hospital and clinic 

pathology reports related to cancer from each health administrative region across Ontario 

are collected and codified in real-time (i.e., as soon as the report is available on the patient’s 

institution’s medical record) to the e-PATH electronic database at Cancer Care Ontario (the 

agency overseeing the quality of cancer services in Ontario). OneView is an electronic 

repository of radiology reports and imaging (e.g., computed tomography (CT) and 

magnetic resonance imaging (MRI) scans) done at each LHIN4 hospital. As mentioned, in 

most jurisdictions traditional methods of patient accrual to surgical cancer clinical trials 

usually results in low accrual rates, resulting in early trial termination. We evaluated the 

use of the population-based electronic databases to identify patients that could be 

potentially accrued to the RESECT trial and compared it to the traditional methods used to 

accrue patients for that same trial during the same time-period 15.  

MATERIALS AND METHODS 

Study Design and Setting 
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The LHIN 4 region contains a population of 1.4 million and 11 hospitals along with 

approximately 50 surgeons that provide surgical care to patients with colorectal cancer 16. 

All major liver surgery is performed at a single teaching site by one of five hepatobiliary 

surgeons. The RESECT trial was a multi-institutional, single-arm clinical trial that recruited 

patients from February 1, 2017, to November 30, 2019, in the province of Ontario. It aimed 

to determine the feasibility of performing a trial of simultaneous resection of the liver and 

primary tumour among patients who present with resectable synchronous colorectal cancer 

liver metastases. The RESECT trial included three sites where surgery could be performed. 

Two sites outside the LHIN 4 region and one site within the LHIN 4 (Juravinski Hospital). 

The Juravinski Hospital is the only hospital, within the LHIN 4 region, where all major 

liver resections occur. Our current study evaluated two methods to identify LHIN 4 patients 

eligible for the RESECT trial over the truncated interval of February 1, 2017, to March 30, 

2019. The institutional research ethics board approved this study.  

Study Population and Groups  

A research assistant prospectively reviewed the electronic pathology database (e-PATH) 

biweekly to identify patients diagnosed with colorectal cancer by endoscopic or 

percutaneous biopsy (approximately 20 new patients every 2 weeks). Eligible histologies 

included adenocarcinoma, including signet ring cell carcinoma, adenosquamous 

carcinoma, carcinosarcomas, and mixed adenocarcinoma-neuroendocrine tumour 

(adenocarcinoma with neuroendocrine differentiation). Imaging reports on OneView were 

screened by that same research assistant to identify patients with liver metastases (Level 1 

screening). This process took no more than 1 hour every two weeks. One research assistant 



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 114 

then performed Level 2 screening on those patients identified in Level 1 (approximately 5 

patients every two weeks), by identifying potentially eligible patients to the RESECT trial. 

This consisted of excluding pregnant patients, patients with extrahepatic metastatic disease 

(other than lung), patients that had their primary tumour already resected (either before the 

biopsy was obtained or after initial imaging due to bleeding or obstruction). Patients that 

were excluded were reviewed by a second research assistant to confirm they indeed met 

the exclusion criteria. A correlation Kappa value was not calculated for this level as the 

second research assistant only reviewed those patients that were excluded. Agreement at 

this level was obtained by consensus. Level 2 screening took no more than 30 minutes 

every 2 weeks. Level 3 screening consisted of a hepatobiliary surgeon reviewing OneView 

images in detail to identify eligible patients for RESECT trial (two patients per month). 

This level included the exclusion of patients in which the assessment of the imaging 

indicated unresectable disease in the liver, the need for resection of more than one 

additional pelvic (other than rectum) or abdominal organ (other than liver), or if they had 

more than three metastatic deposits in the lung. Patients requiring a two-stage liver 

resection (due to insufficient future liver remnant) were also excluded at this stage. The 

determination of resectability was a “conservative measure”, only patients with clearly 

resectable disease were considered eligible for the RESECT trial. Those patients that would 

require neoadjuvant chemotherapy for down-sizing or that would require a two-stage liver 

resection due to insufficient liver remnant were not considered eligible. Level 3 screening 

happened within 4 weeks of the first identification of each patient on e-PATH to allow for 

time to pass between the first biopsy and the first CT scan.  
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Traditional methods of patient accrual involved identifying the population of patients with 

colon cancer and liver metastases by screening all new patients referred to the surgical 

clinics at the Juravinski Hospital (5 hepatobiliary surgeons and 4 colorectal surgeons) and 

selecting those with a new diagnosis of colorectal cancer. Imaging reports of selected 

patients with a diagnosis of colorectal cancer were further reviewed to identify those with 

liver metastases (Level 1 screening). A research assistant then identified potentially eligible 

patients for the RESECT trial by reviewing the inclusion and exclusion criteria of the trial 

(Level 2 screening). Potentially eligible patients were then reviewed by a hepatobiliary 

surgeon (Level 3 screening) to confirm eligible patients for the trial, which included a 

detailed review of the surgical aspects of the case (i.e., need for two-stage liver resection, 

need for additional organ resection, presence of more than three metastatic deposits in the 

lung, etc.). The RESECT trial was advertised to surgeons, medical oncologists, and 

radiation oncologists at weekly Cancer Centre multidisciplinary rounds, by hanging posters 

in surgeons’ and oncologists’ clinics, at national or regional surgical rounds, and via letters, 

emails, and faxes to community surgeons, medical oncologists and radiation oncologists 

that explained the study and asked for prompt referral to the Regional Cancer Centre when 

a potential patient was identified. Patients were accrued to the RESECT trial using 

traditional methods only. 

Data collection and variables 

Variables collected from e-PATH included patient demographics: age, sex, and institution 

where the biopsy took place. Other variables included: histology, and location of the 

primary colorectal tumour. Variables collected from One View included: type of imaging 
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performed (CT or MRI), location within the liver (laterality), number and size of liver 

metastases, type of resection required for the liver (minor or major liver resection) 17, type 

of colorectal resection required (i.e., need for additional organ resection other than the 

location of the primary tumour), presence of lung metastases (£3 deposits) and presence of 

extrahepatic metastases other than lung. The same variables were collected for patients 

identified using traditional methods, however they were extracted from the hospital’s 

medical record system. 

Outcomes and Analysis 

The primary outcome of this study was patient being eligible for the ongoing RESECT 

trial.18 The proportion of patients identified by each group (traditional versus population-

based methods) was calculated by dividing the number of patients identified by one group 

alone by the total number of patients identified by both groups alone without overlap. The 

population-identification ratio for eligible patients was calculated by dividing “the number 

of patients prospectively identified using electronic databases alone” by “the number of 

patients identified through traditional methods alone”.  

Patient demographics were reported as proportions and absolute counts, or median and 

range when appropriate. For eligible patients, a population-identification ratio of ≥1.3 was 

considered to be clinically significant prior to the initiation of the study (arbitrary 

measurement).  All analyses were conducted using R (R Foundation for Statistical 

Computing, version 3.5.0, Vienna, Austria) 19. 

RESULTS 

Population-based accrual methods 
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The e-PATH search revealed 803 patients diagnosed with colorectal cancer from February 

2017 to March 2019, with 90/803 (11%) patients having a primary colorectal cancer with 

imaging on OneView suggestive of liver metastases (Level 1 screening). Body imaging 

was performed at a median of 15 days (range: 5 to 37) from the biopsy date. Of those 90 

patients identified with liver metastases on imaging, 60/90 (67%) were classified as 

potentially eligible for the RESECT trial by reading OneView radiological reports on Level 

2 screening (Figure 1), by excluding pregnant patients, patients with extrahepatic metastatic 

disease (other than lung), patients that had their primary tumour already resected (either 

before the imaging was obtained or after initial imaging due to bleeding or obstruction). 

Upon Level 3 screening, performed by a hepatobiliary surgeon, 42 patients were excluded, 

leaving 18/90 (20%) patients eligible for the RESECT trial through the population-based 

electronic database accrual method. In Level 3 screening, most patients were excluded due 

to the presence of more than three metastatic deposits in the lung (n=16), followed by 

unresectable hepatic lesions (n=10) (Table 1). Of these 18 eligible patients, there were 4 

patients who were eventually found to have undergone colorectal resection after 2 weeks 

of being categorized as eligible by the hepatobiliary surgeon when the pathology report of 

their colorectal tumour was found in later reports of the e-PATH database. 

Traditional accrual method 

There were 38 patients identified with colon cancer and liver metastases via traditional 

patient accrual methods. Level 2 screening yielded 27/38 (71%) potentially eligible patients 

for the RESECT trial based on review of clinical notes and imaging reports of patients 

attending the Juravinski Hospital surgical clinics. Nine of these 27 patients were also found 
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via population-based electronic database methods. Level 3 screening, including a detailed 

review of the surgical aspects of the case by a hepatobiliary surgeon (i.e., need for two-

stage liver resection, need for additional organ resection, presence of more than three 

metastatic deposits in the lung, etc.) identified 14/38 (37%) eligible patients for RESECT 

(Figure 1). The most common reason for exclusion was the finding that the liver lesions 

were benign and not metastases (n=4), followed by unresectable liver lesions (n=2) and 

need for two-stage liver resection (n=1) (Table 1). Of these 14 patients, 6 were also found 

via population-based electronic database methods. The reasons that the other 8 patients 

were only found via traditional methods only and not via population-based methods were: 

biopsy not reported by e-PATH therefore missed (n=1), biopsy showed high grade 

dysplasia and not invasive carcinoma, therefore not reported to e-PATH (n=2), patients 

diagnosed outside of the LHIN-4 catchment area (n=2) and patients had undergone biopsy 

of the colorectal tumour prior to the initiation of this study (n=3) (Figure 1). 

Baseline characteristics of eligible patients 

Patients identified via population-based or traditional methods were similar in age (median 

64 vs. 57), however, patients identified via population-based methods alone (excluding 

patients identified by both methods) were more likely to be older compared to patients 

identified via traditional methods alone (median 69 vs. 49 years old, respectively). They 

were also more likely to have had a biopsy further away from the hepatobiliary cancer 

centre (median 20 vs. 0 Km away, respectively, the location of the primary tumour, number 

and size of liver metastases, the extent of liver disease (one lobe versus both lobes of the 

liver), and the need for major liver resection were similar between groups (Table 2). A few 
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patients were identified as requiring resection of additional abdominal or pelvic organ other 

than the primary tumour (3/26 patients, 12%), and those additional organs included: spleen, 

pancreas, and abdominal wall.  

Population identification ratio 

After Level 3 screening, there were 26 eligible patients identified by both methods, with 20 

eligible patients identified without overlap (Table 3). There were 6 eligible patients that 

were identified by both methods. The population-identification ratio for eligible patients 

was 1.5 (12/8) (Table 3). Of the 14 eligible patients identified by traditional methods (8 by 

traditional methods alone and 6 by both methods), 10/14 (71%) were enrolled in the study. 

The other four patients were not enrolled due to: patient declined to participate (n=1), 

surgeon’s preference (n=2), and progression of metastatic disease (n=1). Of the 18 eligible 

patients identified by population-based methods, 6 were found by traditional methods also 

and were enrolled in the study. The other 12 patients were not approached to participate in 

the study and were not referred to the hepatobiliary cancer centre before they underwent 

colorectal resection. 

DISCUSSION 

In this study, the use of population-based methods was able to identify almost three times 

as many potentially eligible patients, and 50% more eligible patients for the RESECT trial 

compared to traditional methods of enrolment. Eligible patients identified via both methods 

had similar baseline characteristics with the exception that patients identified via 

population-based methods were being treated at a region further away from the 

hepatobiliary cancer centre. Considering that 70% of eligible patients identified via 
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traditional methods were eventually enrolled in the RESECT study, it is possible that using 

population-based accrual methods, the number of patients enrolled could have been much 

greater. Population-based cancer registries are not commonly used to identify patients 

eligible for surgical trials. Surgical resection for most cancers should happen relatively soon 

after diagnosis and confirmation of resectability; therefore, population-based methods to 

screen and approach patients should have the capability of identifying eligible patients in a 

timely manner (i.e., within a few weeks of diagnosis). The short time window between 

biopsy and imaging means that our research team would have been able to contact the 

treating surgeon within a reasonable amount of time prior to consideration of surgical 

resection of the primary tumour. It is important to remember that these patients are not 

always upfront resectable, instead, sometimes, they require neoadjuvant treatments. Our 

group has designed the protocol for a randomized trial (RESECT-RCT) and given the 

success of the findings of this study, we plan to trial the use of population-based methods 

to increase accrual. 

There are few studies that aim to increase accrual to surgical clinical trials for patients with 

colorectal cancer. A systematic review by Tan et al, showed that cancer registries are the 

most frequent population-based databases used to recruit potential participants to clinical 

trials (of the 25 citations found, 14 were from cancer registries). However, of those, only 

one study included patients with colorectal cancer, and that study was aimed to recruit 

family members of probands with colorectal cancer for screening 20. 

The proportion of potentially eligible patients who were found to be eligible for the 

RESECT trial after review by a surgeon was lower in the population-based group compared 
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to the traditional methods group (20% vs. 37%). Most patients became ineligible due to the 

presence of extrahepatic disease not previously mentioned in the radiology report (i.e., 

more than three sites of metastatic deposits in the lungs) or unresectable liver disease. It is 

possible that a research coordinator can be taught to identify those patients, which would 

lead to a more streamlined use of resources. It is also conceivable that machine learning 

could be used to identify potentially eligible patients for the trial based on the radiological 

report description (i.e., mention of liver metastases).   

There are some limitations to our current study. The small number of patients who are 

eligible for the RESECT trial makes comparisons between groups difficult, and therefore 

the applicability of population-based methods to different clinical trials with broader patient 

eligibility is unknown. In addition, this study aimed to only test the feasibility of e-PATH 

and One View to identify potential participants for a clinical trial; we did not attempt to 

contact treating physicians (directly involved with patients’ circle of care) to approach 

patients to participate in the study. Therefore, we do not know if the proportion of patients 

enrolled using population-based methods would be the same as that of traditional methods. 

It could be that tumour characteristics (i.e., rectal primary), surgeons’ or patients’ 

preferences or even geographical location (i.e., distance from the hepatobiliary cancer 

centre) are significant barriers for patient enrollment, making the true delta between both 

methods smaller than what we found with this study 21. Also, a significant number of 

eligible patients (4/18, 22%) identified via population-based methods, underwent colorectal 

resection within two weeks of being determined eligible for the study, leaving a small 

window to potentially attract them to the RESECT trial. It is also not known if this method 
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of identifying patients for a clinical trial would be useful in other jurisdictions as the 

databases mentioned are unique to Ontario, Canada.  

CONCLUSIONS 

The use of electronic networks to identify patients eligible for ongoing surgical cancer trials 

represents a novel technique for improving enrolment to these types of surgical trials.  

These electronic registries are updated prospectively in “real-time”, and as such, they are 

feasible to use for enrolment purposes, requiring few additional resources from the research 

team as the database is already being used for other reasons. This approach also avoids 

relying exclusively on regional surgeons, oncologists, or gastroenterologists to refer 

patients for clinical trial purposes, which is known to be an ineffective way to accrue 

patients (i.e., rate of enrolment of only 10-20% of eligible patients) 22,23. With adequate 

training, population-based methods seem to yield a very similar patient population to that 

of traditional methods, it is easily accessible utilizing existing resources; therefore, it can 

keep the cost of accrual down and the effort of the research staff to accrue patients low. 

However, these methods may miss patients that would otherwise be captured by traditional 

methods (i.e., biopsy showing high grade dysplasia, patients with biopsies performed 

outside the catchment area or patients that require downsizing neoadjuvant chemotherapy 

or portal vein embolization), therefore, both methods of accrual are necessary for optimal 

recruitment. 

DATA AVAILABILITY STATEMENT 
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The datasets generated during and/or analyzed during the current study are not publicly 

available but are available from the corresponding author on reasonable request. 
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Table 1. Reasons for exclusion for potential participants identified via population-based 

and traditional methods of accrual. Extrahepatic disease (extrahepatic metastases other than 

<4 sites in the lung), Local excision (primary tumour treated with local trans-anal excision). 

Reasons for Exclusion 
Population-Based 
Methods Alone 
(n= 51) 

Both Methods 
 
(n= 9) 

Traditional Methods 
Alone 
(n= 18) 

 

Unresectable 10 1 2 

Benign Liver Lesions 1 - 4 

Extrahepatic Disease 16 - - 

Not Fit for Surgery 3 - - 

Urgent Colon Resection 9 - 1 

Prior Liver Resection - 1 1 

2-Stage Liver Resection - - 1 

Local Excision - - 1 

Pregnancy - 1 - 
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Table 2. Baseline characteristics of eligible patients. Distance refers to distance from the 

hepatobiliary cancer centre to where the colorectal biopsy was taken. CT: computed 

tomography, MRI: magnetic resonance imaging. Bilateral refers to bilobar liver metastases. 

Additional organ refers to additional abdominal organs involved with the primary 

colorectal cancer. *There were 6 patients identified by both methods. 

Variable 
Population-
Based Methods 
Alone n= 18 

Traditional 
Methods 
Alone 
n= 14 

Total 
n= 26* 

Age, median (range) 64 (35 to 91) 57 (35 to 76) 61 (35 to 
91) 

Female Sex, 
n (%) 9 (50%) 4 (29%) 10 (39%) 

Distance (Km) median 
(range) 20 (0 to 53) 0 (0 to 53) 3.4 (0 to 53) 

Primary tumour, n (%)   

    right sided 5 (28%) 4 (29%) 9 (35%) 

    left sided 9 (50%) 4 (29%) 10 (39%) 

    rectum 4 (22%) 6 (43%) 7 (27%) 

CT 9 (50%) 4 (29%) 11 (42%) 

MRI 2 (11%) 3 (21%) 3 (12%) 

CT and MRI 7 (39%) 7 (50%) 12 (46%) 
Number of liver metastases, 
median (range) 2 (1 to 8) 2.5 (1 to 9) 2 (1 to 9) 

Bilateral n (%) 10 (56%) 7 (50%) 12 (46%) 

Major liver resection, n (%) 11 (61%) 10 (71%) 18 (69%) 

Additional organ, n (%) 3 (17%) 2 (14%) 3 (12%) 
Size metastases, median 
(range) 23 (6 to 70) 36 (7 to 82) 26 (6 to 82) 
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Table 3. Population-identification ratio based on potentially eligible and eligible patients 

for the RESECT trial. Data presented as count and percentage of the total number of 

patients found by each method alone, excluding those patients found by both methods. 

Ratio calculated by dividing the number of patients identified by population-based methods 

alone by the number of patients identified by traditional methods alone. 

Level of 
screening 

Population-
based 

methods 

Both 
methods 

Traditional 
methods 

Total (each 
method 
alone) 

Population 
Identificatio

n Ratio 
Level 1 
screening 
(population 
size) 

803 - - - - 

Level 2 
screening 
(potentially 
eligible) 

51  9 18 69 2.8 

Level 3 
screening 
(eligible) 

12 6 8 20 1.5 

Enrolled 
patients - 6 4 - - 
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Figure 1. The Population-based electronic database method versus traditional methods of 

identifying and screening eligible patients for the RESECT trial. 

 

Figure legend: Level 1: RA obtains e-PATH file and identifies sample population using 
OneView reports. Level 2: RA identifies potentially eligible patients for RESECT by 
reading OneView reports. Level 3: Surgeon identifies eligible cases by detailed review of 
OneView and available clinical notes). Level 3: Surgeon identifies eligible cases by 
detailed review of OneView and available clinical notes). *There were 8 patients not found 
by the population-based methods: 1 patient missed, 2 patients were out of LHIN-4, 2 
patients had biopsies that were negative for colorectal cancer, 3 patients had biopsies 
outside of the time-period of the study. RA: research assistant. 
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Chapter 5. 

Simultaneous versus Staged Resection of Colorectal Cancer with Synchronous Liver 

Metastases (RESECT), A Randomized Controlled Trial Protocol 

 

This paper has been submitted for publication in a peer-reviewed journal but not yet 

published. Once published we will obtain permission to print from the publisher. 
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Introduction to Chapter 5. 

The conduct of the studies included in this thesis gave us the necessary background 

for the design of a randomized controlled trial (RESECT-RCT), a trial that compares two 

different types of surgical interventions.  

 The three different studies included in this thesis (Chapter 2, 3 and 4) gave 

important lessons and opportunities for improvement that were carefully incorporated in 

the design of RESECT-RCT. Chapter 2 demonstrated the difficulties of randomizing weeks 

in advance of a potential participant’s operation (i.e., four weeks). We suggested to identify 

and meet potential participants early in their surgical journey, regardless of whether they 

end up going to surgery. Surgeons, for the most part, know if a patient that was referred to 

them with the diagnosis of cancer is a potential candidate for surgery. Most patients are 

referred with pathological diagnosis or with body imaging (i.e., CT scans or MRI) 

suggestive of cancer. By discussing with surgeons prior to patient’s first clinic visit, we can 

determine if a patient is likely to undergo surgery soon. If they are, then the research team 

should be able to explain to patients the potential trials available to them. The research team 

is also responsible for communicating with the surgeons the trials that are available for their 

patients. This is important, as for RESECT-RCT a complex coordination process must 

happen in order to schedule the colorectal and the liver resection the same day. Therefore, 

the surgeon needs many weeks of preoperative planning prior to surgery.  

 The pilot study presented in Chapter 3 served to identify the optimal patient 

population for RESECT-RCT. As previously noted, patients requiring complex colorectal 

resections and major liver resections (i.e., more than 2 segments) in the same setting would 
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not be eligible for the trial, as surgeons do not feel comfortable performing a simultaneous 

operation on these patients. Similarly, patients requiring resection of more than 5 liver 

segments or that have an estimated future liver remnant <30% are not considered good 

candidates for this trial. The calculation of the sample size was also derived from lessons 

learned from this feasibility study, by adding 20% more participants to each arm to account 

for those participants randomized to the simultaneous approach that will not undergo 

simultaneous resection.   

For participants to be eligible for the RESECT-RCT trial, they must be referred to 

the trial institution prior to surgical resection of the primary tumour, which is sometimes 

not possible, as we learned with the ACCESS study (Chapter 4), 50% of patients eligible 

for the trial were not referred prior to surgical resection of the primary tumour and were 

not included in the RESECT pilot trial. RESECT-RCT will use the electronic population-

based datasets explored in Chapter 4, as a separate tool to increase accrual. These tools 

were investigated in the LHIN-4 region of Ontario, however, given that there are similar 

entities across Canada, we expect that each centre will be able to use this type of population-

based accrual methods. This will be a nested study within RESECT-RCT, as the study 

presented in Chapter 4 did not approach patients or attempted to enroll them in the trial. 
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ABSTRACT  

Colorectal cancer liver metastases are considered to be synchronous when the primary 

tumour is diagnosed at the same time as the liver metastases. Synchronous liver metastases 

can be resected simultaneously with the primary tumour or as a second staged operation. 

Simultaneous resection is an attractive option as it decreases the number of operations a 

patient will have and avoids progression of disease, which can render a patient incurable. 

However, it could be associated with higher complications including mortality. 

Observational data suggest similar postoperative complications between simultaneous and 

staged resections, with a shorter length of hospital stay and costs with the simultaneous 

approach. A single arm feasibility trial of simultaneous resection and a small, randomized 

trial of simultaneous versus staged resection showed that of all enrolled patients, 80% 

undergo simultaneous resection and that postoperative complications are high (40%) but 

associated with low mortality rate (5%). This randomized trial also suggested that overall 

survival might be worse for patients undergoing staged resection due to disease progression 

in between surgeries, leading to unresectable disease. Our feasibility trial of simultaneous 

resection concluded that although enrollment to the trial is feasible (i.e., enrollment >66% 

of eligible participants), surgeons are not willing to enroll patients requiring complex 

resections and that the trial may miss patients that have their primary tumour resected 

outside the trial institution. Our study also showed that population-based databases can help 

identify 50% more eligible participants for this specific trial, suggesting that these 

databases can be used as an adjunct to traditional methods of participant accrual. 

METHODS AND ANALYSIS  
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Traditional methods of patient accrual as well as population-based histopathology and 

radiology datasets will be used to identify eligible patients diagnosed with synchronous 

primary colorectal cancer and liver metastases at 10 Canadian institutions. Patients will be 

centrally randomized using a concealed, computer-generated schedule in a 1:1 ratio to 

simultaneous (i.e., intervention) versus staged (i.e., control) resection of the primary tumour 

and the liver metastases and stratified according to degree of complexity of colorectal 

resection (high versus low) or the extent of the liver resection (major versus minor). The 

primary outcome will be overall survival. Secondary outcomes will include the following: 

90-day postoperative complications; length of hospital stay; quality of life; and 

progression-free survival. The planned sample size is 170. 

ETHICS AND DISSEMINATION 

This study will be approved by each institution’s research ethics board after registration at 

www.clinicaltrials.gov. This study has the potential to change clinical practice in the 

management of patients with synchronous colorectal cancer liver metastases. Results will 

be available to the public via presentation at international conferences, social media, peer 

review journal publication as well as direct feedback to the participants of the study. 

KEYWORDS: synchronous colorectal cancer liver metastases, overall survival, 

postoperative complications, comprehensive complication index, postoperative mortality 

Highlights 

• Previous pilot trial suggested that enrollment to a trial of simultaneous resection for 

colorectal cancer liver metastases is feasible (enrollment of >66% of eligible 

participants). A previous randomized trial suggested similar postoperative 
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complications between simultaneous and staged resections and a trend to improved 

overall survival with simultaneous resection. 

• A trial of simultaneous resection may miss patients that are not referred to the trial 

institution. Also, surgeons will not include patients requiring major hepatectomies 

and complex colorectal resections. Population-based datasets can identify 50% 

more eligible patients for this trial and could be used to increase participant accrual.  

• A randomized trial with adequate sample size is needed to better evaluate the role 

of synchronous resection on patient overall survival and postoperative 

complications.  

1. BACKGROUND AND RATIONALE 

Patients with colon cancer and synchronous liver metastases are candidates for cure by 

resecting the primary tumour and the liver metastases.(1-6) Patients able to undergo 

complete margin-negative resection are anticipated to have a 5-year overall survival of 

50%, with or without the administration of adjuvant chemotherapy.(4, 7, 8)  

Synchronous colorectal cancer liver metastases, defined as the diagnosis of liver 

metastases at the time of primary colorectal cancer presentation, occur in 20% of patients 

with colorectal cancer.(9) The appropriate timing of liver and colorectal resection among 

patients who present with synchronous disease has not been standardized. Some surgeons 

perceive potential advantages to the simultaneous approach, including a shorter length of 

hospital stay, and the need for only one operation; while other surgeons worry of a higher 

postoperative complication rate and postoperative mortality with the simultaneous 

approach, as well as a higher complexity to organize and schedule a simultaneous resection 
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in their institutions.(3, 10) Overall, surgeons have increased the use of simultaneous 

resection over recent years; with approximately 35% of patients with synchronous disease 

undergoing simultaneous resection, most such cases requiring minor liver resections and 

simple colorectal resections.(3, 11) Alternatively, surgeons can provide a staged approach, 

in which the primary tumour is resected first, followed by the liver metastases (i.e., primary 

first approach), an approach that has been suggested for patients that require an urgent 

operation for the primary tumour (i.e., bleeding or obstruction) or for patients who require 

a complex colon resection. The third approach for the management of patients with 

synchronous disease is to resect the liver metastases first, followed by the primary (i.e., 

liver first approach), based on a recently published observational study supporting this 

approach for patients with rectal cancer that require radiation therapy and have multiple 

bilobar liver metastases.(12-14) This recent large retrospective cohort study suggested that 

the “liver first” approach improves overall survival for patients with bilobar liver 

metastases, likely due to the higher risk of liver disease progression and unresectability in 

those patients who wait longer to have their liver resection.(14)  

Multiple retrospective cohort studies have suggested similar postoperative 

complications between the simultaneous and staged approach, lower length of hospital stay 

in the simultaneous group and consequently lower costs for the health care system.(3, 11) 

Comparison of overall survival between groups had been explored before, however, due to 

the lack of prospective data analysis, results have been variable.(3, 15) Therefore, there is 

equipoise regarding the timing of liver and colorectal resection for patients with 

synchronous disease. Of note, a survey performed among colorectal and hepatobiliary 
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surgeons suggested that most surgeons believe simultaneous resection is feasible for 

patients with simple liver and colorectal resections.(10) Data and therefore, support for 

simultaneous resections in patients who require major hepatectomies (i.e., three or more 

liver segments),(16) or complex colorectal resections (i.e., defined as a colorectal resection 

that requires more than 6 hours to complete) is not clearly defined.(10, 17)  

A recent randomized controlled trial comparing simultaneous versus staged resections 

enrolled 105 participants, of which, 85 were analyzed, confirmed prior reports from 

observational studies and suggested a similar major postoperative complication rate 

between groups (49% for the simultaneous approach versus 46% for the staged approach). 

Results from the secondary objectives of the trial suggested a shorter length of hospital stay 

for the simultaneous group (median 7 days) compared to the staged group (median 17 days, 

p=0.002) and a trend towards worse disease-free survival and overall survival for the staged 

group (estimated 2-year overall survival 86% in the simultaneous group versus 75% in the 

staged group). However, the trial took over 10 years to accrue and included a small number 

of participants, with an even smaller number requiring complex resections. This trial was 

powered to detect a difference in postoperative complications and not powered to detect 

differences in overall survival. (17) The authors of this study suggested that a delay to liver 

surgery may have made liver resection not feasible due to progression of liver disease. They 

also explain that their trial took longer than expected as most potentially eligible 

participants they screened, already had their primary resected elsewhere, therefore they 

were not eligible for the trial and not enrolled. 
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Our group recently published the results of a multi-institutional pilot single arm 

feasibility trial of simultaneous resection.(18) We demonstrated that enrolling patients to a 

trial of simultaneous resection is feasible based on the eligibility criteria of the trial, which 

included complex colorectal resections and major liver resections. We also noted that 

postoperative complications in those undergoing simultaneous resection, although higher 

compared to liver only resection (historical control)(3), were acceptable (41% versus 24%) 

given the low mortality rate (<5%) and the fact that this proportion of postoperative 

complications is likely to be comparable the addition of the complications from two 

separate procedures (i.e., staged resection).(17) Although length of hospital stay of enrolled 

participants was longer than the results of the randomized trial (10 days versus 7 days), 

median disease free survival of enrolled participants was 16 months, after median follow 

up of 25 months, a finding that is consistent with previously published data.(19) Overall 

survival at 2 years was 79%, 95% CI 63 to 98, similar to the survival data of the recently 

published randomized controlled trial.(17)  

As an attempt to identify alternate methods to recruit patients with cancer to surgical 

clinical trials, this feasibility trial was performed alongside (same timeline) another study 

that determined the total number of patients diagnosed with synchronous colorectal cancer 

liver metastases in the region (population 1.4 million), using population-based electronic 

datasets of pathology reports and imaging. This study found that the use of population-based 

methods was able to identify 50% more eligible participants for the RESECT trial compared 

to traditional methods of enrolment. Considering that 70% of eligible participants identified 

via traditional methods were eventually enrolled in the RESECT trial, it is possible that using 
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population-based accrual methods, the number of participants enrolled could have been 

much greater, if for example, potential participants were approached via their treating 

physician prior to resection of their primary tumour.  

Given the need of a properly sized trial, for select patients with synchronous colorectal 

cancer liver metastases, we have designed a randomized trial comparing simultaneous to 

staged liver resections with overall survival as the main outcome of interest. The lessons 

learned from our previous studies, have assisted us to define the inclusion and exclusion 

criteria, the primary outcome of interest, the sample size, and the accrual methods of 

enrollment. Now is the best time to perform this trial as there is equipoise and a high level 

of interest in the surgical and medical oncology community regarding timing of colorectal 

and liver resection in these patients.  

1.1.  Study Objectives: 

1.1.1. General Objective: To improve the long-term outcome of patients diagnosed with 

synchronous colorectal cancer liver metastases. 

1.1.2. Primary Objective: To compare the overall survival between groups.  

1.1.3. Secondary Objectives: (1) To compare the postoperative complication rate at 90 

days following index surgery or surgeries, (2) to determine differences between 

groups in global health related quality of life (QoL) at three months following index 

surgery or surgeries (3) to compare length of hospital stay between groups and, (4) 

to compare the progression-free survival between groups. 

2. METHODS AND ANALYSIS 



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 141 

2.1. Study Design: A multi-centre, parallel, 1:1, unblinded, superiority, controlled 

randomized clinical trial (Figure 1). 

2.2. Study Setting: This trial will be performed at 10 tertiary care hospitals in Canada. 

2.3. Patient Population:  

2.3.1. Inclusion Criteria: Adults who are medically fit for resection according to 

treating physician, presenting with resectable, synchronous, biopsy proven 

colorectal cancer liver metastases (i.e., adenocarcinoma in the primary tumour 

or the liver). For study purposes, patients that meet the inclusion criteria for 

the trial are defined as potentially eligible participants. 

2.3.2. Exclusion criteria: confirmed extrahepatic metastatic disease, tumours 

treated with local transanal excision, patients requiring two-stage liver 

resection and patients with prior liver resection. Patients requiring resection of 

more than 5 liver segments or with an estimated future liver remnant <30%. 

Patients requiring intraoperative bile duct resection and reconstruction. 

Patients requiring both major liver resection (i.e., 3 or more segments) and 

complex colorectal resection (i.e., predicted operating room time >6 hours). 

Additionally, pregnant, or lactating female patients will be excluded.  

   Eligible participants are those patients meeting the inclusion criteria and not 

meeting any of the exclusion criteria.  

Major liver resection was defined as resection of three or more liver segments.(16) 

We defined complex colorectal resection as a colon or rectal resection with a 

predicted operating room time >6 hours. This latter time interval was based on data 
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from our pilot trial.(18) In the feasibility study, we identified participants that had 

at least one high-risk composite outcome (i.e., anastomotic leak, postoperative 

death, extended length of hospital stay >17 days and estimated blood loss >1100 

mL). We noticed that participants meeting these high-risk criteria (n=20) had 

similar baseline characteristics to those that did not meet these high-risk criteria 

(number of liver lesions, location of the primary tumour, type of liver or colon 

surgery required), however they had a significantly longer operating room time for 

the colorectal portion of the case (75th percentile: 6 hours). Assuming that surgeons 

are very accurate in predicting the estimated length of operating room time required 

to perform an operation, we decided to base the definition of complex colorectal 

resection on the surgeon’s predicted operating room time. 

2.4. Study Intervention: Participants will undergo simultaneous resection of the colon 

or rectum and liver within 4 weeks of randomization once the decision to proceed 

with surgery has been made (i.e., following completion of neoadjuvant 

chemotherapy or radiation therapy) (Appendix 1). The choice of surgeon will be 

determined by standard of care (i.e., colorectal surgeon, hepatobiliary surgeon, 

general surgeon. We ask that the surgery (or surgeries) be performed at the trial 

institution. Our feasibility trial demonstrated large variability between centres in 

the preoperative management of participants (i.e., administration of neoadjuvant 

chemotherapy, number of cycles, type of drugs utilized). Therefore, this trial will 

aim to be pragmatic in the way patients are managed around the time of surgery, 

as long as the randomization schedule is preserved. The time from last 
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chemotherapy dosing and surgery should be at least 4 weeks. Adjuvant 

chemotherapy can be administered after surgery or not at all, depending on each 

institution’s standard. Resectability of the liver lesions will be defined by the 

standard of care of each institution after discussion at multidisciplinary care 

conferences. A CT scan of the chest, abdomen, and pelvis with intravenous contrast 

within 6 weeks of resection will be required for each participant. It is recommended 

that a resectable patient should have an estimated future liver remnant >30% and 

if participants received neoadjuvant chemotherapy with FOLFOX or FOLFIRI, or 

if they have cirrhosis, then the estimated future liver remnant should be >40%. It 

is also recommended that following liver resection, there must be at least one major 

outflow (i.e., hepatic vein), inflow (i.e., portal vein and hepatic artery) and biliary 

drainage preserved. The type of liver resection will be described according to the 

Couinaud classification and the Brisbane terminology of liver anatomy(16). The 

type of colorectal and liver resection as well as the use of minimally invasive 

techniques (i.e., robotic, or laparoscopic surgery) will be decided by the treating 

physician. It is recommended that a low central venous pressure be maintained in 

order to decrease intraoperative blood loss, [5,6] and that liver resection be 

performed prior to colorectal resection in order to keep a low central venous 

pressure during that part of the case. Anesthesia, use of inotropes, and 

intraoperative fluid management, blood transfusions, use of drains or diverting 

stomas, and postoperative care, including pain control, removal of indwelling 

catheters will be determined by each institution’s standards.  
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Participants in the control group will undergo colorectal resection and liver 

resection in two separate anesthetic settings with a planned second resection 

between 4 to 12 weeks, without administration of chemotherapy or radiation 

therapy between surgeries. The order of surgeries can vary (i.e., liver, or colorectal 

resection first) depending on surgeon’s preference.  

2.5. Outcomes 

2.5.1. Primary Outcome: overall survival measured from the time of 

randomization to the time of death from any cause.  

2.5.2. Secondary Outcomes: (1) 90-day postoperative complications measured 

using the Clavien-Dindo score and the comprehensive complication index,(20, 

21) (2) global health-related QoL using the EORTC questionnaire,(22, 23) (3) 

length of hospital stay measured following each index operation to the day of 

discharge, (4) progression-free survival measured from the time of 

randomization to the time of disease recurrence or death from any cause.  

Postoperative complications for staged procedures will be measured separately and 

added to create a total. Length of hospital stay for staged procedures will also be added to 

create a total. Recurrence will be defined as evidence of recurrent colorectal cancer, 

including new primary colorectal cancer, diagnosed by the treating physician based on 

standard of care imaging (CT scans, ultrasounds, MRI scans, or FDG-PET-CT scans), 

pathological reports of biopsies or specimens and CEA levels. Type of recurrence will be 

classified as local recurrence of the primary tumour, recurrence in the liver, lung and other 

(i.e., retroperitoneal lymph nodes, brain, etc.). 
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2.6. Participant Timeline and Study Data Collection:  

Baseline participant demographics will be collected from hospital charts, or electronic 

medical record and transcribed onto electronic case report forms the day of randomization 

during the clinic visit in person or by phone (Appendix 1). Baseline QoL questionnaires will 

be obtained from participants following the first clinic visit (Table 1). We strongly 

recommend, based on prior feasibility studies suggesting participant burnout with prolonged 

research clinic visits, to limit the baseline assessment to the consent process (i.e., 15 

minutes), and delaying the completion of the baseline assessment (demographics, QoL 

questionnaires, etc.) to a different clinic visit or phone appointment. The next assessment 

will occur the day of surgery and on postoperative day 2, 5 and day of discharge, in which, 

information on postoperative complications will be collected from participants’ hospital 

records (see secondary outcomes). Following discharge from each index operation, 

participants will be followed in person or by phone at 4 weeks (+ 1 week) and at 12 weeks 

(+ 2 weeks) to collect QoL questionnaires and any postoperative complications that 

happened after discharge, including emergency room visits or unplanned hospitalizations. 

Data on administration of preoperative and postoperative chemotherapy will be collected. 

Participants then will be followed for two years following randomization every 6 months. 

Standard of care imaging can vary between institutions, but it is recommended to be 

performed every 6 months. Survival information will be collected from clinical notes, 

obituaries, or communications with treating physicians. 

2.7. Sample Size Justification and Feasibility:  
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Based on information from our previous pilot study and a previously published 

randomized controlled trial, the median survival time on the control arm was 46 months. 

Assuming the hazard ratio for death of control subjects relative to experimental subjects is 

2.31, a three-year accrual period and additional follow-up of 2 years, we will require 71 

participants per arm to be able to reject the null hypothesis that the experimental and control 

survival curves are equal with a power of 80% and a type 1 error of 0.05. Our data shows 

that approximately 80% of participants assigned to the intervention group will undergo 

simultaneous resection (due to intraoperative complications or intraoperative findings of 

progression of disease), therefore, our sample size is increased to 170 participants (85 per 

arm).  

2.8. Recruitment: 

Participants will be recruited based on each institution’s standards, including 

identifying patients with colorectal cancer and liver metastases by screening all patients 

referred to the surgical clinics of hepatobiliary and colorectal surgeons. We recommend 

advertising the study to the oncological community near the trial institution by sending 

letters, faxes and emails to surgeons, medical oncologists, and gastroenterologists. It is also 

recommended to identify potentially eligible participants (i.e., patients meeting the inclusion 

criteria) via cancer multidisciplinary case conferences, by hanging posters and flyers in 

surgeons and oncologists’ clinics, and by presenting this protocol at national and 

international meetings and their respective social media platforms. We suggest that each 

institution’s principal investigator promote this trial using their own social media platform 

with trial approved visual abstracts, which although not tested in the original RESECT trial, 



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 147 

is the new way of disseminating information across participating sites. Our feasibility study 

showed that 67% of all eligible participants can be recruited using these traditional methods 

of accrual, with a recruitment rate of 1 participant per month per institution. 

Based on the lessons learned from our feasibility studies, research assistants should 

communicate directly with surgeons prior to patient’s clinic visit the RESECT-trial, to 

identify patients that could become potential participants (i.e., once the decision to proceed 

with surgery has been made). Once a patient is confirmed to meet the inclusion and exclusion 

criteria (except the planned surgery), they should be approached during this first clinic visit, 

even if the surgeon does not have a surgery date planned. This first interaction with the 

research staff will help the research staff become familiar with the patient and to notify them 

as soon as they are eligible to participate in the trial (i.e., once the plan for surgery has been 

made by the surgeon). The early identification of potential participants is important as we 

learned from the feasibility trial that scheduling a date for simultaneous resection is complex 

and requires several weeks of planning. Often, the surgery is performed by two different 

surgical specialists (i.e., colorectal and hepatobiliary), leading to delays in surgery if a patient 

is randomized to the staged approach without sufficient time to schedule the surgery. Delay 

in surgery date due to conflicts with a clinical trial is sometimes inevitable, but it should be 

avoided as much as possible to prevent patient harm, preserve a good relationship with the 

surgeon, the participant, and the hospital administration. If a participant is randomized to the 

staged approach, the surgery is usually booked within 2 to 4 weeks.   

Since our feasibility study suggested we can identify 50% more eligible participants 

for the RESECT trial using population-based databases, we will dedicate specific research 
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personnel to identify and recruit eligible participants via these population-based databases in 

eligible hospitals (those that have available datasets to them). All hospital and clinic 

pathology reports related to cancer from each health administrative region across most 

Canadian provinces (Ontario, Quebec, British Columbia, and Alberta) are collected and 

codified in real-time (i.e., as soon as the report is available on the patient’s institution’s 

medical record). For example, in Ontario, this database is called the e-PATH electronic 

database at Cancer Care Ontario (the agency overseeing the quality of cancer services in 

Ontario). Each Ontario region has a diagnostic imaging repository (i.e., OneView for 

Southwest Ontario). Each diagnostic imaging repository is an electronic repository of 

radiology reports and imaging (e.g., CT and MRI scans) done at each hospital in Ontario. 

Each institution’s research assistant will prospectively review the electronic pathology 

database (e-PATH) biweekly to identify patients diagnosed with colorectal cancer by 

endoscopic or percutaneous biopsy. Imaging reports of those patients will be reviewed using 

diagnostic imaging repository networks (i.e., OneView for Southwest Ontario). A research 

assistant will identify patients with liver metastases and exclude those that meet exclusion 

criteria for this study (i.e., pregnant patients, diffuse extrahepatic disease), patients with 

previous liver resection or with their primary tumour already resected. The final list of 

potentially eligible participants will be reviewed by the principal investigator of each 

institution every two weeks to determine eligibility for the trial (i.e., resectability). Patients 

that meet eligibility for this trial will be approached for trial participation after confirmation 

with their treating physician is obtained that they have discussed the trial with their patients 

and that the research team can approach them to discuss this trial. A log of potentially 
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eligible, eligible, and enrolled participants identified via population-based methods and 

traditional methods will be kept.  

2.9. Randomization:  

Randomization will be conducted by the Ontario Clinical Oncology Group, an 

academic Clinical Trials Unit in Hamilton, Ontario. The randomization scheduled will be 

computer-generated and stratified according to degree of complexity of the combined 

resection (high versus low). The degree of complexity of the resection will be based on the 

complexity of colorectal resection (high versus low) or the extent of the liver resection (major 

versus minor). Major liver resections are defined as liver resections of > 3 liver segments.(16, 

24) Complex colorectal resections are defined as those requiring >6 hours to complete. If a 

patient requires a complex liver resection or a complex colorectal resection, then that patient 

will be categorized as a complex resection. Each institution’s research coordinator will 

contact the Ontario Clinical Oncology Group for randomization after patient signs consent 

and will notify the treating physician the allocation group. Allocation will be concealed. 

2.10. Data Management, Trial Organization and Quality Assurance:  

2.10.1. Steering Committee:  

The principal investigator and three co-investigators will form the steering 

committee for this study and will meet prior to the study start-up, and every 4 months. They 

will be responsible for monitoring patient safety throughout the study. Members are experts 

in the fields of clinical trials methodology, oncology and surgery and will receive study 

data pertinent to patient safety at the midpoint of patient accrual. 

2.10.2. Central Adjudication Committee:  
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Two professionals that are experts in the medical field who are outside of the 

research team will be responsible for assessing data on disease recurrence and postoperative 

complications for each patient per de-identified source documents. 

2.10.3. Coordinating Methods Centre:  

The Ontario Clinical Oncology Group will perform data management and statistical 

analyses. In addition, provide methodological and administrative support to all committees, 

investigators, and study personnel.  

2.11. Statistical Analyses:  

All outcomes will be compared according to randomization group (intention-to-treat 

analyses). Participant demographics will be reported as proportions and absolute counts or 

median and interquartile range as appropriate. Overall and progression-free survival will be 

estimated with Kaplan Meier methods and compared with a log-rank test. The treatment 

effect will be summarized by the hazard ratio with its associated 95% CI for the intervention 

group relative to the control group and estimated from an unadjusted Cox proportional 

hazards model. Statistician will be blinded for the primary outcome assessment. Proportions 

of postoperative complications will be compared using chi-square test. Median 

comprehensive complication index will be compared using the Kruskal-Wallis test. Changes 

in the continuous QoL outcomes from baseline to second postoperative visit (i.e., 90 days 

post index surgery or surgeries) will be summarized using mean and standard deviation and 

compared with independent t-test. Differences in length of hospital stay between groups will 

be compared using Kruskal-Wallis test. All p-values will be 2-sided and values of less than 

0.05 will be considered statistically significant.  
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3. ETHICAL CONSIDERATIONS 

The study will be performed in accordance with the recommendations adopted by the 

18th World Medical Assembly, Helsinki, Finland, 1964. A centralized research ethics board 

will approve the study protocol and documents in Ontario prior to commencement. Other 

provinces in Canada will have their own institution’s research ethics board approve the 

study prior to initiation. Written informed consent will be obtained from all participants 

prior to enrollment. 

4. SIGNIFICANCE  

Approximately 35% of patients with synchronous colorectal cancer liver metastases 

undergo simultaneous resection of the primary tumour and liver metastases, while the rest, 

undergo staged resections. Most of these patients undergoing simultaneous resection 

require a simple liver and a simple colorectal resection. Data on patients requiring either a 

complex liver or a complex colorectal resection is still unknown. There is data suggesting 

that although postoperative complications may be similar between groups, overall survival 

might be better for the simultaneous group, mostly due to progression of disease in the 

staged group.  

We believe, based on surgeon survey and available data that there is sufficient clinical 

equipoise to support a well-designed, randomized controlled trial addressing these 

questions. This study will provide the necessary data to make an informed decision on 

simultaneous versus staged resection for these patients.  



Ph.D. Thesis – Pablo E. Serrano Aybar; McMaster University – Department of HEI 

 152 

The recruitment strategy utilized for this trial will help researchers familiarize 

themselves with population-based databases, and to test their ability to recruit participants 

to surgical cancer trials. 
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FIGURE 1 – STUDY SCHEMA 

 

  

Resectable colorectal cancer with synchronous liver metastases with 
planned resection (see section 2.3.1) 

Exclusions (See section 2.3.2) 

Eligible and consenting 

Randomization 

Baseline Assessment 

Intervention: Simultaneous Resection 
(Complications, length of stay) 

Control: Staged resection 
(Complications, length of stay) 

Postoperative follow up 1 and 2 
- 4 to 12 weeks after each index surgery 
(Complications, quality of life) 

Follow-up Assessment 
- Every 6 months following last index surgery for 2 years 

- (Progression-free and overall survival) 
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 APPENDIX 1 – SCHEDULE OF STUDY PROCEDURES 
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Chapter 6. Conclusions and Future Directions 

6.1 Thesis Summary 

In this doctoral thesis we explore methodological challenges often encountered in 

surgical clinical trials that can result in slow recruitment and early trial discontinuation. As 

evidenced in the literature, slow recruitment is the most common reason for discontinuation 

of clinical trials, including surgical trials. This thesis builds on the existing literature by 

proposing a framework for understanding the different areas in the development of surgical 

trials that can affect recruitment, providing examples of issues that affect it, and proposing 

unique strategies to improve accrual to cancer surgical clinical trials. 

The studies presented in this thesis are carefully designed based on our framework 

and exemplify the two main types of surgical clinical trials; the PROGRESS trial (Chapter 

2) compares a medical intervention on patients undergoing surgery, while the RESECT 

trial (Chapter 3), investigates a surgical intervention considered to be a surgical innovation 

(i.e., simultaneous resection of colorectal cancer liver metastases). At the end of each 

published study, a separate section applies our framework to facilitate the exploration of 

challenges to participant recruitment and possible solutions to each challenge. In this 

manner, each challenge represents an opportunity for improvement. One of these 

opportunities is presented as a separate chapter (Chapter 4) which explores the role of 

population-based databases in the recruitment process to clinical trials in surgery. 

Moreover, Chapter 5 draws on lessons learned from the previous studies to design a 

protocol for a large randomized controlled trial in cancer surgery (RESECT-RCT). 

6.2 Lessons Learned from this Thesis 
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6.2.1 Lessening the burden to the clinician surgeon  

Although not unique to cancer surgery trials, the challenges and opportunities that 

are presented in this thesis are particularly salient for clinical trials of patients undergoing 

surgery for cancer. Surgeries for cancer are considered urgent; there is always a rush to get 

the patient to the operating room as soon as possible to prevent progression of disease that 

could render a patient unresectable. Since clinical trials are not part of the standard 

component of a patient’s clinical care pathway, they may be perceived as causing 

unnecessary delays to treatment. Traditionally, it is the role of the surgeon and other 

physicians in the patient’s circle of care to notify the research team of a potential participant 

after they have introduced the clinical trial to their patient. However, it is common that 

surgeons and other staff in the patient’s circle of care may not remember or may not have 

the time or initiative to notify the research team about a potential new trial participant in a 

timely manner, leaving little opportunity to enroll patients in surgical clinical trials that 

require a long preoperative window (such as the PROGRESS trial) or that require a 

complex operative schedule (such as the RESECT trial).  

While performing the trials, our team developed several strategies to expedite the 

early identification of potential participants, such as the use of population-based datasets, 

and the identification of potential participants prior to their appointment with surgeons, 

even before the determination of surgical candidacy.  

 Although most physicians and surgeons agree that they feel comfortable discussing 

clinical trials with their patients, only a small proportion of them refer patients to 

studies.(Rahman et al., 2011) The issue of poor referral was clear to us while performing 
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the RESECT clinical trial. We learned that by using traditional methods of trial enrollment 

(i.e., relying on surgeons or physicians to refer patients to the research team), we were 

missing many potential trial participants. This was evident when reviewing the results of 

the population-based database study, which indicated that many potential participants were 

undergoing colorectal resection first, then referred later for liver resection, at which point 

they were ineligible for the RESECT trial (Chapter 4). Many studies have suggested the 

use of pamphlets, posters, mass communications to surgeons, brochures, or tags in patients’ 

electronic or physical charts to remind physicians of trials their patients may be eligible for. 

Yet, none of these methods have been shown to substantially improve recruitment 

rates.(Treweek et al., 2013) This suggests that although surgeons and physicians understand 

the importance of clinical trials, there are certain barriers that limit recruitment of their 

patients, most importantly, “time constraints”.(Spaar et al., 2009)  Therefore, research team 

members play a critical role in identifying potential participants, discussing with surgeons 

potential eligibility to trials, and establishing a relationship with potential participants as 

early as possible. 

Patients are more likely to participate in surgical clinical trials if their surgeon 

discusses the options for trials with them, especially if the surgeon underscores the 

importance of the clinical trial (i.e., explaining equipoise and uncertainty of current 

treatment strategies).(Arnaout et al., 2016; Kaas et al., 2005) However, current literature 

suggests that clinicians often do not inform patients of trial opportunities.(Kaas et al., 2005) 

Surgeons frequently forget or are unaware of trial options when they meet with patients; 

moreover, even when aware of a trial, surgeons may not be familiar with eligibility criteria. 
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Since we know that surgeons are interested in clinical trials for their patients but encounter 

important barriers in communicating these options with patients, it is imperative to explore 

strategies to fill this communication gap.  

During the development of the clinical trials included in this thesis, we also learned 

that participant identification was substantially better when the research team collaborated 

with the surgeon to discuss potential trials available prior to the surgeon meeting their 

patients. To do so, we had a research coordinator present in the surgical clinics alongside 

the surgeon. Prior to the surgical clinic visit, research staff discussed with surgeons and 

their assistants the new patients that were referred to their practice for potential surgical 

candidacy. Surgeons commonly know if a patient is a potential surgical candidate or not 

based on the referral that was sent to them, which typically includes pathological diagnosis 

and imaging. This allowed research staff to meet with potential trial participants from the 

beginning of their surgical journey, even prior to determining surgical eligibility. By 

identifying patients early in their cancer journey (i.e., the first time they meet the surgeon) 

and establishing a relationship with the patient, patients and surgeons were aware of 

possible surgical trials from the beginning, even if the patient did not end up having surgery. 

Once the decision to proceed with surgery was made, the research team discussed in detail 

the trial and consent process with the patient.  

Even though, the task to identify potential participants may be delegated to the 

research staff, the role of the surgeon in the research process is still very important. The 

surgeon needs to: 1) be willing to discuss various trial options for their patients with the 

research team; 2) communicate to their patients the potential trial opportunities and obtain 
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verbal consent for research staff to approach them for a trial; and perhaps most importantly 

3) support their patients if they wished to proceed with a clinical trial, as patients often rely 

on the opinion of their treating physician when deciding to participate in a clinical trial.  

It is our firm belief that treating physicians and surgeons should continue to occupy 

a central role in the execution of surgical clinical trials; however, several key barriers 

identified in this thesis suggest that they should not be responsible for the identification and 

referral of potential participants to a research study. These recommendations bypass the 

need for the surgeon to identify and refer potential participants to clinical trials, while 

simultaneously recognizing their critical role in the recruitment process, empowering 

surgeons to make informed clinical trial decisions in an efficient and timely manner. We 

strongly believe that recruitment can be improved by empowering referring physicians and 

surgeons to become better integrated into research teams, while simultaneously limiting 

their time commitment and responsibilities. 

Several important limitations with these two methods of patient identification and 

recruitment were identified. Most importantly, none of these “accrual strategies” were 

randomized, therefore we lack the ability to determine their utility to increase recruitment 

to a clinical trial. One way to test these strategies would be to perform a cluster randomized 

trial design, in which one centre is randomized to a specific recruitment strategy while a 

different centre is randomized to another one. Secondly, by screening all potential 

participants without confirming if they are eligible for surgery, the workload for the 

research team was higher, which may not be feasible for research teams that are already 

small and “stretched out” to their maximum capacity. Therefore, this strategy is only 
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feasible for research teams that have the financial and physical capacity to do so. Thirdly, 

often there was not enough physical space in the surgical clinics for the research staff to 

spend time with multiple potential participants, leading to potential trial participants being 

missed. Potential solutions to the issue of physical space are presented in the following 

section (6.3.2 Superimposing research infrastructure into the clinical setting).  

6.3 Future Directions  

Some strategies to improve recruitment were identified but were not performed in 

this thesis and are therefore suggested here as future directions.  

 6.3.1 Use of population-based databases to identify and contact participants 

Although the use of population-based datasets was able to identify 50% more 

eligible patients for the RESECT trial, it is not known whether these patients would have 

enrolled in the trial. Our next steps are to test the use of population-based datasets in the 

recruitment of patients to a surgical clinical trial, as proposed in the RESECT-RCT protocol 

(Chapter 5).  

 6.3.2 Superimposing research infrastructure into the clinical setting 

Incorporating research staff into the surgeons’ clinics was not straightforward. The 

physical space in the clinic is often limited and the time allocated to each patient is narrowly 

defined. Surgical clinics are designed with the clinician as the top priority and research staff 

usually takes second place. Adding research staff to the clinic meant that patients would 

spend more time in the examination room, thereby delaying clinic visits for other patients 

that were scheduled to be seen by surgeons at that time. This impacted the dynamics of the 
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surgical clinics, and the research staff was therefore not welcomed. As such, we propose 

several key adaptations:  

1) Physical space constraints can be alleviated by using virtual meeting spaces (i.e., 

research staff can introduce themselves in clinic and follow-up with potential participants 

virtually). As both health care providers and patients have adapted to meet virtually amid 

the COVID-19 pandemic, there are some opportunities to further explore the integration of 

virtual spaces for research purposes.(Borycki & Kushniruk, 2022; Sim et al., 2020) 

Improved support from surgeons could result in discussions between research staff and 

potential participants at subsequent virtual visits. 

2) To use alternate clinical spaces for research purposes. Multidisciplinary cancer 

conferences are prospective meetings that are used to discuss diagnoses and treatment plans 

for patients with cancers. Although not all patients with cancer are reviewed in these 

meetings, those with complex cancers that require the input from different specialties are 

typically reviewed. These meetings are usually attended by a variety of subspecialists, 

including surgeons. Most times, these meetings are not attended by research staff with the 

purpose of identification and screening of potential participants; however it is possible that 

these meetings can be used for that purpose as long as privacy and confidentiality are 

preserved, and patients are informed.(Fahim et al., 2020) Currently, most multidisciplinary 

cancer conferences are performed virtually, or have a virtual option, therefore obviating the 

need for physical space dedicated to the research staff. Some centres have adopted a pre-

visit multidisciplinary evaluation to all patients referred for a specific type of cancer that 

typically requires input from different specialists (i.e., radiation oncology, medical 
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oncology, and surgery). Having a research staff present at these meetings helps identify 

potential research studies that these patients may be eligible for in a timely manner. 

3) To build physical space dedicated to research within the clinical setting. While 

this is the preferred option, we acknowledge it may not be feasible given resource 

constraints.  

6.3.3 Involving patient partners in the research plan  

Although not utilized during the development of this thesis, patient partners can aid 

in recruitment in different manners and in different stages of the study preparation. Many 

times, researchers avoid patient and public involvement in their research if it is not required 

by the granting agency. This could be because there is paucity of data on how to 

operationalize effective patient and public involvement in research, hindering their 

inclusion in clinical trials. 

The concept of patient partners refers to individuals who have been patients, 

caregivers, or family members of patients that have some degree of expertise in patient 

experience and can therefore be engaged in research. They can be involved from the time 

of trial design through the activation, accrual, and data analysis. Based on the framework 

presented in this thesis, patient partners can identify potential issues for recruitment from 

the development of the study population of interest, to the study intervention (including 

blinding methods), to the feasibility of such study in the local population.(Tomlinson et al., 

2019) They can also help with the consent process and can support the research program 

with participant recruitment by providing insights into how the research may affect 

intended participants, suggesting areas in which barriers to recruitment can be decreased.  
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6.4 Final Comments  

The challenges and opportunities presented in this thesis will help investigators 

mitigate recruitment issues when designing a trial, and this thesis contributes to existing 

literature by proposing a framework developed based on examples from several surgical 

trials. Although the recruitment challenges explored in this thesis are not new, the 

synthesized manner in which they are presented, and the proposed mitigation strategies to 

overcome these challenges, are innovative. This systematic approach to assess a clinical 

trial prior to its development can be used by surgeon investigators to improve the quality 

of their trial design and execution. 
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