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I. Summary
Although colonoscopy is the gold standard for detection and prevention of colorectal cancer, polyps are missed with even the most meticulous techniques. Linked color imaging may improve adenoma detection, and we plan to assess this by means of tandem colonoscopy, which is the most effective study design for evaluating reliability of colonoscopy. We will assess adenoma miss rates with linked color imaging compared to conventional white light technology. We also aim to validate optical diagnosis in linked color imaging using the NICE classification.
II. Background 
Although colonoscopy is considered the gold standard for detection and prevention of colorectal cancer, the effectiveness of this is under scrutiny [1,2]. Polyps are missed with even the most experienced operator and meticulous technique [3]. Various imaging techniques have been proposed in order to reduce operator dependency and improve the reliability of colonoscopy in detection of adenomas and colorectal cancer [1,4]. These include high-definition imaging [5], wide-angle imaging [6], image enhancement [7], dye-spray chromo-colonoscopy [8], a retrograde viewing device [9] and cap-fitted colonoscopy [10].
Linked color imaging (LCI) may improve adenoma detection rates. It utilises short-wavelength narrow-band light combined with white light to facilitate contrast illumination between neoplastic mucosa and normal mucosa whilst still being able to obtain bright endoscopic images even at a distant view, which has been a criticism of narrow-band imaging in the past [11,12].
The most effective study design for evaluating reliability of colonoscopy is the tandem study, which involves two back-to-back inspections of the colonic mucosa [13]. Tandem studies have been used to evaluate the miss rate during regular colonoscopy [3] as well as to compare between new techniques and regular colonoscopy [14,15]. Data from previous tandem studies demonstrates a pooled adenoma miss rate of 22% [13]. This can increase up to 27% for small adenomas [3].

To date, no randomised, clinical trials of LCI for detection of colonic adenomas have been reported. One video study assessed comparative visibility of recorded images of polyps with both LCI and white light (WL) and found that the visibility score of LCI was significantly higher in both expert and non-expert groups, although randomised videos were only assessed by four endoscopists [16]. 

The NICE (NBI International Colorectal Endoscopic) classification, led by A/Prof. David Hewett has revolutionised the clinical applicability of image-enhanced endoscopic technology in clinical practice and is currently the most used Narrow Band Imaging (NBI) classification globally by academic and non-academic gastroenterologists to differentiate neoplastic and non-neoplastic colorectal polyps [17]. Previous attempts by other investigators to extend the utility of the NICE classification across other image-enhancing endoscopic platforms (e.g. FICE, Fujinon Intelligent Colour Enhancement) showed suboptimal (<90%) accuracy [18]. The core issue for failure was the difference in NBI being a real-time image-enhanced technology in contrast to FICE which was a post-processing image-enhanced technology. The LCI system is a real-time image-chanced technology like NBI and theoretically the NICE classification may be extended to the LCI technology with high performance accuracy, especially when assessments are made with high confidence. 

III. Study Aims
In this study, we aim to compare the adenoma miss rate between colonoscopy with WL and LCI in patients undergoing elective colonoscopy. Our overall objective is to demonstrate whether LCI decreases the adenoma miss rate compared with WL. 
We will validate the diagnostic performance of the NICE classification when using the high definition, non-magnified LCI in differentiating neoplastic and non-neoplastic colorectal polyps, especially when assessments are made with high confidence. Further analysis of the WASP (Workgroup serrAted polypS and Polyposis) classification (which incorporates the NICE classification + morphologic features) will also be used for sessile serrated polyps (SSP). 

Hypotheses:

Linked color imaging reduces colonic adenoma miss rate compared with standard white light imaging.

Optical diagnosis using the NICE classification can be achieved with LCI.
IV. Administrative Organisation

This study will be a single-centre study conducted at the Endoscopy Unit, Queen Elizabeth II Jubilee Hospital, Cnr Kessels and Troughton Rds, Coopers Plains, Brisbane, Queensland, Australia.
V. Study Methods
Design:

Design:

This study will be a single-centre, randomised, tandem study of LCI and WL.

All procedures will be performed by 1 of 2 experienced colonoscopists (A/Prof. David Hewett and Dr Nicholas Tutticci).

Eligible patients will be consented.

Patients will be randomised using a computer-generated randomisation sequence (blinded in blocks of 10) to undergo either initial WL or LCI inspection. Randomisation will use concealed allocation with a sealed opaque envelope with content that designates the initial inspection technique. 

Linked color imaging system will be utilised (FUJIFILM Co., Tokyo, Japan). The colonoscopist will be blinded to group assignment until the patient is sedated. All patients will be sedated by anaesthetist-led propofol sedation, as per standard practice.

Initial inspection with WL:

A research assistant will measure insertion and withdrawal times by using a stopwatch. On insertion, the stopwatch will be started at the moment the rectal mucosa is visualised, and timing will be continued until the colonoscope tip has entered the caecal caput. On withdrawal, mucosal inspection will be performed firstly using WL until withdrawn to the rectum. Polyps will be removed as they are identified (via standard polypectomy techniques) and each polyp submitted separately for pathological examination. Reinsertion will then be performed to the caecum and further mucosal inspection performed using LCI until withdrawn to the rectum. Further detected polyps will be removed as they are identified (via standard polypectomy techniques) and each polyp submitted separately for pathological examination.

Initial inspection with LCI:

A research assistant will measure insertion and withdrawal times by using a stopwatch. On insertion, the stopwatch will be started at the moment the rectal mucosa is visualised, and timing will be continued until the colonoscope tip has entered the caecal caput. On withdrawal, mucosal inspection will be performed firstly using LCI until withdrawn to the rectum. Polyps will be removed as they are identified (via standard polypectomy techniques) and each polyp submitted separately for pathological examination. Reinsertion will then be performed to the caecum and further mucosal inspection performed using WL until withdrawn to the rectum. Further detected polyps will be removed as they are identified (via standard polypectomy techniques) and each polyp submitted separately for pathological examination. 

Optical diagnostic performance will be correlated with histologic diagnosis (gold-standard). Diagnostic performance of endoscopists (accuracy, sensitivity, specificity and negative predictive values) will be analysed as a group and individually. The only additional difference to the management of a standard colonoscopy and polypectomy will be for the recording of the endoscopist prediction of histologic diagnosis during the colonoscopy (e.g. neoplastic or non-neoplastic) which will be correlated with histologic diagnosis (gold-standard).

Eligibility:
Inclusion criteria:

Patients undergoing elective colonoscopy at the QEII Jubilee Hospital will be eligible for recruitment. 
Exclusion criteria:
· Patients under 18 years of age

· Complex cases for advanced therapeutic colonoscopy (endoscopic mucosal resection, endoscopic submucosal dissection, colonic stenting, colonic dilatation, colonic strictures)

· Previous surgical resection of the colon or rectum
· Inadequate bowel preparation
· Inability to give informed consent

· Polyposis syndromes
· Women who are pregnant and the human  foetus

Sample size:
The following assumptions were used to calculate required sample size: 30% adenoma miss rate for white light inspection and 10% miss rate for linked color imaging inspection; two-thirds of patients will have at least one adenoma, and patients with polyps will have an average of 3.7 polyps [as per previous study by Hewett and Rex (Gastrointest Endosc 2010; 72: 775-81)].

For the study to have 80% power to detect 3-fold reduction in adenoma miss rates, by using a chi-square test with 5% significance level, the study will need 62 polyps per group (i.e. 124 polyps total). 

Thus recruitment of 100 patients (n=100, with n=50 per arm) will ensure that the study will fulfil the above criteria with a power of 80%.
Study outcomes/endpoints:

The primary outcome measure and study endpoint will be the miss rate for adenomas in the two study groups. Adenomas identified during the initial inspection will be counted as a detection for the initial inspection, and adenomas detected during further inspection counted as a miss for the initial inspection. 
Adenoma-level miss rates will be calculated as the number of additional adenomas detected during further inspection divided by the total number of adenomas detected during the entire procedure and reported according to the type of light used for the initial inspection.
Patient-level miss rates will be calculated as the number of patients with one or more adenomas detected during further inspection, divided by the total number of patients with at least one adenoma identified in the entire procedure.
For optical diagnosis of polyp histology, accuracy, sensitivity, specificity and negative predictive value will be measured. Inter-observer and intra-observer agreement will be measured (Fleiss Kappa and Kappa, respectively).

Ethical considerations:
This study will be conducted in full conformance with the principles of the World Medical Association’s Declaration of Helsinki. Written approvals will be sought from the relevant Human Research Ethics Committee before the commencement of patient recruitment. 

Patient information sheets and consent forms will be provided to eligible participants. The research assistant at the clinic or on the day of colonoscopy will assess whether a patient fully understands the study prior to signing the consent form.
Any protocol amendments or serious adverse event reports will be the responsibility of the principal investigators.
Recruitment is planned to commence on 2 November 2016. Expected duration to completion of study is one year.
Data collection:
Patient demographics, colonoscopy indication and endoscopist's name will be recorded using the study data collection form. Withdrawal times will be recorded for both inspections on standardised form.

Polyp location, size, morphology (according to Paris classification), and method of polypectomy will be recorded on a standardised form. 
Patient re-identifiable information will be recorded only for purposes of checking histopathology results. Only A/Prof. David Hewett will have access to re-identifiable data. The other investigators will only have access to non-identifiable data.
Written data will be collected and stored in a secured cabinet, in a locked office that is security-code protected at the Department of Gastroenterology. Written data will be entered into a database in a de-identified form and stored on a password-protected computer within the Department of Gastroenterology.

Data will be kept for 24 months or less. Data will be destroyed after submission for publication. Written data will be disposed of in a confidential manner via shredding, using departmental confidential information shredding equipment. Data files will be erased.
Statistical analysis:

Statistical analysis will be performed by a statistician using Stata 13.
Differences in age and propofol dose will be assessed using 2-sample t tests.

Differences in sex and indication will be assessed using chi-square tests.

Differences in quality of bowel preparation will be assessed using a Mantel-Haenszel test for ordered categories.
LCI and WL will be compared for differences in insertion time, inspection time, and total time by using analysis of variance models suitable for a crossover study; the analyses of variance will include terms for type of colonoscopy and the order in which the inspections are performed, as well as a random effect to correlate the two inspections per patient
Logistic regression will be used to compare the miss rates between patients who were initially inspected using LCI and those who were initially inspected using WL.
For characterisation, 60 consecutive images will be used and 60 consecutive videos (5-10 seconds in white light, 5-10 seconds in LCI). Accuracy, sensitivity, specificity and NPV will be measured. Inter-observer and intra-observer agreement will be measured (Fleiss Kappa and Kappa, respectively).

Safety monitoring:

In line with the WHO International Drug Monitoring Centre (1994), the definition of a serious adverse event (SAE) is any untoward medical occurrence that:
· Results in death

· Is life-threatening

· Requires inpatient hospitalisation
· Results in persistent or significant disability or incapacity

· Results in congenital anomaly or birth defect
· Requires intervention to prevent one of the outcomes above
All SAEs must be recorded on an SAE report form. This will include a description of the event, classification of the event using the above definitions, the Investigator’s opinion on the relationship to the research, and the timing of the event. All SAEs will be reported to the HREC as soon as possible after the event is recognised. The Investigator may be required to submit a follow-up report so that the outcome of the SAE can also be recorded. 

Adverse events (AEs) include non-life-threatening events that do not require hospital admission and result in only minor disability or incapacity (e.g. temporary abdominal discomfort); and newly-diagnosed medical conditions (such as hypertension).
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INVESTIGATOR AGREEMENT

I have read this protocol and agree that it contains all the necessary details for

carrying out the study. I will conduct the study as outlined herein and will complete

the study within the time designated.

I will provide copies of the protocol and all pertinent information to all individuals

responsible to me who assist in the conduct of the study. I will discuss this material

with them to ensure that they are fully informed regarding the study intervention and

the conduct of the study.

_________________________________________________________________

Investigator’s Signature 
Date (Day / Month / Year)

_________________________________________________________________

Name of Investigator (Printed)
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