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Abstract 

Colorectal cancer (CRC) is among the commonest and deadliest types of cancer. It is the second 
highest in economic burden among all cancers and the thirteenth of all diseases in Australia. In 
Japan, it has been gaining importance and in 2018 CRC was identified as second in incidence 
among all cancers for both women and men, and the leading cause of death amongst all cancers in 
women and the third leading cause of death in men. Research that can improve the prevention and 
treatment of this cancer is of the utmost importance.  

In primary prevention, I studied the factors that contribute to the development of colorectal lesions 
(e.g. colorectal adenomas and sessile serrated adenomas/polyps). This was a prospective study 
carried out at the Lyell McEwin Hospital (South Australia) examining whether and by how much 
factors such as alcohol consumption and smoking are associated with colorectal lesions. A cohort 
of 291 procedures and 260 patients was recruited. In this cohort, we found that different factors are 
associated with different histologic subtypes of lesions. Furthermore, in terms of primary 
prevention of CRC, I sought to discover how to optimally conduct colonoscopy (e.g. in the 
morning or afternoon). This, added to research on the simplification of methods for assessing 
quality measures (e.g. adenoma detection rate – ADR – through adenoma detection quotient - 
ADQ), was aimed at optimising CRC screening programs. In the retrospective cohort of 2,657 
procedures performed at the Lyell McEwin Hospital (South Australia), morning endoscopy lists 
were associated with better detection and ADQ was a reliable predictor of ADR.  

With respect to secondary prevention, I undertook several studies. The main aim of these studies 
was to assess advanced endoscopic imaging (e.g. narrow band imaging - NBI) nationally and 
internationally, comparing different endoscopic classification methods for colorectal lesions to 
evaluate how well each performed. Two of our studies showed that the modified Sano's (MS) 
classification was the most accurate tool for predicting the histology of colorectal lesions during 
colonoscopy.  

The first of these two studies involved a single centre randomised trial on 348 patients comparing 
the MS with the NBI international colorectal endoscopic (NICE) classification, but did not include 
the differentiation of sessile serrated adenomas/polyps (SSA/Ps) in the comparison. The second, a 
prospective study between Australia (exploratory phase with 483 colorectal lesions included) and 
Japan (validation phase with 30 colorectal lesions evaluated by four endoscopists), involved the 
comparison of the MS, NICE and Japan NBI expert team (JNET) classifications. The last two 
classifications were combined with the workgroup serrated polyps and polyposis (WASP) add-on 
to allow the comparison including SSA/Ps' differentiation. 

The results from both studies were then used as a template for the development of a computer-
aided diagnosis (CAD) system that could enable expert-level accuracy for any endoscopist. A CAD 
system was created, learning from 1,235 colorectal images, and tested with data from two different 
centres (Australia and Japan) and imaging technologies (i.e. NBI and blue laser imaging - BLI), 
showing results comparable to expert endoscopists. The mean AUC from the exploratory phase 
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reached 94.3% (internal NBI dataset) while the mean AUCs for the validation phase scored 84.5% 
with the external NBI dataset and 90.3% with the external BLI dataset.  

In addition to imaging, two other studies also focused on secondary prevention by specifically 
looking at (i) the different microbiota profile of early and invasive CRCs; and (ii) the learning 
curve of colorectal endoscopic submucosal dissection (ESD). The former study, conducted at 
Nagoya University (Aichi prefecture) was based on DNA extraction of colonic mucosa brush and 
faecal samples from 25 patients and found to be statistically different relative to the abundance of 
several bacteria related with each type; this included the Fusobacterium nucleatum (a known 
bacterium species related to invasive CRC) as well as nine other genera of bacteria.  

The latter study evaluated how the learning curve of the complex ESD procedure progressed in an 
expert Japanese endoscopy centre. This retrospective study comprised a large colorectal ESD 
database of 590 procedures (514 patients) performed by 26 endoscopists at Nagoya University 
Hospital (Aichi prefecture). Although the speed of dissection continuously improved throughout 
the years, ESD could be performed safely by non-experts.   

Lastly, considering tertiary prevention, I evaluated the necessity of routine biopsies for the follow 
up of previous endoscopic resection of colorectal lesions, and proposed an innovative classification 
which provides a highly sensitive diagnosis of recurrence on a scar. This classification was 
conceived and prospectively explored at the Lyell McEwin Hospital (South Australia) with 100 
scars (82 patients) and validated in five other countries in addition to Australia (i.e. Malaysia, 
Brazil, Japan, Singapore and United States of America) by 49 endoscopists where it achieved 
similar results. 

The evidence produced during the research for this thesis has the potential to immediately influence 
not only research but also clinical practice related to primary, secondary and tertiary prevention of 
CRC. I strongly believe that this influence will contribute to improved clinical outcomes related to 
this burdensome disease. 



Endoscopy-focused primary, secondary and tertiary 
prevention of colorectal cancer 



Chapter 1 

Introduction to the research 

1.1 Primary prevention of colorectal cancer 

In Australia, colorectal cancer (CRC) is the second commonest cause of death by cancer in 
Australia (behind lung cancer) and the third most commonly diagnosed cancer (behind breast 
and prostate). Australia is estimated to have had in 2019 approximately 16.400 new cases 
(54.1:100,000) and 5,600 deaths (17.8:100,000), as reported by the Australian Institute of 
Health and Welfare1. In Japan, CRC is identified as second in incidence (15%) among all 
cancers for both women (behind breast) and men (behind stomach), with an estimation of 
152,100 new cases in 2018 (120.3:100,000). CRC was the leading cause of death amongst all 
cancers in women (16%) and the third leading cause of death in men (13%), responsible for 
over 53,000 deaths (42.3:100,000) in 20182.  

1.1.1 Colorectal cancer and polyps 

Colorectal cancer most commonly arises from colorectal polyps, although not every polyp has 
precancerous features. Several histological subtypes, such as inflammatory, diminutive 
hyperplastic and hamartomatous, are not associated with CRC3. On the other hand, adenomas 
or conventional adenomas, sessile serrated adenomas/polyps (SSA/Ps) and traditional 
serrated adenomas (TSAs) are thought to be responsible for almost all of colorectal 
adenocarcinomas4, which represent the vast majority of CRCs5. As there is overlap in the 
nomenclature of early CRC and advanced polyps, CRCs and colorectal polyps can be 
addressed as one within the broader term colorectal lesion. 

Colorectal lesions are associated with specific genetic mutations which are believed to 
contribute to their malignancy potential. KRAS gene mutation and chromosome instability 
(CIN) have been correlated with adenomas and older age in CRC patients6,7. This is also 
known as the adenoma-adenocarcinoma pathway. On the other hand, BRAF gene mutation 
(and sometimes KRAS mutation) has been associated with cancer in younger individuals, and 
with the serrated histology. These features led to the description of the serrated pathway. 
Interestingly, the contribution of serrated polyps to CRC seems to be excessively high in 
relation to their prevalence. One hypothesis is that neoplastic serrated polyps evolve more 
rapidly to invasive cancer once they become dysplastic8,9. Another hypothesis is that due to its 
inconspicuous features, SSA/Ps are being missed10,11. Moreover, the microvesicular subtype of 
hyperplastic polyp has been associated with the CpG island methylator phenotype (CIMP), 
which can ultimately lead to microsatellite instability (MSI) and transformation into SSA/Ps12. 
The main pathways leading to CRC have been illustrated in Figure 1. 
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KRAS KRAS proto-oncogene, GTPase LGD Low grade dysplasia 

CIN Cromossonal instability HGD High grade dysplasia  

BRAF B-raf proto-oncogene, serine/threonine kinase TSA Traditional serrated adenoma 

CIMP-L CpG island methylator phenotype low SSA/P Sessile serrated adenoma/polyp 

CIMP-H CpG island methylator phenotype high Hypothesised pathway from HP to SSA/P 

MSS Microssatelite stable Serrated pathway 

MSI-L Microssatelite instability low Conventional adenoma pathway 

MSI-H Microssatelite instability high  

MVHP Microvesicular hyperplastic polyp 

Figure 1.1 Simplified molecular model for development of CRC through the conventional 
adenoma and serrated pathways (adapted from Bettington et al.4 and Pino et al.6) 

Despite many studies, there is still controversy in the field of pathology around the histological 
diagnosis of SSA/Ps. A clear standard to be employed unequivocally and globally is still 
lacking. The World Health Organization (WHO) contributed greatly to a solution for this 
problem in 201013, when the organisation specified several criteria that should be observed in 
order to diagnose SSA/Ps. These criteria were further improved by the Japanese Society 
for Cancer of the Colon and Rectum (JSCCR), with some further contribution by Shida et 
al.14 Due to variants in diagnostic criteria, however, epidemiological studies on serrated 
polyps and specific subtypes (HPs, SSA/Ps and TSAs) are scarce and have produced variable 
results. 

Hyperplastic polyp 
(likely MVHP) 

(i) BRAF mutant, CIMP‐H 
(MSI‐H/MSS) OR 
(ii) KRAS mutant, CIMP‐L, 
MSS 

KRAS 
mutant, 
CIN 

Normal colorectal mucosa 

Adenoma LGD 

Adenoma HGD 

(i) SSA/P without dysplasia or 
(ii) TSA LGD 

SSA/P-D or TSA HGD 

Adenocarcinoma 
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Screening programs. As noted, the overall pathways from normal mucosa to CRC are mostly 
known. Although displaying molecular and histological differences, the common pathways 
almost always encompass a precancerous lesion (i.e. colorectal polyp). The precancerous step 
takes a variable amount of time before transforming into CRC, depending on the polyp 
histological type. Nevertheless, however variable it is, this period of time provides a window of 
opportunity for preventing cancer and hence makes CRC eligible for a screening program. 
According to the WHO, the definition of screening is the  

Presumptive identification of unrecognized disease in an apparently healthy, 
asymptomatic population by means of tests, examinations or other procedures that can 
be applied rapidly and easily to the target population.15  

The protocols for utilising a screening program endorsed by the WHO were initially described 
in 1968 by Wilson and Jungner16, but summarised by the German Institute for Quality and 
Efficiency in Health Care in 2013 (updated in 2016)17. The WHO highlight the necessity of 
weighing risks and costs associated with the screening test on the one side, and the benefits and 
cost savings of early detection and treatment of the disease on the other. The recommendation 
is to pursue a screening program for diseases that fulfil the following criteria:  

 Screening should be done only for diseases with serious consequences, so that
screening tests could potentially have clear benefits to people’s health.

 The test must be reliable enough, and not harmful in itself.

 There must be an effective treatment for the disease when detected at an early stage –
and there has to be scientific proof that that treatment is more effective when started
before symptoms arise.

 Neutral information should be made available to the public, to help people decide for
themselves whether or not to have a screening test.

Therefore, as already identified half a century ago, CRC makes a great model for a screening 
program. The most cost-effective population screening protocol continues to be debated, and 
slightly different strategies have been used around the globe18,19. Although for population 
screening programs it is common for the first step to be a non-invasive faecal occult blood test 
(followed by colonoscopy when positive), for opportunistic screening, a colonoscopy is 
commonly found to be the first step. Most countries recommend screening for CRC between 
50 and 75 years of age, although other factors, such as family history of CRC, are usually taken 
into consideration.  

In all cases, using colonoscopy as a screening tool for CRC (either as first or second step) is an 
effective way of preventing CRC by removing colorectal lesions. This means CRC is a 
preventable cancer once its precursor is removed, and screening for colorectal lesions has been 
proven to be cost-effective for this purpose20.  
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The impact of screening programs is not only in the prevention of CRC but also in allowing an 
early diagnosis. An early diagnosis of CRC can improve the cure rate of surgical/endoscopic 
resection and, even when a cure is not possible, it may provide a better quality of life21. Greuter 
et al.22 illustrate this matter, writing about the future impact of the Dutch CRC screening 
program. The Greuter et al. study estimated that the incidence rate of CRC should decrease by 
31% and the mortality rate by 45% within 30 years due to screening. 

As several different pathogenetic pathways are involved in the development of CRC and not all 
are well understood, Greuter et al. also evaluated the impact of the screening program in 
subgroups. When analysing CRCs derived solely from adenomas (i.e. excluding CRCs from 
the new and poorly understood serrated pathway), these numbers would be even more 
impressive (by 35% in incidence rate and by 47% in mortality rate). This suggests that a better 
understanding of the serrated pathway is needed for optimising CRC control by screening 
programs.   

Extrapolating these findings to Australia’s population, the CRC screening program has the 
potential to prevent CRC in almost 1 million people and, even when diagnosed, could prevent 
death by CRC in another 500,000 people due to early detection. Data from other countries, for 
instance North America, corroborate these expectations23. Nonetheless, despite the significant 
improvement in reducing the incidence of CRC through globally accepted colonoscopy 
screening programs, CRC is still one of the three most common cancers. This is of concern 
especially in Japan, because an increasing incidence in the Japanese population contrasts 
with the stable or decreasing trend in Western countries24. There is definitely room for 
improvement in the early detection and treatment of CRC in both the West and the East.  

1.1.2 Detection of colorectal polyps and colorectal cancer  
The screening programs were initially designed to detect and remove conventional adenomas, 
which had been considered the sole precursor of CRC through the classic adenoma-
adenocarcinoma pathway6. However with the introduction of the serrated pathway, the 
different micro and macroscopic features of each pathway became important for an 
effective CRC screening.  The following subsections will elaborate on features that have been 
associated with CRC screening and polyp detection during colonoscopy. 

Histology of pre-malignant polyps. Conventional adenomas can be further divided into 
three types: tubular adenomas, tubulovillous adenomas and villous adenomas. After initial 
success in decreasing CRC incidence with these programs, the fact that some colorectal 
adenocarcinomas still appeared despite the removal of conventional adenomas led the 
scientific community to focus on other lesions that could be leading to these 'missed' CRCs. 

With further investigation, the serrated pathway was found to be another major cause 
of colonic adenocarcinoma, second to that of the adenomatous pathway. The three 
subtypes of polyps that are recognized within the serrated polyp nomenclature then became 
the focus of gastrointestinal research. Serrated polyp subtypes are:  
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 hyperplastic polyp (HP)

Figure 1.2 HP on NBI and magnification. Classic features such as pale 
colour, thin white pit pattern and regular borders can be identified in this 
photo. (Original photograph, Leonardo Zorrón Cheng Tao Pu and Rajvinder 
Singh) 

 sessile serrated adenoma/polyp (SSA/P)

Figure 1.3 SSA/P on NBI and near focus. Classic features such as mucous cap, varicose 
microvascular vessels, open pit pattern and irregular and inconspicuous 
borders can be identified in this photo. (Original photograph, Leonardo Zorrón 
Cheng Tao Pu and Rajvinder Singh) 
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 traditional serrated adenoma (TSA)

Figure 1.4  TSA on NBI and near focus. Features identified in this photo such as dark 
colour, villi, elongated pit pattern and dense capillary network is also often 
found in villous and tubulovillous adenomas. (Original photograph, Leonardo 
Zorrón Cheng Tao Pu and Rajvinder Singh) 

New endoscopic technologies with better image resolution and assets that allow a more 
detailed analysis of colorectal lesions (e.g. chromoendoscopy and magnification) have aided in 
identifying the differences among serrated polyps, especially between HPs and SSA/Ps, which 
are quite similar both macroscopically and microscopically.  

While a HP is considered a benign lesion when smaller than 5 mm and restricted to 
the rectosigmoid region25, SSA/Ps have been shown in the last few years to contribute to up 
to 30% of CRCs, although their occurrence is low (4.5%)26. In Japan, Kawasaki et al.27 
detailed the epidemiology of colorectal polyps and found a 1.25% occurrence of SSA/Ps, 
much lower than what has been described in western countries. The discrepancy between the 
prevalence of SSA/Ps and their share of the responsibility for CRC may be explained by 
the nature of the serrated pathway, which seems to present a greater risk for the 
development of CRC than the traditional adenoma-carcinoma pathway28. This may be due to 
more aggressive behaviour and rapid progression from dysplasia to CRC29. However, it is 
possible that difficulties in actually detecting the lesion during colonoscopy explain their high 
contribution to CRC.  

Sessile serrated adenoma/polyps are a relatively newly recognised polyp that not 
all endoscopists are aware of. In addition, even when the endoscopist is aware of 
SSA/P's existence, detection might be troublesome because of its inconspicuous features. 
Therefore, the identification and resection of SSA/Ps may be the next step towards improving 
the efficacy of screening programs, especially the prevention of interval CRC, that is a CRC 
diagnosed before the next scheduled colonoscopy as per the relevant gastrointestinal society’s 
guidelines. 6



Factors associated with detection of colorectal polyps. In order to partially explain the 
variability in the reported prevalence of colorectal lesions, several factors must be considered. 
Apart from the population in which they were evaluated and the histopathological criteria, 
other factors can impact the number of polyps found. Therefore, caution is warranted when 
looking at reported prevalence in all forms of scientific publication.  

Polyp location. The location of the polyp is one factor that may affect the reported 
epidemiology as location may be unevenly correlated with advanced histology and interval 
CRC. Right colon colorectal lesions are more associated with high grade dysplasia (HGD) and 
SSA/P histology than left colon colorectal lesions30. In keeping with this, more interval CRCs 
arise from the right colon and are associated with mutations found in the serrated pathway31.  

These interval cancers tend to behave more aggressively32, and the majority of them are 
believed to develop from missed lesions33. Such missed lesions may correspond to either 
unrecognised polyps or polyps found but considered to be benign. It is possible that these 
lesions are related to SSA/P histology due to their subtle characteristics. In a way, the role of 
SSA/Ps in the development of CRC may have been 'enlarged' by the systematic removal of 
conventional adenomas in the last decades. On the other hand, it may have been 'shrunk' with 
increased awareness and systematic removal of SSA/Ps. 

Colonoscopy indication. In addition, the reason behind the procedure affects the number of 
polyps found. Kahi et al.34 have shown that patients under surveillance due to previous polyps 
have a higher adenoma detection rate (ADR) than patients simply having screening 
colonoscopies, and that patients submitted to diagnostic exams have the lowest ADR amongst 
the three.  

Technology. ADR is also influenced by the use of high definition scopes, amounting to an 
impact of 3.5% more colonoscopies that identify at least one adenoma35. Some simple devices 
such as caps on the tip of the scope, have shown promising results towards a better polyp 
detection rate36-38, most probably related to a better evaluation behind colonic folds. However, 
image enhancing endoscopy (IEE) techniques such as dye chromoendoscopy and virtual 
chromoendoscopy have produced conflicting results39-42.  

The endoscopist. In regard to the quality of colonoscopies, some metrics are commonly used 
for evaluating the efficacy of the endoscopist, such as adenoma detection rate (ADR), caecal 
intubation rate and compliance with the recommended surveillance intervals. The 
recommended minimum ADR, caecal intubation rate and compliance with the recommended 
surveillance intervals in the United States of America are 25% (20% for females and 30% for 
males), 90% (95% for screening patients) and 90% respectively43. In Australia, similar 
numbers are employed by the Gastroenterological Society of Australia. However, these rates 
may be subject to change due to increasing detection of adenomatous polyps in the last few 
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years. In some studies, ADR reaches up to 60% in the target screening population of over 50 
years old26.  

Environmental factors. Some environmental factors have also been associated with the higher 
prevalence of CRC, and due to inductive logic, can be also associated with an increased 
prevalence of polyps. For instance, smoking has been associated with both44,45. Some 
indicators of a healthy lifestyle were associated with a lower risk of developing CRC in a large 
European cohort of more than 500,000 people45. The research analysed the impact of: 
overweight and obesity (body mass index ≥ 25 kg/m2); physical activity (based on metabolic 
equivalent of task); smoking (current); alcohol consumption (men > 24 g per day and women > 
12 g per day) and diet quality (based on country-specific validated dietary questionnaires) 
in the incidence of CRC. The study did not find statistical significance for isolated factors 
but identified an overall contribution towards lesser CRC incidence with a healthier lifestyle.  

Diet has been associated with the development of colorectal lesions, especially in the 
West. The westernised diet is commonly described as high in fat, high in red meat and low 
in fibre. The most important aspect of diet in regard to CRC is not about what is absorbed. 
Rather, the faecal residuals are what have been described as contributors to CRC due to 
the interaction with the microbiota and consequent production of metabolites.  

Westernised diets are associated with decreased butyrate and increased bile secretion (and 
thus increased secondary biliary acids) in stools. A high saturated fat diet has been associated 
with adenomas with high grade dysplasia in mice46. In clinical trials, the consumption 
of a westernised diet has been shown to have a role in the development of CRC. In a study 
by Le Marchand47 it was discovered that there was an increase in the incidence of CRC 
in first generation Japanese descendants born overseas. The correlation was more significant 
in those who already had a familiar history of colorectal cancer, hence a genetic predisposition.  

Bowel preparation. The adequacy of bowel preparation, which affects how clearly one 
can evaluate the colonic mucosa, also contributes to better detection and proper 
removal of colorectal lesions. Studies have consistently demonstrated a correlation 
between good cleansing of the bowel and a better detection of colorectal lesions and thus 
a more effective prevention of CRC48,49. For this evaluation a well-known and reliable 
score system was developed in Boston (United States of America), the Boston bowel 
preparation scale – BBPS50. 

The BBPS divides the large bowel into three parts (right colon, transverse and right colon), 
and scores them between 0 and 3 points. The score increases as a more proper bowel 
cleanse is identified. Hence, an optimal bowel preparation would score 9 points whereas a 
colon with solid fecal residues in the three bowel segments would score 0 points. Although 
Lai et al.50 initially found that a score of 5 or more points is correlated with a better detection 
of colorectal polyps, some later studies associated better ADRs with BBPS of 6 or higher 

points and a segmental BBPS of 2 or higher points per segment.  
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1.2 Secondary and tertiary prevention of colorectal cancer 

Although image enhancing endoscopy (IEE) technologies have proven to be effective in 
identifying and discriminating conventional adenomas from other colorectal lesions, the 
distinction of SSA/Ps from HPs has been more challenging. A recent meta-analysis showed 
that despite promising results with narrow band imaging (NBI), a technology from the 
Olympus company, more data are needed to confirm the use of IEE as a useful tool in order to 
detect SSA/Ps51. 

The incorporation of new IEE and the promising results of NBI has also been mentioned in the 
American Society for Gastrointestinal Endoscopy (ASGE) Preservation and Incorporation 
of Valuable Endoscopic Innovations (PIVI) program3. The importance of 
identifying precancerous polyps and removing them properly is directly related to the 
prevention of CRC. Consequently, the higher the detection rates of these polyps, the better 
the outcomes for the patient52. 

1.2.1  Characterisation of colorectal lesions 
Several classifications have tried to use IEE in order to properly identify SSA/Ps with variable 
results and have been the focus of many studies in the past few years. The reason for 
developing an optimal classification system is the need to reduce unnecessary removal of 
benign lesions. The unnecessary removal and the histopathological analysis of benign 
colorectal lesions wastes resources. Moreover, the disadvantage removing benign polyps may 
exacerbate and outweigh the small complication rate that is intrinsic to colonoscopic 
procedures such as polypectomies and biopsies.  

The use of NBI has been studied by several endoscopy experts and several classifications have 
been proposed including:  

 Sano

 Modified Sano’s (MS)

 Hiroshima

 Japan NBI expert team (JNET)

 Showa

 Jikei

 NBI international colorectal endoscopic (NICE)

 workgroup serrated polyps and polyposis (WASP).

Overall, the classifications show similar levels of accuracy, but one has provided accuracy 
measures that surpass the threshold proposed by the ASGE and can also predict SSA/Ps53,54, 
namely the Modified Sano's classification.  
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Described for the first time in 201355, MS is the most effective method for the differentiation of 
colorectal lesions. The MS classification in a randomised controlled trial demonstrated better 
diagnostic accuracy when compared to the NICE classification for differentiating neoplastic 
from non-neoplastic polyps with a sensitivity of 98.9%, specificity of 85.7%, positive 
predictive value of 98.2% and negative predictive value of 90.9%53. The accuracy was also 
significantly better when judging endoscopically resectable lesions. Moreover, comparing the 
results with the data from Ijspeert et al.56, MS classification shows a slightly better result than 
the WASP classification. However, NICE is still one of the most widely used classifications in 
the West, probably due to its simplicity and ease of use. MS classification is divided into 5 
types (I, IIo, II, IIIA and IIIB) while NICE is divided into 3 (1, 2 and 3). 

Although many classifications have been created, there is still a highly variable performance 
when endoscopists predict histology of colorectal lesions in real-time. In studies from 
expert/academic centres, an accuracy or AUC of over 90% is often found when utilising 
endoscopic classifications based on NBI57-59. Nevertheless, for community-based endoscopists, 
the results are often suboptimal60,61. Suboptimal results for characterising colorectal lesions can 
be addressed with online or on-site training, boosting accuracy62-65. However, it appears that 
continuing education is required in order to sustain optimal results66, which can be an issue in 
non-academic centres. Hence, despite all advances in endoscopic imaging, the excellent 
outcomes obtained in research centres are not widely reproducible as expertise is needed to 
achieve high accuracy. 

Artificial intelligence. According to the Oxford Dictionary, artificial intelligence is a broad 
term used when computer systems are used for performing tasks for which human intellect 
would be required (e.g. visual perception and decision-making). This field has been rapidly 
progressing in the past few decades and has gained particular traction in medicine67. 

Computer-aided diagnosis, a branch of artificial intelligence, holds the potential to address 
suboptimal diagnostic performance. Several specialties within medicine, including 
gastroenterology, have been studying and achieving good results when using CAD systems68-

75. As a consequence, CAD systems are being developed and can potentially lend augmented
expertise to any endoscopist.

CAD has been developed and tested within the endoscopy field on the endocytoscopy system 
and has shown better accuracy for predicting the histology of polyps than non-expert 
endoscopists, with results similar to experts76,77. CAD has also been tested using NBI, and 
achieved similar results78,79. The major issue with these past studies is the inclusion of SSA/Ps 
in the non-neoplastic group. As the serrated pathway gains importance, development of a CAD 
that is able to differentiate benign and pre-malignant serrated colorectal lesions is paramount. 
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1.2.2 Minimally invasive treatment for colorectal polyps and early 
colorectal cancer 

There are four major techniques for endoscopic resection of colorectal lesions: 

 forceps (or excisional biopsy)

Figure 1.5 Cold forceps being used for a sessile polyp in the colon (in progress). 
Technique falling in disuse in favour of cold snare resection. When used, 
should be restricted to diminutive lesions (<5 mm). (Original photograph, Kun 
Cheong Choi and Rajvinder Singh) 

 snare

Figure 1.6 Cold snare resection of a sessile polyp in the colon (pre-resection). Commonly, 
small lesions (<10 mm) are treated with this technique. (Original photograph, 
Leonardo Zorrón Cheng Tao Pu and Rajvinder Singh) 
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 endoscopic mucosal resection (EMR)

Figure 1.7 Piecemeal EMR of a large lateral spreading tumour in the distal colon (A - in 
progress; B - finalised). This type of resection is common for large lesions. 
(Original photograph, Leonardo Zorrón Cheng Tao Pu and Rajvinder Singh) 

A 

B 
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 endoscopic submucosal dissection (ESD)

Figure 1.8 ESD of a rectal neuroendocrine tumour. A) illustrates the end of the 
circumferential incision; B) shows the submucosal dissection step and C) 
corresponds to the colonic lining wound after the resection is finalised. This 
type of resection is also common for large lesions. (Original photograph, 
Leonardo Zorrón Cheng Tao Pu and Rajvinder Singh) 

A 

B 

C 
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The latter two commonly utilise electric currents. The first two can be further divided into 'hot' 
(when associated with an electric source) and 'cold' (without an electric source). For each 
modality, several options for accessories are available. If for any reason a colorectal lesion is 
not considered for resection due to deep invasion, an incisional biopsy with forceps is usually 
performed. The option for one over the other usually considers the size, location, predicted 
histology, depth of invasion and, ultimately, the endoscopist’s experience. 

The size cut-off for the division of small and large polyps is 10 mm. Flat lesions above that 
cut-off are called lateral spreading tumours (LSTs), which can be further subdivided into LST 
granular homogeneous (LST-G-H), LST granular nodular mixed (LST-G-M) and LST non-
granular (LST-NG). Large polyps and small polyps with features that can complicate their 
excision, such as a previous biopsy or previous attempted resection, are also considered 
complex. For these lesions the suggested resection method is either ESD or EMR80,81. 

Apart from the globally accepted principle that all lesions should be resected with the margins 
carefully evaluated, the optimum resection method for complex lesions is still under debate80, 

81. Studies in Japan emphasise the benefit of en bloc resections and consequently less
recurrence for lesions > 20 mm, as well as deeper cuts with better deep margins, which is
preferred in the East, especially in Japan. However, this type of resection has the highest
adverse event rates among all endoscopic resection methods24.

On the other hand, the EMR advocated by some centres in the West, including Australia, is a 
more rapid and less invasive method with fewer complications82,83. The major issue about this 
technique is related to the completeness of the resection. If the colorectal lesion is too large to 
be resected in one piece, it is done in the so called 'piecemeal resection', which has been 
associated with a higher recurrence rate. Furthermore, the specimens resected with EMR 
commonly have a shallower cut and therefore a thinner deep margin, which may be associated 
with fewer complications when compared to ESD84.  

There are two factors to be considered in relation to colorectal lesions in the right colon. First, 
they are more difficult to operate on with advanced endoscopic resection techniques (e.g. 
ESD). Second, the right colon has a thinner wall. Therefore, in the resection of a sessile polyp 
for instance, the use of electrical currents should be carefully considered to avoid 
complications such as post-polypectomy syndrome (persistent abdominal pain, fever and 
leucocytosis without frank perforation after polypectomy). 

Additionally, other issues must be considered in the decision-making process for treating a 
colorectal lesion. The histology of the lesion, for instance, is important for a range of reasons. 
Benign lesions that may resemble a polyp (e.g. lipoma) should not be excised. If an invasive 
cancer is found, it should be biopsied only and the patient sent to surgery. Therefore, the 
importance of an accurate endoscopic diagnostic method for predicting histology before the 
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resection of the colorectal lesion is paramount. However, it does not exempt the resection and 
pathologic evaluation of the resected specimen.  

Early CRC has been successfully resected with advanced endoscopic resection techniques 
(EMR and ESD), but according to the Japanese Society of Gastroenterology should be 
employed only for lesions restricted to 1000 micrometres of depth24. Herein lies the importance 
of IEE for determining the depth commitment of the colorectal lesion. 

The endoscopist’s expertise in one or other methods is of the utmost importance for a 
successful resection. It is unanimous in conference meetings that if someone masters an 
endoscopic resection technique that can be applied to a certain lesion, this technique should be 
the one used. This is also true regarding detection, and the endoscopist/Endoscopy Centre 
expertise is important85. 

Finally, after resecting the lesion a follow up of the resected area must be performed for 
surveillance of recurrence, in addition to the surveillance for metachronous colorectal lesions. 
A colonoscopy following EMR/ESD is usually performed after four to six months to check for 
any signs of recurrence, when a biopsy is made from the scar. The predictors for the likelihood 
of recurrence have been reported and involve the size of the resected lesion, the presence of 
bleeding during the procedure, and HGD. These were independent associate factors in a 
multivariate analysis on more than 1,000 lesions86. The features of the scar and their correlation 
with negative endoscopic prediction have been investigated further and have shown promising 
results in a recent study by Desomer et al.87. 

This thesis by publication has been organised with chapters consisting of submitted or 
accepted/published papers. Chapter 2 consists of a narrative review focused on SSA/P 
and Chapters 3 to 11 offer original papers, in logical order from primary to tertiary 
prevention. 

1.3 Research aims of this thesis 

The intention of this PhD was to investigate cohorts of patients in Australia and Japan, seeking 
to close gaps in the literature surrounding primary, secondary and tertiary prevention of CRC. 
The variability of evidence, clinical practice and culture between the East and West presented 
a challenge and at the same time an opportunity for this joint PhD program between 
Australia and Japan.  
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1.4 Organisation of the thesis 

The remaining chapters of this thesis are ordered as follows: 

Chapter 2 focusses on SSA/Ps which represent the more recently uncovered serrated pathway 
to CRC. This narrative review explores SSA/Ps from their definition to detection and 
treatment, and highlights the gaps in knowledge pertaining these colorectal lesions.  

The paper derived from the examination of the literature before engaging in the original 
research for the PhD and included in Chapter 2 was published in World Journal of 
Gastroenterology in 2016 as Sessile serrated adenoma/polyps: Where are we at in 2016? 

In Chapter 3, factors (e.g. diet and lifestyle) were prospectively investigated for their 
association with colorectal lesions in Australia. As data on CRC-related factors in the literature 
are highly variable and data from Australia are scarce, the results of this study should 
contribute to the body of knowledge in the field. 

The accepted paper included in Chapter 3 is to be published in Nagoya Journal of Medical 
Science in 2020 as Different factors are associated with conventional adenoma and serrated 
colorectal neoplasia. 

Chapter 4 describes a cohort of surgeons and gastroenterologists performing colonoscopies in 
a South Australian hospital who were retrospectively analysed, focusing on the effect of 
scheduling and specialty on the detection of colorectal lesions. Around the world, medical 
practice and training are diverse and there are few studies looking at these two factors in 
Australia. The results described in this chapter are expected to help guide the improvement in 
detection of colorectal lesions.  

The paper included in Chapter 4 was published in Journal of Gastroenterology and 
Hepatology in 2018 as Effect of time of day and specialty on polyp detection rates in Australia. 

Chapter 5 describes how a cohort of patients undergoing colonoscopies at the Lyell McEwin 
Hospital (South Australia) was retrospectively assessed for determining detection quotients 
that could potentially allow the use of the less cumbersome polyp detection rate as a surrogate 
for adenoma and SSA/P detection rates. The study discussed in Chapter 5 compared and added 
findings of an Australian cohort to the body of knowledge produced from similar studies 
performed in other countries.  

The accepted paper included in Chapter 5 is to be published in Gastrointestinal Tumors in 
2020 as Polyp detection rate as a surrogate for adenoma and sessile serrated adenoma/polyp 
detection rates. 

Chapter 6 provides a comparison of the most used versus the most comprehensive endoscopic 
classification for the prediction of histology in the Western world. This was a randomised 
study searching for the best classification among the NICE and MS classifications, excluding 
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the differentiation of SSA/Ps. This study was further complemented by another study including 
SSA/Ps.  

The paper included in Chapter 6 was published in World Journal of Gastrointestinal 
Endoscopy in 2018 as Randomised controlled trial comparing modified Sano’s and narrow 
band imaging international colorectal endoscopic classifications for colorectal lesions. 

In Chapter 7, the three most comprehensive and/or utilised classifications in the world are 
compared: NICE plus WASP, JNET plus WASP and MS. The combination of the NICE and 
JNET classifications with WASP enabled the diagnosis of SSA/P, hence a more adequate 
comparison was achieved. The study sought to determine which would be the most accurate 
classification with the capability of identifying SSA/Ps.  

The paper included in Chapter 7 has been submitted to and is currently under peer review in 
Surgical Endoscopy as Comparison of different virtual chromoendoscopy classification 
systems for the characterisation of colorectal neoplasia. 

In Chapter 8, an artificial intelligence system based on convolutional neural networks was 
trained using the MS classification for the prediction of colorectal lesion histology. The study 
successfully created a CAD trained with NBI images that was able to predict ex-vivo both NBI 
and BLI images with results similar to experts.  

The paper included in Chapter 8 has been submitted to and is currently undergoing peer 
review for Gastrointestinal Endoscopy as Computer aided diagnosis for characterisation 
of colorectal lesions: a comprehensive software including serrated lesions. 

Chapter 9 reports on the bacterial profiles of early and invasive CRC. Knowing the different 
bacterial profiles associated with each CRC type has the potential to aid in diagnosis 
and treatment. This study was focused on investigating such differences, concentrating 
on the Fusobacterium genus presence on the CRC mucous cap.  

The paper included in Chapter 9 was published in Journal of Gastroenterology and Hepatology 
in 2019 as Microbiota profile is markedly different for early and invasive colorectal 
cancer; and is consistent throughout the colon. 

Chapter 10 reports on the evaluation of the resection of early CRC through ESD. 
More specifically, the study investigated the evolution of colorectal ESD trainees over time in 
regard to safety and efficacy in performing this elaborate procedure. Due to the difficulty of 
the ESD procedure, especially when performed in the colon, large studies are rare in the 
literature.  

The paper included in Chapter 10 has been accepted for publication by JGH Open as Learning 
curve for mastery of colorectal endoscopic submucosal dissection: perspectives from a 
large Japanese cohort. 
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In Chapter 11, an endoscopic classification for prediction of recurrence on surveillance after 
endoscopic resection is proposed. Currently, an endoscopic classification for such end lacks. 
This study conceived and validated the NBI-SCAR classification in different countries. It is 
expected that if our results are confirmed in future studies, this could become a standard form 
of endoscopic evaluation for post-endoscopic resection scars.  

The paper included in Chapter 11 was published in Gastrointestinal Endoscopy in 2019 as 
Narrow band imaging for scar (NBI-SCAR) classification: from conception to multicenter 
validation. A flowchart is supplied below to facilitate the understanding of this thesis 
organisation. 
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Chapter 2 

Sessile serrated adenoma/polyps: Where are we at in 2016? 

This chapter offers a brief summary of a paper published in the World Journal of 
Gastroenterology. The statement of authorship and paper (.pdf) ‘Sessile serrated adenoma/
polyps: Where are we at in 2016?’ follow over the page. 

2.1 Summary 
As I had started the literature review, the novelty of the serrated pathway and the recognition of 
the sessile serrated adenoma/polyps (SSA/P) as a pre-malignant lesion became evident. There 
is a growing amount of evidence on the contribution of such a pathway to CRC. However, 
at the same time, some clinicians and researchers resist the idea that not all serrated lesions 
are benign. 

In this narrative review, the literature on SSA/Ps is summarised and a brief explanation on the 
different pathways leading to CRC is provided. In addition, the role of the SSA/Ps is 
highlighted and details are given on detection, characterisation, malignancy potential and 
endoscopic treatment for this type of colorectal lesion.  

The paper substantiates the necessity of including SSA/P in future research and 
clinical practice.     
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2.2 Statement of authorship
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Abstract
It is currently known that colorectal cancers (CRC) arise 
from 3 different pathways: the adenoma to carcinoma 
chromosomal instability pathway (50%-70%); the 
mutator “Lynch syndrome” route (3%-5%); and the 
serrated pathway (30%-35%). The World Health 
Organization has classified serrated polyps into three 
types of lesions: hyperplastic polyps (HP), sessile 
serrated adenomas/polyps (SSA/P) and traditional 
serrated adenomas (TSA), the latter two strongly 
associated with development of CRCs. HPs do not 
cause cancer and TSAs are rare. SSA/P appear to be 
the responsible precursor lesion for the development 
of cancers through the serrated pathway. Both HPs 
and SSA/Ps appear morphologically similar. SSA/P 
are difficult to detect. The margins are normally 
inconspicuous. En bloc  resection of these polyps 
can hence be troublesome. A careful examination of 
borders, submucosal injection of a dye solution (for 
larger lesions) and resection of a rim of normal tissue 
around the lesion may ensure total eradication of these 
lesions.

Key words: Colonoscopy; Sessile serrated adenoma/
polyp; Serrated lesion; Colorectal polyps; Colorectal 
cancer; Polypectomy; Image enhancing endoscopy; 
Narrow band imaging, Endocytoscopy
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Core tip: Colorectal cancers (CRC) arise from 3 path-
ways: adenoma to carcinoma; “Lynch syndrome”; and 
serrated. There are 3 types of serrated lesions namely: 
Hyperplastic Polyps, Sessile Serrated Adenomas/Polyps 
and Traditional Serrated Adenomas, the latter two are 
associated with CRC. A careful examination of borders, 
submucosal injection with dye and ensuring that a rim 
of normal tissue is removed is paramount.

Singh R, Zorrón Cheng Tao Pu L, Koay D, Burt A. Sessile 
serrated adenoma/polyps: Where are we at in 2016? World J 
Gastroenterol 2016; 22(34): 7754-7759  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i34/7754.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i34.7754

INTRODUCTION
Colorectal cancer (CRC) is a major health concern, 
especially in western countries. According to the 
American Cancer Society’s estimates, CRC accounts 
for almost 50000 deaths in the United States with 
almost 130000 new cases diagnosed in 2016. It is 
the third commonest type of cancer. Effective scree­
ning programs for identification of malignant and 
premalignant colorectal lesions are thus of utmost 
importance. In the last few decades the adenoma to 
adenocarcinoma pathway has been well recognized. 
For some time it was believed to be the only pathway 
apart from the “Lynch syndrome” route that results 
in the development of CRC. The effort to detect 
and eradicate adenoma have been the main goal in 
preventive colorectal programs, leading to improved 
outcomes. Zauber et al[1] showed that colonoscopic 
removal of adenomatous polyps led to a 53% 
reduction in mortality from CRC during the first 10 
years after polypectomy. 

It is currently believed that CRC arises from 
3 different pathways: the adenoma to carcinoma 
pathway which accounts for about 50%­70% of 
cancers; through the mutator “Lynch syndrome” route 
(3%­5%); and more recently the serrated pathway 
(30%­35%). The latter have become increasingly 
recognized as a separate route which could lead to the 
development of CRC[2]. 

This triplet division is based on the combined 
clinical­molecular characteristics of the lesions. A 
deeper understanding of the molecular pathways 
in CRC have been described by Jass in 2007[3] and 
updated by Phipps et al[4] in 2015. They described 5 
molecular subtypes and associated genetic distortions 
to describe each one. Subtypes 1, 2 and 3 are related 
to the serrated pathway. Subtypes 1 and 2 are either 
microsatellite instable (MSI)­high or microsatellite 

stable (MSS)/MSI­low cancers which have the CpG 
island methylator phenotype (CIMP) and BRAF­
mutation but are KRAS negative. The third subtype 
represents an alternative pathway which originates in 
KRAS mutation with no CIMP, BRAF or MSI association. 
Subtypes 2 and 3 have a higher association with 
mortality[4]. Subtype 4 reflects CRC arising from 
the traditional adenoma­carcinoma sequence, and 
are MSS/MSI­low, CIMP, BRAF and KRAS negative. 
Subtype 5 indicates lynch syndrome and is associated 
with high prevalence of a family history of CRC. They 
are MSI­high but CIMP, BRAF and KRAS negative. 

The serrated pathway is much less well understood. 
Systematic resection of premalignant serrated lesions 
could further improve the outcomes of CRC screening 
programs. One of the main problems with this 
protocol is the difficulty in identifying these lesions. 
Unlike adenomas, not all serrated lesions are linked 
to colorectal cancer. According to the World Health 
Organization, there are three types of serrated lesions: 
Hyperplastic polyps (HP), sessile serrated adenomas/
polyps (SSA/P) and traditional serrated adenomas (TSA). 
TSA is usually easy to identify due to its protuberant 
pine cone­shape. While SSA/P is also associated with 
cancer, HP is not and their discrimination is troublesome 
as they look morphologically similar at colonoscopy, 
even with image enhancing endoscopy (IEE) tech­
niques. Despite the adoption of numerous different 
classifications, the ability to predict HP from SSA/P 
has unfortunately been overlooked[5,6]. More recently, 
a newly proposed approach known as Workgroup 
Serrated polypS and Polyposis WASP classification has 
allowed the distinction between HP and SSA/P with 
reasonable accuracy[7]. It consists of cloud­like surface, 
indistinctive borders, irregular margins and open 
pit patterns, features described as being associated 
with SSA/P in another previous study[8]. The need to 
adequately identify SSA/P from HP arises from evidence 
supporting SSA/P as the major malignant source 
amongst serrated lesions[2,9­12].

IEE
Detecting and characterizing colorectal lesions by IEE 
has been reported in several articles[13­17] and has been 
found to have 92.7% sensitivity and 87.3% specificity 
in differentiating adenomas/adenocarcinomas from 
“non­neoplastic” lesions[18]. Differentiating serrated 
lesions, specifically SSA/P from HP is more challenging. 
The incidence of serrated lesions in the overall 
population is 5%­8% (contrasting with 30%­40% for 
adenomas), and they are more difficult to see due to 
their colour and shape[8,19,20]. Their rarity and discreet 
morphology could be why there is a longer learning 
curve compared to that for adenomas[21­24].

The evaluation of dysplasia within the SSA/Ps could 
also be of value. It has been described by Chino et 
al[25] 2016 that the evaluation of crypts and submu­
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cosal vessels with narrow band imaging (NBI) and 
magnification might be useful in evaluating dysplasia 
in SSA/P, which leads to poorer outcomes. 

Although there is certainly enthusiasm for IEE 
techniques, histopathology remains the gold standard 
for evaluating colorectal lesions. Nonetheless, improving 
technology that could be used by the endoscopist in 
real time would definitely be beneficial for serrated 
lesions as it has been for adenomas[26]. This technology 
will need to provide immediate feedback and accurately 
predict the final histopathology (Figure 1).

SSA/P AND HP DIFFERENTIATION
A conceptual way to define each serrated lesion is 
based on differences in the proliferation zones within 
the serrated crypts in each group[27]. In HP, the 
expanded proliferation zone is located at the base 
of the crypts and cells mature towards the surface 
symmetrically. In SSA/P, the proliferation zone is to 
the side of the crypts instead of the base, resulting 
in maturation of epithelial cells laterally, towards the 
surface and the base, leading to crypt base dilatation 
(pattern Ⅱ­open). Within SSA/P, the presence of 
dysplasia is usually evident and must be accompanied 
by SSA/P component adjacent to it once its his­
topathology is similar to adenomas. Unfortunately, 
this theoretical classification may be misleading. 
Confounded even by expert pathologists, the poor 
agreement for the diagnosis of villous features or high 

grade dysplasia has a 10­fold variability[28­30].
New techniques for real­time in vivo optical 

diagnosis using IEE have been developed to potentially 
predict histology and perhaps permit a more practical 
and economical approach for low­risk polyps; for 
example the “resect and discard” approach[31­34]. There 
is evidence from several original articles and meta­
analyses that in vivo optical diagnosis using either NBI 
or Fujinon intelligent chromoendoscopy would be more 
cost-effective compared to histology without significant 
changes in follow­up decision, especially for diminutive 
polyps[34­37]. The American Society for Gastrointestinal 
Endoscopy statement of 2011 (Preservation and 
Incorporation of Valuable endoscopic Innovations) 
describes the standards that new technologies have 
to achieve in order to be implemented. For the “resect 
and discard” strategy, it asks for ≥ 90% agreement 
in the assignment of post­polypectomy surveillance 
intervals when compared with decisions based on 
histopathology. With regards to the policy of leaving 
suspected rectosigmoid hyperplastic polyps measuring 
≤ 5 mm in place, a ≥ 90% negative predictive 
value for adenomatous histology is mandated[31]. Abu 
Dayyeh et al[38] on behalf of the American Societies 
for Gastrointestinal Endoscopy (ASGE) Technology 
Committee in 2015 reported in a meta­analysis that 
the diagnostic value of IEE for diminutive colorectal 
polyps achieved a pooled NPV 91% and pooled follow­
up agreement of 89%. Despite the pooled analysis 
for agreement in the assignment of surveillance 
intervals which did not reach the 90% threshold for 
NBI; experienced endoscopists were able to exceed 
this (93%) when the diagnosis was made with high 
confidence.

PREDICTORS OF MALIGNANCY AMONG 
SSA/P
The most common group of lesions are the dimi­
nutive polyps (≤ 5 mm in size), which represent 
approximately 60% of all polyps detected at primary 
screening colonoscopy. Their overall association with 
advanced pathology is low but not negligible[39,40]. 
On the contrary, Burgess et al[41] have demonstrated 
that size matters in terms of SSA/P. For every 10 mm 
increase in lesion size, the OR is 1.90 for cytological 
dysplasia. SSA/P with cytological dysplasia (SSA/P­D) 
is also associated with presence of 0­Is component of 
the Paris’ Classification (OR = 3.1), Kudo’s pit pattern 
Ⅲ, Ⅳ or Ⅴ (OR = 3.98) and increasing age (OR = 1.69 
per decade).  

Yamada et al[32] recently described the presence 
of dilated branch vessels as an aspect of SSA/Ps 
with dysplasia. Apart from their characteristics at 
chromoendoscopy and magnification[42,43], there are 
some aspects that we can use to distinguish SSA/Ps 
with and without malignancy potential. 

Endocytoscopy is an emerging modality with 
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with and without narrow-band imaging.
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polyps of any size distributed throughout the colon. In 
these cases, the follow­up should be at 1 year[51]. The 
major problem is that these guidelines rely upon the 
assumption that the serrated lesions are detected and 
resected adequately, which is not always the case.

CONCLUSION
SSA/P is an important pre­malignant lesion that can 
easily be missed. Efforts must be made in order to 
alter the nomenclature of “non­neoplastic lesions” 
to non­adenomatous lesions as the role of serrated 
lesions in the development of colorectal cancer is now 
well established. A longer training must be pursued 
and cutting­edge IEE technologies developed and 
studied in order to diminish the miss rate for serrated 
lesions. The implementation of a “serrated polyps 
detection rate” could be implemented alongside the 
“adenoma detection rate” as a quality indicator for 
colonoscopy.
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Chapter 3 

Different factors are associated with conventional adenoma and serrated 
colorectal neoplasia 

This chapter offers a brief summary of a paper published in the Nagoya Journal of Medical 
Science.  The statement of authorship and a copy of the paper ‘Different factors are 
associated with conventional adenoma and serrated colorectal neoplasia’ follow over the page. 

3.1 Summary 

Studies often search for associations of diet and lifestyle with cancer. Colorectal cancer, 
for instance, has been associated with several dietary factors, including the ‘westernized 
diet’ (high fat and red meat, and low fibre intake), a sedentary lifestyle and smoking. As both 
lifestyle and diet vary greatly between countries, validation studies in different settings are 
important. In this study, we have looked at different lifestyle factors and diet patterns 
using a simplified questionnaire. Our goal was to elucidate the association of these 
lifestyle factors with colorectal lesions in patients coming for elective colonoscopies in a 
tertiary South Australian hospital. Although similar studies have been performed around the 
globe on this subject, data from Australia is limited. 

All patients undergoing colonoscopy at the Lyell McEwin endoscopy unit were invited to fill a 
one-page questionnaire regarding their diet and habits (e.g. physical activity, smoking, red 
meat consumption). 291 procedures were included and assessed for the presence of colorectal 
lesions. Through multivariable model analysis, it was found that different factors were 
associated with different lesions. Older age, male gender and smoking were found to be 
associated with conventional adenomas, whereas diabetes mellitus and family history of 
CRC were associated with neoplastic serrated polyps.  

The association of the above-mentioned factors with colorectal neoplasia concurs with the 
literature, which is vast when looking at overall lesions. However, the identification 
of different factors associated with different polyp histological types is a newer approach 
for which there have been only a limited number of studies. These studies indicate that this 
is an important subject to explore, as results imply that different mechanisms might be related 
to the development of each type of lesion.     
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ABSTRACT

Current data shows there are differences in factors associated with colorectal neoplasia based on 
geographical location and cultural settings. There are no studies focusing on the association between 
environmental factors and colorectal polyps in Australia. The aim of this study was to prospectively evaluate 
the association of various factors with different colorectal neoplasia histology. We utilized a simpli�ed 
one-page questionnaire for patients undergoing colonoscopy for information on age; gender; comorbidities; 
family history of colorectal cancer; physical activity; smoking; diet; alcohol intake; and body mass index. 
Factors were then evaluated for association with the presence of: (1) neoplastic lesions; (2) conventional 
adenomas; (3) neoplastic serrated polyps; (4) any lesions (past and present); and (5) hyperplastic polyps. 
291 procedures and 260 patients were included. Factors with a p-value < 0.2 in a univariate regression were 
included in an initial multivariable regression model. Backwards elimination was then performed, removing 
one predictor at a time until only signi�cant predictors remained. In the �nal multivariable model, age≥65, 
male gender, type-2 diabetes mellitus, active smoking and family history of colorectal cancer were found 
to be statistically signi�cant predictors for the presence of colorectal neoplasia. However, the signi�cant 
predictors found for conventional adenomas (older age, male gender and smoking) were different from the 
signi�cant predictors for neoplastic serrated polyps (type-2 diabetes mellitus and family history of colorectal 
cancer). Older age, male gender, type-2 diabetes mellitus, and smoking were signi�cantly associated with 
the presence of colorectal neoplasia. The factors associated with conventional adenomas differed from those 
associated with neoplastic serrated polyps.
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INTRODUCTION

Several factors have been investigated for their association with colorectal cancer (CRC). Due 
to inductive logic, these same factors are associated with an increased prevalence of CRC precur-
sor lesions: colorectal polyps. For instance, smoking has been associated with both.1 Another study 
highlighted in a broader sense that a healthy lifestyle is associated with a lower risk of CRC.2 
In this study, more than 500,000 people were analyzed regarding the impact of various factors 
on the incidence of CRC (e.g. body mass index – BMI, physical activity, smoking, and diet). 
Interestingly, they did not �nd statistical signi�cance for isolated factors but rather identi�ed an 
overall contribution of a healthier lifestyle towards a lower CRC incidence. 

The impact of a healthy lifestyle on colorectal neoplasia can also be found in the East, but 
with slightly different results. In one retrospective case-control study3 the evaluation of a healthy 
lifestyle was based on physical activity (exercises at least three times a week), suf�cient sleep (at 
least 8 hours per day), low red meat consumption (at most three times a week) and a high �ber 
consumption (at least 300 g per day). In addition, a comorbidity history index was formulated 
based on previously diagnosed diabetes, hyperlipidemia, in�ammatory bowel disease and colorectal 
polyps. In this study, alcohol intake and smoking did not show any statistical difference in CRC 
prevalence, contradicting �ndings in Western literature. Comorbidities such as hyperlipidemia and 
diabetes have also been correlated with CRC.3

In addition to these factors, the Westernized diet has been associated with the development 
of CRC. Westernized diet is commonly described as a high fat, high red meat and low �ber 
intake. In a study by Le Marchand,4 Japanese descendants had an increase in incidence of 
CRC as soon as the �rst generation were born overseas (Hawaii). In a more recent case control 
study, O’Keefe et al5 studied an intervention to elucidate the extent of the dietary changes on 
the colonic mucosa. A cross-over of diets between African Americans and a rural population 
of South Africans has shown reciprocal changes in the colonic mucosa that may be associated 
with colorectal carcinogenesis.

Even within the same country, there are differences in the results of how and which factors 
in�uence colorectal neoplasia. For instance, type-2 diabetes mellitus (T2DM) has been associated 
with colorectal adenomas in a meta-analysis with high heterogeneity amongst the Asian, American 
and European studies (I2 statistics from 45.7% to 52.8%).6 Six out of the eleven Western studies 
and four out of six Eastern studies found a positive correlation.

Although research investigating the epidemiology and potential mechanisms of carcinogenesis 
has been done, data is limited on the uniquely multiethnic and multicultural Australian popula-
tion. In addition, scarce are the studies that analyze separately the contribution of such factors 
to individual histological polyp subtypes (i.e. adenomas and serrated polyps). We therefore 
embarked on a prospective study to evaluate the factors associated with colorectal neoplasia in 
an Australian cohort.
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MATERIALS AND METHODS

Consecutive patients undergoing colonoscopy from August 2016 to January 2018 were invited 
to participate in the study. The colonoscopes used for the procedures were the Olympus® 190 
series and performed by a single proceduralist (RS). This study has been approved by the Central 
Adelaide Local Health Network human research ethics committee as a low and negligible risk 
research through the approval number 2008128.

Patients under 18 years old and those unwilling to participate in the study were excluded. 
In addition, patients with total colectomy, a previous diagnosis or any endoscopic activity of 
in�ammatory bowel disease, familial adenomatous polyposis or Peutz-Jeghers syndrome were 
excluded. Patients submitted to emergency colonoscopies (e.g. acute bleeding requiring endoscopic 
hemostasis) were also excluded since the focus of the colonoscopy would most likely not allow 
for the evaluation and resection of polyps. Only complete colonoscopies were included (i.e. 
acute angles that did not allow to progress to the caecum/ileo-colic anastomosis were excluded).

During the procedure, the quality of the bowel preparation was evaluated through the Boston 
bowel preparation scale (BBPS). Patients with BBPS < 6 were excluded. In patients with partial 
colectomy, a value for BBPS was attributed to the resected segment for comparison purposes. 
The attributed BBPS corresponded to the mean of the existing colonic segments (minus 0.5 
when the result was a decimal). 

Prior to the colonoscopy, patients were invited to participate in the research and all questions 
were clari�ed. All patients had previously received an explanatory sheet about the study, which 
was sent along with the bowel preparation kit. On the day of the colonoscopy, a one-page 
questionnaire was used to collect information on age, gender, family history of CRC (FHCRC), 
comorbidities and various associated factors prior to the procedure. The information was then 
correlated with the �ndings of the colonoscopy.

Habits and dietary factors were used as categorical variables (dichotomy – YES or NO). 
Physical activity was considered adequate if the patient exercised more than 30 minutes for 
3 times a week. Red meat consumption was considered high if patients had eaten more than 
three times a week. Fiber consumption was conceived to be sensitive and was considered high 
if they had eaten more than two portions of cereals, fruits, oatmeal, legumes or vegetables per 
day (roughly equivalent to 30g of �ber per day). Smoking was considered positive if the patient 
was an active smoker regardless of the amount. Alcohol intake was considered high if greater 
than two standard drinks for men and one for women were consumed daily. Age and weight 
(through BMI) were retrieved as continuous variables but dichotomized for analysis purposes 
(≥65 years of age and 30 kg/m2, respectively). A FHCRC was de�ned by the presence of any 
�rst or second-degree relatives with CRC.

Habit questions were based on previous studies and chosen in order to simplify the patients’ 
responses. Physical activity, alcohol intake, smoking status and red meat consumption questions 
were based on the previous study of Hang et al3 and the Australian National Health and Medical 
Research Council recommendations.7

The responses to the questionnaire were manually computed into an Excel database. The 
�ndings of the colonoscopy were entered alongside these. The histology results of the resected 
specimens were compiled into the database at a later date, once available.

The primary outcome was association of various factors with neoplastic lesions found at the 
present colonoscopy. Secondary outcomes were the association of various factors with presence of: 
conventional adenomas; neoplastic serrated polyps; any polyps (past or present); or hyperplastic 
polyps. The presence of any lesions (past and present) was considered when patients either had 
any lesions detected in prior procedures (i.e. colonoscopy for surveillance or referred for advanced 
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endoscopic resection); or in the current procedure for screening or symptoms.
Neoplastic lesions were de�ned as any conventional adenoma, sessile serrated adenoma/polyp, 

traditional serrated adenoma or colorectal cancer detected during the colonoscopy. Conventional 
adenomas were considered present when at least one adenoma (i.e. tubular adenoma, tubulovillous 
adenoma or villous adenoma) was detected. Neoplastic serrated polyps were considered present 
when any sessile serrated adenoma/polyp or traditional serrated adenoma were detected during 
the procedure. All colorectal neoplasia types included were con�rmed by histopathology.

For the assessment of association between various factors and proposed outcomes, logistic 
generalized estimating equation models have been used to account for clustering on patients. 
Univariate analyses were performed for all factors. Those predictors with a p-value < 0.2 in the 
univariate regression were included in an initial multivariable regression model, one model for 
each outcome. Backwards elimination was then performed, removing the covariate with highest 
p-value one at a time until only signi�cant predictors remained at the 0.05 level of signi�cance.
The statistical software used was SAS 9.4 (SAS Institute Inc., Cary, NC, USA). Difference of
proportions was assessed with the Chi-squared test.

RESULTS

A total of 325 colonoscopies were assessed against the eligibility criteria. From those, 291 
were included in the �nal analysis. Excluded cases consisted mainly of in�ammatory bowel 
disease cases. During the period of the study, 26 patients had their colonoscopies repeated once 
and 3 had their colonoscopies repeated twice as per the number and/or complexity of the lesions 
found. These have been accounted for in the statistical model. The mean age of participants was 
63.9 and 56% of our cohort was 65 years or older. The average BMI was 28.5 (28.3 for males 
and 29 for females). Cohort demographics are summarized in [Table 1] and polyp characteristics 
are summarized in [Table 2]. Conventional adenomas and neoplastic serrated polyps were found 
concurrently in only 28 (9.6%) procedures. In relation to differences in associated factors between 

Table 1 Cohort demographics – n (%)

Total number of procedures 291 (100)
Male gender 156 (53.6)

Indication for the procedurea

Screening
Surveillance
Symptoms

73 (25.3)
146 (50.5)
70 (24.2)

Diabetes mellitus 58 (20.1)
Prophylactic aspirin 49 (17)

Hyperlipidaemia 117 (40.6)
Active smoking 68 (23.7)

High alcohol intake 42 (14.7)
Fibre intake > 30g/day 224 (78.9)
High red meat intake 137 (48.2)

Physical activity adequate 181 (64.2)
Body mass index ≥ 30 97 (33.1)

Family history of colorectal cancer positive 55 (21.1)
a For patients referred for endoscopic resection the indication represents the index procedure.
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genders, the only factor that was shown to be statistically different was alcohol intake, which 
was lower in the female cohort [Table 3].

In the initial univariate analysis for neoplastic lesions, patients with ≥ 65 years old had 2.3 
times greater odds of having a past or present polyp compared with patients with < 65 years 
of age. Similarly, patients with T2DM had 2.4 times greater odds of having neoplastic lesions 
than patients without T2DM.

Being a current smoker, being ≥65 years of age and the use of prophylactic aspirin were all 
factors found to be associated with conventional adenomas in univariate analyses. The odds were 
1.8, 2.3 and 2.4 times greater, respectively. For neoplastic serrated polyps, ≥ 65 years of age, 
BMI ≥ 30, T2DM and a FHCRC were factors found to have increased odds of having neoplastic 
serrated polyps. A statistically signi�cant association was found between the presence of past 
or present polyps and age (p-value = 0.0006). Those patients who were aged 65 years or older 

Table 2 Colorectal lesion occurrence and histology

Colonoscopies
n (%)

Total 291 (100)
Neoplastic lesion present 196 (67.4)

Conventional adenoma present 168 (57.7)
Neoplastic serrated polyp present 45 (15.5)

Any lesion present
(current procedure)

223 (76.6)

Any lesion present 
(current or past procedure)

252 (86.6)

Histology
n (%)

Total 483 (100)
Hyperplastic 56 (11.6)

Adenoma LGD 298 (61.7)
Adenoma HGD 22 (4.6)

SSA/P without dysplasia 75 (15.5)
SSA/P with dysplasia 10 (2.1)

Super�cial cancer 6 (1.2)
Invasive cancer 11 (2.3)

Traditional serrated adenoma 1 (0.2)
Other 4 (0.8)

LGD: low grade dysplasia, HGD: high grade dysplasia, SSA/P: sessile serrated adenoma/polyp.

Table 3 Prevalence of associated factors in enrolled participants, by gender

Male – n (%) Female – n (%)
Diabetes mellitus 29 (18.8) 29 (21.6)

Prophylactic aspirin 25 (16.2) 24 (17.9)
Hyperlipidemia 65 (42.2) 52 (38.8)
Active smoking 40 (26.1) 28 (20.9)

High alcohol intake* 33 (21.7) 9 (6.7)
Fiber intake > 30g/day 118 (77.6) 106 (80.3)
High red meat intake 80 (52.6) 57 (43.2)

Physical activity adequate 103 (68.2) 78 (59.5)
Body mass index ≥ 30 47 (30.7) 50 (37.3)

Family history of colorectal cancer positive 23 (16.5) 32 (26.2)
*p < 0.01
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had odds of having a past or present polyp 3.7 times greater than patients aged less than 65 
years. There was also a statistically signi�cant association found between the presence of past or 
present polyps and both T2DM and hyperlipidemia. Patients who had T2DM or hyperlipidemia 
had odds of having a past or present polyp 11.0 and 2.4 times greater, respectively [Table 4].

In the multivariable logistic generalized estimating equation model analysis, a statistically 
signi�cant association was found between the presence of neoplastic lesions and age, T2DM, 
gender and smoking, with each predictor controlling for each other and with adjustment for 
clustering on patient [Table 5]. Those patients who were ≥ 65 years old had odds of having a 
neoplastic lesion 2.5 times higher, patients with T2DM had odds 2.4 times higher, males had 
odds 1.7 times higher and current smokers had odds 2.2 times higher.

There was also a statically signi�cant association found between the presence of past or 
present polyps, age and T2DM. Those patients who were aged 65 or older had 3.4 times greater 
odds of having a past or present polyp and patients with T2DM had odds 9.7 times higher. The 
associations between adenomas and age, gender and smoking were also statistically signi�cant. 
Those patients who were aged 65 or older had odds of having adenomas 2.7 times higher, 
males had odds 1.7 times higher and current smokers had odds 2.2 times higher. Neoplastic 
serrated polyps’ prevalence was shown to be signi�cantly associated with T2DM and FHCRC. 
If these factors were present, the odds of having a neoplastic serrated polyp were 3.5 and 2.1 
times greater, respectively.

Table 4 Univariate logistic generalized estimating equation model analysis of association 
of various factors with colorectal neoplasia

Model# Outcome Predictor Comparison 
value OR (95% CI) p-value

1 Neoplastic lesions Age ≥ 65 years 2.27 (1.38 to 3.76) < 0.01

Neoplastic lesions T2DM Currently on 
medication 2.36 (1.22 to 4.56) < 0.05

2 Conventional 
adenomas Age ≥ 65 years 2.33 (1.42 to 3.80) < 0.01

Conventional 
adenomas

Prophylactic 
aspirin

Currently on 
medication 2.43 (1.10 to 5.36) < 0.05

Conventional 
adenomas Smoking Active smoking 1.84 (1.01 to 3.35) < 0.05

3 Neoplastic serrated 
polyps Age ≥ 65 years 2.04 (1.02 to 4.10) < 0.05

Neoplastic serrated 
polyps T2DM Currently on 

medication 3.12 (1.53 to 6.34) < 0.01

Neoplastic serrated 
polyps BMI ≥ 30 2.24 (1.16 to 4.34) < 0.05

Neoplastic serrated 
polyps FHCRC 1st or 2nd degree 

relative 2.17 (1.07 to 4.42) < 0.05

4 Any lesions  
(past and present) Age ≥ 65 years 3.73 (1.75 to 7.94) < 0.01

Any lesions  
(past and present) T2DM Currently on 

medication 10.98 (1.46 to 82.41) < 0.05

Any lesions  
(past and present) Hyperlipidemia Currently on 

medication 2.43 (1.09 to 5.39) < 0.05

5 Hyperplastic polyps Gender Male 5.04 (1.10 to 23.20) < 0.05

T2DM: type 2 diabetes mellitus, BMI: body mass index, FHCRC: family history of colorectal cancer.
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A subanalysis was also performed looking at factors associated with hyperplastic polyps. For 
both univariate and multivariate analyses, the only relevant factor associated with the presence 
of hyperplastic polyps was male gender [Tables 4 and 5].

DISCUSSION

This study revealed that, in a multivariable model, active smokers were 2.2 (95% CI: 1.1, 4.2) 
times more likely to have colorectal neoplasia than non-smokers. Several other studies have also 
shown smoking to be associated with colorectal neoplasia, but mainly CRC.8-11 Regarding polyps, 
the carcinogens in tobacco are believed to increase the formation and growth rate of conventional 
adenomas, contributing to an estimated 12% of CRC deaths.12 In this study, although smoking 
was associated with conventional adenomas, it was not associated with neoplastic serrated polyps. 
Hence, tobacco appears to predominantly affect the adenoma-carcinoma pathway. Our results are 
in contrast to another study,13 which found that in addition to adenomas (RR 1.29, 95% CI: 
1.11, 1.49), smoking was also associated with serrated polyps (RR 2.27, 95% CI: 1.68, 3.06). 
However, Figueiredo et al13 considered all serrated polyps for their outcome, whether neoplastic 
or not. In addition, their increase of serrated polyps was only found when looking at left colon 
serrated polyps, which are known to rarely be neoplastic.

In a multivariable model, patients with T2DM had 2.4 (95% CI: 1.2, 4.6) times an increased 
risk of colorectal neoplasia. This concurs with the literature which found that both CRC (RR 

Table 5 Multivariable logistic generalized estimating equation model analysis of association 
of various factors with colorectal neoplasia

Model# Outcome Predictor Comparison 
value OR (95% CI) p-value

1 Neoplastic lesions Age ≥ 65 years 2.51 (1.47 to 4.28) < 0.01

Neoplastic lesions T2DM Currently on 
medication 2.39 (1.24 to 4.61) < 0.01

Neoplastic lesions Gender Male 1.74 (1.03 to 2.94) < 0.05

Neoplastic lesions Smoking Active smoking 2.19 (1.14 to 4.23) < 0.05

2 Conventional 
adenomas Age ≥ 65 years 2.72 (1.62 to 4.58) < 0.01

Conventional 
adenomas Gender Male 1.70 (1.03 to 2.81) < 0.05

Conventional 
adenomas Smoking Active smoking 2.24 (1.17 to 4.27) < 0.05

3 Neoplastic serrated 
polyps T2DM Currently on 

medication 3.52 (1.68 to 7.35) < 0.01

Neoplastic serrated 
polyps

Family history 
of CRC

1st or 2nd degree 
relative 2.11 (1.01 to 4.40) < 0.05

4 Any lesions  
(past and present) Age ≥ 65 years 3.36 (1.56 to 7.24) < 0.01

Any lesions  
(past and present) T2DM Currently on 

medication 9.66 (1.29 to 72.45) < 0.05

5 Hyperplastic polyps Gender Male 5.04 (1.10 to 23.20) < 0.05

T2DM: type 2 diabetes mellitus, CRC: colorectal cancer.
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1.21, 1.30) and neoplastic polyps (RR 1.52) prevalence are associated with T2DM.14-16 Interest-
ingly, the association in our study was speci�cally with serrated neoplastic lesions. This theory 
is supported by the meta-analysis of Yu et al16 From all included studies the one that revealed 
the highest RR was also the only one that included solely sessile serrated adenoma/polyps.

It has been suggested that the hyperinsulinemia and free IGF-1 in insulin resistant T2DM 
patients may promote the proliferation of colonic epithelial cells, possibly having a tumorigenic 
effect.17-19 A study by Yang et al20 found that T2DM with insulin use ≥1-year was associated 
with an increased risk of CRC (2.1, 95% CI 1.20, 3.40) as compared to T2DM not managed 
with insulin. Although a hypothetical mechanism was considered, our results did not show a 
signi�cant difference in colorectal neoplasia when comparing T2DM patients using insulin as 
compared to those not using insulin (OR 1.42, 95% CI: 0.36, 5.57). However, this could possibly 
be due to a type II error. 

Our results have some possible public health implications. An estimated 1.7 million Australians 
suffer from diabetes in addition to the disease being the fastest growing chronic condition in the 
country, surpassing heart disease and cancer.21 CRC was the second most commonly diagnosed 
cancer in Australia in 2018 (behind breast in females and prostate in males), contributing to over 
4,000 deaths in one year.22 As the prevalence of diabetes increases, it may contribute to more 
cases of CRC and its precursors. Therefore, the addition of associated factors such as T2DM 
to the current guidelines could potentially allow risk strati�cation in screening and surveillance 
colonoscopy protocols.

As expected, men and those older than 65 had a 1.7 (95% CI: 1.03, 2.9) and 2.5 (95% CI: 
1.5, 4.3) higher risk of presenting with colorectal neoplasia respectively, in a multivariable model. 
This is in line with other studies that show a signi�cantly higher incidence of CRC in the 60+ 
age group12,23 and in males.24,25 

There are some limitations to our study. The sample size was limited, and it was based at a 
single center. In addition, although the assessment of diet through simple questions facilitated the 
acquisition of data within the limited timeframe prior to the procedure; it was a less objective 
assessment compared to a standardized nutritional questionnaire. Nevertheless, to the best of our 
knowledge, this is the �rst study looking at factors associated with colorectal neoplasia in an 
Australian setting. Although the lack of statistical difference might be due to the small sample 
size, the differences shown to be statistically signi�cant add valuable information to the �eld and 
may help us better understand how these factors impact on different neoplastic lesions. 

In conclusion, a signi�cant association was found between the presence of neoplastic lesions 
and age≥65, T2DM, male gender and smoking. The predictors found for conventional adenomas 
(older age, male gender and smoking) were different from the predictors for neoplastic serrated 
polyps (T2DM and FHCRC).
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Chapter 4 

Effect of time of day and specialty on polyp detection rates in Australia 

This chapter offers a brief summary of a paper published in the Journal of Gastroenterology 
and Hepatology. The statement of authorship and paper (.pdf) ‘Effect of time of day and 
specialty on polyp detection rates in Australia’ follow over the page. 

4.1 Summary 

This study investigated the effect of the time of day and the background of the endoscopist on 
the adenoma detection rate (ADR) and sessile serrated adenoma/polyp detection rates (SSA/
P-DR) for screening colonoscopies. Research looking at the effect of fatigue among
other professional-centred factors appears in several fields (e.g. medicine, aviation, motor
vehicles). This is not different in the field of endoscopy, and studies into the effects of
fatigue among endoscopists on medical outcomes have reported conflicting results for
procedures conducted at the beginning of the workday compared to those at the end.

The contradictory findings might be related to the local settings in which the studies 
were conducted, as endoscopist/hospital-centred factors can vary for a number of reasons, 
including the particularities of training and medical practice in different countries. In the 
study reported here, we investigated how scheduling, as well as the background specialty of 
the endoscopist, influenced the detection of colorectal lesions in Australia. Our paper offers 
the first reported Australian data on this subject, and helps position Australia in the 
international literature exploring the effects of scheduling and training on the detection of 
colorectal lesions. 

In this retrospective study, all colonoscopies performed at the Lyell McEwin 
Hospital (Adelaide, South Australia) for the year 2016 were analysed. The effect of time of 
day and endoscopist specialty on quality measures such as ADR and SSA/P-DR were 
assessed. In 2016, over 2500 colonoscopies were performed by nine gastroenterologists and 
six surgeons. The adjusted mean ADR for screening was found to be significantly higher when 
the procedure was carried out during the morning period (36.8% versus 30.5%). In 
addition, the same measure was also found to be significantly higher when a 
gastroenterologist performed the colonoscopy (36.8% versus 30.4%). 

Although results in detection from both periods of the day and both background specialties 
saw the recommended standards in Australia achieved, the study results do provide clues on 
how the detection of neoplastic lesions during colonoscopy could be improved to boost the 
efficacy of screening programs. 
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Abstract
Background and Aim: Adenoma detection rate (ADR) is an important quality metric in
colonoscopy. However, there is conflicting evidence around factors that influence ADR.
This study aims to investigate the effect of time of day and endoscopist background on
ADR and sessile serrated adenoma/polyp detection rate (SSA/P-DR) for screening colonos-
copies.
Methods: Consecutive patients undergoing colonoscopy in 2016 were retrospectively
evaluated. Primary outcome was the effect of time of day and endoscopist specialty on
screening ADR. Secondary outcomes included evaluation of the same factors on SSA/P-
DR and other metrics and collinearity of ADR and SSA/P-DR. Linear regression models
were used for association between ADR, time of day, and endoscopist background. Bowel
preparation, endoscopist, session, patient age, and gender were adjusted for. Linear regres-
sion model was also used for comparing ADR and SSA/P-DR. Chi-square was used for dif-
ference of proportions.
Results: Two thousand six hundred fifty-seven colonoscopies, of which 558 were screen-
ing colonoscopies, were performed. The adjusted mean ADR (screening) was 36.8% in the
morning compared with 30.5% in the afternoon (P < 0.0001) and was 36.8% for gastroen-
terologists compared with 30.4% for surgeons (P < 0.0001). For every 1-h delay in com-
mencing the procedure, there was a reduction in mean ADR by 3.4%. Using a linear
regression model, a statistically significant positive association was found between ADR
and SSA/P-DR (P < 0.0001).
Conclusions: Morning and afternoon sessions and gastroenterologists and surgeons
achieved the minimum standards recommended for ADR. Afternoon lists and surgeons
were associated with a lower ADR compared with morning and gastroenterologists, respec-
tively. Additionally, SSA/P-DR showed collinearity with ADR.

Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed
cancer and the second leading cause of cancer deaths in
Australia.1 CRC usually develops going through various known
stages. CRC most commonly arises from colorectal polyps (CPs),
although not every CP has precancerous features. Several histolog-
ical types (e.g. inflammatory and hamartomatous) are not associ-
ated with CRC.2 On the other hand, adenomatous polyps, sessile
serrated adenomas/polyps (SSA/Ps), and traditional serrated ade-
nomas are thought to be responsible for almost all CRCs.3

The efficacy of screening colonoscopies for CRC depends on
the detection of CRC and also on the removal of premalignant
and early lesions. The proportion of screening colonoscopies with
at least one histologically confirmed colorectal adenomatous le-
sion is known as the adenoma detection rate (ADR). ADR is an

independent predictor for the risk of CRC following screening co-
lonoscopy.4,5 Therefore, ADR is a key quality assessment indica-
tor, and values of less than 20% are associated with 10 times
increased risk of interval CRC.5 In line with this, the Gastroenter-
ological Society of Australia has set the minimum standard for
ADR at 25%.
Factors affecting ADR can be divided into two groups: patient-

related factors that include age, gender, and BMI and endoscopy-
related factors including withdrawal time, time of day, and
endoscopist training.6–8 According to some studies, 71–86% of in-
terval CRCs could be attributed to endoscopy-related factors.9,10

This is a worrisome finding that urges further investigation.
Several studies mostly from North America and Europe have in-

vestigated the influence of endoscopist specialty and time of day.
Unfortunately, there are major differences in both workload and
training in endoscopy between different countries.11,12
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Literature investigating the effects of endoscopy-related factors
on colonoscopy quality measures in the Asia–Pacific region, spe-
cifically in Australia, is scant. With growing incidence of CRC
in this region, this information is of great importance as it would
allow institutions to focus their efforts on optimizing CRC preven-
tion. In this study, we aim to investigate the effect of time of day
and endoscopist specialty on ADR and SSA/P-DR in an outpatient
hospital setting in Australia.

Methods

Data collection. This is a retrospective study on the effect of
the time of day and endoscopists’ background on ADR. All con-
secutive patients undergoing colonoscopy from January 1 to De-
cember 31, 2016, were enrolled. The procedures were performed
with Olympus 180/190 series colonoscopes (Olympus Australia
Pty Ltd & Olympus New Zealand LTD). Flexisigmoidoscopies
were excluded from our cohort.
Data on all endoscopic procedures performed were initially re-

trieved from the endoscopic suite documentation system. Colonos-
copies were filtered from this database and individually correlated
with digitized versions of the procedure’s final report. A clinical
data information system was used to extract relevant clinical and
pathology information. The earlier was then compiled into an elec-
tronic spreadsheet.
In our unit, patients are subjected to the “split” bowel preparation

where they take half of the bowel preparation (i.e. 1 L of polyethyl-
ene glycol) on the previous day and the other half on the day of the
procedure. For the procedure in the morning, the second half is
taken at 5:00 AM in the morning for a procedural start time at 8:00
AM, and for a procedure in the afternoon, the second half is taken
at 8:00 AM in the morning for a procedural start time at 1:00 PM.

Scheduling. The morning session is scheduled from 8:00 AM

to 12:00 PM and the afternoon session from 1:00 PM to 5:00 PM.
However, it is not uncommon for small delays in either commenc-
ing or completing procedures to occur. As such, patients were di-
vided into morning and afternoon lists as per booking for analysis
purposes. Within each session, the specific commencement re-
corded time was used. All procedures were performed by or under
the supervision of an endoscopist certified by the Conjoint Com-
mittee for Recognition of Training in Gastrointestinal Endoscopy.

Analysis. Linear regression models were used to investigate
the association between detection rates and various predictors,
while adjusting for clustering on endoscopist (gastroenterologists
and surgeons). Assumptions of a linear model were investigated
and found to be upheld throughout. Bowel preparation (good/ex-
cellent vs average/fair/poor/inadequate), gender (male vs female),
and age (< 60 vs ≥ 60 years old) were adjusted for in all models.
Session (morning and afternoon) was adjusted for in models where
endoscopist was a predictor. Main outcome consisted in the effects
of time of day and endoscopist specialty on ADR for screening co-
lonoscopies. Secondary outcomes included SSA/P detection rate
(SSA/P-DR), proximal serrated polyp detection rate (PSP-DR),
polyp detection rate (PDR), adenomas per patient (APP), and
polyps per patient (PPP). Proximal colon was defined as cecum

up to but not including the descending colon and was used for
the calculation of PSP-DR and proximal ADR.
Adenoma detection rate was defined as the number of colonos-

copies with at least one histologically confirmed adenomatous le-
sion. SSA/P-DR was considered as the number of procedures
with at least one SSA/P. PSP-DR was defined as the number of
procedures with at least one hyperplastic polyp or a traditional ser-
rated adenoma or an SSA/P found in the proximal colon. PDR was
the percentage of colonoscopies with any type of polyp found.
PPP was the mean number of polyps found per positive colonos-
copy (that had a polyp found). Similarly, APP is the mean of ade-
nomatous lesions found per positive procedure. All but PDR and
PPP were calculated based on the pathology report of the specific
histology partnered with the colonoscopy report. PDR and PPP
were based on the colonoscopy findings alone.
Further statistical analysis involved a linear regression model

comparing ADR and SSA/P-DR. The statistical software used
was SAS 9.4 (SAS Institute Inc., Cary, NC, USA). P value was
considered statistically significant when < 0.01.

Results
Six surgeons and nine gastroenterologists performed 2657 colo-
noscopies, 558 of which were for colorectal screening. Cohort de-
mographics can be found in Table 1. In summary, our cohort
consisted in equally distributed men and women in their 60s, in
which 2843 polyps were detected.
The adjusted ADR (for screening colonoscopies) was 36.8% in

the morning session and 30.5% in the afternoon session. This dif-
ference was statistically significant (P < 0.001). Unexpectedly
though, there was a significantly higher SSA/P-DR and PSP-DR
in the afternoon (Table 2). There was also a statistically significant
association between ADR and time as a continuous variable when

Table 1 Cohort demographics

Male patients, n (%) 1326 (49.9)
Patient age (years), mean (SD) 58.8 (14.5)
Colonoscopies for screening
by gastroenterologists, n (%)

339 (60.8)

Colonoscopies for symptoms
by gastroenterologists, n (%)

790 (55.4)

Colonoscopies for surveillance
by gastroenterologists, n (%)

428 (63.6)

Polyp size (mm), mean (SD) 7.0 (7.7)
Right-sided polyps, n (%) 1302 (45.8)
Adenomas, n (%) 1501 (57.9)
Tubular adenomas, n (%) 1241 (47.9)
Tubulovillous adenomas, n (%) 243 (9.4)
Villous adenomas, n (%) 14 (0.5)
Serrated polyps, n (%) 829 (32.0)
Hyperplastic polyp, n (%) 474 (18.3)
Sessile serrated adenoma/polyp, n (%) 350 (13.5)
Traditional serrated adenoma, n (%) 5 (0.2)
Superficial cancer (up to submucosa), n (%) 10 (0.4)
Invasive cancer, n (%) 70 (2.7)
Insufficient material for analysis, n (%) 14 (0.5)
Normal mucosa, n (%) 120 (4.6)
Other, n (%) 48 (1.9)
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adjusted for cofactors (P < 0.001). For every 1-h delay in com-
mencing the procedure, there is a reduction in mean ADR by
3.4% (exponentiated estimate = 0.966, 95% confidence interval:
0.960, 0.972).
Using the screening data, the adjusted mean ADR for gastroen-

terologists was 36.8%. For surgeons, the mean ADR was 30.4%.
There was a statistically significant difference between the two
groups. The SSA/P-DR and PSP-DR were also significantly higher
for gastroenterologists (Table 3). A statistically significant, posi-
tive association between ADR and SSA/P-DR was also found
(P < 0.001). The individual contribution of each covariate for
ADR, SSA/P-DR, and PSP-DR for all indications and screening
subset is presented in Appendix A.
The PDR for screening colonoscopies in the morning and after-

noon and for gastroenterologists and surgeons were 50.7% and
45.2% and 50.1% and 43.4%, respectively. These did not reach
statistically significant difference. The mean PPP and APP were
2.26 and 1.88, respectively. These were also not statistically differ-
ent among the different groups.
In the original analysis, there were 87 procedures where bowel

preparation was not reported in neither the electronic database
nor the digitalized final reports. As a result, the images from these
colonoscopies were retrieved, and 79 of these procedures had their
bowel preparations scored by the research team based on photo-
graphs. There were eight cases where there were insufficient im-
ages to make a comment. In a single case, the procedural report
was not available. The final bowel preparation score can be found
in Table 4.

Discussion

Primary outcomes

Time of day. The concept of fatigue affecting performance has
been described in various nonmedical (pilots and truck drivers)
and medical studies (anesthesiologists and surgeons).13,14 There
is currently no consensus on whether the scheduling of endoscopy
impacts ADR.
Several studies in the USA have concluded that scheduling does

not affect ADR.15–19 Conversely, other studies in the USA,20,21

Singapore,22 and Canada23 found that colonoscopies performed
later in the day had a less favorable ADR. There had previously
been no such studies in Australia.
Our study showed a higher ADR in the morning compared with

the afternoon, with every increase in hour of commencing the pro-
cedure corresponding to a decrease in ADR. However, when com-
pared the first and second blocks of either morning or afternoon,
the statistical significance did not appear. This could be interpreted
as although an overall “tiredness” affects the endoscopists, this
only takes the leap of statistical significance after lunchtime.
We understand that the relationship between time of day and

ADR could be attributed to several factors, including bowel prep-
aration and endoscopist fatigue. After controlling for bowel prep-
aration as a confounding factor, we were able to identify a
statistically significant difference in the ADR between morning
and afternoon lists. We postulate that the difference found could
be due to fatigue.

Table 2 Adjusted ADR, SSA/P-DR, and PSP-DR comparison based on time of day

Indication Outcome Morning marginal means,
% (95% CL)

Afternoon marginal means,
% (95% CL)

Adjusted estimate
(95% CI)

Adjusted P value

All Adjusted ADR 32.5 (32.1, 33.0) 27.2 (26.7, 27.6) 5.35 (4.74, 5.96) < 0.0001
All Adjusted SSA/P-DR 6.6 (6.3, 6.8) 5.4 (5.2, 5.7) 2.25 (1.93, 2.58) < 0.0001
All Adjusted PSP-DR 5.5 (5.3, 5.7) 4.7 (4.5, 4.9) 0.81 (0.54, 1.08) < 0.0001
Screening Adjusted ADR 36.8 (36.6, 36.9) 30.5 (30.3, 30.6) 6.26 (6.07, 6.46) < 0.0001
Screening Adjusted SSA/P-DR 5.7 (5.6, 5.8) 6.2 (6.1, 6.3) �0.49 (�0.61, �0.37) < 0.0001
Screening Adjusted PSP-DR 3.3 (3.2, 3.4) 4.9 (4.9, 5.0) �1.63 (�1.72, �1.54) < 0.0001

All models have been adjusted for session/endoscopist (depending on the predictor), age, gender, and bowel preparation.
ADR, adenoma detection rate; CI, confidence interval; CL, confidence level; PSP-DR, proximal serrated polyp detection rate; SSA/P-DR, sessile ser-
rated adenoma/polyp detection rate.

Table 3 Adjusted ADR, SSA/P-DR, and PSP-DR comparison based on endoscopist specialty

Indication Outcome Gastroenterologist marginal
means, % (95% CL)

Surgeon marginal
means, % (95% CL)

Adjusted estimate
(95% CI)

Adjusted P value

All Adjusted ADR 30.0 (36.7, 36.9) 29.7 (29.3, 30.2) 0.22 (�0.41, 0.86) 0.491
All Adjusted SSA/P-DR 7.1 (6.9, 7.3) 4.9 (4.6, 5.1) 2.25 (1.93, 2.58) < 0.0001
All Adjusted PSP-DR 6.7 (6.5, 6.9) 3.6 (3.4, 3.8) 3.09 (2.81, 3.37) < 0.0001
Screening Adjusted ADR 36.8 (36.7, 36.9) 30.4 (30.3, 30.6) 6.36 (6.15, 6.57) < 0.0001
Screening Adjusted SSA/P-DR 6.4 (6.3, 6.5) 5.5 (5.4, 5.6) 0.94 (0.81, 1.06) < 0.0001
Screening Adjusted PSP-DR 5.5 (5.4, 5.5) 2.8 (2.7, 2.9) 2.69 (2.59, 2.78) < 0.0001

All models have been adjusted for session/endoscopist (depending on the predictor), age, gender, and bowel preparation.
ADR, adenoma detection rate; CL, confidence level; CI, confidence interval; PSP-DR, proximal serrated polyp detection rate; SSA/P-DR, sessile ser-
rated adenoma/polyp detection rate.
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Endoscopist background. While some studies have shown
that colonoscopies performed by non-gastroenterologists result in
higher interval CRC,7,24 other studies have failed to show such a
difference.25,26 This could be explained if taken into account that
the results from one country cannot be easily translated to another
because of regional differences in training programs and require-
ments to practice as an endoscopist. Such heterogeneity highlights
the importance of having studies looking at this same question in
different settings.
Our study showed that in our Australian Centre, gastroenterolo-

gists had a higher ADR for screening colonoscopies than surgeons.
This was sustained for SSA/P-DR and PSP-DR for screening colo-
noscopies as well. The only other study in Australia that looked at
endoscopists’ background influence in detection of polyps has
small numbers and has found no significant difference in detection
between gastroenterologists and colorectal surgeons.27 Another
difference from our study is that they have reported adenoma de-
tection in colonoscopies for all indications, rather than ADR for
screening colonoscopies, which is the known measure associated
with CRC prevention.4 Although their reported overall ADR for
gastroenterologists and colorectal surgeons was similar (34% and
34.7%, respectively), their screening ADR was notably different
(52.2% and 30%, respectively). This was found not statistically
significant but likely due the small sample size (around 45 screen-
ing colonoscopies in total). Another difference to our study is that
our surgeon arm does not consist solely of specialized colorectal
surgeons. This may be a cause for the ADR difference.
Some proposed hypotheses to explain the difference in ADR be-

tween surgeons and gastroenterologists include subtle differences
in approach to training, personality nuances, volume of procedures
during and after surgical training, time constraints, increased fa-
tigue because of more physically requiring surgical procedures,
and differences in bowel preparation. In our study, there was a sta-
tistically significant higher proportion of patients with
poor/average bowel preparation reported in the surgeons’ list
(P < 0.001). Nonetheless, the bowel preparation protocol is sup-
posed to be standard split dose polyethylene glycol for all.

Secondary outcomes. The ADR has been criticized for be-
ing imprecise as sole indicator of quality during colonoscopy,
firstly because the detection of just one adenoma is sufficient to
qualify a colonoscopy as being of high quality as per the ADR,
what could lead to gaming (known as “one and done”). Thus, in
our study, we calculated the PPP and APP, which were 2.26 and
1.88, respectively. These did not differ among the groups.

Secondly, ADR imprecision as sole quality measure is due to
the recent awareness of other histological types leading to cancer.
It has been long thought that adenomas were the only precursors to
CRC. However, the ADR only accounts for one of the two major
pathways that lead to CRC, which is why we decided to look into
SSA/P-DR as well. Recent research has shown that serrated polyps
are responsible for up to 15–30% of all CRCs.28,29 However, the
pathological diagnosis of SSA/P is problematic.30 As SSA/Ps are
predominantly found in the proximal colon,31 a metric that miti-
gate the pathological dilemma (hyperplastic polyp vs SSA/P)
was created, the PSP-DR.
Kahi et al.32 and IJspeert et al.33 found that the ADR and PSP-

DR were strongly correlated. The linear regression model in our
study also showed a statistically significant association between
ADR and serrated lesions but through SSA/P-DR (P < 0.001).
This indicates that our endoscopists are removing both adenoma-
tous and serrated neoplastic polyps, comprehensively protecting
our patients from CRC. The confirmation of the correlation be-
tween detection (and removal) of neoplastic adenomatous and ser-
rated lesions is rather important. If the ADR is not positively
correlated with the PSP-DR and/or SSA/P-DR with a given
endoscopist/hospital, it may indicate that serrated lesions are being
missed/neglected during colonoscopies. Hence, although a collin-
earity has been shown in our data, we do not advocate in using
only ADR as a quality measure.
The SSA/P-DR and PSP-DR found in our cohort were 6% and

4% for screening colonoscopies, which is consistent with the liter-
ature.34 As opposed to ADR, SSA/P-DR and PSP-DR were in-
creased in the afternoon session. We can postulate that the
difference between the “runoff” time of the morning (3 h) and af-
ternoon (5 h) preparations could have led to the reformation of the
mucous cap and hence an increase in the detection of SSA/Ps in
the afternoon. It is possible that the effect of the presence of a mu-
cous cap surpassed the effect of the fatigue. The mucous cap fea-
ture is known to be important for SSA/P’s detection and
characterization, as opposed to adenomas.35,36 Although it is
known that a bad bowel preparation (e.g. below 5 in the Boston
Bowel Preparation Scale—according to Lai et al.37) decreases
the detection of polyps, a slightly suboptimal bowel preparation
might have the opposite effect. Although not statistically signifi-
cant, Anderson et al.38 showed a trend of a higher detection of ser-
rated lesions with a slightly “worse” bowel preparation (e.g. from
excellent to good preparation). We postulate that the slightly
higher percentage of excellent bowel preparation for screening co-
lonoscopies in the morning (6.6% vs 4.3%) could explain the 0.5%
higher SSA/P-DR in the afternoon. However, this difference was

Table 4 Cohort bowel preparation

Bowel preparation group, n (%) Excellent Good Average or fair Poor or inadequate N/A

Morning 71 (5.5) 710 (55.5) 396 (30.9) 97 (7.6) 6 (0.5)
Afternoon 111 (8.1) 792 (57.5) 356 (25.9) 115 (8.4) 3 (0.2)
Gastroenterologists 81 (5.2) 1066 (68.5) 271 (17.4) 137 (8.8) 2 (0.1)
Surgeons 101 (9.2) 436 (39.6) 481 (43.7) 75 (6.8) 7 (0.6)
Patients with polyps 60 (4.8) 715 (56.9) 411 (32.7) 68 (5.4) 3 (0.2)
Patients without polyps 122 (8.7) 787 (56.2) 341 (24.4) 144 (10.3) 6 (0.4)
All patients 182 (6.8) 1502 (56.5) 752 (28.3) 212 (8.0) 9 (0.3)

N/A, not available.
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not statistically significant (P = 0.23). Hence, although it is con-
ceivable that SSA/P-DR may be negatively affected by fatigue
the same way as ADR, this might be counterbalanced by a subop-
timal bowel preparation that allows the formation of a mucous cap
and hence draw the attention of the endoscopist. This could corre-
spond to the findings in our cohort.

Limitations. There are some limitations to our study. It is a
single-center study, and hence, the results may not be generaliz-
able. However, most public Australian hospitals have similar pa-
tient and doctor cohorts and working conditions.
Because of the retrospective nature of this study, we were lim-

ited to calculate the cecal intubation rate, completion time, and
withdrawal time. However, we can assume that the cecal intuba-
tion rate was above 95% for all of our endoscopists as they have
been certified by the Gastrointestinal Society of Australia’s “Colo-
noscopy Recertification Program.” In addition, all of our colonos-
copies were allocated for 30 min, indicating that adequate
completion time was available to endoscopists to allow the mini-
mum withdrawal time (6–10 min) to be routinely achieved.
Although usually a retrospective design would be considered a

limitation in this scenario, we believe it might be an advantage
as it allows to more accurately gauge the “true” ADR. If performed
prospectively, endoscopists would be aware that their ADRs are
being recorded. It may therefore cause them to become more dili-
gent than normal and hence artificially inflate the detection of CPs
during the period of the study.
The quality of bowel preparation was reported subjectively by

endoscopists as inadequate, poor, fair, average, good, or excellent.
Unfortunately, a more objective scale such as the Boston Bowel
Preparation Scale was not used in our unit at that time. As such,
there is likely variation between endoscopists.
We did not investigate the potential reasons behind the decline

in ADR in the afternoon. Several possible factors have been postu-
lated including physician fatigue, an urgency to finish work for the
day, or more time constraints on the afternoon lists from delays in
the morning or emergency endoscopy add-ons. These factors
should be investigated in further studies.
In summary, our findings suggest we could potentially achieve

better results with our screening colonoscopies if their schedule
shift towards an early time in the day. However, the viability and
practicability of such proposal need to be considered on a hospital
by hospital basis.

Conclusion
In conclusion, regardless of endoscopy training or time of day, the
minimum standards for ADR in screening colonoscopies were
met. Nonetheless, afternoon lists and surgeons were associated
with lower detection rates when compared with morning lists
and gastroenterologists, respectively. SSA/P-DR was significantly
associated with ADR and could be used as an additional measure
of quality for colonoscopies.
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A. Appendix

Table A1 Difference of marginal means for ADR versus session and confounders, for all data

Outcome Covariate Comparison Estimate (95% CI) P value

ADR Session 1 vs 2 5.35 (4.74, 5.96) < 0.0001
Bowel preparation Average/fair/poor/inadequate vs good/excellent �0.79 (�1.44, �0.13) 0.0186
Gender Female vs male �1.00 (�1.61, �0.40) 0.0012
Age < 60 vs ≥ 60 years old �3.52 (�4.13, �2.90) < 0.0001
Endoscopist background Gastroenterology vs surgery 0.22 (�0.41, 0.86) 0.4899

ADR, adenoma detection rate; CI, confidence interval.

Table A2 Difference of marginal means for ADR versus session and confounders, for screening data

Outcome Covariate Comparison Estimate (95% CI) P value

ADR Session 1 vs 2 6.26 (6.07, 6.46) < 0.0001
Bowel preparation Average/fair/poor/inadequate vs good/excellent 0.16 (�0.06, 0.38) 0.1562
Gender Female vs male 0.11 (�0.08, 0.31) 0.2625
Age < 60 vs ≥ 60 years old 0.04 (�0.16, 0.23) 0.7134
Endoscopist background Gastroenterology vs surgery 6.36 (6.15, 6.56) < 0.0001

ADR, adenoma detection rate; CI, confidence interval.

Table B1 Difference of marginal means for SSA/P-DR versus session and confounders, for all data

Outcome Covariate Comparison Estimate (95% CI) P value

SSA/P-DR Session 1 vs 2 1.14 (0.83, 1.45) < 0.0001
Bowel preparation Average/fair/poor/inadequate vs good/excellent �0.34 (�0.67, �0.00) 0.0468
Gender Female vs male �0.63 (�0.94, �0.32) < 0.0001
Age < 60 vs ≥ 60 years old �1.56 (�1.87, �1.24) < 0.0001
Endoscopist background Gastroenterology vs surgery 2.25 (1.93, 2.58) < 0.0001

CI, confidence interval; SSA/P-DR, sessile serrated adenoma/polyp detection rate.

Table B2 Difference of marginal means for SSA/P-DR versus session and confounders, for screening data

Outcome Covariate Comparison Estimate (95% CI) P value

SSA/P-DR Session 1 vs 2 �0.49 (�0.61, �0.37) < 0.0001
Bowel preparation Average/fair/poor/inadequate vs good/excellent �0.10 (�0.23, 0.04) 0.1562
Gender Female vs male �0.07 (�0.18, 0.05) 0.2625
Age < 60 vs ≥ 60 years old �0.02 (�0.14, 0.10) 0.7134
Endoscopist background Gastroenterology vs surgery 0.94 (0.81, 1.06) < 0.0001

CI, confidence interval; SSA/P-DR, sessile serrated adenoma/polyp detection rate.
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Table C1 Difference of marginal means for PSP-DR versus session and confounders, for all data

Outcome Covariate Comparison Estimate (95% CI) P value

PSP-DR Session 1 vs 2 0.81 (0.54, 1.08) < 0.0001
Bowel preparation Average/fair/poor/inadequate vs good/excellent �0.13 (�0.42, 0.16) 0.3648
Gender Female vs male �0.55 (�0.82, �0.28) < 0.0001
Age < 60 vs ≥ 60 years old �1.34 (�1.61, �1.06) < 0.0001
Endoscopist background Gastroenterology vs surgery 3.09 (2.81, 3.37) < 0.0001

CI, confidence interval; PSP-DR, proximal serrated polyp detection rate.

Table C2 Difference of marginal means for PSP-DR versus session and confounders, for screening data

Outcome Covariate Comparison Estimate (95% CI) P value

PSP-DR Session 1 vs 2 �1.63 (�1.72, �1.54) < 0.0001
Bowel preparation Average/fair/poor/inadequate vs good/excellent �0.07 (�0.18, 0.03) 0.1562
Gender Female vs male �0.05 (�0.14, 0.04) 0.2625
Age < 60 vs ≥ 60 years old �0.02 (�0.11, 0.07) 0.7134
Endoscopist background Gastroenterology vs surgery 2.69 (2.59, 2.78) < 0.0001

CI, confidence interval; PSP-DR, proximal serrated polyp detection rate.
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Chapter 5

Polyp detection rate as a surrogate for adenoma and sessile serrated 
adenoma/polyp detection rates 

This chapter offers a brief summary of a paper published in Gastrointestinal Tumors, along 
with supplementary materials.  The statement of authorship and a copy of the  paper ‘Polyp 
detection rate as surrogate for adenoma and sessile serrated adenoma/polyp detection rates’ follow 
over the page. 

5.1 Summary 

A commonly used quality measure for colonoscopy is the adenoma detection rate (ADR). The 
ADR, calculated on a per-endoscopist basis, can be used to monitor minimum standards of 
practice as it has been directly associated with interval CRC and CRC mortality. However, 
as tracking polyp histology is time-consuming, it is unlikely ADR will be widely used in 
clinical practice as a measure of quality.  

A simpler measure for monitoring quality in colonoscopy would be the polyp detection rate 
(PDR), which can be used as a surrogate for the ADR. As opposed to the ADR, the PDR does 
not require a follow-up histology on each resected polyp. In the study presented here, 
we retrospectively assessed colonoscopy quality measures (i.e. ADR and SSA/P-DR) 
and determined their association through quotients (ADQ and SSA/P-DQ respectively). 
Although the development of quotients for using PDR as a surrogate for ADR has 
been proposed before, it is uncertain whether quotients could be used in different countries. 
Given the idiosyncratic nature of medical training and practice in different countries, our 
research using Australian data becomes relevant and contributes to the body of knowledge. 

In this study, our data consisted of all colonoscopies performed at the Lyell McEwin Hospital 
(Adelaide, South Australia) in 2016. The data were analysed month by month for ADR and 
SSA/P-DR and their correlation with PDR. The goal of the research was to determine 
an adenoma detection quotient (ADQ) for the cohort and evaluate the number 
of procedures required for the ADQ to become stable. The ADQ value (0.68) 
was consistent with other studies and stabilised after 500 procedures. An excellent 
interclass correlation coefficient between actual and predicted ADR was found for every 
endoscopist who had performed over 177 endoscopies during the year 2016. 

This study highlights the potential of the ADQ to make it possible to use the PDR instead 
of the ADR as a quality measure to be monitored by the specialty societies, regulatory bodies 
and the endoscopists themselves.  
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Abstract
Introduction: Quality measures for colonoscopy such as adenoma detection rate (ADR) have 
been proposed to be surveilled for ensuring minimum standards. However, its direct mea-
surement is time consuming and often neglected. Extrapolating ADR and other quality mea-
sures from polyp detection rate (PDR) can be a pragmatic alternative. Objective: To determine 
quotients for estimating ADR and sessile serrated adenoma/polyp detection rate (SSA/P-DR) 
from PDR in an Australian cohort. Methods: Consecutive adult patient colonoscopies during 
a 1-year period were retrospectively assessed in a single Australian tertiary endoscopy center. 
Adenoma detection quotient (ADQ) and SSA/P detection quotient (SSA/P-DQ) were defined 
as the division of ADR and SSA/P-DR by PDR, respectively. The primary outcome was the num-
ber of procedures to achieve a stable cumulative ADQ and SSA/P-DQ. Secondary outcomes 
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included evaluation of ADQ and SSA/P-DQ in different subsets. Results: In total, 2,657 colo-
noscopies were performed by 15 endoscopists in 2016. The ADR, SSA/P-DR, and PDR found 
were 32.2, 6.7, and 47.3%, respectively. The ADQ and SSA/P-DQ values found were 0.68 and 
0.14, respectively. After approximately 500 procedures, both ADQ and SSA/P-DQ became 
stable. Interclass correlation coefficient (ICC) for the prediction of ADR from ADQ was excel-
lent for all endoscopists that performed > 177 procedures in that year (ICC 0.84). Conclusions: 
ADQ and SSA/P-DQ values were consistent when over 500 procedures were analyzed. ADQ 
had an excellent correlation with ADR when > 177 procedures per endoscopist were evaluated.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Colorectal cancer (CRC) ranks second in cancer deaths and third in incidence among all 
cancers in Australia. In 2018, there were approximately 17,000 new cases and 4,100 deaths 
due to CRC in the country [1]. According to the World Health Organization, a similar trend can 
be found throughout the world where CRC sits behind breast, prostate, and lung for incidence 
and behind lung and breast for mortality [2]. It is well known that CRC arises from either 
adenomas, SSA/polyps (SSA/Ps), or traditional serrated adenomas (TSAs) [3, 4]. Screening 
colonoscopy and subsequent removal of premalignant colorectal lesions (CLs) have been 
shown to prevent CRC [5–8]. As colonoscopy has become a standard procedure, quality 
measures have been investigated to monitor its efficacy. The adenoma detection rate (ADR) 
is defined as the number of patients with at least one adenoma divided by the number of 
screening colonoscopies is one of the most important quality measures. It has been shown 
that higher ADR is associated with lower mortality from CRC [9]. Currently, the Gastroenter-
ological Society of Australia recommends an ADR of at least 25% [10]. In addition to moni-
toring adenomatous lesions, the focus has also shifted recently to serrated lesions. SSA/Ps 
have been shown to contribute to up to 30% of CRCs, albeit having a much lower prevalence 
[11]. The serrated pathway has a higher risk for the development of CRC than the traditional 
adenoma-carcinoma pathway [12–14]. This may also be due to the difficulty in its detection 
or the misdiagnosis either during colonoscopy or pathological evaluation [15–17]. It may 
hence be useful to calculate an SSA/polyp detection rate (SSA/P-DR) in addition to the ADR. 

Although calculating both the ADR and SSA/P-DR makes intuitive sense and could and 
perhaps should be used as a measure of quality, both measures have not been used widely 
possibly due to the additional effort required (tracking histology of every single polyp 
removed). Some studies have proposed the use of a quotient based on the polyp detection rate 
(PDR) to promptly predict the ADR, negating the need to track the final histology [18–21]. If 
consistent, the adoption of quotient values could enable swift calculation of ADR and SSA/P-DR 
for endoscopists and regulatory bodies, allowing for an effective performance evaluation tool. 
This study was designed to calculate and evaluate the stability of adenoma detection quotient 
(ADQ) and SSA/polyp detection quotient (SSA/P-DQ) over the period of one year. 

Materials and Methods

Consecutive patients undergoing a colonoscopy at a tertiary Australian endoscopy center for any indi-
cation over a 12-month period were included (January to December 2016). This period was chosen based on 
the average number of colonoscopy procedures per year (∼2,500), which was a similar number to the
numbers from a similar American study [20]. An existing electronic database was interrogated, and all proce-
dures labeled as “colonoscopy” were initially retrieved. Then, the final procedural reports were identified 
and separated into positive colonoscopies (i.e., with at least one CL found) and negative colonoscopies (i.e., 
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no CL found). Procedures initially labeled as colonoscopies and found to be flexisigmoidoscopies or ileos-
copies in the procedure reports were excluded. All colonoscopies were performed or supervised by a Gastro-
enterologist or Surgeon accredited for performing colonoscopies by the Conjoint Committee for Recognition 
of Training in Gastrointestinal Endoscopy. Pathology reports were collected using a patient clinical infor-
mation database. The colonoscopes used for the procedures were from the Olympus® 180 and 190 series.
The “split” bowel preparation method was used for bowel preparation (i.e., 1 L of polyethylene glycol on the 
previous day and 1 L on the day of the procedure). As the bowel cleanliness status was expected to affect in 
a similar way all polyp detection metrics (i.e., PDR, ADR and SSA/P-DR), poor bowel preparation was recorded 
but not used as inclusion/exclusion criteria.

Individual consent was waived by the Northern Adelaide Local Health Network human research Ethics 
Committee (HREC/16/TQEH/283) due to the retrospective nature of the study. Data on indication, bowel 
preparation, age, gender, polyp histology, and location of the polyp within the colon was retrieved. 

The primary outcome was to analyze the cumulative ADQ and SSA/P-DQ within the 1-year period to 
determine at what point the value became consistent (i.e., within 1 SD). Secondary outcomes included the 
comparison of predicted ADR and SSA/P-DR with the actual ADR and SSA/P-DR and the evaluation of ADQ 
and SSA/P-DQ for screening and specialty subsets.

ADR, SSA/P-DR, and PDR were defined as the proportion of colonoscopies with at least one adenoma, 
SSA/P and polyp, respectively. ADR and SSA/P-DR were based on both colonoscopy findings and histology 
report while PDR comprised of colonoscopy findings alone. ADQ and SSA/P-DQ were defined as the division 
of ADR and SSA/P-DR, respectively, by PDR. 

The χ2 test was used for comparison of 2 proportions (for difference in detection rates between the first 
and last semesters) and the t test for comparison of means (for difference in quotients between the first and 
last trimesters). p value was considered significant when < 0.05. Interclass correlation coefficient (ICC) was 
calculated with average measures and consistency of agreement through STATA software (©Copyright 
1996–2019 StataCorp LLC); and interpreted according to Cicchetti et al. [22] (up to 0.40 = poor correlation; 
0.40–0.59 = fair correlation; 0.60–0.74 = good correlation; and 0.75–1.00 = excellent correlation).

Polyp histology n (%)

No histology report 251 (8.8)
No tissue for analysis 25 (0.9)
Normal mucosa* 127 (4.5)
Adenomas
Tubular adenoma LGD
Tubular adenoma HGD
Tubulovillous adenoma LGD
Tubulovillous adenoma HGD
Villous adenoma LGD
Villous adenoma HGD

1,501 (52.8)
1,236 (43.5)

8 (0.3)
210 (7.4)

33 (1.2)
10 (0.4)

4 (0.1)
Serrated polyps
Hyperplastic
SSA/Ps without dysplasia
SSA/Ps with dysplasia
TSA

829 (29.2)
474 (16.7)
323 (11.4)

27 (1.0)
5 (0.2)

Superficial cancer** 10 (0.4)
Invasive cancer 70 (2.5)
Other (e.g., inflammatory, hamartoma)*** 30 (1.1)

Neoplastic lesions in bold. * Normal mucosa included melanosis coli. 
** Invasion of lamina propria invasion and muscularis mucosae, 
restricted to the submucosa. *** Only one lesion classified as “other” 
was neoplastic (ganglioneuroma). LGD, low-grade dysplasia; HGD, 
high-grade dysplasia; SSA/Ps, sessile serrated adenoma/polyps; TSA, 
traditional serrated adenomas.

Table 1. Polyp histology
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Results

In total, 2,498 patients underwent 2,657 colonoscopies between January and December 
2016. These procedures were performed by 9 gastroenterologists and 6 surgeons from a 
tertiary Australian endoscopy center. About 49.8% were males, and the mean age of the 
entire cohort was 58.6 years (SD 14.6). The bowel preparation for the whole cohort was 
excellent or good in 63.3%, average or fair in 28.3%, and poor or inadequate in 8.0%. In 9 
procedures (0.3%), information on the bowel cleanliness state was not available. About 
47.5% of the cohort was over 60 years of age. The mean diameter of the 2,843 polyps detected 
was 7 mm (SD 7.7). Detailed histology can be found in Table 1. 

For the entire cohort, the ADR, SSA/P-DR, and PDR were 32.2, 6.7, and 47.3%, respec-
tively. The difference in ADR, SSA/P-DR and PDR between the first and last semester was not 
statistically significant. The ADQ and SSA/P-DQ for the whole period was 0.68 and 0.14. This 
was not statistically different from when the ADQ and SSA/P-DQ were analyzed separately 
for the first and last trimesters and compared (Table 2).

The mean ADQ varied from 0.56 to 0.77 throughout the year for all indications and was 
similar between Gastroenterologists and Surgeons (0.69 and 0.66, respectively). SSA/P-DQ 
varied from 0.06 to 0.23 with similar pattern. The SD was 0.03 for both quotients.

Looking at cumulative curves, it was observed that the ADQ stabilized after the 2nd 
month for the whole cohort and after the 5th month for both subsets (gastroenterologists and 
surgeons, Fig. 1). The number of procedures necessary to reach stability for the full cohort 

Table 2. ADQ and SSA/P-DQ for the whole year and first/last trimesters

Period of measurement (n) ADR, % SSA/P-DR, % PDR, % ADQ, % SSA/P-DQ, %

Full cohort (2,657) 32.2 6.7 47.3 0.68 0.14
First 3 months (705) 34.6 7.4 51.1 0.68 0.14
Last 3 months (570) 31.9 6.7 47.7 0.67 0.14

ADR, adenoma detection rate; SSA/P-DR, sessile serrated adenoma/polyp detection rate; PDR, polyp 
detection rate; ADQ, adenoma detection quotient; SSA/P-DQ, sessile serrated adenoma/polyp detection 
quotient.
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0.60
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Both
Mean ADQ
Mean ADQ + σ
Mean ADQ – σ

Fig. 1. Cumulative ADQ for all colonoscopies. ADQ, adenoma detection quotient.
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was between 300 and 500, depending on the subsets analyzed. SSA/P-DQ also reached 
stability within the first 5 months (Fig. 2); with < 500 procedures. Using the same ADQ and 
SSA/P-DQ, the subanalysis of screening dataset reached stability at a later timeframe but with 
similar total number of procedures (onlline suppl. Fig. 1 and 2; for all online suppl. material, 
see www.karger.com/doi/10.1159/000505622). 

In order to evaluate the internal validity of our quotients, individual PDR, ADR, and 
SSA/P-DR were calculated. As no individual endoscopist was able to reach 500 colonoscopies 
during 2016, we have used all endoscopists that surpassed the average number of procedures 
for that year (i.e., 177 colonoscopies). Six endoscopists reached this mark, 4 gastroenterolo-
gists (endoscopists 1–4) and 2 surgeons (endoscopists 5 and 6). The mean of procedures per 
endoscopist was 292 in this subset. For these endoscopists, the ADQ and SSA/P-DQ were 
calculated and lead to a maximum variability of 5% between predicted and actual ADR and 
of 3% between predicted and actual SSA/P-DR (Table 3). For endoscopists that did not reach 
these numbers (mean number of procedures = 101), the variation between predicted and 
actual ADR was 14% and between predicted and actual SSA/P-DR was 7% (online suppl. 
Table 2). For the first group, there was an excellent correlation between actual and predicted 
ADR (ICC 0.84) but a poor correlation between actual and predicted SSA/P-DR (ICC 0.04). 

0
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Mean SSA/P-DQ
Mean SSA/P-DQ + σ
Mean SSA/P-DQ – σ

Fig. 2. Cumulative SSA/P-DQ for all colonoscopies. SSA/P-DQ, sessile serrated adenoma/polyp detection
quotient.

Table 3. Individual results for predicted and actual adenoma and SSA/P-DR (high numbers group – all indications)

Endoscopist 1 2 3 4 5 6

Number 308 365 224 315 248 291
PDR, % 41.90 59.20 42.40 43.80 46.80 56.40
Predicted ADR, % 28.50 40.20 28.80 29.80 31.80 38.30
Actual ADR, % 30.50 45.20 26.80 31.40 26.60 38.80
Actual-predicted ADR gap, % 2.00 5.00 –2.10 1.60 –5.20 0.50
Predicted SSA/P-DR, % 5.90 8.30 5.90 6.10 6.50 7.90
Actual SSA/P-DR, % 7.10 11.20 6.70 8.60 5.60 5.20
Actual-predicted SSA/P-DR gap, % 1.30 2.90 0.80 2.40 –0.90 –2.70

ADR, adenoma detection rate; SSA/P-DR, sessile serrated adenoma/polyp detection rate; PDR, polyp detection rate.
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However, when looking at only Gastroenterologists, this correlation was excellent (ICC 0.83). 
As no single endoscopist had done > 100 screening colonoscopies in 2016, the pooled ADR 
and SSA/P-DR was analyzed for the screening subset. This showed excellent and good corre-
lation between predicted and actual detection rates. The ICC for screening colonoscopies was 
0.98 for ADR and 0.67 for SSA/P-DR (Table 4).

Discussion/Conclusion

One of the major quality measures presently proposed for monitoring endoscopists’ 
performance is the ADR. Serrated polyps are an important precursor of CRC and hence 
another metric, the sessile SSA/P-DR, has been proposed. In order to track these metrics, a 
post-colonoscopy pathology assessment is required. This is time consuming and has been one 
of the main deterrent factors for widespread use of ADR and SSA/P-DR. The possibility of 
extrapolating the ADR and SSA/P-DR from a simple metric (PDR) could provide a more prag-
matic alternative. Currently, no consensus values exist for the ADQ and the SSA/P-DQ due to 
potential for variation in different settings. The ADQ found in our study (i.e., 0.68) was 
consistent with what was found in recent studies from Murchie et al. [21] (i.e., 0.66–0.67) and 
Elhanafi et al. [20] (i.e., 0.68). This lends support to the use of this quotient in Australia. 

In our study, the presence of a polyp in the colonoscopy was used for calculation of the PDR 
rather than the histology report, what is consonant with the concept of using PDR for predicting 
ADR. Therefore, even though 8.8% of the detected polyps did not have a histology report (mainly 
for not being resected due to benign features such as diminutive rectosigmoid HPs), this were 
still used as positive colonoscopies for calculating PDR. On the other hand, only histologically 
confirmed adenomas and SSA/Ps were used for calculating ADR and SSA/P-DR, respectively.

To the best of our knowledge, this is the first study describing the SSA/P-DQ. Although 
the study has shown a consistent internal validity similar to the ADQ, the correlation between 
predicted and actual SSA/P-DR was excellent only for gastroenterologists. This might be due 
to the relative lower SSA/P prevalence. Even with only 3% predicted-actual gap, this repre-
sented a wide relative variation and led to an important impact on correlation. Further studies 
are required to validate the usefulness of SSA/P-DQ, bearing in mind the diversity in SSA/P 
endoscopy and pathology diagnoses. 

ADQ and SSA/P-DQ derived from the whole cohort were able to predict ADR and SSA/P-DR 
for individual endoscopists regardless of their specialty (i.e., Gastroenterology or Surgery). 
Therefore, the nonstatistically significant difference for the ADQ and SSA/P-DQ of the indi-
vidual subsets does not seem to affect the use of detection quotients in endoscopy. We hypoth-

Screening colonoscopies Gastro Surgeon All cohort

Number 339 219 558
PDR, % 50.10 43.40 47.50
Predicted ADR, % 34.10 29.50 32.30
Actual ADR, % 36.30 30.60 34.10
Actual-predicted ADR gap, % 2.20 1.10 1.80
Predicted SSA/P-DR, % 7.00 6.10 6.60
Actual SSA/P-DR, % 6.50 5.50 6.10
Actual-predicted SSA/P-DR gap, % –0.50 –0.60 –0.60

ADR, adenoma detection rate; SSA/P-DR, sessile serrated adenoma/
polyp detection rate; PDR, polyp detection rate.

Table 4. Pooled screening 
predicted and actual adenoma 
and SSA/P-DR
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esize that this minor difference might be a product of a slightly higher detection of non-
neoplastic polyps by the surgeons, or it might be due to random variation.

In a study from Amsterdam on 1,426 screen-naïve participants, the prevalence of HPs, 
SSA/Ps and TSAs was 23.8, 4.8, and 0.1%, respectively. Of the 1,782 specimens, 41.8% (744) 
were found to be SPs. Of those, 14.9% (111) were SSA/Ps [23]. These findings did not deviate 
much from the findings of our cohort where the overall prevalence of SSA/Ps was 12.4%. 
Among SPs, 57.2% were classified as HPs, 42.2% as SSA/Ps and 0.6% as TSAs. A Korean study 
found SSA/Ps in 3.1% of 1,375 asymptomatic patients over 50 years of age. The percentage of 
patients with adenomas was 43.5% [24]. These percentages were expected to be even higher 
as they evaluated only proximal colon polyps. In another study from the East, only 8.7% of 
CRCs were associated with the serrated pathway [25]. In addition to the setting, the time when 
the study is performed also matters. A study at the Mayo Clinic based on data from 2005 to 
2007 found only 2.9% of polyps was SSA/Ps [26]. In contrast, another study in the USA found 
an overall prevalence of 8.1% and a prevalence of 15.8% in the last year of the study – 2012 
[27]. It appears that the prevalence of SSA/Ps prevalence is higher in more recent studies. This 
may be a result of increased awareness of the entity and/or due to systematic removal of 
adenomas in the past, which could lead to a relative increase in SSA/P abundance.

The literature as well as our cohort support the belief of a higher SSA/P prevalence is present 
in western countries [28–32]. From the 701 diminutive RS polyps with confirmed tissue on 
histology, 305 were neoplastic (43.5%). Two hundred and twenty-six were adenomas (2 with 
high grade dysplasia), 77 SSA/Ps (3 with dysplasia) and 2 TSAs. Among serrated lesions, HPs 
corresponded to 81.4% of the diminutive polyps in the RS while SSA/Ps represented 18.2% 
(online suppl. Table 1). The SSA/P-DQ would most likely have greater applicability in Western 
countries. However, it is important to note that this study was designed focusing on detection 
quotients rather than detection rates. Therefore, the inclusion of patients with different medical 
backgrounds (e.g., previous CRC, variable family history of CRC and fecal occult blood test 
positive) warrants a critical view on the reported ADR and SSA/P-DR found.

A limitation of this study is the relatively small number of procedures per individual 
endoscopist. This is however an actual reflection of procedures performed by a range of 
endoscopists in a tertiary public hospital in the country. Nevertheless, when looking at endos-
copists with > 177 procedures, the prediction was accurate with an actual-predicted gap of at 
most 5% for ADR and 3% for SSA/P-DQ. A conservative policy could then be used to account 
for this variability. Future research for validation of these findings in other Australian centers 
is warranted.

In conclusion, ADQ and SSA/P-DQ values were consistent when over 500 procedures 
were analyzed. ADQ had an excellent correlation with ADR when > 177 procedures per endos-
copist were evaluated. The quotient values proposed for ADQ and SSA/P-DQ could be used 
for an easier calculation of endoscopists’ ADR (0.68 × PDR) and SSA/P-DR (0.14 × PDR), 
potentially allowing for better evaluation of this important quality measure. As the Australian 
guidelines recommend that each Endoscopist has an ADR of at least 25%, a minimum PDR of 
40% could be used as a surrogate marker. If this is not met, calculation of the actual ADR 
would be necessary. In addition, after an ideal SSA/P-DR is determined, SSA/P-DQ could then 
be used to measure this quality indicator.
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5.4 Supplementary material for Chapter 5 

Supplementary figure 1 Cumulative ADQ for screening colonoscopies 

Supplementary figure 2 Cumulative SSA/P-DQ for screening colonoscopies 
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Supplementary table 1 – Polyp histology by size threshold 

Diminutive (<=5mm) rectosigmoid polyps  
Adenomas 

 Tubular adenoma 
 Tubulovillous adenoma 
 Villous adenoma 

Serrated polyps 
 Hyperplastic polyp 
 Sessile serrated adenoma/polyp 
 Traditional serrated adenoma 

Hamartoma 
Inflammatory 
Leiomyoma 
Normal mucosa 

226 (32.3%) 
 215  (30.7%) 
 11  (1.6%) 
 0  (0%) 

424 (60.5%) 
 345  (49.2%) 
 77  (11.0%) 
 2  (0.3%) 

1 (0.1%) 
3 (0.4%) 
2 (0.3%) 
45 (6.4%) 

Serrated polyps >=10 mm proximal to sigmoid 
 Hyperplastic polyp (%) 
 Sessile serrated adenoma/polyp (%)  2   (8.7%) 

21    (91.3%) 

Serrated polyps <10 mm proximal to sigmoid 
 Hyperplastic polyp (%) 
 Sessile serrated adenoma/polyp (%)  

15     (22.73%) 
51     (77.27%) 

Supplementary table 2 – Individual results for predicted and actual adenoma and SSA/P detection rates (low 
numbers group - all indications) 

Endoscopist 1 2 3 4 5 6 7 8 9 

N 114 86 63 28 54 136 133 162 130 

PDR 47.37% 38.37% 76.19% 50.00% 48.15% 48.53% 39.10% 34.57% 38.46% 

Predicted ADR 32.21% 26.09% 51.81% 34.00% 32.74% 33.00% 26.59% 23.51% 26.15% 

Actual ADR 30.70% 25.58% 38.10% 39.29% 24.07% 20.59% 27.07% 27.16% 34.62% 

Actual-predicted 
ADR gap 

-1.51% -0.51% -13.71% 5.29% -8.67% -12.41% 0.48% 3.65% 8.46% 

Predicted SSA/P-
DR 

6.63% 5.37% 10.67% 7.00% 6.74% 6.79% 5.47% 4.84% 5.38% 

Actual SSA/P-DR 5.26% 4.65% 3.17% 0.00% 9.26% 6.62% 4.51% 4.94% 3.08% 

Actual-predicted 
SSA/P-DR gap 

-1.37% -0.72% -7.49% -7.00% 2.52% -0.18% -0.96% 0.10% -2.31%

ADR – adenoma detection rate 
SSA/P-DR – sessile serrated adenoma/polyp detection rate 
PDR – polyp detection rate 

75



Chapter 6 

Randomised controlled trial comparing modified Sano’s and narrow band 
imaging international colorectal endoscopic classifications for colorectal 
lesions 

This chapter offers a brief summary of a paper published in the World Journal of 
Gastrointestinal Endoscopy.  The statement of authorship and paper (.pdf) ‘Randomised 
controlled trial comparing modified Sano’s and narrow band imaging international colorectal 
endoscopic classifications for colorectal lesions’ follow over the page. 

6.1 Summary 
Several classifications have been used in the past decades in an attempt to predict the 
histology of colorectal lesions. With advancing technology, virtual chromoendoscopy 
methods have gradually become the main tools to optimally make predictions during a 
colonoscopy, and narrow band imaging (NBI) is currently the most available and 
commonly studied virtual chromoendoscopy method. Many of the endoscopy classifications 
currently in use are based on this technology.  

The modified Sano’s (MS) classification, a comprehensive five type classification 
first described in 2013, appears to be able to accurately discern most types of colorectal 
lesion with malignant potential. However, before this study, the MS has never been compared 
to the state-of-the-art available classifications. In this study, we have compared the MS with 
the most used classification in the West (NICE classification) using a randomised single 
centre trial focusing on dichotomic outcomes. The first outcome was the differentiation of 
neoplastic lesions from non-neoplastic lesions, and the second was the identification of 
resectable lesions (i.e. not benign and not invasive).  

In this trial, 348 patients had their 647 colorectal lesions evaluated using either 
classification. The area under the receiver operating characteristic curve (AUC) for 
differentiating neoplastic from non-neoplastic lesions was 0.92 for the MS and 0.78 
for NICE. For predicting ‘endoscopic resectability’, the AUC was 0.92 for the MS and 
0.83 for NICE. Both the AUC values reached statistical significance. The post-
polypectomy surveillance interval was accurately determined by the MS in 98.2% of 
patients and in 92.1% of patients for NICE. In addition, the accuracy for diagnosis of 
sessile serrated adenoma/polyp (SSA/P) with high confidence utilizing the MS 
classification achieved 93.2%. 

Although in this study we were unable to compare directly the capabilities of 
both classifications in differentiating serrated lesions, our research was able to 
demonstrate the potential of the MS as a more accurate method of classification than the one 
currently in use in the West.  
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Abstract
AIM
To assess the utility of modified Sano′s (MS) vs the 

Randomized Controlled Trial
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narrow band imaging international colorectal endoscopic 
(NICE) classification in differentiating colorectal polyps.

METHODS
Patients undergoing colonoscopy between 2013 and 
2015 were enrolled in this trial. Based on the MS or 
the NICE classifications, patients were randomised 
for real-time endoscopic diagnosis. This was followed 
by biopsies, endoscopic or surgical resection. The 
endoscopic diagnosis was then compared to the final 
(blinded) histopathology. The primary endpoint was 
the sensitivity (Sn), specificity (Sp), positive predictive 
value (PPV) and negative predictive value (NPV) of 
differentiating neoplastic and non-neoplastic polyps (MS 
Ⅱ/Ⅱo / Ⅲa / Ⅲb vs  I or NICE 1 vs  2/3). The secondary 
endpoints were “endoscopic resectability” (MS Ⅱ/Ⅱ
o/Ⅲa vs  Ⅰ/Ⅲb or NICE 2 vs  1/3), NPV for diminutive 
distal adenomas and prediction of post-polypectomy 
surveillance intervals.

RESULTS
A total of 348 patients were evaluated. The Sn, Sp, 
PPV and NPV in differentiating neoplastic polyps from 
non-neoplastic polyps were, 98.9%, 85.7%, 98.2% 
and 90.9% for MS; and 99.1%, 57.7%, 95.4% and 
88.2% for NICE, respectively. The area under the 
receiver operating characteristic curve (AUC) for MS 
was 0.92 (95%CI: 0.86-0.98); and AUC for NICE was 
0.78 (95%CI: 0.69, 0.88). The Sn, Sp, PPV and NPV 
in predicting “endoscopic resectability” were 98.9%, 
86.1%, 97.8% and 92.5% for MS; and 98.6%, 66.7%, 
94.7% and 88.9% for NICE, respectively. The AUC 
for MS was 0.92 (95%CI: 0.87-0.98); and the AUC for 
NICE was 0.83 (95%CI: 0.75-0.90). The AUC values 
were statistically different for both comparisons (P = 
0.0165 and P = 0.0420, respectively). The accuracy for 
diagnosis of sessile serrated adenoma/polyp (SSA/P) 
with high confidence utilizing MS classification was 
93.2%. The differentiation of SSA/P from other lesions 
achieved Sp, Sn, PPV and NPV of 87.2%, 91.5%, 
89.6% and 98.6%, respectively. The NPV for predicting 
adenomas in diminutive rectosigmoid polyps (n  = 150) 
was 96.6% and 95% with MS and NICE respectively. 
The calculated accuracy of post-polypectomy 
surveillance for MS group was 98.2% (167 out of 170) 
and for NICE group was 92.1% (139 out of 151). 

CONCLUSION
The MS classif icat ion outperformed the NICE 
classification in differentiating neoplastic polyps and 
predicting endoscopic resectability. Both classifications 
met ASGE PIVI thresholds.

Key words: Colorectal polyps; Colorectal adenomas; 
Colorectal neoplasm; Colorectal lesions; Randomised 
controlled trial; Colonoscopy; Magnifying colonoscopy; 
Endoscopic imaging
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can be daunting. Especially with serrated lesions. The 
Modified Sano’s (MS) classification, the first classification 
that included sessile serrated adenoma/polyps was 
developed in 2013. In this randomised controlled trial 
we compare the accuracies of the well-established 
narrow band imaging international colorectal endoscopic      
classification and the MS classification. Although both 
classifications have met the ASGE PIVI statement 
thresholds for predicting histology in diminutive 
rectosigmoid polyps and post-polypectomy surveillance, 
MS was statistically more accurate.

Zorrón Cheng Tao Pu L, Cheong KL, Koay DSC, Yeap SP, 
Ovenden A, Raju M, Ruszkiewicz A, Chiu PW, Lau JY, Singh 
R. Randomised controlled trial comparing modified Sano’s
and narrow band imaging international colorectal endoscopic
classifications for colorectal lesions. World J Gastrointest
Endosc 2018; 10(9): 210-218  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v10/i9/210.htm  DOI: http://dx.doi.
org/10.4253/wjge.v10.i9.210

INTRODUCTION
The majority of colorectal polyps are small and benign[1]. 
Current practice mandates biopsies or removal and 
pathological interpretation to confirm the diagnosis. With 
technological advancement in the endoscopy imaging 
field, the adoption of strategies such as “diagnose, resect 
and discard” for proximal polyps and “do not resect” 
for rectosigmoid hyperplastic polyps (HPs) has become 
possible[2,3]. Apart from being cost-effective and perhaps 
time-efficient, these strategies could potentially reduce 
the risks of complications associated with polypectomy[4]. 
For larger lesions, advanced imaging modalities may have 
a role especially if required to differentiate early cancers 
confined to the intramucosal layer or infiltrating more 
than 1000 µm into the submucosa[5-8]. In vivo prediction 
of colorectal lesions is hence of utmost importance. 

Numerous technologies including iScan, flexible 
spectral imaging colour enhancement (FICE) and narrow 
band imaging (NBI) have been available to assist in 
interrogating the surface pattern and microvascular 
architecture of colorectal polyps. A systematic review 
comparing standard white light endoscopy, chromoen-
doscopy and NBI with or without magnification concluded 
that magnified chromoendoscopy and NBI were the two 
most accurate modalities in predicting polyp histology[9]. 

Several studies have demonstrated that NBI is equivalent 
to chromoendoscopy in distinguishing neoplastic and 
non-neoplastic colonic polyps. A recent meta-analysis 
involving 28 studies reported high accuracy with NBI in 
diagnosing colorectal polyps based on an area under the 
hierarchical summary receiver-operating characteristic 
(HSROC) curve of 0.92[10]. Additionally, when high 
confidence predictions are made, the sensitivity (Sn) and 
negative predictive value (NPV) exceeded 90%. Sessile 
serrated adenoma/polyp (SSA/P) was not considered 
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Table 1  Narrow band imaging international colorectal endoscopic classification of colorectal polyps was based on 3 features 
including colour, vessel, architecture and surface pattern
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separately in these studies[10-13]. 
Differentiation of polyps can also be made using 

NBI with magnified endoscopy (NBI-ME) utilizing 
various classifications including the Sano’s classification, 
modified Sano’s (MS) classification, NBI international 
colorectal endoscopic (NICE), Hiroshima, Showa, 
Workgroup serrAted Polyps and Polyposis (WASP), JNET 
and Jikei classifications and 1 published classification 
for FICE with magnified endoscopy (FICE-ME)[5,11,14-17]. 
Many of these classifications have been validated in 
various studies. There are however no comparative data 
to date on the diagnostic accuracy of these different 
classifications. Recently the new WASP classification has 
emerged which included the differentiation of SSA/Ps 
from HP, but with inconsistent results[18]. The Sano’s 
classification was modified to include a classification for 
SSA/P in 2013[19]. As the original Sano’s classification 
was solely based on capillary pattern, the surface pattern 
was incorporated in the MS classification, in order to 
improve its diagnostic capability. The MS classification 
is defined in accordance with the colour, capillary 
network surrounding the pit pattern and surface pattern 
evaluated under magnification. By contrast, the NICE 
classification of colorectal polyps is based on 3 features 
including colour, vessel architecture and surface pattern 
evaluated not necessarily under magnification (Figure 1 
and Table 1, respectively). Both the NICE and MS have 
been found to be independently valid tools for predicting 
polyp histology according to the American Society for 
Gastrointestinal Endoscopy (ASGE) Preservation and 
Incorporation of Valuable Endoscopic Innovations (PIVI) 
statement[5,6,19,20].

The ASGE’s PIVI statement[20] regarding colonic 
polyps has advised thresholds for endoscopic imaging, 
namely: (1) an endoscopic technology (when used with 
high confidence) should provide > 90% agreement in 
determining post-polypectomy surveillance intervals; and 
(2) the technology (when used with high confidence)
should provide > 90% NPV for adenomatous histology
for rectosigmoid polyps.

This was introduced to further guide endoscopists 
using new technologies into achieving measurable out-
comes and aiding the incorporation of novel technologies 
into clinical practice.

There are no randomised trials comparing MS and 
NICE classifications. The aim of this study is to compare 
the accuracy of NBI with dual focus (DF) magnification 

in differentiating colorectal polyps using the NICE and 
the MS classifications. The NPV for neoplastic prediction 
(cancer, adenomas and SSA/Ps) within diminutive 
rectosigmoid polyps and the post-polypectomy survei-
llance intervals for each classification (based on the 
ASGE PIVI statement thresholds) was also evaluated.

MATERIALS AND METHODS
Study design
This study was approved by the Australian Human 
Research Ethics Committee (TQEH/LMH/MH) and is 
registered on clinicaltrials.gov (No. NCT02963207). 
Written informed consent was obtained from each 
patient prior to colonoscopy. Data were collected at the 
site of investigation by a research nurse and analysed 
by a study statistician. Only the endoscopist knew 
which arm of the trial the patient was on during the 
endoscopic diagnosis of the lesion. Neither the patient 
nor the pathologist was aware of the classification used 
on the lesion.

Randomisation
A concealed container containing 2 cards which 
randomised the participants to either MS or NICE 
classifications arm was used. Each week, a research 
nurse randomly selected a card from the concealed 
container. This generated allocation was then conveyed 
to the endoscopist.

Study population
All patients undergoing colonoscopy for any indication at 
the Lyell McEwin Hospital endoscopy unit were evaluated 
for eligibility by the researchers. Patients were recruited 
from June 2013 onwards. Inclusion criteria were age 
of 18 years or older with endoscopic findings of colonic 
polyps (of any size). Key exclusion criteria included 
known history of inflammatory bowel disease, familial 
polyposis syndrome, coagulopathy, thrombocytopenia, 
incomplete procedure due to poor bowel preparation or 
acute angles, current pregnancy and no polyps detected 
during the procedure. 

All colonoscopies were performed by a senior en-
doscopist with a high level of expertise using the 190 
series with DF capability (Exera Ⅲ NBI system; Olympus 
Co. Ltd, Japan). This processor allows the NBI image 
to be enhanced by 150%. The DF function enables 

NICE Ⅰ NICE Ⅱ NICE Ⅲ

Colour Same or lighter than background Browner than background Dark brown relative to background +/- 
patchy whiter areas

Vessels None or isolated lacy vessels Brown vessels surrounding white structures Disrupted or missing vessels
Surface pattern Dark or white spots of uniform size, or 

homogeneous absence of pattern
Oval, tubular or branched white structure 

surrounded by brown vessels
Amorphous or absent surface pattern

Likely pathology Hyperplastic Adenoma Deep submucosal invasive cancer

NICE: Narrow band imaging international colorectal endoscopic.
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magnification of up to 70×. Both are push button 
techniques and image enhancement with magnification 
occurs within 1-2 s.

Endoscopic imaging and classification of polyps
The patients whom had colonic polyps had their polyps 
assessed in real-time with NBI-DF. DF was used in both 
groups to standardize the evaluation. The endoscopist 
studied the lesion carefully at least for one minute. The 
size of the polyp was estimated by the endoscopist 
based on the size of the cap (outer diameter of 15 
mm) and/or size of the snare/forceps. The polyp was
initially examined in white light, then NBI, followed by
magnification. Image acquisition was further enhanced
with a distal cap attachment to the scope (short

transparent cap from Olympus® - D-201, approximately 
4 mm from distal end). Efforts were made to obtain a 
crisp clear still image with water pump and simeticone 
when needed (no dyes used). Histology in real-time of 
individual polyps was then predicted using either the 
NICE or the MS classification, with a confidence level 
(low/high). 

The endoscopist scored each polyp found and the 
final endoscopic diagnosis was recorded by the research 
nurse who was present in the endoscopy suite. A clinical 
judgement was deemed as high in confidence when 
the endoscopist found a polyp with clear features of 
one subtype, as described in the classifications shown 
in Figure 1 and Table 1. If there was any uncertainty or 
doubt, the prediction was recorded as low confidence. 

MS classification (predicted histology) Description Example
Category Ⅰ
(HP)

Pale colour ± round pits with central brown star-like dots or 
bland appearance ± minute capillaries that may meander 
across polyp

Category Ⅱo
(SSA/P)

Pale or light dark colour ± open pits ± 3 out of 5: cloud-
like surface, inconspicuous margins, mucous cap, irregular 
shape and varicose microvascular vessels1

Category Ⅱ
(tubular adenoma with low grade 
dysplasia)

Light dark or dark colour ± white linear or oval pits ± linear 
or oval regular capillary network surrounding pits

Category Ⅲa
(high grade dysplasia/ v i l lous or 
tubulovil lous adenoma/superficial 
cancer)

Light dark or dark colour ± white villous/cerebriform pits 
± tortuous/branched mildly regular capillary network 
surrounding pits2

Category Ⅲb
(invasive cancer)

Dark surroundings with pale central area ± loss of pits and 
vascular pattern

Figure 1  Modified Sano’s classification is defined as below. 1If no open pits and 2 serrated features = classified as low confidence for SSA/P; if 1 serrated feature 
= low confidence for HP; if no features = high confidence for HP. 2Can have slight loss of pit pattern and vascularity when leaning towards superficial cancer.MS:
Modified Sano’s; HP: hyperplastic polyp; SSA/P: Sessile serrated adenoma/polyp. 
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All polyps were photographed and stored for future 
reference. No video recording was done. This was 
followed by biopsies and surgical resection in cases of 
predicted invasive cancer, or endoscopic resection to the 
remaining lesions. The histopathology was evaluated 
initially by a non-gastrointestinal (non-GI) specialist 
pathologist due to personnel limitations. However, if the 
diagnosis was uncertain the slides were forwarded to a  
specialist GI pathologist. The pathologists were blinded 
to the classification used and the prediction of the polyp 
by the endoscopist. The endoscopy diagnosies was 
then compared to the final histopathological diagnosis.

Study endpoints
The primary endpoint of the study was to prospectively 
evaluate the Sn, specificity (Sp), positive predictive value 
(PPV) and NPV of neoplastic (cancer, adenoma or SSA/P) 

vs non-neoplastic (HP, inflammatory) polyps based on 
either classification (MS Ⅱ, Ⅱo, Ⅲa and Ⅲb vs MS Ⅰ or 
NICE 2, 3 vs NICE 1). 

In addition, we assessed the concept of “suitability 
of endoscopic resection” of these polyps (MS Ⅱ, Ⅱ
o, Ⅲa vs MS Ⅰ, Ⅲb or NICE 2 vs NICE 1, 3) and the 
diagnostic accuracy of SSA/Ps by the MS classification. 
To assess the ability of the NICE and MS classifications 
to match the PIVI-1 thresholds, high confidence NBI 
predictions of polyp histology were given an endoscopy-
based surveillance interval. This was then compared 
with the recommended interval based on histologic 
assessment. For this calculation, polyps histologically 
classified as SSA/Ps but classified as NICE 1 or 
MS Ⅰ were excluded. This was thought to mitigate bias 
as NICE has no separate SSA/P classification. As for the 
PIVI-2 thresholds, we calculated the negative predictive 
value (NPV) of high confidence NBI predictions for 
adenomatous histology of diminutive polyps using 
histology as a reference.

Statistical analysis
The sample size was calculated based on number of 
polyps. The primary aim was to test the performance 
of NBI diagnosis for polyp differentiation. Thus, it was 
estimated that a total sample size of 560 polyps would 
be required to have an 80% power with an alpha 
error of 0.05 to appreciate an increment of 7% in the 
prediction of histology with the MS classification. 

Statistical analysis was performed by using statistical 
software, Stata 13.0 (StatCorp, TX, United States). 
Continuous variables are reported as either a mean ± 
SD or median and range. Means were reported unless 
the data were nonparametric. The Student’s t test was 
used to analyse continuous variables, and a Pearson χ2 
analysis was used for categorical variables. Statistical 
significance was set at a 2-sided P value of 0.05 or less. 
The analysis applied to the classifications was in regards 
to the polyps, while the analysis for post-polypectomy 
surveillance was based on patients. 

RESULTS
A total of 348 patients were included from June 2013 
until June 2015 (Figure 2). The trial was terminated 
as we have reached the stipulated sample size. Both 
groups had similar demographics (Table 2). The total 
number of polyps predicted with high confidence in the 
MS classification was 309 out of 321 (96.3%). This was 
significantly higher in proportion as compared to that 
in the NICE arm (254 out of 326 polyps or 78% - as 
shown in Table 3). Characteristics of the polyps were 
not significantly different between both arms except for 
the mean size of polyps which was larger for the NICE 
arm (Table 3).

Primary endpoint
The Sn, Sp, PPV and NPV in differentiating neoplastic 
from non-neoplastic polyps were 98.9%, 85.7%, 98.2% 

Table 2  Demographics of study participants

Classification Modified Sano’s NICE P value

age (mean ± SD) 62.18 ± 14.06 64.41 ± 11.36 NS 
M:F (% male) 191:118 (62%) 178:76 (70%) NS
Indication n (%)
   Screening 156 (50) 115 (45) NS
   Surveillance 86 (28)   88 (35)
   Symptoms 63 (20)   49 (19)
   Others 4 (1)   2 (1)
   Total 309 254

NICE: Narrow band imaging international colorectal endoscopic; NS: 
Non-significant.

Analysed for diagnosis accuracy 
(n  = 2542)
Analysed for surveillance accuracy 
(n  = 1511)
   Excluded from analysis due 
   to low confidence (n  = 722/221)

CONSORT 2010 flow diagram

Enrolment Assessed for eligibility (n = 9161)

Excluded (n  = 5681)
   Did not have polyps (n  = 5661)
   Declined to participate (n  = 21)

Randomized (n=3481)

Allocated to MS (n = 1752/3211)
   Received allocated intervention
   (n = 1752/3211)
   Did not receive allocated 
   intervention (n = 0)

Allocated to NICE (n=1732/3261)
   Received allocated intervention
   (n = 1732/3261)
   Did not receive allocated 
   intervention (n = 0)

Analysed for diagnosis accuracy 
(n  = 3092)
Ana l y s ed f o r s u r v e i l l a n c e 
accuracy (n  = 1701)
   Excluded from analysis due to 
   low confidence (n  = 122/51)

Allocation1,2

Analysis1,2

Figure 2  CONSORT 2010 flow diagram. 1Patients; 2Polyps. MS: Modified 
Sano’s; NICE: Narrow band imaging international colorectal endoscopic; SSA/P: 
Sessile serrated adenoma/polyp.
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and 90.9% for MS and 99.1%, 57.7%, 95.4% and 
88.2% for NICE respectively. The MS arm had an area 
under the receiver operating characteristic curve (AUC) 
of 0.92 (95%CI: 0.86-0.98), whilst NICE had an AUC 
of 0.78 (95%CI: 0.69-0.88). There was a statistically 
significant difference between the MS and NICE’s AUC 
values (P = 0.0165) (Figure 3A).

Secondary endpoints
The Sn, Sp, PPV and NPV in predicting ‘endoscopic 
resectability’ were 98.9%, 86.1%, 97.8% and 92.5% 
for MS and 98.6%, 66.7%, 94.7% and 88.9% for NICE 
respectively. The MS group had an AUC of 0.92 (95%CI: 
0.87-0.98), whereas NICE had an AUC of 0.83 (95%CI: 
0.75, 0.90). There was also a statistically significant 
difference between the AUC values (P = 0.0420) (Figure 

3B).
The accuracy for diagnosis of SSA/P with high 

confidence using Ⅱo on MS classification was 93.2%, 
and differentiation of SSA/P from other lesions achieved 
87.2% of Sp, 91.5% of Sn, 89.6% of PPV and 98.6% of 
NPV (Table 4).

Classification of polyps according to size is shown 
in Table 3. Of the high confidence polyps in the MS 
arm, 150 (48.5%) were diminutive (5 mm or less), 60 
(19.5%) were small (6-9 mm) and 99 (32%) were large 
(≥ 10 mm). In the NICE arm, there were 254 polyps 
detected with high confidence which included 127 (50%) 
diminutive, 42 (16.5%) small and 85 (33.5%) large 
polyps. 

The NPV for diminutive rectosigmoid polyps were 
96.6% and 95% in MS and NICE arms respectively. The 

Table 3  Characteristics of colon polyps

Classification Modified Sano’s NICE P value

Confidence level n (%)
   High    309 (96.3) 254 (78) <0.0001
   Low    12 (3.7)  72 (22)
   Total 321 326
Distribution based on size
   ≤ 5 mm 151 127 NS

6-9 mm   63   42
≥ 10 mm   95   85

Size (mean ± SD, mm)   10.17 ± 11.30 14.48 ± 19.47 0.0036
Polyp distribution n (%)
   Right colon   95 (31) 101 (40) NS
   Transverse colon   60 (19)  52 (20)
   Descending colon   34 (11)  27 (11)
   Rectosigmoid colon 120 (39)  74 (29)
   Total 309 254
Paris n (%)
   1p 28 (9) 18 (7) NS
   1s 190 (61) 156 (61)
   2a   81 (26)  71 (28)
   2b   4 (1)  1 (1)
   2c   5 (2)  6 (2)
   3   1 (1)  2 (1)
   Others   12   15
   Total 309 254

NICE: Narrow band imaging international colorectal endoscopic; NS: Non-significant.

Figure 3  Receiver operating characteristic curves of modified Sano’s and narrow band imaging international colorectal endoscopic classification. A: 
For neoplastic differentiation; B: For endoscopic resectability. MS: Modified Sano’s; NICE: Narrow band imaging international colorectal endoscopic; SSA/P: Sessile 
serrated adenoma/polyp.
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Table 4  Accuracy of modified sano’s Ⅱo class for sessile 
serrated adenoma/polyp

216 September 16, 2018|Volume 10|Issue 9|WJGE|www.wjgnet.com

calculated accuracy of post-polypectomy surveillance 
for MS group was 98.2% (167 out of 170) and for NICE 
group was 92.1% (139 out of 151). 

In the MS arm, there were 20 out 309 (6.4%) high 
confidence polyps’ inaccuracies. Misdiagnoses which 
were made were as follows: MS Ⅰ (3 SSA’s and 1 normal 
mucosa), MS Ⅱ (3 normal mucosa, 1 inflammatory 
polyp, 1 traditional serrated adenoma, 4 tubular 
adenoma with high grade dysplasia, 1 tubulovillous 
adenoma with low grade dysplasia and 1 villous 
adenoma with high grade dysplasia), MS Ⅱo (2 tubular 
adenoma with low grade dysplasia and 1 HP) and MS Ⅲ
a (1 tubular adenoma with low grade dysplasia and 1 
villous adenoma with invasive carcinoma). 

In the NICE arm, there were 18 out of 254 (7.1%) 
inaccuracies in high confidence polyps - NICE Ⅰ (1 
normal mucosa, 2 tubular adenomas with low grade 
dysplasia), NICE Ⅱ (5 normal mucosa, 5 HPs, 1 
inflammatory polyp, 1 focal colitis cystica profunda, 1 
cancer) and NICE Ⅲ (1 tubulovillous adenoma with high 
grade dysplasia). 

These resulted in 10 overcalled and 5 undercalled 
cases on the in vivo prediction for post-polypectomy 
surveillance interval (Table 5).

DISCUSSION
NBI is one of the most easily available and commonly 
used image-enhanced endoscopic modality. There are 
many NBI classifications for colorectal lesions, but only 
two thus far have included SSA/P separately (WASP 
and MS). The WASP classification was derived from 
NICE aiming to differentiate HP from SSA/P[18]. The 
classification does not address the differentiation of 

adenoma and invasive cancer. A simple, comprehensive 
and reliable classification is pivotal in clinical practice. 

Hewett et al[4] has initially shown NICE subtypes 1 and 
2 using non-magnified NBI. The accuracy, Sn and NPV 
for small colorectal polyps were 89%, 98% and 95%, 
respectively. The study did not include SSA/Ps. In this 
study, the MS classification has been proven to be more 
effective in differentiating neoplastic colorectal polyps 
(i.e., cancer or adenoma or SSA/P) from non-neoplastic 
polyps (i.e., inflammatory or HP) when compared to 
the NICE classification. This is probably attributed to the 
former’s design which has a sub-division for SSA/Ps. 
This subdivision may have given the MS classification an 
upper-hand over the NICE classification as some of the 
HP misdiagnosed by the NICE were in fact SSA/Ps. 

In this study, both NBI classifications were able to 
meet the PIVI benchmarks as the post-polypectomy 
surveillance prediction accuracy and NPV for diminutive 
rectosigmoid polyps exceeded 90% in the two study 
arms. These findings are compatible with the results of 
the previous meta-analysis of 20 studies on NBI with and 
without magnification. The pooled NPV found was 91% 
for adenomatous histology[21]. 

SSA/Ps have been recognized as precancerous lesions 
and they account for up to one third of all sporadic 
colorectal cancers[22]. They may have been misdiagnosed 
due to the challenges both endoscopists and pathologists 
faced in distinguishing them from HPs for the past years. 

Several investigators sought to discriminate SSA/
Ps from HPs via NBI (without magnification) based 
on several specific endoscopic features with varying 
results[23-26]. A recently published prospective study by 
Yamashina et al[27] reported very high sensitivity (98%) 
but only modest Sp 59.5% for diagnostic criteria of SSA/
Ps through identification of “expanded crypt openings” 
and “thick branched vessels” on magnified NBI. The 
WASP classification was not used for comparison in this 
study as it was only recently published and not available 
when our study began[18]. Similarly, although the JNET is 
currently being considered a gold standard in regard to 
polyp classification (excluding SSA/Ps), this had not been 
published by the time the study started.  

The clinical use of real-time histology is already used 
in standard practice to evaluate “suitability for resection”. 
This means that if a lesion is endoscopically considered 
to be an invasive cancer or if it is predicted to be benign 
(e.g., distal diminutive HPs), endoscopic resection will not 
be attempted. Moreover, further benefits of endoscopic 
diagnosis may add to this “suitability for resection”. Two 
cost-analysis studies have proven the “diagnose, resect 
and discard” technique is cost-effective for diminutive 
polyps[28,29]. There are nevertheless several issues for 
consideration. For this technique to be adopted globally 
there should be a standard NBI classification that is 
easy for inexperienced endoscopists to learn and apply. 
There is potential risk for litigation if the endoscopists’ 
histology prediction is inaccurate and with a possibility 
of patients developing advanced pathology during the 
inter-surveillance period. In addition, the risk of bleeding 

SSA/P Other histology

MS Ⅱo 43 (13)        5 (1.54)
Other MS classification       4 (1.23)1 273 (84)

1SSA/P histology was correlated with either Ⅰ or Ⅱo on MS. SSA/P: Sessile 
serrated adenoma/polyp; MS: Modified Sano’s.

Table 5  Results of in vivo  prediction for post-polypectomy 
surveillance interval

Modified Sano’s NICE

Total patients 175 173
Accurate 167 139
Overcalled1     2     8
Undercalled2     1     4
Excluded     5   22

1Surveillance colonoscopy interval prediction with classification was 
premature compared to the determined by final histology; 2Surveillance 
colonoscopy interval prediction with classification was delayed compared to 
the determined by final histology. NICE: Narrow band imaging international 
colorectal endoscopic.
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and perforation associated with polypectomy may be 
increased if the endoscopist ‘overcalled’ any lesion. The 
MS classification could step in to allow these techniques 
with the more accurate up-to-date endoscopic diagnosis 
classification. 

This study has limitations. All procedures were 
performed by a single expert. This may not be genera-
lizable. Although other studies within our centre 
have validated the usefulness of the MS classification 
compared to NICE and JNET[30], studies utilizing the MS 
classification must be performed in other endoscopy 
centres by experts and non-experts to evaluate its 
reproducibility. The group randomization process used 
(per week instead of per patient) was not conventional 
and could have contributed to uneven distribution 
among both arms. However, this was not translated 
in demographic differences (Table 2). The reason for 
doing so was to mitigate possible confusion on which 
classification should be used for each patient and in order 
to allow a consistent mental focus on one classification at 
a time.  

In conclusion, this study demonstrated that the 
MS classification was superior in differentiating non-
neoplastic from neoplastic polyps and more accurately 
guided the endoscopic resection when compared to the 
NICE classification. MS is also accurate for predicting 
SSA/P histology, a subtype neglected by NICE. 
Nevertheless, both classifications met PIVI thresholds 
in managing diminutive polyps and determining post-
polypectomy surveillance period. 

ARTICLE HIGHLIGHTS

Research background
Prediction of polyp histology may prevent unnecessary polypectomies and 
reduce cost. 

Research motivation
The endoscopic differentiation of benign and malignant polyps is sometimes 
difficult, especially when looking into serrated lesions. Very few endoscopic 
classifications include the differentiation of sessile serrated lesions [e.g., 
modified Sano’s (MS)]. These have not being widely used partially due to lack 
of reliable comparison with the currently used classifications [e.g., narrow 
band imaging international colorectal endoscopic (NICE)]. The comparison 
of established classifications with a classification including serrated polyps’ 
differentiation in a randomised trial could help to support the use of the newer 
and more comprehensive classifications.

Research objectives 
The main objective of this randomised controlled trial is to compare the 
established adenoma vs non-adenoma NICE classification and the newer 
neoplastic vs non-neoplastic MS classification. 

Research methods
This was a single centre randomised controlled trial (pathologist blinded) 
comparing the NICE classification with the MS classification for the endoscopic 
prediction of histology of colorectal lesions during colonoscopy.

Research results
MS classification had significantly higher proportion of high confidence 
diagnoses compared to NICE. Overall, the MS area under the receiver 

operating characteristic curve (AUC) was 0.92 and NICE AUC was 0.78 (P = 
0.0165). For predicting “endoscopic resectability”, MS AUC was also 0.92 and 
NICE AUC was 0.83 (P = 0.0420). The accuracy for diagnosis of SSA/P by MS 
classification was 93.2%. The NPV for diminutive rectosigmoid polyps were 
96.6% and 95% in MS and NICE arms respectively. The calculated accuracy of 
post-polypectomy surveillance was 98.2% for MS and 92.1% for NICE. Utilizing 
MS, 6.4% of high confidence polyps were misdiagnosed. Utilizing NICE, 7.1% 
were misdiagnosed. 

Research conclusions
The MS classification has shown to be accurate in diagnosing colorectal lesions 
including sessile serrated adenoma/polyp. Both classifications surpassed the 
ASGE PIVI thresholds. MS classification may currently be the most accurate 
and comprehensive endoscopic classification for differentiation of colorectal 
polyps.

Research perspectives
The use of classifications that incorporate the differentiation of serrated polyps 
such as the MS classification may be necessary. These should become the 
standard for adequate characterization of colorectal lesions. Nonetheless 
validation in different centres is required.
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Chapter 7 

Comparison of different virtual chromoendoscopy classification systems for 
the characterization of colorectal lesions 

This chapter offers a brief summary, as well as a copy of the paper accepted for publication in 
the JGH Open journal, complete with tables, figures, references and supplementary 
materials. The statement of authorship and manuscript copy of the submitted paper 
‘Comparison of different virtual chromoendoscopy classification systems for the 
characterization of colorectal lesions’ follow over the page. 

7.1 Summary 
Although in Chapter 5 we demonstrated that MS was superior to NICE, at the time the 
study was designed our evaluation of MS was constrained by the lack of a category for SSA/Ps 
in the NICE classification. With the recent introduction of the WASP ‘add-on’ classification, 
a more complete investigation of the potential of MS became possible. In addition, 
another classification was created in recent years that is currently the gold-standard 
classification in the East–the JNET classification. Given these advances in the tools for 
CRC assessment, we conducted a two-centre study to compare the current cutting-edge 
NBI classifications for colorectal lesions. 

Initially, patients undergoing colonoscopy at the Lyell McEwin Hospital (Adelaide, SA) 
were prospectively enrolled in the study, and when lesions were found, these were assessed 
for all classifications in real-time (exploratory phase). While the MS classification can 
differentiate SSA/Ps on its own, the NICE and JNET classifications were combined with 
WASP for this purpose (named wNICE and wJNET, respectively).  

In sequence, a validation phase took place where lesions on NBI and blue laser imaging (BLI) 
were assessed ex-vivo by four external endoscopists in Japan. 483 colorectal lesions 
were evaluated by the two investigators in the exploratory phase and 30 colorectal lesion 
images were evaluated independently by each endoscopist in the validation phase. The 
results have shown that MS accuracy is superior to other classifications, even when 
simplified to a 4-type or 3-type classification. The better results of the MS classification 
were corroborated by the validation phase, with both NBI and BLI images. 

More research is warranted to demonstrate the reproducibility of these results in other 
endoscopy centres, especially having in mind that both participant centres were 
academic centres with substantial expertise in advanced endoscopic imaging. Nevertheless, 
these results are encouraging and allow us to envision a future where the use of 
comprehensive classifications inclusive of serrated lesions differentiation becomes the 
standard of practice.  
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7.3 Paper accepted by JGH Open 

Comparison of different virtual chromoendoscopy classification systems for 
the characterization of colorectal lesions  

Abstract 

Background and Aim: Commonly-used classifications for colorectal lesions 
(CLs) include the Narrow Band Imaging (NBI) International Colorectal Endoscopic 
(NICE) and Japan NBI Expert Team (JNET) classifications. However, both lack a 
sessile serrated adenoma/polyp (SSA/P) category. This has been addressed by the 
modified Sano’s (MS) and Workgroup serrAted polypS and Polyposis (WASP) 
classifications. This study aims to compare the accuracy of wNICE and wJNET 
(WASP added to both) with the stand-alone MS classification. 

Methods: Patients undergoing colonoscopy at an Australian tertiary hospital 
who had at least one CL detected were prospectively enrolled. In the exploratory 
phase, CLs were characterized in real-time with NBI and magnification using all 
classifications. In the validation phase, CLs were assessed with both NBI and Blue 
Laser Imaging (BLI) by four external endoscopists in Japan. The primary outcome 
was the comparison of wJNET and MS. Secondary outcomes included comparisons 
amongst all classifications and the calculation of inter-rater reliability. 

Results: 483 CLs were evaluated in real-time in exploratory phase; and four sets 
of 30 CL images (80 on NBI and 40 on BLI) were scored in the validation phase. For 
high-confidence diagnoses, MS accuracy was superior to wJNET in both the 
exploratory (86% versus 79%, p<0.05) and validation (85% versus 69%, p<0.05) 
phases. The inter-rater reliability was substantial for all classifications (kappa = 0.74, 
0.69 and 0.63 for wNICE, wJNET and MS respectively).     

Conclusions: MS classification achieved the highest accuracy in both 
exploratory and validation phases. MS can differentiate serrated and adenomatous 
polyps as a stand-alone classification. 

Keywords: Colonoscopy; colorectal neoplasms; serrated polyp; adenoma 
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Introduction 
Screening programs based on fecal tests and colonoscopy have been 

implemented to tackle the scourge of colorectal cancer (CRC). The efficacy of such 
programs relies on the detection of CRC precursors. Initially, screening programs 
were specifically designed to detect and remove adenomatous polyps, which have 
been thought for decades to be the sole precursors leading to CRC. However, the 
appearance of “missed” CRCs promoted a search for other explanations and the role 
of serrated polyps in CRC carcinogenesis emerged.  

Sessile serrated adenomas/polyps (SSA/Ps) have been shown to contribute to up 
to a third of CRCs, contrasting with the fact that they have a low reported 
prevalence in both the East and West (1, 2). The discrepancy between the prevalence 
of SSA/Ps and their share of responsibility for CRC may be explained by the fact that 
the serrated pathway has a higher risk of developing CRC than the traditional 
adenoma-carcinoma pathway (3). This may be due to a more “aggressive” 
pathophysiology (4). However, it is also possible that the difficulty in detecting and 
characterising SSA/Ps (misdiagnosing it to be non-neoplastic) could be one of the 
reasons for its low prevalence.  

Although image enhancing endoscopy technologies have proven to be effective 
in identifying and discriminating adenomatous polyps from other colorectal lesions 
(CLs), the differentiation of serrated lesions is more challenging. Hyperplastic 
polyps (HPs) are usually considered to be benign and could potentially be left in situ 
when smaller than 5 mm and restricted to the rectosigmoid region (5, 6). A meta-
analysis showed that despite promising results with Narrow Band Imaging (NBI), 
more data is needed to confirm the use of image enhancing endoscopy as a useful 
tool for SSA/Ps (7). Nevertheless, NBI appears to be the most promising technology 
for this and has met the thresholds of the American Society for Gastrointestinal 
Endoscopy (ASGE) Preservation and Incorporation of Valuable endoscopic 
Innovations (PIVI) program (5).  

The use of NBI has been studied by several experts with a variety of 
classifications including the Sano, Modified Sano’s (MS), Hiroshima, Japan NBI 
Expert Team (JNET), Showa, Jikei, NBI International Colorectal Endoscopic (NICE) 
and Workgroup serrAted polypS and Polyposis (WASP) classifications. JNET 
(Supplementary Figure 1) has been recently proposed in Japan as an amalgamation 
of all Japanese classifications (8). NICE (Supplementary Figure 2) is still one of the 
most widely used classifications (especially in the West), probably due to its 
simplicity and practicality. However, recently MS was found to outperform the 
NICE classification (9). The MS classification was conceived in 2013 and consists of 5 
categories (I, IIo, II, IIIa and IIIb), while JNET has 4 (1, 2A, 2B and 3) and NICE has 3 
(1, 2 and 3). Of all these classifications, only WASP and MS are able to classify 
SSA/Ps into a separate category (8-14). Other classifications assign SSA/Ps alongside 
HPs, hence mixing neoplastic with non-neoplastic polyps. As the role of the serrated 
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pathway becomes clearer, the use of an endoscopic classification that could 
characterize SSA/Ps is important. The use of endoscopic classifications that cannot 
differentiate HPs from SSA/Ps might lead to the decision of leaving a neoplastic 
polyp what can contribute to interval CRC.   

The aim of this study was to compare the accuracy of the three endoscopic 
classifications with the ability to differentiate serrated polyps: NICE and JNET 
combined with WASP (wNICE and wJNET, respectively) and the MS classification. 

Methods 

Patients undergoing an elective colonoscopy at the Lyell McEwin Hospital, 
South Australia (August 2016 to January 2018), were prospectively enrolled in the 
‘exploratory phase’. All procedures were performed by an expert in image 
enhancing endoscopy (RS), with over 10 years of experience in advanced imaging, 
using the Olympus® 190 series (Exera III) colonoscopes. Patients under 18 years of 
age, those undergoing emergency colonoscopy, pregnant women, those with total 
colectomy, a previous or new diagnosis of inflammatory bowel disease (IBD), with 
no CLs identified, with familial adenomatous polyposis syndrome or Peutz-Jeghers 
syndrome were excluded, as were those unwilling to participate. In addition, polyps 
that were detected and resected but not confirmed by histology (i.e. normal mucosa, 
melanosis coli or not retrieved); and patients who could not have a colonoscopy 
completed (e.g. poor bowel preparation) were excluded.  

After a CL was detected with white light, NBI with magnification was used to 
characterise the lesion. This was performed with the aid of a transparent soft distal 
attachment cap (©Olympus D201). Two endoscopists (the endoscopist who was 
performing the procedure and a colleague) evaluated the characteristics of all CLs in 
real-time during the procedure. These included size, Paris classification, serrated 
features, JNET, MS and NICE classifications. Serrated features included the 4 
characteristics described by the WASP classification (Supplementary figure 3) in 
addition to 2 other features – varicose microvascular vessels (VMV) and presence of 
a mucous cap as per the MS classification. The utilization of WASP as a workup to 
characterize SSA/Ps for both JNET (from types 1 and 2A) and NICE (from types 1 
and 2) was based on the original WASP publication (13). All polyps found during 
the study were removed for histopathological analysis.   

For diagnoses made with high confidence, there had to be agreement between 
the both endoscopists (RS and LZCTP). Although no specific training was done for 
this study, both were familiar with all classifications prior to the study. After both 
endoscopists were content that enough visualization with magnified NBI has been 
done on the lesion, they would call the predicted types for each classification. If the 
predicted types matched, it would be called as a high confidence diagnosis. If not, 
the prediction of the senior endoscopist (RS) prevailed as low confidence. For 
wNICE types 1 and 2; and wJNET types 1 and 2A, the initial classification diagnosis 
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was converted into SSA/P if two or more of the WASP features were found. For the 
MS classification categories I and II, the confidence level was also based on the 
serrated features which were detected (Figure 1).   

Figure 1 – MS classification (adapted from Pu et al., 2018[9]) 

'Open pits' feature was considered to be a high-confidence feature by itself (i.e. 
independent SSA/P feature). The remaining five serrated features were considered 
as interdependent SSA/P features and their definition were as follow: MS I with 
high confidence for HP if "NO" for any serrated features; MS I with low confidence 
for HP if up to one "YES" for interdependent serrated features; MS IIo with low 
confidence for SSA/P if "YES" for two interdependent serrated features; and MS IIo 
with high confidence for SSA/P if "YES" for open pits or at least three "YES" for 
interdependent serrated features. This decision tree has been illustrated in a 
diagram for easier understanding (Figure 2).  
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Figure 2 – SSA/P diagnosis diagram for the MS classification 

All diagnoses were compared with the final histopathological report. In our 
institution, all polyps are evaluated by a general pathologist who seeks the input of 
a specialist gastrointestinal pathologist only if uncertain of the diagnosis. The criteria 
for diagnosis of SSA/Ps was based on the World Health Organization 
recommendations and consisted of at least 2 of the following criteria: i) crypt 
dilation, ii) irregularly branching crypts and iii) horizontally arranged basal area 
crypts at the basal (inverted T and/or L-shaped crypts)(15). Neoplastic lesions were 
considered as any CL that had the potential or had already evolved into a CRC (i.e. 
tubular adenoma, tubulovillous adenoma, villous adenoma, traditional serrated 
adenoma, SSA/P, superficial adenocarcinoma or invasive adenocarcinoma). The 
differentiation of high-grade dysplasia (HGD), superficial cancer and invasive 
cancer was adopted using as limits for the severely dysplastic cells at the muscularis 
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mucosae, 1000 micrometers into the submucosa and the muscularis propria, 
respectively(16, 17). CLs with 5 mm or less were considered as diminutive in size. 

After all data from the exploratory phase of the study had been collected, 20 
CLs' NBI magnified images were chosen from the Australian database. These were 
selected in order to be representative of all histological classes and varied in size 
(half ≤5 mm and half ≥10 mm). 10 additional images were collected from the Nagoya 
University Hospital electronic database and correlated with histology. These 10 
images were captured by a Fujifilm 600 series colonoscope (©Fujifilm Corporation 
Japan), with BLI and magnification. In the validation phase, 4 experienced 
endoscopists (more than 5 years of experience with advanced imaging and 
magnification and part of the lower gastrointestinal endoscopy unit) were invited to 
participate in a 60-minute session. The study was explained, with emphasis on how 
to use all classifications. The 4 endoscopists selected for the validation phase had no 
clinical experience and little knowledge of the MS classification prior to the study; 
but were familiar to the NICE, WASP and JNET classifications.  

The design of the study has been summarised into a flowchart for better 
understanding (Figure 3, over page). 

The primary outcome was the comparison of high-confidence accuracy for 
wJNET and MS (5-type classifications). Secondary outcomes included comparison of 
a 2-type classifications (i.e. dichotomy of neoplastic versus non-neoplastic with 
wNICE, wJNET and MS), 4-type classifications (i.e. wNICE, merged wJNET and 
merged MS), an external validation of the classifications with NBI and BLI images, 
and sub-analysis of specific datasets (i.e. high-confidence accuracy, lesions ≤ 5 mm, 
lesions on NBI and lesions on BLI). As wNICE is a 4-type classification and wJNET 
and MS 5-type classifications, the two adenoma categories in wJNET and MS were 
merged into a single category (2A+2B and II+IIIa, respectively) when compared to 
wNICE. 

The sample size was calculated based on number of CLs against the primary 
outcome for the exploratory phase. An estimated sample size of 423 CLs would be 
required to have an 80% power with an alpha error of 0.05 to appreciate an 
increment of 6% in the prediction of histology with the MS classification (from 86% 
to 92%). This increment was inferred as slightly lower than what was found in our 
previous study for the comparison of MS versus NICE(9). A McNemar test was 
used for comparison of accuracies for dichotomic classifications in the exploratory 
phase, two by two. Comparison of proportions was done with Chi-squared test in 
both exploratory and validation phases. A p-value<0.05 was considered significant. 
Wilson score method without continuity correction was used to calculate 95% 
confidence interval for proportions(18). 
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Figure 3 – Study flowchart 

Fleiss' kappa was used for interobserver agreement among the 4 endoscopists in 
the validation phase and was interpreted as: < 0.01 = poor agreement; 0.01 to 0.20 = 
slight agreement; 0.21 to 0.40 = fair agreement; 0.41 to 0.60 = moderate agreement; 
0.61 to 0.80 = substantial agreement; and 0.81 to 1.00 = almost perfect agreement 
(19).This study and the use of endoscopy images were approved by the Human 
Research Ethics Committee (TQEH/LMH/MH/2008128) in Australia and by the 
Nagoya University Hospital Ethics Review Committee (2015-0485) in Japan. This 
study is presented in accordance to the STROBE statement(20). 
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Results 

As per the inclusion and exclusion criteria, a total of 291 patients were 
consented. From those, 56 were excluded due to intra-procedure exclusion criteria. 
From the 235 remaining, 25 patients (54 CLs) had insufficient data for assessment 
(e.g. polyp not able to be retrieved). Furthermore, 26 CLs from 22 patients were not 
confirmed at histology (e.g. melanosis coli) and were hence excluded. In the 
validation phase, a set of 20 CLs with were chosen from the exploratory phase and 
10 CLs were selected from a histology-correlated Japanese image database. The CLs 
chosen for the validation phase were evenly distributed amongst the 5 types 
predicted by MS and wJNET.    

For the final analysis of the exploratory phase, 188 patients with 483 polyps 
were evaluated. Most of the evaluated polyps were adenomas (Table 1). Overall, 
more than 90% were called with high confidence by all classifications in the 
exploratory phase (98.3% with wNICE, 98.3% with wJNET and 94.8% with MS). For 
wJNET and MS, the overall accuracies were 78.5% and 83.6% respectively (p=0.04) 
while the high-confidence accuracies were 79.2% and 85.6% respectively (p=0.01).  

Table 1 – Polyp histology and correlation with classifications' types 

HISTOLOGY – N (%) Exploratory phase Validation phase� 
Correlation with classifications' type 

wNICE wJNET MS 

Hyperplastic 56 (11.6) 24 (20.0) 1 1 I 

Tubular adenoma LGD 237 (49.1) 28 (23.3) 

2 

2A 

II 

Tubulovillous adenoma LGD 58 (12.0) 8 (6.7) 

IIIa 

Villous adenoma LGD 3 (0.6) 0 (0) 

Tubular adenoma HGD 5 (1.0) 0 (0) 

2B Tubulovillous adenoma HGD 15 (3.1) 16 (13.3) 

Villous adenoma HGD 2 (0.4) 0 (0) 

SSA/P no dysplasia 75 (15.5) 24 (20.0) 

1 or 2‡ 
1 or 2A‡ I/II‡ or IIo 

SSA/P LGD 8 (1.7) 0 (0.0) 

SSA/P HGD 2 (0.4) 4 (3.3) 
2B IIIa 

Superficial cancer 6 (1.2) 0 (0.0) 2 

Invasive cancer 11 (2.3) 16 (13.3) 3 3 IIIb 

Other 5 (1.0) 0 (0) - - - 
LGD – low grade dysplasia 
HGD – high grade dysplasia 
SSA/P – sessile serrated adenoma/polyp 
�N based on the number of images evaluated by the 4 endoscopists 
‡Dependent on serrated features as per the WASP and MS classification 

When early/low-grade dysplasia (LGD) and advanced/HGD adenoma 
categories were merged, the comparison between wNICE, merged wJNET and 
merged MS was made possible and achieved 88.2%, 88.2% and 88.8% overall 
accuracy, respectively. For high-confidence diagnoses, once more the accuracy was 
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numerically higher for the MS classification, but this difference did not achieve 
statistical significance (Figure 4). The subgroup analysis of only diminutive polyps 
showed similar results to the whole cohort (Table 2). When evaluating the ability to 
predict neoplastic versus non-neoplastic lesions, the accuracy for wNICE, wJNET 
and MS all surpassed 90% (Table 3). Although the NPV value did not reach 90% 
with any of the classifications, this analysis was not restricted to the rectosigmoid 
region. 

Figure 4 – Accuracy for all data with high confidence (exploratory phase) 

Table 2 – Accuracy of 4 and 5-type classifications for all data and subsets for exploratory phase

Overall accuracy 
% (95% confidence interval) 

High-confidence accuracy 
% (95% confidence interval) 

Classification wNICE wJNET MS wNICE wJNET MS 

All data 
88.2 

(85.0;90.8) 
78.5 

(74.6;81.9) 
83.6 

(80.0;86.6) 
89.1 

(86.0;91.6) 
79.2 

(75.3;82.6) 
85.6 

(82.1;88.5) 

All data with adenoma 
categories merged 

N/A 
88.2 

(85.0;90.8) 
88.8 

(85.7;91.3) 
N/A 

89.1 
(86.0;91.6) 

91.0 
(88.0;93.3) 

N 483 483 483 475 475 458 

≤5mm subset 
86.4 

(81.4;90.2) 
85.6 

(80.6;89.5) 
86.4 

(81.4;90.2) 
87.4 

(82.5;91.1) 
86.5 

(81.5;90.3) 
88.1 

(83.1;91.7) 

≤5mm subset with 
adenoma categories 
merged 

N/A 
86.4 

(81.4;90.2) 
86.9 

(82.0;90.6) 
N/A 

87.4 
(82.5;91.1) 

88.6 
(83.7;92.2) 

N 236 236 236 230 230 219 
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Table 3 – Accuracy measures for dichotomy neoplastic versus non-neoplastic for high-confidence diagnosis 
(exploratory phase) 

Overall diagnosis 
% (95% confidence interval) 

High-confidence diagnosis 
% (95% confidence interval) 

Classification wNICE wJNET MS wNICE wJNET MS 

Accuracy 
90.3 

(87.3;92.6) 
90.3 

(87.3;92.6) 
90.7 

(87.8;93.0) 
90.7 

(87.8;93.0) 
90.7 

(89.0;94.0) 
93.0 

(90.3;95.0) 

Sensitivity 
95.3 

(93.0;96.9) 
95.3 

(93.0;96.9) 
96.2 

(94.1;97.6) 
95.7 

(93.5;97.2) 
95.7 

(93.5;97.2) 
98.3 

(96.7;99.2) 

Specificity 
55.0 

(50.5;59.4) 
55.0 

(50.5;59.4) 
51.7 

(47.3;56.1) 
55.9 

(51.4;60.3) 
55.9 

(51.4;60.3) 
46.8 

(42.3;51.4) 

Positive predictive 
value 

93.7 
(91.2;95.5) 

93.7 
(91.2;95.5) 

93.3 
(90.7;95.2) 

93.9 
(91.4;95.7) 

93.9 
(91.4;95.7) 

94.2 
(91.7;96.0) 

Negative 
predictive value 

62.3 
(57.9;66.5) 

62.3 
(57.9;66.5) 

66.0 
(61.7;70.1) 

64.7 
(60.3;68.9) 

64.7 
(60.3;68.9) 

75.9 
(71.8;79.6) 

The description of misdiagnoses predicted by wNICE, wJNET and MS 
classifications are shown in Supplementary Tables 1 to 3 for the exploratory phase 
and in Supplementary Tables 4 to 6 for the validation phase. In these tables, the 
misdiagnoses were divided into severe and moderate. Severe misdiagnoses are 
highlighted in red and were considered when they would have led to a major 
change in the therapeutic decision (i.e. non-resection of a neoplastic polyp; 
endoscopic resection of an invasive cancer; or referral for surgery of a non-invasive 
cancer/benign lesion). Moderate misdiagnoses are highlighted in yellow and were 
defined as misdiagnoses that might lead to minor therapeutic changes (e.g. resection 
of a non-neoplastic polyp or resection of a superficially invasive cancer with 
endoscopic mucosal resection instead of endoscopic submucosal dissection).  

The color green highlights the correct diagnoses. The rate of severe 
misdiagnoses for wNICE, wJNET and MS were 4.4%, 4.4% and 2.2% for high-
confidence diagnosis, respectively. The rate of moderate misdiagnoses for the same 
classifications were 6.5%, 16.4% and 12.2% for high-confidence diagnosis, 
respectively. There was a statistically significant difference between wNICE and the 
other two classifications regarding moderate misdiagnoses alone (p<0.01). This is 
likely attributed to the inability of the NICE classification to differentiate subtypes of 
adenomas (e.g. both a low-grade tubular adenoma and a high-grade tubulovillous 
adenoma would be "accurately" classified as a NICE type 2).  

In the validation phase, 4 experienced endoscopists evaluated 30 CL images 
each. The final dataset of 120 images scored for all classifications consisted of NBI 
and BLI subsets (80 and 40 images, respectively). Details on histology can be found 
in Table 1. The results of this phase (high-confidence accuracy) for the whole dataset 
and NBI subset confirmed the significantly higher accuracy of MS compared to 
wJNET found in the exploratory phase (Figure 5). Accuracy performance for the 
subset of NBI data can be found in Table 4 and Supplementary Figure 4.   
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Figure 5 – Accuracy for all data with high confidence (validation phase)

Table 4 – Accuracy of 4 and 5-type classifications for all data and subsets for validation phase 

Overall accuracy
% (95% confidence interval)

High-confidence accuracy
% (95% confidence interval)

Classification wNICE wJNET MS wNICE wJNET MS 

All data 
N/A 

70.0 
(61.3;77.5) 

81.7 
(73.8;87.6) 

N/A 
68.5 

(59.4;76.4) 
84.6 

(75.8;90.6) 

All data with adenoma 
categories merged 

79.2 
(71.1;85.5) 

83.3 
(75.6;88.9) 

89.2 
(82.4;93.6) 

79.3 
(70.9;85.8) 

82.0 
(73.8;88.0) 

90.1 
(82.3;94.7) 

N 120 120 120 111 111 91 

NBI subset 
N/A 

65.0 
(54.1;74.6) 

77.5 
(67.2;85.3) 

N/A 
63.0 

(51.5;73.2) 
81.4 

(69.7;89.3) 

NBI subset with 
adenoma categories 
merged 

77.5 
(67.2;85.3) 

80.0 
(70.0;87.3) 

87.5 
(78.5;93.1) 

77.5 
(66.5;85.7) 

78.1 
(67.3;86.1) 

89.8 
(79.5;95.2) 

N 80 80 80 71 73 59 

≤5mm subset 
N/A 

67.5 
(52.0;79.9) 

80.0 
(65.2;89.5) 

N/A 
65.7 

(49.1;79.2) 
85.7 

(68.5;94.3) 

≤5mm subset with 
adenoma categories 
merged 

77.5 
(62.5;87.7) 

80.0 
(65.2;89.5) 

90.0 
(77.0;96.0) 

77.8 
(61.9;88.3) 

77.1 
(60.9;87.9) 

92.9 
(77.4;98.0) 

N 40 40 40 36 35 28 

BLI subset 
N/A 

80.0 
(65.2;89.5) 

90.0 
(77.0;96.0) 

N/A 
78.9 

(63.6;88.9) 
90.6 

(75.8;96.8) 

BLI subset with 
adenoma categories 
merged 

82.5 
(68.1;91.3) 

90.0 
(77.0;96.0) 

92.5 
(80.1;97.4) 

82.5 
(68.1;91.3) 

89.5 
(75.9;95.8) 

90.6 
(75.8;96.8) 

N 40 40 40 40 38 32
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Interobserver agreement between the 4 endoscopists in the validation phase 
achieved substantial agreement for the whole dataset with kappa values of 0.74, 0.69 
and 0.63 for NICE, JNET and MS, respectively. For the high-confidence subset the 
agreement found was almost perfect (κ=0.82), substantial (κ=0.79) and moderate 
(κ=0.49) for NICE, JNET and MS, respectively. The variability of results among 
endoscopists for each classification was not statistically significant. 

Discussion 

The MS classification was already shown to have higher accuracy when 
compared to NICE classification for differentiating neoplastic from non-neoplastic 
polyps (10). However, in this previous study, SSA/Ps diagnosed as type 1 were 
excluded to mitigate the bias towards MS. This likely impaired the evaluation of 
MS's true potential. Therefore in this study we included the WASP classification (13) 
as an "add-on" for an adequate comparison between the current state-of-the-art 
classifications.  

The main outcome was to compare classifications that could both differentiate 
HPs from SSA/Ps and early from advanced adenomas (i.e. wJNET and MS 
classifications). The MS classification was the most accurate classification between 
the two. This was also verified in the external validation phase which found a higher 
overall and high-confidence accuracy for MS compared to wJNET (p=0.04 and 
p<0.01, respectively). Although a numerically higher accuracy was found for the MS 
within the BLI subset, this did not reach statistical significance most likely due to the 
small numbers.  

The use of a classification with the ability to differentiate advanced adenomas is 
important as this may have implications on the resection technique to be used. We 
hypothesise that the differences found between MS and wJNET were due to how 
the adenomas are divided within each classification. JNET divides adenomas based 
on the grade of dysplasia they exhibit (2A = low-grade dysplasia/low-grade 
intramucosal neoplasia; and 2B = high-grade dysplasia/high-grade intramucosal 
neoplasia or shallow submucosal invasive cancer). MS however separates adenomas 
based on ‘early’ or ‘advanced adenomas’: tubular adenomas with low grade 
dysplasia - MS II; advanced adenomas (e.g. villous adenomas or tubular adenomas 
with high grade dysplasia) are allocated in category IIIa. Our hypothesis is that this 
slightly different definition may have led to better accuracy results.  

In the study, adenoma categories were merged in JNET and MS classifications 
for adequate comparison with wNICE. This was used as a tool to separately identify 
the contribution of the WASP criteria to NICE/JNET compared to the MS criteria in 
differentiating SSA/Ps. Although a slight difference was found in the exploratory 
phase, a more pronounced difference was found in the validation phase (Figure 5). 
The increased accuracy of MS may relate to how the SSA/P criteria differs in each 
classification. WASP includes 4 serrated features that are equally considered when 
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characterizing polyps (≥2 features = SSA/P - Supplementary figure 3). As per the MS, 
6-serrated features are evaluated where the "open pits" feature is considered
sufficient to call a SSA/P with high confidence by itself (Figure 2). These differences
may have led to better results with the MS classification. An interesting subject for
future research would be to analyse the performance of the JNET classification when
taking into account all 6 serrated features as per MS, what could be considered a
"modified JNET".

Although the study was validated with external endoscopists and BLI 
technology, the results might not be representative of all endoscopy centres as 
accuracy of endoscopic classifications depends on the setting it is evaluated (21). 
Nonetheless, we were able to show that potentially MS can extrapolate geographical 
boundaries and imaging systems. This has been also shown in another study from 
our group where computer-aided diagnosis was accurate with both NBI and BLI 
technologies (22). Another study shows the potential of using NBI-based 
classifications with BLI technology (23). Another limitation to our study is that all 
CLs were rated for all features/classifications by the same two endoscopists in the 
same room at the same time, which could lead to bias. An ideal design would have 
consisted in a larger number of endoscopists in different endoscopy suites. Finally, 
in our study we have used distal caps routinely. Although we believe it makes 
characterization with magnified NBI easier, it is not obligatory for using any of the 
classifications.     

In conclusion, MS can differentiate serrated and adenomatous polyps as a 
stand-alone classification. This classification could be beneficial as an ‘all-
encompassing single classification’ rather than using the NICE, JNET or 
combination of them (wNICE, wJNET) which could be impractical and confusing. 
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7.4 Supplementary material for Chapter 7 
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Supplementary figure 1 - JNET classification 



111

Supplementary figure 3 - WASP classification 

Supplementary figure 2 - NICE classification 



Supplementary Table 1 - Diagnoses per histology according to wNICE classification (exploratory phase)
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High-confidence diagnosis 

Classification type 
(predicted histology) 

Histology 

HP Inflammatory 
SSA/P up 
to LGD 

TA 
LGD 

TVA or 
VA 
LGD 

TSA 
LGD 

SSA/P 
HGD 

Adenoma 
HGD/ 
Superficial 
cancer 

Invasive 
cancer 

w
N

IC
E 

cla
ss

ifi
ca

tio
n 

wNICE 1 (HP) 33 0 14 4 0 0 0 0 0 

wNICE 1 (SSA/P up to LGD) 9 0 61 2 0 0 0 0 0 

wNICE 2 (SSA/P up to LGD) 2 0 1 0 0 0 0 0 0 

wNICE 2  
(adenoma/HGD/superficial 
cancer) 

11 4 3 228 61 1 2 28 3 

wNICE 3 (invasive cancer) 0 0 0 0 0 0 0 0 8 

Legend 
Severe misdiagnosis HP – Hyperplastic polyp 

SSA/P – Sessile serrated adenoma/polyp 
TA – Tubular adenoma  
TVA – Tubulovillous adenoma 
VA – Villous adenoma 
TSA – Traditional serrated adenoma 
LGD – Low grade dysplasia 
HGD – High grade dysplasia 

Moderate misdiagnosis 

Accurate diagnosis 

Supplementary figure 4 – Accuracy for NBI subset with high confidence (validation phase) 



Supplementary table 2 - Diagnoses per histology according to wJNET classification (exploratory phase) 

Supplementary Table 3 - Diagnoses per histology according to MS classification (exploratory phase) 
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High-confidence diagnosis 

Classification type 
(predicted histology) 

Histology 

HP Inflammatory 
SSA/P up 
to LGD 

TA 
LGD 

TVA or 
VA 
LGD 

TSA 
LGD 

SSA/P 
HGD 

Adenoma 
HGD/ 
Superficial 
cancer 

Invasive 
cancer 

M
S 

cla
ss

ifi
ca

tio
n 

MS I (HP) 22 0 3 4 0 0 0 0 0 

MS IIo (SSA/P up to LGD) 10 0 64 2 0 0 0 0 0 

MS II (TA LGD) 10 2 4 221 11 0 0 4 0 

MS IIIa  
(TVA/VA/HGD/superficial cancer) 

1 2 0 10 50 1 2 24 3 

Legend 
Severe misdiagnosis HP – Hyperplastic polyp 

SSA/P – Sessile serrated adenoma/polyp 
TA – Tubular adenoma  
TVA – Tubulovillous adenoma 
VA – Villous adenoma 
TSA – Traditional serrated adenoma 
LGD – Low grade dysplasia 
HGD – High grade dysplasia 

Moderate misdiagnosis 

Accurate diagnosis 

High-confidence diagnosis 

Classification type 
(predicted histology) 

Histology 

HP Inflammatory 
SSA/P up
to LGD 

TA 
LGD 

TVA or 
VA 
LGD 

TSA 
LGD 

SSA/P 
HGD 

Adenoma 
HGD/ 
Superficial 
cancer 

Invasive 
cancer 

w
JN

ET
 cl

as
sif

ica
tio

n 

wJNET 1 (HP) 33 0 14 4 0 0 0 0 0 

wJNET 1 (SSA/P up to LGD) 9 0 61 2 0 0 0 0 0 

wJNET 2A (SSA/P up to LGD) 2 0 1 0 0 0 0 0 0 

wJNET 2A  
(adenoma LGD) 

11 4 3 222 26 0 1 4 0 

wJNET 2B  
(adenoma/HGD/superficial 
cancer) 

0 0 0 6 35 1 1 24 3 

wNICE 3 (invasive cancer) 0 0 0 0 0 0 0 0 8 

Legend 
Severe misdiagnosis HP – Hyperplastic polyp 

SSA/P – Sessile serrated adenoma/polyp 
TA – Tubular adenoma  
TVA – Tubulovillous adenoma 
VA – Villous adenoma 
TSA – Traditional serrated adenoma 
LGD – Low grade dysplasia 
HGD – High grade dysplasia 

Moderate misdiagnosis 

Accurate diagnosis 



Supplementary table 4 - High-confidence diagnoses per type and histology according to wNICE classification at 
validation phase 

High confidence diagnosis 

Classification type 
(predicted histology) 

Histology 

HP Inflammatory 
SSA/P up 
to LGD 

TA 
LGD 

TVA or 
VA 
LGD 

TSA 
LGD 

SSA/P 
HGD 

Adenoma 
HGD/ 
Superficial 
cancer 

Invasive 
cancer 

w
N

IC
E 

cla
ss

ifi
ca

tio
n 

wNICE 1 (HP) 19 0 8 1 0 0 0 0 1 

wNICE 1 (SSA/P up to LGD) 5 0 15 0 1 0 0 0 0 

wNICE 2 (SSA/P up to LGD) 0 0 0 1 0 0 0 0 0 

wNICE 2  
(adenoma/HGD/superficial 
cancer) 

0 0 0 
23 6 0 3 12 2 

wNICE 3 (invasive cancer) 0 0 0 0 0 0 0 4 10 

Legend 
Severe misdiagnosis HP – Hyperplastic polyp 

SSA/P – Sessile serrated adenoma/polyp 
TA – Tubular adenoma  
TVA – Tubulovillous adenoma 
VA – Villous adenoma 
TSA – Traditional serrated adenoma 
LGD – Low grade dysplasia 
HGD – High grade dysplasia 

Moderate misdiagnosis 

Accurate diagnosis 

Supplementary table 5 - High-confidence diagnoses per type and histology according to wJNET classification at 
validation phase 

High confidence diagnosis 

Classification type 
(predicted histology) 

Histology 

HP Inflammatory 
SSA/P up 
to LGD 

TA 
LGD 

TVA or 
VA 
LGD 

TSA 
LGD 

SSA/P 
HGD 

Adenoma 
HGD/ 
Superficial 
cancer 

Invasive 
cancer 

w
JN

ET
 cl

as
sif

ica
tio

n 

wJNET 1 (HP) 19 0 8 1 0 0 0 0 1 

wJNET 1 (SSA/P up to LGD) 5 0 15 0 2 0 0 0 0 

wJNET 2A (SSA/P up to LGD) 0 0 0 0 0 0 0 0 0 

wJNET 2A  
(adenoma LGD) 

0 0 0 20 4 0 1 10 0 

wJNET 2B  
(adenoma/HGD/superficial 
cancer) 

0 0 0 3 1 0 2 6 3 

wNICE 3 (invasive cancer) 0 0 0 0 0 0 0 0 10 

Legend 
Severe misdiagnosis HP – Hyperplastic polyp 

SSA/P – Sessile serrated adenoma/polyp 
TA – Tubular adenoma  
TVA – Tubulovillous adenoma 
VA – Villous adenoma 
TSA – Traditional serrated adenoma 
LGD – Low grade dysplasia 
HGD – High grade dysplasia 

Moderate misdiagnosis 

Accurate diagnosis 
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Supplementary table 6 - High-confidence diagnoses per type and histology according to MS classification at 
validation phase 

High confidence diagnosis 

Classification type 
(predicted histology) 

Histology 

HP Inflammatory 
SSA/P up 
to LGD 

TA 
LGD 

TVA or 
VA 
LGD 

TSA 
LGD 

SSA/P 
HGD 

Adenoma 
HGD/ 
Superficial 
cancer 

Invasive 
cancer 

M
S 

cla
ss

ifi
ca

tio
n 

MS I (HP) 11 0 0 0 0 0 0 0 0 

MS IIo (SSA/P up to LGD) 3 0 23 0 2 0 0 0 1 

MS II (TA LGD) 0 0 0 17 1 0 0 0 0 

MS IIIa  
(TVA/VA/HGD/superficial cancer) 

0 0 0 4 3 0 2 12 2 

MS IIIb (invasive cancer) 0 0 0 0 0 0 0 1 9 

Legend 
Severe misdiagnosis HP – Hyperplastic polyp 

SSA/P – Sessile serrated adenoma/polyp 
TA – Tubular adenoma  
TVA – Tubulovillous adenoma 
VA – Villous adenoma 
TSA – Traditional serrated adenoma 
LGD – Low grade dysplasia 
HGD – High grade dysplasia 

Moderate misdiagnosis 

Accurate diagnosis 
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Chapter 8 

Computer-aided diagnosis for detection and characterization of colorectal 
lesions: comprehensive software including serrated lesions 

This chapter offers a brief summary of a paper published in Gastrointestinal Endoscopy. The 
statement of authorship and a copy of the paper ‘Computer-aided diagnosis for detection 
and characterisation of colorectal lesions: A comprehensive software including serrated 
lesions’  follow over the page. 

8.1 Summary 
Even after studying which are the most accurate and comprehensive classifications up to 
date, the adequate use of such classifications falls back to each individual endoscopist. This 
means adequate training and continuous development are important in order to achieve 
satisfactory results. This might be more easily achievable in academic and expert centres 
compared to community hospitals and rural areas. A possible way to overcome this 
impasse is to lend an expert eye or opinion to less trained endoscopists. This has been 
traditionally sought through in locum courses and proctorship where experts would go to 
non-academic centres to help with training. However, this strategy is highly dependable of 
scarce human resources and has an inheritable high cost involved. Alternatively, an expert 
eye could also be lent through computer aided diagnosis systems, a form of AI based on deep 
learning that has been recently introduced for medical imaging and that can assist the 
endoscopist in histology prediction of colorectal lesions. In this study, we have 
developed and tested a CAD system based on the MS classification with both NBI and 
BLI imaging technologies. 

The exploratory phase involved developing the CAD system, which was modelled with 
NBI colorectal lesion images from our endoscopy unit at the Lyell McEwin Hospital. 
Once the CAD had ‘learnt’ with the Australian dataset, it was initially tested with a separate 
dataset from Australia also on NBI. Then, the same CAD was tested on NBI and BLI 
datasets from Japan. For both learning and testing processes, the gold standard was always the 
histology report. The Australian dataset consisted of 1,235 polyp images on NBI, and the 
Japanese datasets consisted of 69 polyp images (20 on NBI and 49 on BLI). Our CAD 
software achieved a mean AUC of 94.3% when tested with the Australian dataset; a mean 
AUC of 84.5% when tested with the Japanese NBI dataset; and a mean AUC of 90.3% when 
tested with the Japanese BLI dataset. 

Although still in its preliminary phases, these results are promising as they are comparable 
to what you would expect from an expert endoscopist. Further development of this software 
could enable an aide to every endoscopy room, improving diagnosis and hence treatment 
during colonoscopy.  

116



�����������	�����������
���������	���� ��������������� ���������� ���� ����������������� ��� ����������� �������� ������������� 

�����������������������������������

	�����������������

	������������������ Published in the Gastrointestinal Endoscopy journal 

Elsevier – ISSN: 0016-5107

���������	������

#��� �� 	�������� )�����

*���������+

,��������-����������������	�

��������������������	���� �������������������������������������.�"���������������������������*�/������������������������

������+ � ��� � �������������� � *����������+. � "���������� � ��� � ������� � ��� � �������� � ���

����������.

0������������������*1+ &$1

�������������� ����������������������������������������"�����������������������������������2���������������

3���������������������������������� �������������������������������������������������������

������������������������������������� ���������� ��������������. �" ���������������������� ��������

�����

��������� ���� %%4%545$%6

���������	�������������

7���������������������������)���������8����������������������������

�. �������������9�����������������������������������������������������*�����������������+:

��. ��������������������������������������������������������������������������������:����

���. �������������������������������������������;�������%$$1�������������������9���������������������.

#����������)����� ��������<�����

��������������������	���� "�������� �������������������*���������/���������+ ���������������� ���������.� "��������������

���������������������������������.

��������� ���� %(4%545$%6

#����������)����� =������

��������������������	���� "������� � ��� ���� � ���������� � *������� � �/���������+. � "���������� � ��� � ������� ���� ������� � ���

����������.

��������� ���� %%4%545$%6

	�������� )������������	����������

��������������	���������� >���������������>��������������?������������
����������������

8.2 Statement of authorship

117

_______________________

✓



118



Jan 2/2020

119



ORIGINAL ARTICLE

Computer-aided diagnosis for characterization of colorectal
lesions: comprehensive software that includes differentiation of
serrated lesions
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Background and Aims: Endoscopy guidelines recommend adhering to policies such as resect and discard only
if the optical biopsy is accurate. However, accuracy in predicting histology can vary greatly. Computer-aided diag-
nosis (CAD) for characterization of colorectal lesions may help with this issue. In this study, CAD software devel-
oped at the University of Adelaide (Australia) that includes serrated polyp differentiation was validated with
Japanese images on narrow-band imaging (NBI) and blue-laser imaging (BLI).

Methods: CAD software developed using machine learning and densely connected convolutional neural net-
works was modeled with NBI colorectal lesion images (Olympus 190 series - Australia) and validated for NBI
(Olympus 290 series) and BLI (Fujifilm 700 series) with Japanese datasets. All images were correlated with histol-
ogy according to the modified Sano classification. The CAD software was trained with Australian NBI images and
tested with separate sets of images from Australia (NBI) and Japan (NBI and BLI).

Results: An Australian dataset of 1235 polyp images was used as training, testing, and internal validation sets. A
Japanese dataset of 20 polyp images on NBI and 49 polyp images on BLI was used as external validation sets. The
CAD software had a mean area under the curve (AUC) of 94.3% for the internal set and 84.5% and 90.3% for the
external sets (NBI and BLI, respectively).

Conclusions: The CAD achieved AUCs comparable with experts and similar results with NBI and BLI. Accurate
CAD prediction was achievable, even when the predicted endoscopy imaging technology was not part of the
training set. (Gastrointest Endosc 2020;-:1-9.)

Abbreviations: ASGE, American Society for Gastrointestinal Endoscopy;
AUC, area under the curve; BLI, blue-laser imaging; CAD, computer-
aided diagnosis; CI, confidence interval; CNN, convolutional neural
network; CRC, colorectal cancer; HP, hyperplastic polyp; MS, modified
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Computer-aided diagnosis for characterization of colorectal lesions Zorron Cheng Tao Pu et al
INTRODUCTION

Colorectal cancer (CRC) is the third most commonly
diagnosed malignancy in the world, and its burden is ex-
pected to increase by 60% by 2030 to more than 2.2 million
new cases and 1.1 million cancer deaths.1 CRC incidence
and mortality are increasing in rapidly transitioning
countries with sizable populations, including Russia,
China, and Brazil.1 CRC represents a major health and
economic burden on the health care systems of countries
across the globe.2 Screening programs involving fecal occult
blood tests, flexible sigmoidoscopies, and colonoscopies
have been introduced in various parts of the world to
reduce this burden. It is estimated that over 1 million
colonoscopies will be performed in Australia in 2020.3

During colonoscopy, polyp characterization is usually per-
formed after polyp detection. The use of optical biopsy to pre-
dict the histology of colorectal lesions in vivo and in real-time
during colonoscopy has been proposed to potentially
improve cost-effectiveness in 4 main ways: (1) by reducing
the need for histopathologic assessment after resecting pre-
cancerous polyps with small risk of an invasive component
(eg, diminutive adenomas on optical biopsy); (2) by avoiding
resection of benign polyps; (3) by determining the most
appropriate resection method in real-time; and (4) by
enabling a proposal for a follow-up period by the end of the
procedure, avoiding a follow-up consult for this sole purpose.
In line with the use of optical biopsy in clinical practice, the
American Society for Gastrointestinal Endoscopy (ASGE)
has recommended 2 strategies when dealing with diminutive
colorectal polyps �5 mm: (1) resect and discard strategy for
suspected cancerous lesions circumventing the need for his-
topathologic assessment, and (2) diagnose and leave strategy
for suspected rectosigmoid hyperplastic polyps (HPs).4 ASGE
recommends that the resect and discard strategy can be
adopted when the optical diagnosis provides �90%
agreement for postpolypectomy surveillance intervals
compared with the pathologic assessment. For the
diagnose and leave strategy, the recommended negative
predictive value is �90% for adenomatous histology.
These are the criterion standard benchmarks for any
optical biopsy method used to characterize GI lesions.5

However, the predictive accuracy of endoscopic imaging
does not always reach these criterion standard benchmarks.
In a prospective study of 527 polyps, Sharma et al6 found
that the overall predictive accuracy of all colorectal polyps
was 45% using solely white-light imaging in most cases.
Even though the use of virtual chromoendoscopy, such as
narrow-band imaging (NBI), is expected to increase accuracy
in predicting the histology of colorectal lesions, the variability
among endoscopists is wide. The multicenter DISCARD 2
study carried out in 6 general hospitals confirmed that even
for NBI, the accuracy of optical imagingwas below the recom-
mended ASGE standards, and thus optical imaging could not
be recommended for routine clinical practice.7 Another study
found that only 3 of the 12 gastroenterologists evaluated after
2 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2020

FLA 5.6.0 DTD � YMGE12014_prDownloaded for Anonymous User (n/a) at Austin Health Librar
For personal use only. No other uses without permission. 
receiving training were able to achieve satisfactory results
with real-time optical biopsy.8

Computer-aided diagnosis (CAD) uses the advances in
artificial intelligence to offer a promising avenue to accurately
characterize colorectal lesions in vivo and in real-time. More
importantly, it could theoretically make an accurate predic-
tion regardless of which center or endoscopist uses it.
Although it is unclear how different endoscopic imaging tech-
nologies would interact with the CAD, it is expected that the
CAD would perform similarly within the same type of endo-
scope on which it was trained (eg, NBI) if other cofactors
are maintained (eg, bowel cleanliness). To the best of our
knowledge, the development of an endoscopy CAD model
for lesion characterization trained with one imaging technol-
ogy and tested on a different technology is unheard of.

CAD systems for the characterization of images must
have a choice of output or result. The more specific the re-
sults it gives, the less accurate the system will be. Therefore,
the use of final histology as output (eg, tubular adenoma
with low-grade dysplasia) would likely make the system
too inaccurate. On the other hand, the use of overly simpli-
fied classification systems (eg, dichotomy of benign andma-
lignant polyps) might impair the capability of clinical
decision making. Hence, most CADs for characterization
of colorectal lesions to date have used clinically relevant
groupings such as the NBI international colorectal endo-
scopic (NICE) classification9 and the Sano classification.10

Most endoscopic classifications lack the ability to differ-
entiate precancerous sessile serrated adenoma/polyps
(SSA/Ps) from benign HPs. To date, only 2 NBI classification
systems have this capability: the modified Sano (MS) classi-
fication and the Workgroup on Serrated Polyps and Polypo-
sis (WASP) add-on classification.11,12 Although both MS and
WASP (when added to standard classifications such as NICE)
could potentially be used as output for a CAD, recent studies
have shown the potential of better results with MS
compared with NICE and the Japanese NBI Expert Team
classification, even when combined with WASP.13,14

The aim of our study was to develop CAD software using a
deepconvolutionalneuralnetwork(CNN)modelbasedonNBI
to differentiate colorectal lesions into 5 subtypes according to
the MS classification.11,13 In addition, the performance of the
CAD was tested with colorectal lesions from another center
onbothNBI andblue-laser imaging (BLI). TheMS classification
was chosen because it is currently the only NBI-based stand-
alone classification to include adenoma and serrated polyp dif-
ferentiation.Because theserratedpathway is knowntobeama-
jor contributor to CRC alongside the adenoma pathway, the
ability to differentiate neoplastic and non-neoplastic serrated
lesions was deemed necessary for a comprehensive CAD.

METHODS

For the exploratory phase, an image database of images
of colorectal lesions from adult patients who underwent
elective colonoscopies at a tertiary hospital in South
www.giejournal.org
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Figure 1. Example of the delineation process for manually determining
the area of interest.

Zorron Cheng Tao Pu et al Computer-aided diagnosis for characterization of colorectal lesions
Australia was assessed retrospectively (January 2010 to
December 2016). The use of images collected retrospec-
tively was authorized by the Human Research and Ethics
Committee (reference number 283), and individual consent
was waived. Furthermore, from January 2017 to June 2018,
images of colorectal lesions were retrieved prospectively.
The prospective collection of images was also approved by
the Human and Research Ethics Committee (reference
number 2008128) and required individual consent. As an
eligibility criterion for the retrospectively collected images,
these had to be acquired with Olympus 190 HQ series (Ex-
era III; Center Valley, Pa, USA) colonoscopes. All images
included in the prospective exploratory phase were taken
by an Olympus 190 HQ series (Exera III) colonoscope.
Eligible retrospective and prospective procedures were per-
formed by an expert in advanced endoscopic imaging (R.S.).
For the prospective images, patients less than 18 years of
age, those undergoing emergency colonoscopy, pregnant
women, those with total colectomy, a previous diagnosis
of inflammatory bowel disease, familial adenomatous polyp-
osis syndrome or Peutz-Jeghers syndrome were excluded
before signing the consent form. Those unwilling to partic-
ipate in the study were also excluded. Patients with no colo-
rectal lesions identified or who had any endoscopic signs of
inflammatory bowel disease during the colonoscopy were
excluded after consenting to the study. Patients who could
not have a colonoscopy completed to the most proximal
part of the colon (eg, poor bowel preparation leading to re-
scheduling, Boston Bowel Preparation Scale <6, or those
with acute angulations) were excluded.

All images selected for the exploratory phasewere clear and
magnified (near focus) NBI images. CAD software was then
developed based on this dataset (ie, Australian dataset) using
a densely connected CNN.15 The learning steps included data
augmentation in the form of preprocessing (ie, random
rotation, horizontal and vertical flips, and random-centered
crops). The model was evaluated using 5-fold cross-validation
with the Australian dataset. In this process, the dataset was
divided into 5 parts, with 80% used for training and 20% for
testing. For each fold, we trained themodel with an Adamopti-
mizer16 with a learning rate of 0.00001 for 75 epochs and a
batch size of 32. The splits followed the same class
distribution as that of the entire Australian dataset (ie, MS
I Z 8%; MS II Z 35%; MS IIo Z 24%; MS IIIa Z 24%; MS
IIIb Z 9%). The performance of the model was then
assessed through the mean area under the receiver
operational characteristic curve (AUC) and 95% confidence
interval (CI) across the 5 folds. These 5 models were then
run for testing with both Japanese datasets (NBI and BLI),
and the mean AUC and 95% CI of the 5 runs were computed.

The validation phase was carried with a partner institution
(Nagoya, Japan). The Japanese dataset consisted of 2 subsets
retrieved from a tertiary hospital image database: magnified
NBI images acquired with the Olympus 290 series; andmagni-
fied BLI images acquired with the Fujifilm 700 series (Phoenix,
Ariz, USA). All images were correlated with histology and
www.giejournal.org
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uniquely de-identified into folders according to theMS classifi-
cation.11,13 To determine the area of interest within each
image, software for polyp annotation was used by an
endoscopist experienced in advanced imaging and
colonoscopy (L.Z.C.T.P.) (Fig. 1). The design of the study is
summarized in a flowchart (Fig. 2). All images were clustered
by patient; hence, images from the same patient were never
used in both training and testing sets. The final experiments
for both the exploratory and validation phases were run on
November 18, 2019.

The primary outcomewas the development and accuracy
assessment of a CAD based on the NBI Australian dataset
through the AUC. Due to the unbalanced dataset (ie, higher
number of precancerous lesions compared with HPs),
sample-based accuracy would bias the results toward classes
with more samples. The AUC was then used as an option to
provide an unbiased classification performance. Secondary
outcomes included the accuracy evaluation of the CAD
trained with the Australian dataset and tested with the Japa-
nese dataset (both with NBI and BLI). The chi-squared test
was used to compare 2 AUCs with their respective standard
errors. Standard errors were calculated from the 95% CIs us-
ing the following formula: standard error Z (upper limit �
lower limit)/3.92. The 95% CIs were estimated according to
Hanley and McNeil17 SAS 9.4 statistical software (SAS
Institute Inc, Cary, NC) was used.

This study was approved by the Nagoya University Hos-
pital Ethics Review Committee (2015-0485) and the Hu-
man Research Ethics Committee (TQEH/LMH/MH) under
the reference numbers HREC/16/TQEH/283 and 2008128.
This committee is constituted in accordance with the
NHMRC National Statement on Ethical Conduct in Human
Research (2007) and incorporating all updates.

RESULTS

In the exploratory phase, the Australian dataset included
1235 images of colorectal lesions correlated to the
Volume -, No. - : 2020 GASTROINTESTINAL ENDOSCOPY 3
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Collection of 1,235 images from
283 colorectal lesions in Australia

(2010-2018)

Data augmentation with:
- Crops

- Rotation
- Sampling

Augmented dataset of 123,500
histology-correlated images used for 5-

fold cross-validation (20% used as
testing set for each fold)
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images) used solely for training

CAD tested on 49
colorectal lesions

(1 image per polyp) on
BLI - retrospectively
collected in Japan

CAD tested on 20
colorectal lesions
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NBI - retrospectively
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Figure 2. Study flowchart.

Computer-aided diagnosis for characterization of colorectal lesions Zorron Cheng Tao Pu et al
following histology: 103 HPs (MS I); 429 low-grade tubular
adenomas (MS II); 293 nondysplastic or low-grade SSA/Ps
(MS IIo); 295 tubulovillous adenomas or villous adenomas
or any high-grade colorectal lesion (MS IIIa); and 115 inva-
sive colorectal cancers (MS IIIb). All classes were used for
both training and validation. One of 5 folds was used for
evaluation at each cross-validation iteration (247 colorectal
lesion images used on average, ranging from 230 to 263,
for the 5 validation processes). The mean AUC for the 5-
fold validation varied from 93.3% to 96.2%, achieving an
average AUC of 94.3%. Results for the exploratory phase
5-fold cross-validation process were computed class by
class by AUC and then averaged over the classes (Fig. 3).
4 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2020
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The confusion matrix of the average results for the 5-fold
cross-validation process based on the 5-class classification
for the exploratory phase is also presented (Fig. 4).

For the validation phase, the Japanese datasets consist-
ing of 20 colorectal lesions on NBI (3 MS I, 5 MS II, 2 MS
IIo, 7 MS IIIa, and 3 MS IIIb) and 49 colorectal lesions on
BLI (9 MS I, 10 MS II, 10 MS IIo, 11 MS IIIa, and 9 MS
IIIb) were used. For the Japanese dataset, only 1 image
per lesion was used; and for the Australian dataset an
average of 4 images per lesion (from different angles)
were used. The CAD software achieved a mean AUC of
84.5% (range, 78.3% to 88.6%) and 90.3% (range, 87.9%
to 92.8%) for the NBI and BLI Japanese validation datasets
www.giejournal.org
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Figure 3. Mean receiver operating characteristic (ROC) curves (AUC) and
95% confidence intervals per class for the exploratory phase (Australian
dataset).

AU
I II IIo IIIa IIIb

I

II

IIo

IIIa

IIIb

51% 16% 33% 0% 0%

5% 64% 12% 19% 1%

3% 8% 84% 2% 3%

0% 11% 3% 83% 2%

0% 8% 3% 24% 65%

Predicted label

Tr
u

e 
la

b
el

p
ri
n
t
&
w
e
b
4
C
=
F
P
O

Figure 4. Confusion matrix representing the average diagnoses per class
throughout the 5-fold cross-validation process (exploratory phase). AU,
Australian dataset.
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Figure 5. Mean receiver operating characteristic (ROC) curves (AUC) per
class for the validation phase (narrow-band imaging).
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Figure 6. Mean receiver operating characteristic (ROC) curves (AUC) per
class for the validation phase (blue-laser imaging).

Zorron Cheng Tao Pu et al Computer-aided diagnosis for characterization of colorectal lesions
(Figs. 5 and 6), respectively. Average AUCs per class with
95% confidence intervals and comparisons per class
between datasets are provided in Table 1. The mean AUCs
between the exploratory and validation phases (for NBI
and BLI) and within the validation phase were similar (ie,
cannot reject the null hypothesis, P > .05). The
distribution of predicted and actual histology according to
the MS classification are displayed as confusion matrices in
Figures 7 and 8 for the Japanese NBI and BLI datasets,
respectively. After training, our model provided real-time
output (processing time was at least 30 images/second).
www.giejournal.org
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DISCUSSION

In the past few years, several CAD models for colorectal
lesions have been developed around the world. Initially, sup-
port vector machine models were used, which required
manual designing of features to enable characterization of
images.18,19 However, deep learning approaches, such as
CNNs, have produced more accurate image classification
results than traditional machine learning methods20 and
have enabled automated design of features. More recent
CADs developed for characterizing colorectal lesions have
used deep learning-based CNN models. However, they lack
the ability to predict SSA/Ps.10,21,22 Differentiation of SSA/Ps
from HPs is important because serrated polyps account for
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15% to 30% of all CRCs.23,24 As SSA/Ps are often confused
with HPs by endoscopists,6 this contributes to interval
CRC.25 Up-to-date CAD models have differentiated the
polyps into only 2 subtypes18,19,22,26 or 3 subtypes.10,27,28

Our CAD was conceived based on the MS classification
and hence has the ability to differentiate polyps into 5
categories, including the differentiation of SSA/Ps. A CAD
capable of characterizing as benign only HPs as opposed
to any serrated polyps would be the safest for use in
clinical practice.

Our mean AUC for NBI prediction in the range of 93%
to 96% is consistent with the accuracy measures found in
previous trials with experts using the MS classification.
The studies describe an AUC of 92% and overall accuracy
of 97%, respectively.11,13 It is common for experts to
have higher diagnostic performance than nonexperts,
therefore we expect that our results would be better if
compared with nonexpert performance. For instance,
although not statistically significant, the AUC of experts
with a 4-type classification was numerically higher
compared with that of nonexperts.29

As with any innovative technology, the use of CAD for
characterization of colorectal lesions should be used at first
in combination with human (endoscopist) judgment.
Hence, we propose that a deductive reasoning process
could be used for a combined diagnosis. This would allow
combined decisions to be made when the endoscopist and
CAD agree on the predicted histology or when the endo-
scopist and CAD disagree on the predicted histology. An
example of the first scenario would be when the endoscop-
ist believes a large lesion is an SSA/P but is not confident.
However, with the CAD corroborating this, the endoscop-
ist could become more comfortable about proceeding with

endoscopic resection of the lesion. When the endoscopist
and CAD disagree on the diagnosis, it could also be help-
ful. For instance, if the CAD defines a lesion as neoplastic
but the endoscopist believes it is non-neoplastic, instead of
taking no action, the endoscopist would then proceed with
biopsy or resection. As our CAD processing time for output
is almost immediate, computer-assisted intervention would
be feasible.

The CAD system outlined in this study was designed to
provide the diagnosis on a single frame and hence is sup-
posed to provide its output once the endoscopist freezes
the image on the lesion with magnified NBI. Therefore,
the characterization of large lesions is a challenge.
Different portions of a large lesion might present with
different histology, one more reason for the CAD to be
used in conjunction with an experienced endoscopist.
The correct selection of the area to be sampled when
freezing the frame would undoubtably have an impact on
the lesion’s prediction.

Making CAD software such as this available in the form
of a downloadable application is an exciting possibility. Our
group is currently looking this into in a follow-up study.
This would allow ease of access and subsequently aid en-
doscopists in making accurate diagnoses during colonos-
copy. However, to be able to do that, the CAD must be
capable of working across the different colonoscopes avail-
able. The validation phase of this study has demonstrated
that this is achievable. Similar results to the exploratory
phase were found when the CAD was tested against
different colonoscopes with the same imaging technology
(ie, Olympus 190 and 290 series); and against different
technologies (ie, NBI and BLI). The fact that although
similar, the results were numerically higher for the

TABLE 1. Pairwise comparisons of AUC class by class among the Australian, Japanese NBI, and Japanese BLI datasets

Comparison First AUC value First standard error Second AUC value Second standard error Chi-squared P value

AU(I) vs JP_NBI(I) 0.93460 0.01577 0.85098 0.14411 0.3327 .5641

AU(I) vs JP_BLI(I) 0.93460 0.01577 0.85333 0.07763 1.0526 .3049

JP_NBI(I) vs JP_BLI(I) 0.85098 0.14411 0.85333 0.07763 0.0002 .9885

AU(II) vs JP_NBI(II) 0.90846 0.00982 0.79733 0.12878 0.7404 .3895

AU(II) vs JP_BLI(II) 0.90846 0.00982 0.91949 0.06008 0.0328 .8563

JP_NBI(II) vs JP_BLI(II) 0.79733 0.12878 0.91949 0.06008 0.7390 .3900

AU(IIo) vs JP_NBI(IIo) 0.95082 0.00860 0.85000 0.21365 0.2223 .6373

AU(IIo) vs JP_BLI(IIo) 0.95082 0.00860 0.92051 0.05645 0.2816 .5956

JP_NBI(IIo) vs JP_BLI(IIo) 0.85000 0.21365 0.92051 0.05645 0.1018 .7497

AU(IIIa) vs JP_NBI(IIIa) 0.94327 0.00923 0.77582 0.12066 1.9145 .1665

AU(IIIa) vs JP_BLI(IIIa) 0.94327 0.00923 0.90431 0.05921 0.4228 .5155

JP_NBI(IIIa) vs JP_BLI(IIIa) 0.77582 0.12066 0.90431 0.05921 0.9138 .3391

AU(IIIb) vs JP_NBI(IIIb) 0.97674 0.00898 0.95294 0.18732 0.0161 .8990

AU(IIIb) vs JP_BLI(IIIb) 0.97674 0.00898 0.91778 0.07115 0.6760 .4110

JP_NBI(IIIb) vs JP_BLI(IIIb) 0.95294 0.18732 0.91778 0.07115 0.0308 .8607

AUC, Area under the curve; NBI, narrow-band imaging; BLI, blue-laser imaging; AU, Australian dataset; JP_NBI, Japanese NBI dataset; JP_BLI, Japanese BLI dataset.
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Figure 7. Confusion matrix representing the average diagnoses per class
throughout the 5-fold cross-validation process (validation phase, narrow-
band imaging). JP_NBI, Japanese narrow-band imaging dataset.
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Figure 8. Confusion matrix representing the average diagnoses per class
throughout the 5-fold cross-validation process (validation phase, blue-
laser imaging). JP_BLI, Japanese blue-laser imaging dataset.
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Japanese BLI dataset compared with the Japanese NBI da-
taset might be due to the small size of the Japanese NBI
dataset (ie, 20 colorectal lesions) or the type of magnifica-
tion used. For both the Australian and Japanese BLI data-
sets, the magnification was standardized (push-up button
www.giejournal.org

FLA 5.6.0 DTD � YMGE12014_pDownloaded for Anonymous User (n/a) at Austin Health Libra
For personal use only. No other uses without permission.
for the Olympus 190 and Fujifilm 760); whereas for the
Japanese NBI dataset the magnification was done by a lever
(Olympus 290). Despite these limitations, the strategy of a
downloadable CAD may help with its own self-
improvement if a feedback system could be incorporated
within the software. This would allow the software to
keep learning and, as a consequence, improve the CAD’s
accuracy over time for all systems.

A limitation of the study is a relatively small training set.
Initially, we identified the need for a large training set when
the numbers provided by our initial retrospective collection
of data were shown to be insufficient for achieving good re-
sults. Although the period for screening eligible images was
over 5 years, only images acquired from mid-2012 onward
used the 190 series colonoscope. Therefore, the retrospec-
tive training set of approximately 800 images had to be com-
plemented by prospective collection of images. Although a
larger training set than what we currently have could theo-
retically provide a better AUC, our current AUC is already
similar to that found for experts. This, along with the possi-
bility of continuous improvement with a potential feedback
system, and the possibility of pre-training and fine-tuning al-
lowed by CNN models, are likely to address the relatively
small training set.

The current CAD model has predicted most neoplastic
lesions as neoplastic but has also predicted a considerable
number of benign lesions as neoplastic. Although this is
not ideal, removing a benign lesion is preferable to not
removing a neoplastic one. It is expected that with further
development of the software, through a more complex
model and/or a larger training set, the false positives would
be reduced.

Our CAD system currently does not have an integrated
detection process, hence an endoscopist is required to
select the area of interest within each image. This is
currently being researched within our group, and it should
be possible to make the CAD fully automated for character-
ization of endoscopic images of colorectal lesions in the
near future. In addition, our system lacks a high-
confidence category for its diagnosis. This is thought to
be implemented based on the threshold for selecting the
appropriate class. The current design selects the appro-
priate class as the one with highest probability (eg, choo-
ses class I if the likeliness results are I Z 40%, II Z 20%,
IIo Z 20%, IIIa Z 15%, IIIb Z 5%). Although our
approach still needs to be tested, we believe that a mini-
mum threshold of 50% probability could be a good choice
for high-confidence diagnoses.

The validation phase was set at another center with
different colonoscopes for assessment of the breadth of
reproducibility as a proof of concept. Assessment of a
CAD for characterization with training and testing based
on different imaging technologies is unheard of; therefore,
we decided to perform a pilot with a limited number of
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images to evaluate the feasibility of such an approach. As a
result, the current validation phase had small numbers and
did not cover all possible colonoscopy imaging technolo-
gies. However, such limitations were partially addressed
because the 2 major virtual chromoendoscopic imaging
technologies were evaluated (ie, NBI and BLI), and all ex-
periments were performed 5 times; the average results
are presented in this article. Therefore, our small dataset
shows how our CAD training methodology behaves for
previously unseen datasets, highlighting good domain
adaptation capabilities. Nevertheless, future studies with
larger numbers in the validation set are warranted to
confirm our findings.

Although it is not possible to assert that our CAD would
be useful widely, to the best of our knowledge this is the
first study where a CAD for characterization has been devel-
oped based on one type of image for the training set and
validated with different colonoscopes and imaging technol-
ogies. Therefore, the promising results found with our small
validation dataset suggest that it will be possible to have a
CAD trained mostly with one technology and used with
another technology. Strategies that could be used to
improve the results for other devices involve inclusion of
a small parcel of images from the other technology into
the training set and enlargement of the validation datasets.

In conclusion, the CAD software achieved AUCs as good
as experts and similar across 2 different imaging technolo-
gies (NBI and BLI). An accurate CAD prediction was achiev-
able even when the predicted endoscopy imaging
technology was not part of the training set.
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Chapter 9 

Microbiota profile is different for early and invasive colorectal cancer 
and is consistent throughout the colon 

This chapter offers a brief summary of a paper published in the Journal of Gastroenterology and 
Hepatology.  The statement of authorship and paper (.pdf) ‘Microbiota profile is markedly 
different for early and invasive colorectal cancer; and is consistent throughout the colon’ follow 
over the page. 

9.1 Summary 

In addition to endoscopic imaging, other factors can help the endoscopist when deciding what 
the predicted histology of the colorectal lesion is. Some examples are location (e.g. traditional 
serrated adenomas are more common in the rectosigmoid region) and previous history of a 
certain type of polyp (e.g. in the serrated polyposis syndrome). However, other forms 
of identification might also be possible. As specific bacteria within the gut microbiome 
(i.e. Fusobacterium genus) have been shown to have an increased relative abundance in 
CRC patients, in this study we have evaluated if and which bacteria can be used for 
differentiation of invasive and superficial cancer lesions/patients.  

In this study, patients referred to the endoscopy department of Nagoya University 
Hospital with either superficial or invasive CRC were assessed. Samples were taken from 
stool pre-bowel preparation and from the mucosal mucus through endoscopic brushes 
during the colonoscopy. DNA extraction, 16S rRNA next generation sequencing and 
biostatistics were then performed for determining the microbiota present in each group. The 
primary focus was to determine the difference in relative abundance of the Fusobacterium 
genus between the groups. The 14 patients with invasive cancer have shown a higher relative 
abundance of Fusobacterium compared to the 11 patients with early cancer. In addition, 5 
other bacteria genera were found to be increased and 4 decreased in invasive CRC patients. 

These results need to be further confirmed by larger studies, but potentially could lead to 
diagnostic and therapeutic roles of these microbiota in the setting of early CRC.  
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Abstract
Background and Aim: Microbiota have been associated with several diseases including
colorectal cancer (CRC). This study aimed to evaluate the microbiota in early/invasive
CRC utilizing stool and cytological brushes to determine differences in relative abundance
(RA).
Methods: Colonoscopy patients referred for endoscopic submucosal dissection or previous
to CRC surgery were prospectively enrolled. Stool was collected pre-bowel preparation;
and brush samples were taken during colonoscopy (three regions). DNA extraction, 16S
rRNA next generation sequencing, and biostatistics (QIIME and STAMP software packages)
followed. Primary outcome was the difference in RA of the Fusobacterium genus between
the groups. Secondary outcomes included analyses of other microbiota.
Results: Twenty-five patients were included, of which 14 had invasive cancer (≥ 1000 mm
into the submucosa). The three major genera for invasive cancer were Bacterioides,
Oribacterium, and Fusobacterium, whereas for early cancer were Oribacterium,
Bacterioides, and Prevotella (decreasing order of RA). There was a significantly higher
RA of Fusobacterium in the invasive cancer group (9.65% vs 0.95%, respectively,
P < 0.001). The RA of all genera was similar throughout the colon. In addition to
Fusobacterium, the genera Corynebacterium, Enterococcus, Neisseria, Porphyromonas,
and Sclegelella showed statistically higher RA in the invasive cancer group. Conversely,
the genera Oribacterium, Desulfovibrio, Clostridiales, and Lactobacillus showed lower
RA in the invasive cancer group.
Conclusions: The RA of Fusobacterium is higher with invasive CRC than in early CRC
patients. In addition, five other bacteria genera were found to be increased, and four de-
creased in invasive CRC patients. The microbiota per patient was similar throughout the co-
lon.

Introduction
The interaction of humans with microbiota has become the focus
of interest in a wide range of medical research. The gut microbiota
specifically has been demonstrated to be associated with numerous
conditions, including colorectal cancer (CRC).1

In the past few years, several studies have found evidence that a
specific gram-negative anaerobic bacterium was consistently asso-
ciated with CRC: the Fusobacterium nucleatum (Fn). This species
has been shown to have an increased relative abundance (RA) in
patients with CRC in many different cohorts.2,3 The question
whether Fn plays a role in CRC carcinogenesis or if it is only a
marker for CRC is still under debate. Some studies advocate it is
solely a marker as it has only been associated with CRC as op-
posed to advanced adenomas.4,5 However, other studies have
found an apparent correlation of Fn abundance with increasing
grades of dysplasia within the adenoma–adenocarcinoma pathway,

possibly through the stimulation of inflammatory mediators.6,7 Al-
though some studies have included high-grade dysplastic lesions,
microbiota mostly have been extracted from human tissue. This
is not ideal as bacteria mostly stay in the mucous covering the gas-
trointestinal tract.

Fusobacterium nucleatum has been initially studied within peri-
odontal health and its presence in the oral mucosa biofilm. It has
been shown that the influence of Fn as either a mutualist or patho-
genic microbe relies on its interactions with other microbiota
within the biofilm.8 Although some CRC microbiota studies have
studied the presence of Fn among dysplastic adenomatous lesions,
the microbiota has been extracted from either fecal samples or hu-
man tissue biopsies. The diminutive proportion of biofilm in these
samples might have undermined the results as it is expected that
most Fn would be found in the mucous cap/biofilm rather than in
the tissue or fecal material. Therefore, although the use of stool
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is more practical, the use of brush cytology theoretically would
provide more accurate information on mucosal surface microbiota
in the gut.
This study intends to evaluate the microbiota within the biofilm

of early and invasive CRC patients utilizing cytological brushes
and stool samples to determine the differences in RA of Fn.

Methods
Patients undergoing colonoscopy in 2018 at Nagoya University
Hospital either for endoscopic submucosal dissection (ESD) or
previous to a CRC surgery were prospectively enrolled. This study
has been approved by the Ethics Review Committee from Nagoya
University Hospital, and all patients enrolled have been consented.
Stool samples were taken pre-bowel preparation in two circum-
stances: (i) When the patient took his/her bowel preparation at
home, he/she would collect the sample him/herself 1 day prior to
taking the bowel preparation and store it in a commercially pre-
pared plastic container with guanine as preservation liquid
(©2018 Techno Suruga Laboratory Co.,Ltd., Shizuoka, Japan) in
the refrigerator until the colonoscopy. This kit allows DNA quality
for 16S rRNA sequencing similar to�80°C storage.9 (ii) When the
patient took his/her bowel preparation as inpatient, the ward nurses
collected the sample and stored in a commercially prepared plastic
container (©2018 Techno Suruga Laboratory Co., Ltd., Shizuoka,
Japan) without any preservation liquid at �15°C for a short period
of time.
The samples taken during colonoscopy utilized the cytological

brush (G22108-CCB-7-240-3-S from ©2018 Cook Medical). Each
sample utilized one brush, which had the tip cut-off into a 2-mL
Eppendorf Safe-Lock microcentrifuge tube containing 650 μL of
buffer solution provided by the DNA extraction kit. All samples
were collected prior any endoscopic procedure took place (e.g. bi-
opsy, tattoo, and ESD). The brush samples were collected from
three different regions: (i) caecum opposite to the ileocaecal valve,
(ii) normal mucosa near the lesion (i.e. two folds distal to the le-
sion), and (iii) the lesion itself. If the lesion was located less than
10 cm from the anal verge, the “normal mucosa” sample was then
collected twofolds proximal to the lesion.
All brush samples had their DNA extracted on the same day of

the sample collection with the QIAmp UCP Pathogen Kit (©2018
QIAGEN, Hilden, Germany). The stool samples had their DNA ex-
tracted on the same day of the brush samples (less than 1 week from
sampling) with the DNeasy PowerSoil Kit (©2018 QIAGEN,
Hilden, Germany). After the DNA was extracted, all leftover sam-
ples and extracted DNA samples were immediately stored at �80°
C. The library preparation was conducted according to the Illumina
Miseq System guidelines for 16S rRNA next generation sequenc-
ing. The primers used were to target the V3–4 regions bacterial
16S rRNA regions (forward 5′-TCGTCGGCAGCGTCAGATGT
GTATAAGAGACAGCACTCAGGGGGCGCAG-3; and reverse
5′-GTCTCGTGTGGCTCGGAGTCAGGAGTGTATAAGAGAG
AGGACTACHVGGGTATCTAATCC-3).
Demographic data statistics was done using chi-squared test for

comparison of proportions and Mann–Whitney U-test for compar-
ison of means. Normality was assessed through the Shapiro–Wilk
test. Biostatistics for Miseq results involved initial processing with
the Quantitative Insights into Microbial Ecology (QIIME) 1.9.1
software package (including quality check, chimera filtering, and

OTU assignment with the expanded Human Oral Microbiota Data-
base).10 USEACH 6.1 software11 was used within QIIME to remove
chimeric sequences. The results from QIIME were interpreted with
the STAMP software package utilizing Welch’s t-test for two group
comparison and ANOVA for comparison of multiple groups, with
two-sided 95% confidence interval and considered significant
when P ≤ 0.05. Primary outcome was the difference in RA of Fn
between invasive and early cancer groups. Secondary outcomes
consisted of describing the bacteria genera RA difference between
the two groups. RA was defined as the evenness of distribution of
individuals (species or genus) among its peers within the studied
community (i.e. collected samples). The distribution of the gut
microbiome was expected to follow a normal distribution as per
previous trials.

Results
Twenty-six patients were initially invited to participate because a
clinical–endoscopic diagnosis of early or invasive cancer. One pa-
tient was excluded after enrolment because of the pathology result
(low-grade dysplastic adenoma). Twenty-five patients were in-
cluded in the final analysis. Fifteen underwent an initial ESD pro-
cedure, and 10 were sent directly to surgery. From the ESD group,
four were found to have invasion into the submucosa > 1000 mm
after resection, and three were subsequently sent to salvage surgery
(after multidisciplinary and patient/family discussion, a T1b cancer
patient has decided to be followed up). Although no difference in
gender between the groups, statistically significant differences re-
garding age, location of tumor, and Paris classification were found
(Table 1). The three major genera in the invasive cancer group
(n = 14) were Bacterioides, Oribacterium, and Fusobacterium,

Table 1 Cohort demographics

Early cancer
(n = 11)

Invasive cancer
(n = 14)

P
value

Age - mean
(IQR)

66 (13) 72.6 (5.8) 0.13

Male - n (%) 5 (45.5) 6 (42.9) 0.90
Location n (%) Caecum 2 (18.2) 0 (0) 0.10

Ascending
colon

3 (27.3) 1 (7.1) 0.18

Transverse
colon

3 (27.3) 2 (14.3) 0.43

Descending
colon

0 (0) 1 (7.1) 0.38

Sigmoid
colon

0 (0) 6 (42.9) 0.01

Rectum 3 (27.3) 4 (28.6) 0.94
Paris classification n
(%)

0-IIa 7 (63.6) 0 (0) <0.01
0-IIa + 0-Is 4 (36.4) 4 (28.6) 0.68

Borrmann
classification n (%)

type I - 1 (7.1) -
type II - 9 (64.3) -

Histology n (%) Tis 10 (90.9) - -
T1a 1 (9.4) - -
T1b - 4 (28.6) -
T2 - 5 (35.7) -
T3 - 3 (21.4) -

IQR – Interquartile range.
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whereas the three major genera in the early cancer group (n = 11)
were Oribacterium, Bacterioides, and Prevotella (in decreasing or-
der of RA). There was a significantly higher RA of Fusobacterium
in invasive cancer group compared with the superficial cancer
group (9.65% vs. 0.95%, P < 0.0001, Fig. 1). This difference be-
tween invasive and early cancer groups was also significant when
analyzing solely the 15 patients submitted to ESD (i.e. all those
with endoscopic appearance of early cancer - P = 0.02).
The RA of all genera was similar throughout the colon. The RA

of the Fusobacterium genus showed a similar difference between
groups not only within the colon (10.4% versus 1.0%,
P < .0001) but also for stool samples (7.3% versus 0.7%,
P = 0.05). In addition to Fusobacterium, the genera Corynebacte-
rium, Enterococcus, Neisseria, Porphyromonas and Sclegelella
showed statistically significant higher RA in the invasive cancer
group. Conversely, the genera Oribacterium, Desulfovibrio,
Clostridiales and Lactobacillus showed a lower RA in the invasive
cancer group for colon samples. Detailed information on all genera
detected to be significantly different between groups for either
sampling method has been summarized in supporting information
table S1. Further interrogation of the above-mentioned genera at
species level allowed to identify a statistically significant differ-
ence regarding Oribacterium parvum and Clostridiales [F-1][G-
2] bacterium (lower in the invasive cancer group, P < 0.01 for
both species) – Figures 2 and 3.
Looking into the specific Fusobacterium species, a statistically

significant higher RA was found for Fusobacterium HMT 203
(6.56% versus 0.6%, P = 0.001) and for Fusobacterium nucleatum
subspecies vicentii (0.04% versus 2x10�4%, P = 0.04), between
invasive cancer and early cancer groups, respectively. This differ-
ence was significant also when looking into the brush samples only
(Figs. 4, and 5).

Discussion
The association of microbiota with the adenoma-adenocarcinoma
pathway has been the subject in several recent studies. Patients
with invasive CRC have been consistently described with higher

RA of Fusobacterium when compared to healthy controls.3 How-
ever, differences in the RA of Fusobacterium and other microbiota
between healthy controls and patients with adenomas is less con-
sistent. There is evidence both for and against such differences.4,6

In addition, a recent metanalysis has found that a different micro-
biota profile can be found between adenoma and CRC patients,
including higher RA of Fusobacterium for CRC patients.2 This
supports our results of different gut microbiota associated with
early and invasive CRC.
Our results have shown that most of the early CRC group had le-

sions in the proximal colon (8 out of 11) whilst most of the invasive
cancer group had lesions in the distal colon (11 out of 14). This
could lead to a potential bias as it has been reported that left colon
CRC presents with higher Fusobacterium abundance compared to
right colon CRC. However, even looking at specific subgroups
(i.e. only proximal colon and only distal colon patients), invasive
cancer group still presented with statistically significant higher
RA of Fusobacterium (P < 0.01 and P < 0.001, respectively).

Figure 1 Fusobacterium genera profile for invasive (YES) and early
(NO) colorectal cancer.

Figure 2 Oribacterium parvum profile for invasive (YES) and early (NO)
colorectal cancer (colon samples).

Figure 3 Clostridiales bacterium profile for invasive (YES) and early
(NO) colorectal cancer (colon samples).

L Zorron Cheng Tao Pu et al. Microbiota and colorectal cancer

3Journal of Gastroenterology and Hepatology •• (2019) ••–••

© 2019 Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd 136



There is a range of uses for the microbiota in the CRC context.
It involves the pre-malignant, early malignant and invasive
CRCs’ diagnosis,2 prognosis12 and potentially treatment.13 Our
findings allowed us to identify bacteria that are found both in
higher and lower RA in invasive cancer patients compared to
early cancer patients. The initial finding of significant higher
Fusobacterium genus in both colon and feces gives support to
the studies that used Fusobacterium fecal tests for CRC.14,15

However, the p value for such difference in fecal samples
differed greatly from the brush samples (P = 0.05 and
P < .0001, respectively – Supporting information table S1). In
addition, we could only isolate some difference in species when
looking at colon samples. We hypothezise that although several
Fusobacteria species are associated with the presence of neoplas-
tic tissue what can be detected in stool, different species might be
associated with invasiveness and might only be identifiable
through colon samples (i.e. nucleatum subspecies vicentii and
HMT 203). Therefore, on top of fecal tests for screening, there
might be a role for identification of bacteria species in situ for
prediction of invasiveness.

The identification of specific species associated with invasive
opposed to early cancer could further aid the troublesome predic-
tion of early versus invasive cancer. A recent large prospective
study has found an accuracy and sensitivity for deep invasion pre-
diction of 77% and 58.4%, respectively.16 The use of quantitative
tests for RA of specific bacteria (e.g. Fn) in addition to endoscopic
imaging could potentially improve this prediction. If such test
could be developed to be used in real-time during colonoscopy,
it would most likely aid in the prediction of invasion for potential
endoscopically resectable colorectal lesions.
Finally, the identification of different bacteria associated even

within the late stages of dysplasia supports that manipulation of
the gut microbiota (e.g. through pre or probiotics) could have a
role in the progression from early to invasive cancer. A possible
postulation could be that the use of probiotics (e.g. Lactobacillus)
from the moment a colorectal advanced lesion has been detected in
a low-complexity endoscopy center could avoid progression. As
the timespan from referred for ESD and the actual procedure can
vary greatly, this simple action could slow its progression and
increase the likelihood that the lesion is amenable for endoscopic
resection when the time comes.
The limitations of the present study include the limited number

of patients which could have negatively affected the number of
bacteria identified to be statistically different between the groups.
Nevertheless, the 10 bacteria genera (and 4 specific species) we
have identified to be statistically different between early and inva-
sive CRC could aid in future research.
In this research we have utilised the eHOMD database for OTU

picking instead of most commonly used SILVA and Greengenes
databases. As eHOMD is a more recent database and focused on
where originally Fn was found (oral microbiota),17 we understand
that this would provide more accurate results for our main
outcome.
In conclusion, the RA of Fn is higher in patients with invasive

CRC than in early CRC patients; and is consistent throughout the
colon. Other bacteria such as Corynebacterium, Enterococcus,
Neisseria, Porphyromonas and Sclegelella were also found to be
increased in invasive CRC. Conversely, the genera Oribacterium,
Desulfovibrio, Clostridiales and Lactobacillus were found to be
have lower RA in patients with invasive CRC. The microbiota
pattern found per patient was not statistically different throughout
the colon. The results of this study might potentially assist the
endoscopist in determining if a lesion is endoscopically resectable
and perhaps even provide insights into the treatment of these ma-
lignancies with pre or probiotic therapy.
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9.4 Supplementary material for Chapter 9 

Supporting information figure 1 – Microbiota distribution for invasive and early CRC groups 

Legend for supporting information figure 1 – Top 10 microbiota 

Colour Phylum Family Genus 
YES  
(invasive cancer) 

NO  
(early cancer) 

Unassigned Unassigned Unassigned 28.0% 36.7% 

Bacteroidetes Bacteroidaceae Bacteroides 22.5% 25.5% 

Firmicutes Lachnospiraceae_[XIV] Oribacterium 9.5% 10.5% 

Bacteroidetes Prevotellaceae Prevotella 7.9% 5.1% 

Proteobacteria Enterobacteriaceae Other 2.9% 3.1% 

Fusobacteria Fusobacteriaceae Fusobacterium 8.3% 0.5% 

Firmicutes Streptococcaceae Streptococcus 1.2% 0.7% 

Firmicutes Lachnospiraceae_[XIV] Other 3.4% 2.5% 

Firmicutes Veillonellaceae Veillonella 1.6% 1.9% 

Bacteroidetes Porphyromonadaceae Tannerella 1.9% 2.4% 
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Supporting information table 1 – Microbiota for invasive and early CRC groups analysed by type of sample 

Genus Sample type Invasive cancer group 
RA - % (SD) 

Early cancer group RA - 
% (SD) 

p value 

Fusobacterium All samples 9.65 (12.95) 0.95 (2.05) p<.0001 

Colonic brush samples 10.43 (13.45) 1.05 (2.08) p<.0001 

Faecal samples 7.32 (10.95) 0.67 (1.92) p=0.05 

Clostridiales_[F-1][G-2] All samples 0.00 (0.01) 0.03 (0.06) p<0.01 

Colonic brush samples 0.00 (0.00) 0.01 (0.04) p=0.15 

Faecal samples 0.01 (0.02) 0.08 (0.08) p<0.05 

Schlegelella All samples 1.33 (1.93) 0.55 (0.95) p<0.01 

Colonic brush samples 1.33 (1.92) 0.56 (0.89) p<0.05 

Faecal samples 1.33 (1.96) 0.51 (1.08) p=0.21 

Bacillaceae (family)◊ All samples 0.01 (0.02) 0.44 (1.11) p<0.05 

Colonic brush samples 0.00 (0.01) 0.54 (1.26) p<0.05 

Faecal samples 0.02 (0.03) 0.12 (0.28) p=0.26 

Anaerococcus All samples 0.10 (0.30) 0.00 (0.00) p<0.05 

Colonic brush samples 0.13 (0.34) 0.00 (0.00) p<0.05 

Faecal samples 0.01 (0.03) 0.00 (0.00) p=0.25 

Peptidiphaga All samples 0.00 (0.00) 0.00 (0.00) p<0.05 

Colonic brush samples 0.00 (0.00) 0.00 (0.00) p<0.05 

Faecal samples 0.00 (0.00) 0.00 (0.00) p=0.36 

Eikenella All samples 0.01 (0.03) 0.00 (0.00) p<0.05 

Colonic brush samples 0.01 (0.04) 0.00 (0.00) p<0.05 

Faecal samples 0.00 (0.01) 0.00 (0.00) p=0.29 

Campylobacterales 
(order) ◊ 

All samples 0.05 (0.15) 0.00 (0.01) p<0.05 

Colonic brush samples 0.07 (0.18) 0.00 (0.02) p<0.05 

Faecal samples 0.01 (0.02) 0.00 (0.00) p=0.17 

Peptoniphilus All samples 0.08 (0.20) 0.01 (0.05) p<0.05 

Colonic brush samples 0.09 (0.21) 0.02 (0.06) p<0.05 

Faecal samples 0.04 (0.14) 0.00 (0.00) p=0.33 

Lactobacillus All samples 0.02 (0.04) 0.06 (0.12) p<0.05 

Colonic brush samples 0.01 (0.03) 0.05 (0.10) p=0.08 

Faecal samples 0.03 (0.06) 0.12 (0.16) p=0.15 

Erysipelotrichaceae 
(family) ◊ 

All samples 0.22 (0.50) 0.06 (0.13) p<0.05 

Colonic brush samples 0.29 (0.55) 0.08 (0.15) p<0.05 

Faecal samples 0.01 (0.01) 0.00 (0.01) p=0.37 

Oribacterium All samples 12.34 (11.42) 17.42 (10.54) p<0.05 

Colonic brush samples 14.51 (12.29) 21.19 (9.45) p=0.01 

Faecal samples 5.85 (3.49) 6.13 (2.50) p=0.82 

Parvimonas All samples 0.34 (0.99) 0.03 (0.09) p<0.05 

Colonic brush samples 0.44 (1.13) 0.04 (0.10) p<0.05 

Faecal samples 0.04 (0.06) 0.00 (0.00) p=0.05 

Corynebacterium All samples 0.02 (0.04) 0.00 (0.01) p<0.05 

Colonic brush samples 0.02 (0.04) 0.00 (0.01) p<0.05 

Faecal samples 0.00 (0.01) 0.00 (0.01) p=0.92 

Solobacterium All samples 0.00 (0.00) 0.00 (0.00) p<0.05 

Colonic brush samples 0.00 (0.00) 0.00 (0.00) p<0.05 
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Faecal samples 0.00 (0.00) 0.00 (0.00) p=1.00 

Neisseria All samples 0.30 (0.72) 0.08 (0.23) p<0.05 

Colonic brush samples 0.40 (0.81) 0.10 (0.26) p<0.05 

Faecal samples 0.00 (0.01) 0.00 (0.00) p=0.18 

Desulfovibrio All samples 0.16 (0.23) 0.31 (0.44) p<0.05 

Colonic brush samples 0.11 (0.16) 0.15 (0.19) p=0.25 

Faecal samples 0.31 (0.33) 0.79 (0.61) p<0.05 

Granulicatella All samples 0.87 (2.25) 0.23 (0.35) p<0.05 

Colonic brush samples 1.16 (2.53) 0.30 (0.38) p<0.05 

Faecal samples 0.01 (0.02) 0.02 (0.02) p=0.75 

Porphyromonas All samples 0.36 (0.79) 0.12 (0.30) p<0.05 

Colonic brush samples 0.38 (0.70) 0.16 (0.33) p=0.08 

Faecal samples 0.30 (1.02) 0.01 (0.02) p=0.31 

Enterococcus All samples 0.12 (0.28) 0.04 (0.08) p<0.05 

Colonic brush samples 0.10 (0.24) 0.05 (0.09) p=0.19 

Faecal samples 0.18 (0.38) 0.01 (0.03) p=0.13 

Finegoldia All samples 0.05 (0.18) 0.00 (0.01) p<0.05 

Colonic brush samples 0.07 (0.21) 0.00 (0.01) p=0.06 

Faecal samples 0.01 (0.04) 0.00 (0.00) p=0.34 

Ruminococcaceae_[G-2] All samples 0.08 (0.27) 0.00 (0.01) p<0.05 

Colonic brush samples 0.03 (0.07) 0.00 (0.01) p<0.05 

Faecal samples 0.22 (0.50) 0.00 (0.00) p=0.14 

Peptostreptococcaceae_
[XI][G-2] 

All samples 0.00 (0.01) 0.00 (0.00) p=0.05 

Colonic brush samples 0.00 (0.01) 0.00 (0.00) p=0.05 

Faecal samples 0.00 (0.00) 0.00 (0.00) p=1.00 

Lachnoanaerobaculum All samples 1.21 (1.43) 1.88 (2.24) p=0.09 

Colonic brush samples 1.38 (1.55) 2.41 (2.36) p<0.05 

Faecal samples 0.69 (0.77) 0.29 (0.15) p=0.09 

Lachnospiraceae_[G-7] All samples 0.02 (0.06) 0.01 (0.02) p=0.10 

Colonic brush samples 0.03 (0.07) 0.01 (0.02) p<0.05 

Faecal samples 0.00 (0.01) 0.02 (0.02) p=0.13 

Escherichia All samples 0.00 (0.01) 0.01 (0.04) p=0.12 

Colonic brush samples 0.00 (0.02) 0.01 (0.04) p=0.25 

Faecal samples 0.00 (0.00) 0.01 (0.01) p<0.01 

Gemella All samples 0.32 (0.51) 0.21 (0.38) p=0.23 

Colonic brush samples 0.42 (0.55) 0.28 (0.41) p=0.21 

Faecal samples 0.01 (0.01) 0.00 (0.00) p<0.05 

Peptostreptococcaceae_
[XI][G-4] 

All samples 0.01 (0.03) 0.02 (0.03) p=0.51 

Colonic brush samples 0.01 (0.03) 0.01 (0.02) p=0.51 

Faecal samples 0.01 (0.01) 0.04 (0.04) p<0.05 

Cardiobacterium  All samples 0.00 (0.00) 0.00 (0.00) p=0.13 

Colonic brush samples 0.00 (0.00) 0.00 (0.00) p=0.36 

Faecal samples 0.00 (0.00) 0.00 (0.00) p=0.05 
◊Unclassified genus 
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Chapter 10 

Learning curve for mastery of colorectal endoscopic submucosal dissection: 
Perspectives from a large Japanese cohort 

This chapter offers a brief summary a paper published in JGH Open.  The statement of 
authorship and a copy of the paper ‘Learning curve for mastery of colorectal endoscopic 
submucosal dissection: Perspectives from a large Japanese cohort’ follow over the page. 

10.1 Summary 

When a colorectal lesion is defined as neoplastic, endoscopic resection is most likely the 
next step. However, a wide range of techniques can be used for this purpose and must be 
chosen tailored to the lesion itself and the endoscopist expertise. One of the most complex 
procedures in interventional endoscopy is the ESD technique. Several studies have shown 
that although good results can be achieved with this technique, the learning process is 
troublesome. Due to a relatively high complication rate, one could question when an 
endoscopist could perform such a complex technique safely and effectively. In this study, we 
analysed the progress of several ESD trainees regarding the safety and efficacy with which 
they performed colorectal ESDs. 

In this retrospective analysis of a prospectively collected database, consecutive patients 
undergoing colorectal ESD at Nagoya University Hospital in a 10-year period were studied. As 
all colorectal ESD trainees at Nagoya University Hospital had previous experience with 
ESD in the upper gastrointestinal tract and/or in animal models, ESD trainees that had kept 
their attachment to the Department after their 16th colorectal ESD were convened as the 
expert group.  

During the period of the study, 590 colorectal ESDs, performed on 514 patients by 26 
endoscopists were analysed. Although expert endoscopists were assigned more difficult lesions 
than trainees, they still maintained a higher dissection speed compared to trainees (10.3cm2/
h versus 6.7cm2/h). However, the effectiveness (i.e. en-bloc and R0 resection rates) and 
safety (i.e. perforation and bleeding rates) were found to be similar for both groups.  

Therefore, although it took longer, the colorectal ESD trainee was able to achieve similar end 
results when compared to experts. This endorses the safety of teaching such techniques in 
academic centres when training is appropriately supervised and targeted to endoscopists 
with previous exposure to ESDs.  
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Abstract
Background and Aim: Endoscopic submucosal dissection (ESD) is a challenging
procedure. A dissection speed of ≥9 cm2/h has been acknowledged as a mark for
expertise, alongside a complication rate of ≤5% and en bloc resection rate of ≥90%.
However, there is lack of objective information on whether the three measures corre-
late with each other. This study aims to evaluate the dissection speed, safety, and effi-
cacy of colorectal ESDs performed by experts and trainees.
Methods: Consecutive patients undergoing colorectal ESD at a Japanese hospital
(2006–2017) were included in a prospectively collected database. Information on
patient demographics, proceduralist, and intra-/postprocedure data was retrieved. The
primary outcome was the comparison in dissection speed. The secondary outcomes
included differences in safety and efficacy. Log-linear regression models adjusted for
confounders (e.g. R0 resection) were used to assess the differences in
dissection speed.
Results: Five hundred ninety procedures (514 patients) performed by 26 endoscopists
were analyzed. Experts performed a higher number of difficult lesions (e.g. F2 fibro-
sis) but achieved higher dissection speed (10.3 vs 6.7 cm2/h). The difference was sta-
tistically significant for both unadjusted and adjusted models (P < 0.0001). The en
bloc resection rates were similar for both groups (experts = 95.6%; trainees = 94.7%,
P = 0.61). Although nonexperts damaged more of the muscularis propria (18.6 vs
12.5%, P = 0.04), this did not translate into a significant difference in perforation
(experts = 3.7%; trainees = 6.9%, P = 0.09) or delayed bleeding (experts = 2.9%;
trainees = 4.4%, P = 0.34). The dissection speed steadily increased with expertise.
Conclusion: Although dissection speed for colorectal ESD was significantly higher
for experts, ESDs could be safely and efficaciously performed by ESD trainees.

Introduction
Endoscopic resection is the current gold standard for treatment
of precancerous and early cancerous lesions within the

gastrointestinal tract. Different modalities of endoscopic re-
section have been proposed and the decision of one over the other
depends on several factors, one being the degree of dysplasia/
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invasiveness of the lesion. For lesions involving superficial sub-
mucosa, guidelines from both West and East advise on the use of
endoscopic submucosal dissection (ESD).1–4

There are different learning curves depending on endo-
scopist factors such as prior experience with other therapeutic
endoscopy procedures (e.g. endoscopic mucosal resection [EMR])
and experience in assisting ESDs.5 Different learning curves
depend on the endoscopist’s expertise and the location of the
ESD within the gastrointestinal tract. As ESDs performed in the
stomach are easier to tackle than in the esophagus and rectum/
colon, it is advised to use gastric ESDs first for ESD training.6

This is feasible in Asian countries owing to their relatively high
prevalence of early gastric cancer. However, in Western coun-
tries, this is not a reality, and hence the choice for training falls
into the lower gastrointestinal tract.

In selected scenarios, a few dozens of ESDs performed in
humans suffice for achieving proficiency. Fewer cases are
thought to be necessary if animal models are used for training
before performing in humans.7 However, this has been mainly
postulated based on gastric ESDs. Although there are studies
looking into colorectal ESD learning curves in both the West and
East, they mainly focus on single-operator experiences.8–10

A definitive number of procedures to achieve proficiency
in ESD is difficult to determine. This is not only due to variation
in personal skills, but also due to the lack of objective standard-
ized markers for expertise. In order to determine the minimum
standards for ESD skills, a group of experts gathered evidence
from multiple studies and advised thresholds for “ESD
proficiency,” mainly based on three variables. According to
Oyama et al., for an endoscopist to be considered skilled in
ESD, he or she should achieve: (i) dissection speed ≥9 cm2/h;
(ii) complication rate ≤5%; and (iii) en bloc resection rate ≥90%.11

However, objective information on how these three measures

behave throughout the ESD learning curve is scarce. In this
study, we intend to evaluate the learning curve of a Japanese
endoscopist cohort in gaining proficiency toward colorectal ESD.
As proposed by Oyama et al., we specifically investigated the
evolution of dissection speed, safety, and efficacy throughout the
process.

Methods
We retrospectively assessed the Nagoya University Hospital’s
prospective database of colorectal ESDs and included all the
patients who were submitted to colorectal ESDs from 2006 to
2017. The final decision of proceeding with the ESD was made
based on endoscopic imaging after topical administration of
0.4% indigo carmine, virtual chromoendoscopy (either narrow-
band imaging [NBI] or blue-laser imaging [BLI]), and crystal
violet at 0.05%. From this initial cohort, only the endoscopists
who had performed more than one ESD during his or her attach-
ment to the department were included in the study.

We divided colorectal ESDs into two groups according to
the executor: ESD trainee group and ESD expert group. Each
ESD trainee performed on average 16 colorectal ESDs in our
center before finishing the colorectal ESD supervised training
program. Subjectively, the trainees who completed their training
were considered proficient in our center. Therefore, the ESD
expert group consisted of those in the ESD trainee group who
continued with their attachment to the department after their 16th
colorectal ESD. In other words, if an endoscopist had performed
20 colorectal ESDs while at Nagoya University Hospital, the data
on the first 16 ESDs were used for the ESD trainee group and
the last 4 were used for the ESD expert group. All endoscopists
included in the ESD expert group had their initial 16 colorectal
ESDs included in the ESD trainee group.

Figure 1 Example of endoscopic submucosal dissection specimen measurement.
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We retrieved information on patient demographics, lesion
endoscopy and pathology features, and procedure details
(e.g. time for completion). The size of each lesion was measured
with a ruler after resection and fixation onto a plate (Fig. 1—
Example of ESD specimen measurement). Lesion areas were cal-
culated according to their shape (circular or oval) and based on
the two major measured diameters after resection (π × length ×
width/4), and expressed in cm2. The area was then divided by
the procedure time in hours for determining the average dis-
section speed in cm2/h. Procedure time was defined as the time
from first incision until the retrieval of the specimen (including
the time for management of complications). Fibrosis was
expressed in three categories (i.e. F0-2) as previously
described.12 Complications included intraprocedure muscularis
propria (MP) damage (excluding perforation), perforation, post-
colorectal ESD coagulation syndrome (PECS), delayed bleeding
(that required endoscopy or surgery after ESD), abdominal pain
(promptly after the procedure), and fever (temperature above
37.5�C). Curative resection was defined as ESD R0 procedures
for patients with lesions up to 1000 μm into the submucosa.
PECS was defined as abdominal pain without perforation as per
Arimoto et al.13

The primary outcome was to analyze the differences in
average dissection speed between colorectal ESD trainees and
experts. The secondary outcomes included the differences in
safety and efficacy between the two groups.

Procedures were performed after split bowel preparation,
using conscious sedation and carbon dioxide insufflation. The
injectate fluid was prepared with hyaluronic acid and saline in a
1:1 proportion and had adrenaline in a 1:200 000 dilution. A
small amount of indigo carmine (~1 mL/200 mL) was also added
to the solution. The main knife used for dissection was Flush
Knife BT-S 2.0 (©Fujifilm Corporation, Tokyo, Japan) and that
used for bleeding control was Coagrasper (©Olympus, Tokyo,
Japan). This was connected to a water jet pump (Fujifilm JW-2
or Olympus OFP-2) with saline dyed lightly blue by indigo car-
mine. The video endoscopes used were either from Fujifilm

(600 series) or Olympus (260 series) and as a rule consisted of
pediatric colonoscopes for lesions in the right colon and gastro-
scopes for lesions in the left colon. All ESDs involved the use of
disposable distal hoods (©TOP Corporation M-02, Tokyo,
Japan). For electrical cutting and coagulation, VIO ICC
200, 300D, or 3GI was used as the power source (ERBE
Elektromedizin, Tübingen, Germany). The standard settings for
ESD in our center are Endocut I effect 2; forced coagulation
effect 2, 40 W; and soft coagulation effect 5, 60 W. For adverse
event monitoring, all patients stayed in the hospital for 1 week
after the colorectal ESD. Specialist gastrointestinal pathologists
assessed the ESD specimen in all cases.

Log-linear regression models adjusted for a priori con-
founders were used for determining differences in dis-
section speed. Confounders included difficulty (fibrosis score,
lifting sign, ileocecal [IC] valve or anus involvement, lesion
beyond fold, retrograde position use, and lesion size), safety
(MP damage, any complication, delayed bleeding, perforation,
PECS, and emergency operation), and efficacy variables
(R0 resection, curative resection, and en bloc resection). Chi-
squared tests were used to assess the differences between propor-
tions, and Student’s t-tests were used to assess differences
between means using the MedCalc calculator (©2019 MedCalc
Software bvba, Ostend, Belgium). The statistical software used
to perform adjusted log-linear models was SAS 9.4 (SAS Insti-
tute Inc., Cary, NC, USA). P values < 0.05 were considered sig-
nificant. This study was approved by the Nagoya University
Hospital Human Ethics Review Committee under the number

Table 1 Cohort characteristics per group

n (%) Experts
ESD
trainees

P-
value

Number of ESDs, n (%) 272 (100) 318 (100) NA
Male, n (%) 169 (62.1) 188 (59.1) 0.46
Age in years, average (SD) 67.8 (10.8) 67.8 (11.5) 0.97
Right colon location, n (%) 97 (35.7) 113 (35.5) 0.96
Rectum location, n (%) 87 (32.0) 114 (35.8) 0.33
Adenomas, n (%) 58 (21.3) 56 (17.6) 0.26
M adenocarcinomas, n (%) 149 (54.8) 176 (55.3) 0.90
Superficial

adenocarcinomas†,
n (%)

29 (14.9) 25 (11.5) 0.22

Invasive adenocarcinomas†,
n (%)

16 (8.2) 17 (7.8) 0.86

Carcinoid, n (%)* 3 (1.1) 12 (3.8) 0.04
Other, n (%) 17 (6.3) 32 (10.1) 0.10

*P < 0.05.
†Threshold of 1000 micrometers into the submucosa.
N/A, not applicable; ESD, endoscopic submucosal dissection.

Table 2 Endoscopic submucosal dissection (ESD) outcomes per
group model 2

Experts
ESD
trainees

P-
value

Procedure speed in cm2/h,
mean (SD)*

10.3 (13.1) 6.7 (7.6) <0.001

Procedure time in minutes,
mean (SD)*

98.8 (73.0) 119.9 (71.1) <0.001

Specimen area in cm2,
mean (SD)*

15.1 (16.8) 12.6 (10.7) 0.03

En-bloc resection, n (%) 260 (95.6) 301 (94.7) 0.61
R0 resection, n (%) 233 (85.7) 266 (83.7) 0.50
Curative resection, n (%) 221 (81.3) 258 (81.1) 0.95
Beyond fold, n (%)* 171 (62.9) 165 (51.9) <0.01
F2 fibrosis, n (%)* 54 (19.9) 39 (12.3) 0.01
Ileocecal valve or anus

involvement, n (%)*
27 (9.9) 14 (4.4) <0.01

Muscularis propria damaged,
n (%)*

34 (12.5) 59 (18.6) 0.04

Fever (>37.5�C), n (%) 32 (11.8) 39 (12.3) 0.85
PECS, n (%) 19 (7.0) 23 (7.2) 0.93
Perforation, n (%) 10 (3.7) 22 (6.9) 0.09
Delayed bleeding, n (%) 8 (2.9) 14 (4.4) 0.34
Emergency operation, n (%) 0 (0.0) 2 (0.6) 0.19

*P < 0.05.
Adjusted log linear regression of procedure speed (in cm/h) versus
expertise and relevant confounders.
PECS, post-colorectal ESD coagulation syndrome.
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2015-0485. All data were coded, and patient anonymity was
guaranteed for all nonessential/nonmedical personnel.

This study has been approved by the Ethics Review Com-
mittee from Nagoya University Hospital.

Results
Six hundred fifteen ESD procedures performed in 529 patients
between 2006 and 2017 were initially assessed. Thirty-six endo-
scopists participated in these procedures. Twenty-five ESDs from
15 patients performed by 10 endoscopists were excluded from the
analysis (endoscopist with only one ESD or procedure aborted after
advanced imaging). The final dataset of 590 procedures from
514 patients performed by 26 endoscopists were analyzed. Two
hundred seventy-two (46.1%) procedures were performed by the
expert group. The mean patient age was 67.8 (SD = 11.2) and
357 (60.5%) were male. The average major diameter of the speci-
men was 3.5 cm (SD = 1.8) and the average area was 13.7 cm2

(SD = 13.9). An average of 110 min (SD = 72.7) was required to
complete the ESD. The descriptive statistics for ESD trainees and
experts are summarized in Table 1.

Of the 26 ESD trainees, 13 had performed more than
16 ESDs in our center and hence continued as part of the expert
group. Two hundred seventy-two (46.1%) of the procedures were
performed by the expert group. The most common histology was
mucosal adenocarcinoma (55.1%). Despite experts having a sig-
nificantly higher number of difficult lesions (i.e. larger, fibrotic,
and/or difficult position), they achieved higher dissection speed
(10.3 vs. 6.7 cm2/h). This difference was statistically significant
for both unadjusted and adjusted models (both having
P < 0.0001). The en bloc (experts = 95.6%; trainees = 94.7%,
P = 0.61) and R0 (experts = 85.7%; trainees = 83.6%, P = 0.50)
resection rates were similar for both groups. Although nonexperts
damaged more of the muscularis propria (18.6 vs 12.5%,
P = 0.04), this did not translate into a significant difference in
perforation (experts = 3.7%; trainees = 6.9%, P = 0.09) or

Figure 2 Endoscopic submucosal dissection speed evolution for expert endoscopists.

Figure 3 Endoscopic submucosal dissection (ESD) speed evolution for ESD trainees.
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delayed bleeding (experts = 2.9%; trainees = 4.4%, P = 0.34).
Curative resection was not different between the groups
(experts = 81.3%; trainees = 81.1%, P = 0.95). Efficacy and
safety variables have been summarized in Table 2.

The dissection speed steadily increased with expertise.
The trend of improvement in dissection speed is illustrated in
Figure 2 (ESD dissection speed evolution for expert endo-
scopists) and Figure 3 (ESD dissection speed evolution for ESD
trainees). In the adjusted log-linear regression, eight variables
were found to present statistically different results regarding
average dissection speed: experience, fibrosis, curative resection,
en bloc resection, free margins, lesion size, involvement of folds,
and damage to muscularis propria, which independently affected
speed (P < 0.05). ESDs performed by the expert group, with F0
fibrosis, with curative and en bloc resections, with free margins
and without MP damage led to a higher average dissection speed.
Interestingly, larger size and lesion over the fold were also asso-
ciated with higher speed.

The data on average speed of dissection were divided into
quartiles for better understanding of the evolution of each group.
The quartiles were based on the total number of procedures per-
formed by each group (ESD trainees and experts) divided by
4. For instance, all ESD trainees were allocated into Quartile
1 up to their fourth ESD, when they then passed through to
Quartile 2. ESD experts were allocated into Quartile 1 up to their
25th ESD, when they then passed through to Quartile 2.

Discussion
In our study, we have arbitrarily adopted 16 as the number of
colorectal ESDs performed to be allocated into the “expert
group.” This was considered sufficient based on previous ESD
experience of the trainees (20–50 ESDs) and on the average
number of colorectal ESDs performed by the trainees during their
colorectal ESD training. Although the number of procedures to
achieve proficiency is variable in the literature, our data suggest
that a few dozen allow a safe and effective ESD. Moreover, this
could be achieved even though it is performed at a slower pace.
Hotta et al. studied 120 lesions and found a minimum number of
40 ESDs to avoid perforation and 80 to reach R0 rates similar to
experts. This study was based on the data from a single expert
endoscopist in Japan.14 A single Western operator with a similar
background (i.e. hundreds of EMRs and few gastric ESDs) have
shown a higher number of ESDs required for reaching the
improvement plateau. After 152 procedures, the en bloc
(R0) resection rate achieved was 92.4%. The speed of dis-
section has reached the 9 cm2/h threshold with 76 cases.15

Another single-operator large cohort has found that although it
was possible to reach expert-level dissection speed and en bloc
resection rates after over 300 colorectal ESDs, it was not possible
to achieve the R0 nor complication rates expected for an
expert.16 On the other hand, another single-operator study from
Germany has found numbers close to the expert standards with
only 30 unsupervised cases.17 These studies illustrate the
immense variability found, which is likely to be associated with
endoscopist-related factors. Hence a comprehensive study on
learning curves for multiple endoscopists is important to accu-
rately evaluate ESD training and achievement of expertise, miti-
gating the bias of individual particularities.

Some factors might influence the dissection speed such as
fibrosis, difficult locations, and lesion size. They were taken into
account in a log-linear adjusted model and it was confirmed that
even controlling for these factors, experts achieved higher dis-
section speed compared with ESD trainees. As endoscopists’
expertise in ESD increases, so does the complexity of cases
(e.g. larger lesions and more difficult locations) and the dis-
section speed. These may bias the outcomes toward a worse com-
plication rate for experts.18 However, we have found that
although the complexity and dissection speed were indeed higher
for experts, the complications were not. Looking at the dis-
section speed graph evolution throughout the first and second half
of procedures for ESD trainees and experts, it is possible to visu-
alize a trend of continuity in learning and evolution through time.

Being one of the most complex procedures in gastrointes-
tinal endoscopy, ESD comes with relative high risk of complica-
tions such as bleeding and perforation. Although the perforation
and bleeding rates were numerically higher in the ESD trainee
group, they were not statistically different from the expert group.
Therefore, ESDs were safely performed and with similar efficacy
(i.e. R0 and en bloc resection rates) by both ESD trainees and
experts. This might sound unusual if only the number during the
colorectal ESD training is considered. However, ESD during
training is always supervised by an expert and all of our colorec-
tal ESD trainees had previous experience with ESD. A recent
meta-analysis with 97 studies on ESDs found an overall perfora-
tion rate of 5.2% and a delayed bleeding rate of 2.7%. These
rates varied depending on where the study took place. On the
one hand, the pool of Asian studies had perforation and bleeding
rates of 4.5 and 2.4%. On the other hand, the sum of non-Asian
studies had perforation and bleeding rates of 8.6 and 4.2%.19 Our
study has shown a rate of perforation and delayed bleeding closer
to other Asian studies.

In this study, the average dissection speed steadily
increased over time for both ESD trainee group and expert group.
Interestingly, even with a slower dissection speed than rec-
ommended (or because a slower and more cautious dissection was
utilized), serious complications were not statistically different
compared to experts. The fact that all ESDs performed by ESD
trainees were supervised certainly contributed to this outcome.
Nevertheless, knowing that ESD trainees can perform as safely
and as efficaciously compared experts (when supervised) might
be an important information for training centers. In addition, con-
versely to good outcomes regarding curative resection and com-
plications, the dissection speed was always lower than the
recommended 9 cm2/h for ESD trainees. This suggests adequate
safety and efficacy outcomes might not be intertwined with dis-
section speed of 9 cm2/h or higher.

The limitations of this study include the low threshold for
being considered an expert (only 16 colorectal ESDs) and the
fact that all ESDs performed by the trainees were always super-
vised by an expert. Although only 16 colorectal ESDs were con-
sidered as a threshold for this study for logistic purposes, the
results suggest that this number might be sufficient. Endoscopists
selected for the colorectal ESD training program at Nagoya Uni-
versity Hospital must have prior experience with ESD in animal
models and/or humans (between 20 and 50 ESDs).

In our center, all colorectal ESDs performed by the
trainees are supervised by experts. It is expected that when
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supervised, the complication rates should be lower than when
ESDs are performed without supervision. Therefore, our results
might reflect only the early learning phase performance when this
is done under supervision. However, as it is advised that initially
ESDs should always be performed under supervision, our results
are likely to be applicable to most cases of early learning curve
for colorectal ESD. In addition, all our ESD experts have origi-
nated from following-up ESD trainees. Therefore, it is possible
to say that even after finishing the training and not being under
supervision, “early ESD experts” were capable of maintaining/
improving their dissection speed, efficacy, and safety when per-
forming colorectal ESDs.

In conclusion, although dissection speed for colorectal
ESD was significantly higher for experts, ESDs could be safely
and efficaciously performed by ESD trainees.
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Chapter 11 

Narrow band imaging for scar (NBI-SCAR) classification: from conception 
to multicenter validation 

This chapter offers a brief summary, as well as a copy (.pdf) of a paper published in 
Gastrointestinal Endoscopy.  The statement of authorship and paper (.pdf) ‘Narrow band 
imaging for scar (NBI-SCAR) classification: From conception to multicentre validation’ follow 
over the page. 

11.1 Summary 
It is common for large and/or piecemeal endoscopic resections to leave a scar, and these 
are advised to be followed-up within six months. According to current standards, 
endoscopic imaging is not considered to be sufficiently accurate to substitute 
scar biopsies during surveillance, even when there are no signs of recurrence. However, 
only 10-20% of large polyps removed in a piecemeal fashion have a recurrence of 
neoplastic tissue within the scar. That is, 80-90% of the scars post piecemeal resection that 
are biopsied come back with results negative for neoplastic tissue.  

In recent years, researchers have investigated how the advances in endoscopic 
imaging, specifically the use of NBI, could allow for the acceptance of 
endoscopic imaging as a substitute for biopsy. Although good results have been achieved 
for ruling out recurrence, the lack of a standardised endoscopic classification has made 
this approach unlikely to be widely accepted. In this study, we developed and tested 
an endoscopic classification based on NBI for predicting recurrence in post endoscopic 
resection scars. 

Initially, endoscopic features for predicting recurrence were defined based on colour, capillary 
and pit patterns. Scars with at least two concordant characteristics were diagnosed with 
‘high confidence’ for the NBI-SCAR classification. Patients with scars were 
then prospectively enrolled and assessed in real-time with high-definition white 
light endoscopy (HDWLE) followed by uNBI-DF in the exploratory phase. This was 
followed by a validation phase, which consisted of enrolling endoscopists from six 
different endoscopy settings (Australia, United States, Japan, Brazil, Singapore and 
Malaysia) to evaluate 10 one-minute videos of post-ER scars on uNBI-DF.  

The validation took place over two sessions separated by two to three weeks. 100 scars from 82 
patients were assessed in the exploratory phase and showed a higher sensitivity to the 
NBI-SCAR classification compared to HDWLE prediction (100% versus 73.7%). 
Similar results were achieved in the validation phase for endoscopists who routinely 
perform colonoscopies and use NBI (sensitivity of 96.4%). The inter- and intra-rater 
reliability of the NBI-SCAR classification throughout all centres were 
respectively substantial (k=0.61) and moderate (average S=0.52). 

This research corroborates the findings of previous studies and introduces a classification that 
could potentially be used as a standard for ruling out recurrence, substituting 
biopsies when prediction is made with high confidence. 
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ORIGINAL ARTICLE

Narrow-band imaging for scar (NBI-SCAR) classification: from
conception to multicenter validation

Leonardo Zorron Cheng Tao Pu, MD, MSc,1,2 Keng Hoong Chiam, MBBS, MRCP(UK),3

Takeshi Yamamura, MD, PhD,4 Masanao Nakamura, MD, PhD,2 Tyler M. Berzin, MD, FASGE,5
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Antonio Coutinho Madruga Neto, MD,6 Doreen Siew Ching Koay, MB BCh BAO (Ireland), MRCP (UK),7

Cheong Kuan Loong, MBBS (UM),8 Amanda Ovenden, BN,3 Suzanne Edwards, MS,1

Alastair D. Burt, BSc(Hons), MBChB, MD(Hons), FRCP, FSB,1 Yoshiki Hirooka, MD, PhD,9

Mitsuhiro Fujishiro, MD, PhD,2 Rajvinder Singh, MBBS, MPhil, FRACP, AM, FRCP1,3

Adelaide, South Australia, Australia; Aichi, Japan; Boston, Massachusetts, USA; São Paulo, Brazil; Singapore; Puchong
City, Malaysia

Background and Aims: Surveillance post–endoscopic resection (ER) currently warrants biopsy samples from
the resection site scar in most cases, although clinical practice is variable. A classification with standard criteria
for scars has not yet been established. We aimed to create and validate a novel classification for post-ER scars
by using specific criteria based on advanced imaging.

Methods: Key endoscopic features for scars with and without recurrence were (1) dark brown color, elongated/
branched pit pattern, and dense capillary pattern and (2) whitish, pale appearance, round/slightly large pits, and
irregular sparse vessels. Scars were first assessed with high-definition white-light endoscopy (HD-WLE) followed
by interrogation with narrow-band imaging (NBI). Scars with at least 2 concordant characteristics were diagnosed
with “high confidence” for NBI for scar (NBI-SCAR) classification. The final endoscopic predictions were corre-
lated with histopathology. The primary outcome was the difference in sensitivity between NBI-SCAR and
HD-WLE predictions. Secondary outcomes included the validation of our findings in 6 different endoscopy
settings (Australia, United States, Japan, Brazil, Singapore, and Malaysia). The validation took place in 2 sessions
separated by 2 to 3 weeks, each with 10 one-minute videos of post-ER scars on underwater NBI with dual focus.
Inter-rater and intrarater reliability were calculated with Fleiss’ free-marginal kappa and Bennett et al. S score,
respectively.

Results: One hundred scars from 82 patients were included. Ninety-five scars were accurately predicted with high
confidence by NBI-SCAR in the exploratory phase. NBI-SCAR sensitivity was significantly higher compared with
HD-WLE (100% vs 73.7%, P < .05). In the validation phase, similar results were found for endoscopists who
routinely perform colonoscopies and use NBI (sensitivity of 96.4%). The inter-rater and intrarater reliability
throughout all centers were, respectively, substantial (k Z .61) and moderate (average S Z .52) for this subset.

Conclusions: NBI-SCARhas a high sensitivity and negative predictive value for excluding recurrence for endoscopists
experienced in colonoscopy and NBI. In this setting, this approachmay help to accurately evaluate or resect scars and
potentially mitigate the burden of unnecessary biopsy samples. (Gastrointest Endosc 2019;-:1-9.)

(footnotes appear on last page of article)

Endoscopic resection (ER) of neoplastic polyps is an
important step in colorectal cancer prevention. The timing
of follow-up colonoscopy is mainly based on the histologic
nature and size of lesions, but some types of resection (eg,
piecemeal EMR) are advised to have a closer follow-up for
assessment of recurrence.1 Follow-up colonoscopy after
large piecemeal EMR is usually performed after a 4- to 6-
month interval. Larger lesion size, presence of bleeding

during the procedure, and high-grade dysplasia have
been found to be independent risk factors for recurrence
in a multivariate analysis of more than 1000 lesions.2

Surveillance colonoscopy post-ER commonly identifies
scar tissue at the site of resection, especially after ER of
large lesions. Most guidelines recommend that targeted bi-
opsy sampling of the resection site should be performed
to exclude histopathologic evidence of recurrence.3-5
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However, the yield of this approach is low because recur-
rence is relatively uncommon after ER.6,7 Further, sampling
error can occur, leading to false-negative results.

Over the years, with development of better endoscopic
systems equipped with high-definition (HD) video imaging
and magnification narrow-band imaging (NBI), we are now
able to examine and describe the mucosal surface in finer
detail. The application of advanced endoscopic imaging
may increase our capability to rule out recurrence at the
post-ER scar site. Several aspects of the scar are used as endo-
scopic predictors, some of which have been investigated in a
recent study by Desomer et al.8 Despite describing in detail
the steps to evaluate the scar, Desomer et al reverted to
the Kudo pit pattern to identify neoplastic pattern. This
step, which requires indigo carmine/methylene blue
chromoendoscopy, makes the proposal of a simple and
direct classification using solely NBI more appealing. NBI
also has an advantage over other advanced endoscopic
imaging modalities (eg, confocal endomicroscopy), because
NBI is much more widely available and easy to use by
practicing endoscopists, even outside of expert centers.9

In summary, although Desomer et al8 demonstrated high
accuracy and sensitivity by adopting a systematic approach
to look at scars, no formal classification was proposed.
This leaves the systematic approach dependent on use of
the Kudo classification, which may be more difficult to
implement. We propose that the development of a well-
defined and simple methodology to evaluate post-ER scars
may be an important approach to more accurately identify
recurrence.5 Therefore, this study was designed to
evaluate the use of a simple standardized classification for
prediction of recurrence in post-ER scars, which we named
NBI for scar (NBI-SCAR) classification.

METHODS

Because our main objective was to rule out recurrence,
a sample size was chosen based on the conservative
estimate of 15% sensitivity difference between HD white-
light endoscopy (HD-WLE) and NBI-SCAR groups, based
on Desomer et al.8 For a 95% confidence interval and
80% power, the required number was 97 scars.

Inclusion criteria consisted of patients over 18 years of
age referred for colonoscopy at the Endoscopy Unit of
Lyell McEwin Hospital who presented a post-ER scar.
The colonoscopes used were HQ190 series (Olympus,
Tokyo, Japan). Pregnant women, emergency colonoscop-
ies, and patients unwilling to participate were excluded.
Standard split-dose bowel preparation with sodium pico-
sulfate and polyethylene glycol was used for all patients.
All procedures were performed using carbon dioxide
with the patient under sedation by an anesthesiologist
or nurse sedationist.

This study was approved by the Human Research Ethics
Committee (TQEH/LMH/MH) under the reference number
2008128. This Committee is constituted in accordance with
2 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2019
the NHMRC National Statement on Ethical Conduct in Hu-
man Research (2007) and incorporating all updates.

All patients had their scars evaluated with a cap and un-
derwater (clear water) technique in regard to 3 features:
color, pit pattern, and vascularity. These features were
determined by consensus among the authors. The 3 fea-
tures chosen for the classification were selected mainly
based on the well-established colorectal polyp classifica-
tions such as the NBI International Colorectal Endoscopic
classification.10,11 The exact description of each feature
was further refined with an image library of 50 prospec-
tively collected underwater scar images. The conceptualiza-
tion and determining features for the NBI-SCAR were
carried out before the enrollment of the first patient for
this study. The 2 endoscopists who participated in the
conceptualization of the NBI-SCAR classification also
participated in the exploratory phase and have over 10
years (R.S.) and over 3 years (L.Z.C.T.P.) of experience
with advanced endoscopic imaging.

Key features of scars with recurrence have been estab-
lished as follows: dark brown color, elongated or branched
pit pattern, and dense capillary pattern surrounding
pits. Scars with no recurrence have been established
reverse features: a whitish, pale appearance; round and
slightly larger pits compared with the surroundings; and
irregular sparse vessels with no change in caliber. The
NBI-SCAR classification is summarized in Figure 1. If 2 or
more concordant key features were found, a high-
confidence diagnosis was made. If 1 key feature was found
but 2 others were not able to be defined (eg, whitish/pale
color, no visible pits, and no discernible vascularity), the
scar was predicted with low confidence toward the key
feature identified. If none of the 3 key features was identi-
fied or if 2 contrasting key features were identified along-
side 1 no-identifiable key feature, the diagnosis with the
NBI-SCAR classification was deemed as not possible.

The primary outcome was the difference in sensitivity
of HD-WLE and NBI-SCAR for detecting recurrence on
scars. Secondary outcomes included accuracy measures
for overall and high confidence diagnoses with HD-WLE
and NBI-SCAR and accuracy and inter/intraobserver agree-
ment of the NBI-SCAR classification in different endoscopy
centers around the world (ie, Japan, United States, Brazil,
Singapore, Malaysia, and Australia).

In the exploratory phase, the scar was initially evaluated
with HD-WLE followed by underwater NBI with dual
focus (uNBI-DF) in real time by 2 endoscopists (R.S. and
L.Z.C.T.P.). If the 2 endoscopists disagreed regarding 1
feature, that feature was deemed as "not possible to be
diagnosed." Scars with at least 2 concordant characteristics
were diagnosed with high confidence for NBI-SCAR. HD-
WLE diagnosis was considered of high confidence if
agreed upon by 2 endoscopists. The final endoscopic pre-
diction was correlated with the biopsy sample of the scar.

The validation phase was conceived in the form of a 2-
session test, where both trainees (ie, advanced
www.giejournal.org
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Figure 1. Narrow-band imaging for scar classification.
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endoscopy trainees or fellows) and experienced endo-
scopists (ie, consultants, after formal training) without
prior exposure to the NBI-SCAR classification were
invited to participate. This was carried out in 6 countries:
Japan, United States, Brazil, Singapore, Malaysia, and
Australia. None of the invited endoscopist raters was pre-
viously familiar with the proposed classification scheme.
A formal explanation about the NBI-SCAR was provided
in the form of a printed version of the classification,
which was given to participants 1 day before the first ses-
sion took place for familiarization. The recommended
time for studying the classification before the test was
10 minutes. Participants were open to ask questions of
the site coordinators before or after the test but not while
it took place.

The test consisted of 15 short edited videos (<1 min-
ute), which concentrated on the uNBI-DF features of the
scar. At first the site coordinator used the first 5 videos
to explain the key features they should look for (ie, training
videos, 1 with recurrence and 4 without recurrence).
www.giejournal.org
The following 10 videos were then presented to the
participants (ie, test videos, 1 with and 9 without recur-
rence), who were required to enter their prediction of
each of the 3 key features into a form (Supplementary
Figs. 1-3, available online at www.giejournal.org). The
videos consisted of cases taken from our initial cohort
and had a similar proportion of recurrence within scars
as described by the literature on ER. The same test
videos, but shuffled, were used 2 to 3 weeks after the
initial test for intraobserver reliability evaluation. Only
after the second test were the site coordinators
authorized to disclose the correct diagnosis for each test
video. The set of 20 rated videos per endoscopist was
used for accuracy measures calculations.

In addition to responses for each video, the endo-
scopists were also required to provide information
regarding their daily practice and experience. Informa-
tion was collected on training (under training or finished
training), area of interest within endoscopy (eg, luminal
endoscopy, EUS), number of procedures performed,
Volume -, No. - : 2019 GASTROINTESTINAL ENDOSCOPY 3
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frequency of colonoscopy procedures (at least once a
week or not), routine use of NBI, and if the endoscopists
considered himself or herself an expert in advanced
endoscopic imaging. The 3 study phases (conceptualiza-
tion, exploratory phase, and validation phase) are sum-
marized in Figure 2.

Standard accuracy measures were used to describe the
performance of each arm compared with histology. The
McNemar test was used to compare HD-WLE and NBI-
SCAR prediction in the exploratory phase. Comparison of
proportions was performed using the N-1 chi-squared
test. Inter-rater reliability was calculated with Fleiss’ free-
marginal kappa because there were no restrictions for dis-
tribution across categories.12 Intrarater reliability was
calculated using the chance-adjusted index Bennett S
score, as opposed to Cohen’s kappa, because of the
high-agreement and low-kappa paradox.13 Both inter-
rater and intrarater reliability values were interpreted as fol-
lows: .0 to .2, slight agreement; .21 to .40, fair agreement;
.41 to .60, moderate agreement; .61 to .80, substantial
agreement; and .81 to 1.0, almost perfect or perfect agree-
ment. The Wilson score method without continuity correc-
tion was used to calculate 95% confidence interval for
proportions.14
RESULTS

One hundred scars from 82 patients were included in
the study. Patient mean age was 67.9 years, and 53%
were men. Ninety-five scars enabled diagnosis with high
confidence, and 19 had recurrence. The initial histology
of the lesions was high-grade dysplastic adenoma in 33%
(n Z 33), low-grade dysplastic adenoma in 55% (n Z
55), dysplastic sessile serrated adenoma/polyp (SSA/P) in
5% (n Z 5), and nondysplastic SSA/P in 7% (n Z 7).
From the 5 scars predicted with low confidence, the index
polyp was nondysplastic SSA/P (1) and tubulovillous ade-
noma (4).

Overall, the NBI-SCAR classification presented 5 false
positives and had achieved an overall accuracy, sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) of 95.0%, 100%, 93.8%, 79.2%, and
100%, respectively. HD-WLE presented 5 false negatives
and 2 false positives (accuracy Z 93.0%, sensitivity Z
73.7%, specificity Z 97.5%, PPV Z 87.5%, NPV Z
94.1%). For diagnoses with high confidence, all accuracy
measures were raised to 100% with the NBI-SCAR
classification (Table 1). NBI-SCAR sensitivity was statisti-
cally different from that of HD-WLE (P < .01). The recur-
rence/residual polyps were all diminutive in size and
successfully treated with cold snare/cold avulsion and snare
tip soft coagulation.

In the validation phase, across all 6 sites 49 endoscopists
were recruited. The baseline characteristics of endoscop-
ists who participated in the validation phase can be found
4 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2019
in Table 2. Only 1 center was not an academic center
(Malaysia).

The results varied across centers and was lowest for the
nonacademic center (Table 3). The inter-rater reliability for
high-confidence diagnoses across centers was moderate
(k Z .50; 95% confidence interval, .43-.58), and the
average intrarater reliability was fair (average S Z .36).
Looking at the various subsets, the results for consultants
(accuracy Z 89.4%, sensitivity Z 88.7%, specificity Z
89.5%, PPV Z 49.1%, NPV Z 98.6%) were higher
compared to trainee-level endoscopists (accuracy Z
84.9%, sensitivity Z 76.7%, specificity Z 85.8%, PPV Z
36.5%, NPV Z 97.2%). All comparisons reached statistical
significance (p < 0.05) except for specificity (p Z 0.09)
and NPV (p Z 0.13). Optimal results were achieved for en-
doscopists who perform colonoscopies at least once a
week and who are familiar with NBI, which consisted of
24 consultants and 4 trainees (Table 4). The inter-rater reli-
ability for this subgroup across centers was substantial
(k Z .61; 95% confidence interval, .51-.71), and the
average intrarater reliability was moderate (average S Z
.52). The inter-rater reliability per center and the intraob-
server reliability per endoscopist for high-confidence diag-
noses can be found in the Supplementary Tables 1 and 2,
respectively (available online at www.giejournal.org).
DISCUSSION

The systematic use of biopsy sampling for the evalua-
tion of normal-looking scars has been proposed based on
the concern of inconspicuous recurrence that can be
missed by the endoscopist. This is illustrated by the study
of Knabe et al5 conducted from 2010 to 2013 that found a
concerning 7% recurrence miss rate for normal-looking
scars. However, in the last several years, technology has
improved remarkably, and studies have demonstrated the
potential for advanced endoscopic imaging to replace the
more time-consuming histopathology assessment. For
instance, according to Preservation and Incorporation of
Valuable Endoscopic Innovations guidelines, advanced im-
aging could be used to replace histology for polyps with
certain characteristics in some scenarios.15 In addition to
time-saving, using this type of strategy for scars could
also lead to savings in costs related to both pathologic
assessment and device usage.

A recent study from the EMR SCAR group16 (ESCAPE
trial) evaluated the use of HD-WLE and NBI with and
without magnification for assessment of recurrence
within post-ER scars. Similar to the present study, the
EMR SCAR group also included an exploratory phase
with real-time evaluation of scars and a validation phase
that included an “offline” scar assessment by indepen-
dent endoscopists. There are a few differences in our
study compared with the ESCAPE trial16: (1) the
suggestion of a standard classification to be used for
www.giejournal.org
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50 prospectively collected videos manually evaluated
for color, pits, and vascularity by the authors

Definition of 3 features to 
be used: color, pit pattern,

and vascularity

Enrollment of 82 patients with
100 scars

Scar assessment in real-time for the
NBI-SCAR classification (each

feature determined by agreement
between 2 endoscopists)

Selection of 15 recorded videos (13
without recurrence and 2 with

recurrence ) for validation phase

Assessment of 10 scar videos (offline) by 49
independent endoscopists in 6 countries -
each feature determined by 1 endoscopist

Same 5 training and 10 testing (shuffled) scar videos
presented in two sessions, two weeks apart, attended

by the same 49 endoscopists

Secondary outcome analyses
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Figure 2. Study flowchart. NBI-SCAR, Narrow-band imaging for scar; HD-WLE, high-definition white-light endoscopy; NBI-DF, narrow-band imaging with
dual focus.
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assessment of scars, (2) the inclusion of not only experts
in endoscopic imaging but also trainees and nonexperts,
(3) the use of offline videos instead of still images for the
validation phase, and (4) the scoring of the same scars
after a period of time to assess the intrarater agreement.

One major problem that frequently occurs when aim-
ing to use advanced endoscopic imaging to replace his-
tologic assessment is the lack of consistency among
proceduralists because of high interobserver variation.17

To address this issue, several classifications have been
proposed to standardize the method endoscopists use
www.giejournal.org
in evaluating colorectal polyp characteristics. In a not-
too-dissimilar manner, this study proposes a standard
classification with well-defined criteria to adopt
advanced endoscopic imaging as a useful tool in the
diagnosis of post-ER scars and recurrence at the scar
site. This might facilitate the diagnosis for nonexperts
and trainees.

By adopting the NBI-SCAR criteria in the exploratory
phase, we were able to achieve an accuracy that is as
good as histopathology for excluding neoplastic remnants
even with a low-confidence diagnosis. Nevertheless, as
Volume -, No. - : 2019 GASTROINTESTINAL ENDOSCOPY 5
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with any highly sensitive test, false positives do appear
(Fig. 3). However, in this scenario of surveillance
colonoscopy post-ER, a false positive is easily dealt with
by reverting back to the usual practice of taking samples
for histopathology. In contrast, the presence of false nega-
tives would be far more concerning in clinical practice.
Fortunately, this was only found in the HD-WLE group
(Fig. 4).

One concern that arises when using the NBI-SCAR
classification is that it closely relates to the type 2 NBI
International Colorectal Endoscopic classification and

hence would only be able to predict typical adenoma
and not SSA/P recurrence. Although only one of the recur-
rence cases was because of SSA/P recurrence, this was
correctly diagnosed in the exploratory phase. Both recur-
rence cases included in the validation phase were adenoma
recurrences. Further research evaluating the performance
of the NBI-SCAR specifically for SSA/P recurrence is
warranted.

The principles behind the adoption of uNBI-DF are not
only to remove the light reflection cast on by the colono-
scope but also to further enhance the mucosal surface

TABLE 2. Demographics per center (exploratory phase)

United States Japan Brazil Singapore Malaysia Australia

Total participants 12 (100) 12 (100) 13 (100) 7 (100) 2 (100) 3 (100)

Trainee-level 8 (66.7) 0 (0) 7 (53.8) 1 (14.3) 0 (0) 1 (33.3)

Consultant-level 4 (33.3) 12 (100) 6 (46.2) 6 (85.7) 2 (100) 2 (66.7)

Over 1000 procedures performed 7 (58.3) 10 (83.3) 13 (100) 3 (42.9) 2 (100) 1 (33.3)

Frequent colonoscopy 11 (91.7) 12 (100) 8 (61.5) 7 (100) 2 (100) 2 (66.7)

Routine use of NBI 4 (33.3) 12 (100) 8 (61.5) 5 (71.4) 0 (0) 2 (66.7)

Expert in NBI 1 (8.3) 11 (91.7) 3 (23.1) 1 (14.3) 0 (0) 0 (0)

Routine NBI/frequent colonoscopy 4 (33.3) 12 (100) 5 (38.5) 5 (71.4) 0 (0) 2 (66.7)

Values are n (%).
NBI, Narrow-band imaging.

TABLE 1. Accuracy measures for NBI-SCAR and HD-WLE (exploratory phase)

Arm Accuracy Sensitivity* Specificity
Negative

predictive value
Positive

predictive value

Overall NBI-SCAR 95.0 (88.8-97.9) 100 (96.3-100) 93.8 (87.3-97.1) 100 (96.3-100) 79.2 (70.2-86.0)

HD-WLE 93.0 (86.3-96.6) 73.7 (64.3-81.3) 97.5 (92.3-99.2) 94.1 (87.7-97.3) 87.5 (79.6-92.6)

High confidence
diagnoses

NBI-SCAR 100 (96.1-100) 100 (96.1-100) 100 (96.1-100) 100 (96.1-100) 100 (96.1-100)

HD-WLE 94.7 (88.3-97.7) 73.7 (64.0-81.5) 100 (96.1-100) 93.8 (87.1-97.2) 100 (96.1-100)

Values are % (95% confidence interval).
NBI-SCAR, Narrow-band imaging for scar classification; HD-WLE, high-defintion white-light endoscopy.
*P < .01.

TABLE 3. Summed high-confidence accuracy measures for NBI-SCAR (validation phase)

Country Accuracy Sensitivity Specificity
Positive

predictive value
Negative

predictive value
Diagnosis
possible

High-confidence
diagnosis

Unites States
(n Z 12)

87.4 (82.6-91.0) 82.6 (77.3-86.9) 87.9 (83.2-91.4) 43.2 (37.1-49.5) 97.8 (95.1-99.0) 96.7 (93.6-98.3) 95.8 (92.5-97.7)

Japan (n Z 12) 95.6 (92.2-97.6) 91.7 (87.5-94.6) 96.1 (92.8-97.9) 73.3 (67.4-78.5) 99.0 (96.8-99.7) 95.8 (92.5-97.7) 94.6 (91.0-96.8)

Brazil (n Z 13) 78.8 (73.4-83.3) 73.9 (68.2-78.9) 79.3 (74.0-83.8) 27.9 (22.8-33.6) 96.6 (93.6-98.2) 93.8 (90.2-96.1) 90.8 (86.7-93.7)

Singapore
(n Z 7)

93.9 (88.6-96.8) 100 (97.3-100) 93.2 (87.8-96.3) 63.6 (55.4-71.1) 100 (97.3-100) 99.3 (96.1-99.9) 94.3 (89.2-97.1)

Malaysia
(n Z 2)

69.7 (54.3-81.7) 0 (0-8.76) 74.2 (59.0-85.2) 0 (0-8.76) 92.0 (79.5-97.2) 82.5 (68.1-91.3) 82.5 (68.1-91.3)

Australia
(n Z 3)

93.1 (83.8-97.2) 100 (94.0-100) 92.3 (82.7-96.8) 60.0 (47.4-71.4) 100 (94.0-100) 100 (94.0-100) 96.7 (88.7-99.1)

Values are % (95% confidence interval).
NBI-SCAR, Narrow-band imaging for scar classification.
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pattern. This provides the endoscopist with a magnified
and unimpeded view that potentially minimizes the risk
of missing neoplastic recurrence. From a more practical
standpoint, however, although uNBI-DF appears to offer
the best approach in scar site interrogation, this is not al-
ways feasible, especially when the area in question is in a
difficult location. Thus, occasionally it can be technically
challenging to maintain the underwater visualization long
enough to properly evaluate the scar and/or for photo
documentation. Therefore, although we believe it is useful
to image the scar underwater and that uNBI-DF should be
used whenever possible for investigating scars, NBI-DF
without water immersion is satisfactory for NBI-SCAR as
well. We strongly believe that the NBI-SCAR is a useful
tool and should be simple enough to use with minimal
training involved. Most colonoscopes are equipped with
the NBI function, and no further equipment is required
to use this technology. Nevertheless, further research is
needed to confirm this postulation.

The comparison of imaging modalities in this study
was limited to the exploratory phase and based on the
dichotomy of HD-WLE and magnified NBI. We did not

compare NBI versus NBI-DF. Although there is a possi-
bility that NBI alone would be as accurate as NBI-DF in
this study, it is likely that NBI with magnification was
the best choice because it was shown to perform better
than NBI alone for both polyps18 and scars16 in previous
studies.

Our study had an unstructured approach rather than
a structured methodology (eg, modified Delphi process)
to identify which features to use in the classification.
However, the NBI-SCAR features were derived from
well-established colorectal polyp classifications such as
the NBI International Colorectal Endoscopic classifica-
tion (ie, color, pits, and vascular pattern). Because
such features had already been validated as accurate pre-
dictors for neoplastic tissue by several studies, a more
complicated approach for determining which features
to use was not used. In addition, the NBI-SCAR study
evaluated the combination of the 3 features but did
not interrogate each individual feature for its contribu-
tions for the diagnosis of recurrence. Therefore, it is un-
clear how much each feature would have contributed to
the results.

TABLE 4. High-confidence accuracy measures for NBI-SCAR (subset of frequent colonoscopy and routine use of NBI)

Country Accuracy Sensitivity Specificity
Positive

predictive value
Negative

predictive value
Diagnosis
possible

High-confidence
diagnosis

United States
(n Z 4)

88.5 (79.7-93.8) 100 (95.4-100) 87.1 (78.0-92.8) 47.1 (36.6-57.9) 100 (95.4-100) 98.8 (93.3-99.8) 97.5 (91.3-99.3)

Japan (n Z 12) 95.6 (92.2-97.6) 91.7 (87.5-94.6) 96.1 (92.8-97.9) 73.3 (67.4-78.5) 99.0 (96.8-99.7) 95.8 (92.5-97.7) 94.6 (91.0-96.2)

Brazil (n Z 5) 80.4 (71.6-87.0) 100 (96.3-100) 78.3 (69.3-85.3) 33.3 (24.8-43.0) 100 (96.3-100) 95.0 (88.8-97.9) 92.0 (85.0-95.9)

Singapore
(n Z 5)

92.7 (85.9-96.4) 100 (96.3-100) 91.9 (84.9-95.8) 58.8 (33.0-75.5) 100 (96.3-100) 100 (96.3-100) 96.0 (90.2-98.4)

Australia
(n Z 2)

95.0 (83.5-98.6) 100 (91.2-100) 94.4 (82.7-98.4) 66.7 (51.2-79.3) 100 (91.2-100) 100 (91.2-100) 100 (91.2-100)

Values are % (95% confidence interval).
NBI-SCAR, Narrow-band imaging for scar; NBI, narrow-band imaging.

Figure 3. Example of a false positive with NBI-SCAR classification: (A) Scar on high-definition white-light endoscopy with small area of bleeding and
redness at the center. (B) On narrow-band imaging area of interest presents with dark color, dense capillary network and unclear pits.
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Figure 4. Example of a false negative with high-definition white-light endoscopy: (A) Scar on high-definition white-light endoscopy without signs of
recurrence. (B) On narrow-band imaging, a central area with dark color, elongated and open pits, and dense capillary network is found.

NBI-SCAR classification Zorron Cheng Tao Pu et al
The limitation of our study being conceptualized and
evaluated within the same center was overcome with the
validation phase. With this we were able to prove that a
well-defined classification can lead to consistent results
across different centers. In addition, bias from knowing
the result from HD-WLE before the use of NBI during
the real-time assessment of scars (exploratory phase) was
mitigated when similar results were found in the validation
phase. The validation of our classification among nonex-
perts in NBI and gastroenterology trainees suggests that
it is easy and simple to learn. However, for optimal results,
endoscopists must be familiar with using NBI and perform
colonoscopies often. Another possible bias is related to
follow-up colonoscopies on the same patients. Eleven of
100 scars included in the exploratory phase were re-
evaluated during this period of the study. Although this
could bias the endoscopists toward the results from the
previous scar assessment, a simple strategy was adopted.
During this period of the study, it was advised that for
any follow-up colonoscopy, the endoscopists should only
assess the endoscopy and pathology reports after they
had imaged the scar.

In our center, the use of clips is mainly focused on
treating adverse events rather than prophylactic use or
to address the open wound per se. In our cohort, only
5 scars had through-the-scope clips used when the initial
resection was performed. As highlighted by the ESCAPE
and previous trials,16,19 the use of clips might negatively
influence accuracy through increased false positives.
Therefore, in a center with a routine use of clips post-
ER, the performance of the NBI-SCAR classification could
be worse. However, the classification focuses on pits,
vascularity, and color rather than surface features. Further
studies addressing the use of the NBI-SCAR for this spe-
cific subset (scars with previous use of clips) are war-
ranted for clarifying this question.

In conclusion, NBI-SCAR has a high sensitivity and
NPV for excluding recurrence for endoscopists experi-
enced in colonoscopy and NBI. In this setting, this
8 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2019
approach may help to accurately evaluate or resect scars
and potentially mitigate the burden of unnecessary bi-
opsy sampling.
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Supplementary Figures 1-3. Validation forms.
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Supplementary Figures 1-3. Continued.
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Supplementary Figures 1-3. Continued.
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SUPPLEMENTARY TABLE 2. Intrarater reliability per endoscopist for high-confidence diagnoses

Intrarater reliability per endoscopist Bennet S score Routine NBI/frequent colonoscopy

United States rater 1 1 Yes

United States rater 2 .8 Yes

United States rater 3 .2 Yes

United States rater 4 .2 No

United States rater 5 .2 No

United States rater 6 0 No

United States rater 7 1 No

United States rater 8 .6 No

United States rater 9 .8 No

United States rater 10 .56 No

United States rater 11 0 No

United States rater 12 .4 Yes

Japan rater 1 .8 Yes

Japan rater 2 1 Yes

Japan rater 3 .2 Yes

Japan rater 4 .8 Yes

Japan rater 5 .78 Yes

Japan rater 6 .2 Yes

Japan rater 7 .8 Yes

Japan rater 8 1 Yes

Japan rater 9 .8 Yes

Japan rater 10 0 Yes

Japan rater 11 .4 Yes

Japan rater 12 .4 Yes

Brazil rater 1 –.2 Yes

Brazil rater 2 –.11 No

Brazil rater 3 –.2 Yes

Brazil rater 4 .4 Yes

Brazil rater 5 –.8 No

Brazil rater 6 0 No

(continued on the next page)

SUPPLEMENTARY TABLE 1. Inter-rater reliability per center for high-confidence diagnoses

Center Fleiss’ free-marginal kappa

United States (n Z 12) .57

Japan (n Z 12) .67

Brazil (n Z 13) .32

Singapore (n Z 7) .64

Malaysia (n Z 2) .15

Australia (n Z 3) .65

Summed (n Z 49) .5
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SUPPLEMENTARY TABLE 2. Continued

Intrarater reliability per endoscopist Bennet S score Routine NBI/frequent colonoscopy

Brazil rater 7 .4 No

Brazil rater 8 –.6 No

Brazil rater 9 .4 No

Brazil rater 10 .2 Yes

Brazil rater 11 .2 No

Brazil rater 12 .4 Yes

Brazil rater 13 –.56 No

Singapore rater 1 1 Yes

Singapore rater 2 .4 Yes

Singapore rater 3 .4 No

Singapore rater 4 .6 Yes

Singapore rater 5 .6 Yes

Singapore rater 6 .2 No

Singapore rater 7 .4 Yes

Malaysia rater 1 –.25 No

Malaysia rater 2 .11 No

Australia rater 1 .8 Yes

Australia rater 2 .6 Yes

Australia rater 3 .2 No

NBI, Narrow-band imaging.
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Chapter 12 

Conclusion 

12.1 Discussion 

Colorectal cancer is consistently found worldwide to be amongst the top five cancers in 
absolute years of life lost and cancer-related deaths, and its incidence has been increasing over 
the past decade88-90. On the other hand, the lethality of CRC is decreasing. This is likely related 
to bowel screening programs around the world and consequent CRC detection and treatment at 
an earlier stage91-96. 

The research reported in this thesis focussed on the use of endoscopy as a preventive health 
tool, concentrating on several aspects of premalignant polyps and early malignant colorectal 
cancer.  

This thesis consists of one narrative review paper and nine original research papers. Although 
each study cohort had its unique characteristics, there is some overlap among the cohorts. A 
similar prospective cohort from the Lyell McEwin Hospital was used for the studies described 
in Chapters 3 and 7. A separate prospective cohort was used for the study described in Chapter 
6. Another cohort (retrospective) from the Lyell McEwin Hospital, but with different extracted
information, contributed to the studies described in Chapters 4 and 5.

Chapter 8 describes a study which used data from both the Nagoya University Hospital and 
Lyell McEwin Hospital databases. Each of the two studies conducted mainly in Japan 
consisted of a different cohort. Chapter 9 describes a prospective cohort and Chapter 10 a 
retrospective cohort from Nagoya University Hospital. Finally, a different prospective cohort 
(with few overlaps) from the Lyell McEwin Hospital was used in the study described in 
Chapter 11. 

Firstly, factors associated with the detection of lesions were studied by reviewing the literature 
on several potential risk factors associated with CRC and polyps. There were discrepancies in 
the findings that can probably be attributed to sociocultural and geographical differences in the 
sample populations. In this context, the studies described in Chapters 3 and 4 examined 
patient- and endoscopist/hospital-related factors, respectively, and their association with 
colorectal lesions. The results add valuable information on factors associated with the detection 
of colorectal lesions, as such studies based on Australian data are currently limited. The results 
from these two studies are expected to guide future research and the development of potential 
health strategies relating to more efficient primary prevention of CRC.  

To effectively maintain a screening strategy, quality assurance throughout the screening 
program is important. For colonoscopy screening, this means calculating quality measures such 
as ADR97-100. However, ADR measurement is often seen as cumbersome and unlikely to be 
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feasible in every endoscopy centre, given the need to follow-up all resected polyps, and 
calculating the ADR only when the final histology report is available. A method to address this 
issue has been proposed in the last few years, using PDR as a surrogate for ADR. This strategy 
has been studied mainly in the US and Europe 101, 102, with limited data from Australia. The use 
of an adenoma detection quotient (ADQ) (i.e. ADR/PDR) to predict ADR from PDR produces 
useful results, but can be influenced by local peculiarities, such as the population genotypical 
and phenotypical traits or the endoscopist’s performance. Chapter 5 describes a study in which 
I calculated an ADQ from an Australian cohort and assessed the correlation of predicted and 
real ADR. Interestingly, the findings are similar to ADQs found in previous studies from 
abroad, corroborating that using PDR as a surrogate for ADR might be a feasible alternative 
strategy to directly calculating ADR. 

A postulation could be made for the use of ADQ in clinical practice observing the following 
sequence: 1 - ADQ value should be confirmed through a few academic and non-academic 
centres throughout the country; 2 - once implemented, random audits once a year (e.g., in one 
academic and one non-academic centre) should be enough to monitor whether the quotient has 
been maintained or needs adjustment; 3 - if the ADQ is unchanged for some years, it might be 
possible to widen these intervals.  

The limitations of the retrospective Australian cohort involved in these studies include the 
small numbers collected in the one-year period and obtaining data from a single centre. 
However, the retrospective cohort still provided relevant information illustrating locoregional 
peculiarities from Australia that can be further investigated.      

Chapters 6 and 7 consist of studies looking at advanced imaging and its ability to predict the 
histology of colorectal lesions in real-time. An accurate endoscopic classification for colorectal 
lesions allows not only a more appropriate ‘on the spot’ treatment choice of a lesion, but also 
could enable the decision on the necessary follow-up immediately after the colonoscopy, as 
opposed to only after the histology results come back from a laboratory. In addition, cost-
saving strategies, such as the resect-and-discard and detect-and-disregard proposed by ASGE 
could be used. Chapter 6 initially compared the use of the MS classification with the NICE 
classification.  

Although the results of this randomised study have shown the benefits of using MS, this 
comparison was not appropriate for a subset of lesions, as NICE does not include SSA/Ps as a 
separate category. With the proposition of a new add-on classification by a group in the 
Netherlands56 which could be used for this purpose, a more comprehensive comparison has been 
made possible. In addition, the newly developed classification from Japan named JNET showed 
promising results. In light of these developments, endoscopic classifications for colorectal lesions 
were further investigated in the study described in Chapter 7.  
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The research in the study reported in Chapter 7 compared the most comprehensive and current 
classifications being used around the world. Similarly to the randomised trial described in 
Chapter 6, the MS classification in this study was also shown to be superior to NICE plus 
WASP and JNET plus WASP. These results were further confirmed by a validation phase in a 
different endoscopy centre (Nagoya, Japan) and for both NBI and BLI virtual 
chromoendoscopy technologies. Although these results must be confirmed by research in other 
centres, our studies suggest that MS classification could be the best choice with either NBI or 
BLI for predicting the histology of colorectal lesions.  

Our research found that MS was the most accurate classification when predicting colorectal 
lesions, albeit it being a five-type classification what might impede its widespread use. An 
adjunct that could assist with its use would be the use of artificial intelligence as an aid to the 
endoscopist. We therefore embarked upon the challenging task of developing a computer-aided 
diagnosis (CAD) system that would allow a prediction of histology as accurate as experts for 
all lesions included in the MS classification.  

The study described in Chapter 8 consists of our successful conjoint effort with the School of 
Computer Science in developing this. After conceiving it based on learning solely from our 
Australian NBI dataset with good results, the CAD was further tested with NBI and BLI 
images from Japan. Surprisingly, even though the AI was trained only with NBI images, it 
achieved similar results not only for NBI but also for BLI. Therefore, our CAD system could 
lend an ‘expert's eye’ to any endoscopist, hopefully improving diagnosis and therefore 
treatment of colorectal lesions. The next step of translating this program into the endoscopy 
room is currently under discussion. 

The limitations of the prospective Australian cohort involved in these studies include the small 
numbers of participants and having data from a single centre. These issues were partially 
addressed in the studies described in Chapters 7 and 8 with the use of images and input from 
Nagoya University. The studies have provided evidence for the first time on the comparison of 
classifications with the potential to characterise SSA/Ps; and on the use of a CAD trained with 
one imaging technology and used with a different technology for characterisation of colorectal 
lesions. The reproducibility of the CAD system results with data from Japan brings the use of 
AI one step closer to be implemented in the endoscopy suite for real cases in real time.       

Distinct from endoscopic imaging, but still looking at differences between the different 
histology of colorectal lesions, another study was designed and carried out in our partner 
institution, Nagoya University. Chapter 9 describes the evaluation of differences in the 
mucosal microbiome between early and invasive colorectal cancers. The results show that 
several genera and species of bacteria are more abundant in one or the other group. This 
includes the bacteria Fusobacterium nucleatum (Fn), that has consistently been found 
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associated with colorectal cancer in the literature. These findings may allow strategies other 
than endoscopic imaging to be used for the prediction of histology (e.g. swabs with a rapid test 
for a specific Fn abundance threshold). In addition, if Fn is confirmed to be not only associated 
with advanced CRC but also contributing to its progression, manipulating its abundance (e.g. 
pre/probiotics) could be a strategy by which to delay or halt the progression of pre and early 
cancers to invasive cancers.    

When extensive and/or locally advanced colorectal lesions are found, the current gold-standard 
is to treat them with advanced endoscopic resection (i.e. EMR or ESD). Specifically, the ESD 
technique has been shown to deliver the best outcomes in terms of R0 (i.e. free microscopic 
margins) and en bloc resections (i.e. lesion retrieved in one piece with macroscopic free 
margins). However, the ESD is often associated with higher complication rates and a more 
difficult learning curve when compared to EMR. Therefore, we examined the learning curve 
for colorectal ESD in a large cohort of procedures from Nagoya University Hospital; this is 
outlined in Chapter 10. The results demonstrated that although the learning curve slowly 
evolves in regard to speed of dissection, ESDs were safely and efficaciously performed by 
trainees. This information supports teaching hospitals and gastroenterological societies around 
the globe by proving that ESD can be adequately conducted by trainees with previous 
experience in advanced procedures.  

Chapters 9 and 10 describe, respectively, studies based on a small prospective Japanese cohort 
and a large retrospective Japanese cohort. The limited numbers in the small cohort, due to 
elevated costs and limited time, were counterbalanced by a very effective manner of studying 
the microbiota (investigating the mucous cap rather than biopsies). On the other hand, the large 
numbers of the second cohort, even when diluted by the many endoscopists that performed 
ESD throughout the years, provided an impressive database when compared to data available 
from the West. Therefore, although there were limitations, the studies' results provide evidence 
that allows insights for further research and clinical practice. 

Finally, Chapter 11 describes the development and validation of a new endoscopic 
classification for scars after endoscopic resection of colorectal lesions. The use of 
classifications for predicting histology of colorectal lesions dates from more than a decade ago, 
but no standard classification has been proposed for the prediction of histology from scars. 
Although some studies have suggested that the methodical evaluation of a scar with NBI is 
highly accurate for excluding recurrence, the lack of specific parameters and features to be 
evaluated make this strategy unlikely to be widely used.  

With our study, we have conceived and validated the NBI-SCAR classification in six different 
countries (Australia, Malaysia, Singapore, Japan, United States and Brazil). The results suggest 
that when the endoscopists are familiar with advanced imaging technology (i.e. NBI) and 
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perform colonoscopies often, they are able to accurately exclude recurrence with the NBI-
SCAR classification. This is true not only for experienced endoscopists but also for trainees. 
NBI-SCAR could potentially save time and costs associated with biopsies from scars predicted 
to return negative results, which consists of 80% to 95% of all scars. Therefore, this novel 
classification could be used in daily clinical practice as a cost-effective method for assessing 
colorectal mucosal scars. 

12.2 Directions for future research 

In addition to the potential contribution to clinical practice described in the previous sections, 
the research undertaken during my PhD could lead to future research, mostly looking to 
validate and advance our findings.  

The main foci of this PhD were the primary and secondary prevention of CRC, given that the 
most effective way of minimising a disease's burden is to prevent it becoming established. For 
primary prevention, the identification and treatment of premalignant lesions are imperative. 
Despite having found factors associated with better detection and safe and effective treatment 
of colorectal lesions, these findings represent only a small sample of Australia's and Japan's 
larger health picture. Prospective, multicentre studies with large cohorts looking at the factors 
identified in Chapters 3 and 4 (e.g. time of the day, endoscopist specialty and diet) would be 
valuable as a next step. These studies should take into account locoregional differences and 
include SSA/Ps as premalignant colorectal lesions.  

On a similar note, retrospective multicentre studies are needed for asserting quality measures in 
colonoscopy. The ADQ and SSA/P-DQ proposed in Chapter 5 are consistent with similar 
quotients found in the US and Europe, but their use in this current study confirms how limited 
the data from Australia and Japan are. Therefore, validation studies from other centres within 
Australia could potentially mount a case for the systematic use of ADQ and SSA/P-DQ for 
quality monitoring in colonoscopy. It is likely that in this specific case, the use of a 
retrospective design might be useful for avoiding the bias of an increased detection rate (due to 
endoscopist awareness). 

The many endoscopic classifications available for characterising colorectal lesions at present 
make it difficult to choose a standard. Therefore, good quality evidence comparing the 
available systems is required for determining which to use. From the results described in 
Chapters 6 and 7, a possible next step would be to investigate through a multicentre 
randomised study the performance of classifications that can differentiate SSA/Ps. Research 
should include not only experts but also trainees and community endoscopists, as it is likely 
that these complex classifications will have variable results, depending on expertise.  

As an alternative to dealing with the learning curve involved when acquiring the skill to 
accurately use comprehensive endoscopic classifications, a CAD was proposed in Chapter 8 to 
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aid the endoscopist in closing the gap between endoscopic and histologic diagnoses. Although 
already tested with different technologies and in different centres with reasonable results, the 
validation datasets were limited in size. A more sizeable and diverse validation dataset would 
enable researchers to draw more robust conclusions using our CAD system. In addition, the 
integration of the current CAD characterisation module with a detection module and finally to 
an interface with the endoscopy suite is paramount for the use of such technology in current 
practice. Another step that could be used to improve the applicability of the CAD for colorectal 
lesions in clinical practice is to attribute a confidence level to the diagnosis with further 
refinement of the algorithm. 

Chapter 9 describes the different microbiota profile, specifically looking at the mucous cap on 
the colorectal lesion. The small numbers from this single centre study must be validated by 
studies from other centres from Japan and overseas, so consistency can be assessed. If 
consistent results are found, even if only within Japan, the potential for utilising the described 
differences in diagnosis and treatment would be the next step. The potential for diagnosis could 
be investigated by studying the relative abundance thresholds of specific bacteria in order to 
determine the invasiveness of CRCs. In addition, the potential for treatment could be evaluated 
when manipulating the microbiota of early CRCs in a prospective randomised study, and then 
assessing the mid and long-term outcomes after resection. 

The safety and efficacy of colorectal ESDs described in Chapter 10 could be complemented by 
prospective studies from other centres. However, the limited number of ESDs performed 
outside Japan might be a deterrent. Therefore, multicentre prospective studies could be used for 
assessing whether similar safety and efficacy can be found outside Japan when trainees 
perform colorectal ESDs. 

Finally, Chapter 11 focussed solely on tertiary prevention of CRC, proposing a method for 
sensitively detecting local recurrence in real-time during colonoscopy. Although prediction of 
scar histology through endoscopic imaging has been studied before, the NBI-SCAR 
classification is the first standard classification described for this end. Therefore, further 
multicentre prospective studies are required for validation of our findings. An optimal design 
would be to have proper training on the classifications with one of the centres involved in the 
index study, and then evaluate the performance of the NBI-SCAR classification with both 
experts and trainees in real-time diagnosis.  
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A. Procedure date (d/m/y):    /      / 
B. Gender: 1 Male  

2 Female  
C. Age (in years) 

D. Endoscopy consultant 
and fellow/registrar: 

E. Main indication    
for performing the scope 

(choose one option only – if 
referred for resection of 
large polyp use the prior 
indication AND CHECK 
HERE ) 

1 Age only  
2 +ve FOB  
4 1o relative polyps  
5 1o relative bowel cancer   
6 Other fam. Hx polyps  
7 Other fam. Hx bowel ca.  
8 Previous ER  
9 Previous polyps  
10 Previous bowel ca.  
11 PR bleeding  
12 Abdominal pain  
13 Altered bowel habit  
14 Iron deficiency anemia  
15 Other  ______________ 

F. Patient post-colectomy? 
Which type of surgery? 

0 No  
1 Yes ________________ 

G. BBPS? 0-3 LC___TV___RC____
H. SCAR of previous 

EMR/ESD? 
Where?A_____________ 

   B_____________ 
       C_____________ 

(can check multiple) 

0 No –         
1 Yes – brown colouration  
2 Yes – white colouration  
3 Yes – elongated pits  
4 Yes – round pits  
5 Yes – vessels lining pits  
6 Yes – irregular vessels  

I. WLE prediction?  No recurrence
 Recurrence

J. uNBI-DF prediction?  No recurrence
 Recurrence

K. Diverticulosis? RC TV LC Sig None

L. Polyp found? 
(if NO, end of the form) 

0 No  
1 Yes  

M. Location and size (size 
in mm, separate more 
than one polyp with slash 
and associate a letter: 
order from proximal to 
distal – e.g. A is polyp 
from caecum and B is 
polyp from transverse): 

1 Rectum  __________ 
2 Sigmoid __________ 
3 Descending colon ____ 
4 Splenic flexure ______ 
5 Transverse colon ____ 
6 Hepatic flexure ______ 
7 Ascending colon _____ 
8 Caecum ___________ 

N. Paris’ classification: 
Pedunculated 

Sub pedunculated 
Protruded >2.5mm 
Protruded <2.5mm 

Flat 
Depressed 
Excavated 

1 Ip   
2 Isp  
3 Is or IIa+Is   
2  IIa   
3  IIb  
4  IIc or IIa+c  
5   III    

O. NICE classification: 
1   1      If low confidence 
2   2      diagnosis tick here 
3   3   

If LST (elevated > 10mm): 
0 G-H    1 G-M    2 NG  

Modified Sano classification 
1 I            If low confidence 
2 IIo         diagnosis tick here 
3 II        
4 IIIA  
5 IIIB  

P. JNET classification 0    1     2    2B  
1    2A      3    3 
If low confidence diagnosis tick here 

Q. Endoscopic features 
suggestive of SSA/P (for 
suspected HP and 
SSA/P only)? 
(can check multiple) 

0 None  
1 Cloud-like surface  
2 Inconspicuous margins  
3 Debris on surface  
4 Irregular shape  
5 Open pit pattern  

R. VMV/DBV? 0 No       1 Yes     
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S. Final endoscopic 
prediction of polyp’s type

If low confidence
diagnosis tick here 

1 Hyperplastic 
2 TA 
3 TVA 
4 VA 
5 Adenoma (LC for subtype) 
6 SSA/P without dysplasia 
7 SSA/P with dysplasia 
8 TSA 
9 Carcinoid 
10 Hamartoma 
11 Inflammatory 
12 Superficial cancer 
13 Invasive cancer 
14 Other  __________

T. Type of resection:
(for multiple polyps write 
in letters the order from 
proximal to distal – e.g. A 
is polyp from caecum and 
B is polyp from 
transverse) 

1 Standard EMR  
2 Cold EMR  
3 ESD     
4 Hybrid ESD/EMR    
For 1-4 = How many 
pieces:_________________
5 Hot snare 
6 Cold snare 
7 Hot biopsy
8 Forceps (cold) 
9 Other _______________

U. Snare Tip Soft 
Coagulation (STSC) 

0 No 
1 Yes – for EMR 
2 Yes – for ESD 
3 Yes – for scar 

V. Fellow involved in 
endoscopic resection
itself?

0 No 
1 Yes – solely 
2 Yes – mainly 
3 Yes – minimally 

OBS:

W. Any complications 
or unusual 
procedures?
(if NO, end of the 
form) 

0 No 
1 Yes, for complication 
2 Yes, prophylactic clip for 
bleeding (no active bleeding) 
3 Yes, prophylactic clip for perf 
(no through perforation) 

X. Significant bleeding 
during procedure
requiring treatment:

0 None  
1 Clip(s) 
2 Adrenaline injection 
3 Coagrasper 
4 STSC 
5 Other thermal coagulation 

Y. Bleeding control: 0 Not applicable 
1 Controlled and placed 
prophylactic clip 
2 Controlled and no further 
treatment required 
3 Bleeding uncontrolled 

If so, outcome: ___________
Z. Perforation noted 

during procedure
0 No 
1 Uncertain/Prophylactic clip 
2 Yes 

AA. Treatment of 
perforation 

0 Not applicable or None 
1 Clips 
2 Laparascopic Surgery 
3 Open Surgery 

AB. Significant pain
after procedure 
requiring hospital 
admission

0 No 
1 Yes 

AC. Significant post-
procedure 
bleeding (same 
day) requiring 
repeat endoscopy? 

0 No 
1 Yes 

AD. What treatment
was used at repeat 
same day 
endoscopy for 
bleeding?

0 Not applicable or none 
1 Clip(s) 
2 Adrenaline injection 
3 Coagrasper 
4 Other thermal coagulation 
5 Hemospray 
4 Other ________________

AE. Overnight 
admission 
required post-
procedure? 

0 No 
1 Social reasons 
2 Co-morbidities 
2 Pain 
3 Bleeding 
4 Fever 
5 Perforation 
6 Large lesion (preventive) 
7 Post-resection syndrome 
8 Other reason ___________
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DATE: STICKER HERE

PROSPECTIVE COLONIC POLYP COHORT – LYELL MCEWIN HOSPITAL AND NAGOYA UNIVERSITY 
HOSPITAL

Dear patient, thank you very much for participating in this study. It will help us to get a better understanding of 
colorectal polyps and cancer. I would like to ask you some questions that will be interpreted anonymously and 
for scientific purpose only.

Do you have diabetes (that require medicines
such as metformin or glibenclamide)?

Do you regularly use Metformin (e.g. Diabex 
XR®, Diaformin XR®, Formet®, Glucophage®,
Metex XR®)?

Do you use insulin?

Do you use aspirin every day?

Do you use any other blood thinners regularly?
If yes which one and when did you last take it?

Do you have hyperlipidaemia (high fat /
cholesterol in the blood that require medicine 
such as statins or fibrates)?

Do you smoke at all?

If not, did you ever smoke? Stopped how 
many months ago?

Does any other person at your home currently 
smoke inside the house?

Do you drink alcohol at all?

Do you have more than 2 drinks a day if you 
are male and 1 drink a day if you are female? 

If you do, which type of drink you usually have 
(e.g. wine, beer, sake)?

Do you have more than two portions of fruit,
vegetable, cereal or legume per day?

Do you have red meat (e.g. lamb, pork, beef) 
more than 3 meals per week?

Do you do more than 30 minutes of physical 
activity at least 3 times a week? Which type?

What is your weight and height 
(approximately)? 

How many first degree relatives have/had
colorectal cancer (i.e. parent, siblings or 
children)? And second degree (e.g. cousins or 
grandparents)? At what age? 

Why are you having this colonoscopy?

Did you have any surgeries on your bowel 
(e.g. appendicectomy)? If yes why?

YES      NO

YES      NO

YES      NO

YES NO

YES______     NO

YES      NO

YES        NO

YES____months     NO

YES      NO

YES      NO

YES      NO

_____________________________________

YES                  NO

YES      NO

YES______     NO

__________kg     ___________metres/feet

0    1 2     3  4 or more___

0    1 2     3  4 or more___

__________________________________

YES__________            NO

1st

2nd
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