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THESIS SUMMARy

PART I OPTICAL DIAGNOSIS OF COLORECTAL NEOPLASIA IN THE AVERAGE 
RISK POPULATION
In the Netherlands, colorectal cancer (CRC) is one of the major causes of death and accounted 
for approximately 5000 deaths in 2015.1 However, CRC and its precursor lesions can be 
detected and treated in an early phase, thereby reducing morbidity and mortality from 
CRC.2-4 As several large-scale population-based studies showed that population screening 
of average-risk individuals effectively reduces CRC-related morbidity and mortality,2-4 
a nationwide CRC screening program is gradually implemented in the Netherlands since 
January 2014.5 In the Dutch national screening program, screening is performed through 
a two-step strategy based on biennial fecal immunochemical testing (FIT). All individuals 
with a positive FIT are referred for colonoscopy, which is currently considered as the reference 
standard for the detection of CRC and its precursor lesions.  

The implementation of this nationwide CRC screening program has already resulted in 
an annual increase in the number of colonoscopies from 190.000 to 250.000.6 The burden 
on colonoscopy programs will gradually expand further, also due to surveillance programs 
for those screenees with relevant lesions at colonoscopy, already resulting in waiting lists 
and increasing costs for the society. Improving cost-efficacy of this preventive program is 
therefore warranted. 

According to national guidelines, all polyps detected upon colonoscopy are resected, 
collected and sent for pathological assessment.7 Diminutive (1-5mm) polyps account for 
over 80% of diagnosed lesions, and this proportion is likely to further increase due to current 
efforts to improve quality of colonoscopy.8 If endoscopists would be able to differentiate 
neoplastic from non-neoplastic diminutive lesions during colonoscopy, screening could 
become more efficient and cost-effective.9, 10 By implementing risk stratification based 
upon this “optical diagnosis strategy”, the corresponding surveillance interval will be 
partly or entirely based on the optical diagnosis instead of histopathology. This would 
enable the possibility of immediately assigning the appropriate surveillance interval after 
colonoscopy, thereby minimizing the burden of a second outpatient visit or telephone 
consultation after reading the histology results. Besides, as already widely accepted in clinical 
practice, non-neoplastic diminutive polyps in the distal colon can be left without resection 
reducing the number of unnecessary polypectomies. To implement this strategy in daily 
clinical practice, the American Society for Gastrointestinal Endoscopy (ASGE) recommended 
the following performance thresholds.11 For diminutive polyps characterized with high 
confidence there should be at least 90% agreement in surveillance intervals compared with 
those based on histology of all polyps, and at least 90% negative predictive value (NPV) for 
predicting neoplastic polyps in the rectosigmoid.

The research reported in the first six chapters of PART I of this thesis cover a number 
of issues that prevent this optical diagnosis strategy from becoming implemented in daily 
clinical practice. First, there is a risk that a diminutive polyp that was left in situ progresses 
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to cancer before the assigned surveillance term. The natural history of diminutive polyps is 
however unclear. In chapter 2 we performed a systematic literature review and identified 
and reviewed nine studies that reported on the natural history of diminutive and small 
(6-9mm) polyps. Based on the results of these included studies, 6% of 1,034 diminutive and 
small adenomas progressed to an advanced adenoma after a mean follow-up of 2 to 3 years 
for most studies. There was only 1 study where 1 small polyp may have progressed to cancer. 
Evidence from these studies was limited due to short follow-up; studies did not provide any 
information on long-term CRC transition rates and were also prone to various sources of 
bias. Overall, the results of this review further support an optical diagnosis strategy, in which 
diminutive non-neoplastic polyps in rectum and sigmoid can be left without resection as 
their progression rate to cancer is considered to be extremely low.

The second issue with optical diagnosis is that there is concern about diminutive polyps 
that already harbor CRC. However, the optical diagnosis strategy usually entails removal of 
polyps, and this would obviate the risk of leaving diminutive CRC without resection. Another 
drawback of the optical diagnosis strategy is the impossibility to assess the presence 
of advanced histological features as villosity and high-grade dysplasia (HGD) and of 
assigning a false-negative or false-positive optical diagnosis. This is important because 
current prevailing guidelines generally recommend an anticipated surveillance for patients 
diagnosed with a diminutive adenoma with advanced histological features or for patients with 
at least 3 diminutive non-advanced adenomas. In the multicenter international cohort study 
in chapter 3 we demonstrated that this risk of CRC within diminutive polyps is exceptionally 
low, but not zero. Furthermore, we determined that only 0.9% of patients require anticipated 
surveillance because of advanced histology within diminutive adenomas. Moreover, the risk 
of advanced neoplasia at follow-up colonoscopy of these patients is comparable to patients 
that do not require anticipated surveillance. The calculated number needed to examine 
to miss one advanced findings at surveillance was 631, reassuring the safety of resecting 
and discarding diminutive polyps. On the contrary, patients that required anticipated 
surveillance due to multiplicity of diminutive adenomas had a much higher risk of advanced 
findings at follow-up colonoscopy compared with those that do not require anticipated 
surveillance. This underlines the importance of correctly classifying these lesions to prevent 
misclassifying patients for risk stratification. Quality assurance processes for accurate optical 
diagnosis should be implemented to prevent misclassifying patients in risk stratification  
for surveillance.     

Implementation of an optical diagnosis strategy may result in reduced polypectomy-
related complications, direct surveillance interval assignment, and cost savings. In  
chapter 4 we performed a modelling study using the Adenoma and Serrated pathway 
to Colorectal Cancer (ASCCA) model, showing that the optical diagnosis strategy within 
the current Dutch FIT-screening program would lead to health gains as described above. 
The results also suggest that CRC survival is the same for strategies with optical diagnosis 
and universal histopathology for diminutive polyps. When projecting these results into 
a fully implemented FIT-screening program for the 17 million inhabitants of the Netherlands, 
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the optical diagnosis strategy resulted in an annual undiscounted Dutch healthcare benefit 
of 1.7-2.2 million.         

Previous optical diagnosis studies only included differentiation between adenomas and 
hyperplastic polyps and did not incorporate the differentiation of sessile serrated lesions 
(SSLs) in assessing performance thresholds as proposed by the ASGE. The study described in 
chapter 5 aimed to evaluate the impact of including optical diagnosis of diminutive SSLs on 
the ASGE performance thresholds of endoscopic polyp differentiation in daily colonoscopy 
practice. Endoscopy data were prospectively collected in an outpatient colonoscopy center 
and endoscopists reported a real-time optical diagnosis (adenoma, SSL or hyperplastic 
polyp) for all lesions in a structured colonoscopy reporting system, using Narrow Band 
Imaging (NBI) at their discretion. SSLs were endoscopically identified correctly in only 24.4%. 
Both surveillance interval agreement and NPV were significantly lower in patients with 
diminutive SSLs compared with those without diminutive SSLs. Endoscopic characterization 
of diminutive SSLs is difficult, and this impairs overall performance.

Although data from expert endoscopists consistently show that diagnostic accuracies of 
optical diagnosis is almost similar to that of pathology, several large studies from community 
practice have shown conflicting results. This difference might be the result of differences in 
training, auditing, dedication and time. In chapter 6 we describe the results of the DISCOUNT 
2 study. We trained 39 endoscopists in optical diagnosis using the previously validated WASP-
module which includes optical differentiation of SSLs. After meeting predefined performance 
thresholds in the training program, the endoscopists started a 1-year program in which 
they performed NBI analyses during colonoscopies of participants in the Dutch screening 
program and predicted histological findings with confidence levels. The endoscopists were 
randomly assigned to groups that received feedback or no feedback on their performance. 
Of 39 endoscopists initially trained, 27 (69%) completed the training program. As a group, 
the endoscopists achieved identifying rectosigmoid neoplastic lesions with NPVs of 90% or 
more, and selecting surveillance intervals that agreed with those determined by histology 
for at least 90% of cases. Providing regular interim feedback on the accuracy of neoplastic 
lesion prediction and surveillance interval selection did not lead to differences in those 
endpoints. Individual performance varied and continued monitoring is therefore suggested. 

Optical diagnosis is currently only recommended for diminutive polyps. However, 
small polyps could also be included in the optical diagnosis paradigm as also those lesions 
incur a low risk of advanced histological features. Chapter 7 describes a post-hoc analysis 
of the DISCOUNT 2 study, where also small polyps were included in the optical diagnosis 
paradigm. Surveillance interval agreement was calculated for this expanded optical diagnosis 
strategy was 95.4%; and NPV for predicting neoplastic histology in rectum and sigmoid 
90.0%. The reduction in histology (55.6% versus 36.9%) and the proportion of patients that 
could have received direct surveillance advise (15.6% versus 7.6%) was significantly higher 
when small polyps were included. However, of 2,115 resected small polyps, seven (0.33%) 
appeared a T1 cancer at histopathology. In an optical diagnosis strategy, 5 of these small T1 
CRCs would have been discarded without histological analysis. None of these would have 
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been left in situ. The number needed to examine to miss one patient with a small T1 cancer 
was 629 when optical diagnosis included 1-9mm polyps. Moreover, endoscopic treatment 
alone would have been sufficient for all T1 CRCs. Considering the low risk of missing early 
cancer together with the observed advantages, we believe that optical diagnosis can also be 
implemented for small polyps.

Optical diagnosis is not only important for the clinical management of diminutive 
polyps. For decision-making on optimal treatment, precise lesion characterization is crucial. 
Especially the assessment of potential submucosal invasion in adenomas is of importance 
as this determines whether radical endoscopic removal of these T1 cancers is indeed an 
option and which technique should be used. In chapter 8 we evaluated the ability of 27 
endoscopists accredited for performing colonoscopies in FIT-positive participants for 
the Dutch Bowel Cancer Screening Program to recognize T1 CRCs. Of 92 T1 cancers, 36 (39%) 
were optically correctly diagnosed as CRC. In 11 (20%) of the 56 patients with T1 CRCs that 
were not correctly optically diagnosed as cancer, endoscopic resection was performed in 
a piecemeal fashion, prohibiting proper histological analysis for risk factors of lymph node 
metastasis. Adjuvant surgical treatment was performed in 2 (11%) of 16 T1 CRCs that were 
optically correctly diagnosed and resected endoscopically, compared to 22 (41%) of 54 T1 
CRCs that were optically diagnosed as benign (p=0.02). The suboptimal optical diagnosis 
of T1 CRCs thus led to suboptimal use of both endoscopic and surgical treatment options.

To improve recognition of T1 CRCs, several morphological classification systems to 
describe a lesion and stratify for the risk of submucosal invasion have been developed. In 
chapter 9, we thoroughly discuss a systematic approach for the endoscopic assessment 
of colorectal lesions. This systematic approach includes location, size, Paris classification, 
lateral spreading tumor classification (if applicable) and evaluation of the surface pattern 
with advanced endoscopic imaging techniques. The use of advanced imaging techniques 
improves the characterization of mucosal surface patterns and helps to determine whether 
lesions are amenable to endoscopic resection. 

PART II ADVANCED ENDOSCOPIC IMAGING FOR DETECTION AND 
DIFFERENTIATION OF COLORECTAL NEOPLASIA IN THE HIGH RISK 
POPULATION
Part II of this thesis focused on improving detection and differentiation of lesions in the high 
risk population. High risk patients are persons diagnosed with inflammatory bowel disease 
and those at high risk due to a hereditary or familial risk.12 Patients with these conditions are 
recommended to undergo colonoscopy surveillance more frequently aiming to diagnose 
CRC in an early stage and to adequately and timely manage precursor lesions. In patients 
with inflammatory bowel disease, endoscopic recognition of dysplastic lesions is difficult as 
dysplastic lesions are usually flat and difficult to recognize.13, 14 Moreover, chronic continuous 
inflammation results in scarring and inflammatory polyps. As chromoendoscopy (CE) has 
consistently shown to increase detection of dysplastic lesions, this technique is currently 
recommended in practice guidelines as the preferred surveillance method.15, 16 However, as 
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it is messy, time-consuming and requires special skills of the endoscopist, it has not yet been 
widely adopted in clinical practice.17   

Autofluorescence imaging (AFI) endoscopy is an advanced endoscopy technique that 
is based on the real-time detection of natural tissue fluorescence, emitted by endogenous 
molecules. Differences in fluorescence emission between dysplastic and non-dysplastic 
tissues are captured during endoscopy and visualized as purple/magenta or green color, 
respectively. Previous research has shown that AFI decreased dysplasia miss rates compared 
with standard white light endoscopy. In chapter 10 we performed a parallel prospective 
randomized multicenter assessing the value of AFI and CE for dysplasia detection in patients 
with longstanding ulcerative colitis; the FIND-UC trial. For this purpose, 210 patients were 
randomized to receive surveillance colonoscopy with either AFI or CE. The main outcome 
was the number of patients with at least 1 dysplastic lesion and the mean number of 
dysplastic lesions per patient. The relative dysplasia detection rate, calculated by the ratio 
of AFI versus CE, should be 0.67 or higher for both outcomes to proceed to an appropriately 
powered non-inferiority study. We found that AFI detected dysplasia in 12.4% of patients 
compared with 19.1% with CE, resulting in a relative dysplasia detection rate of CE versus AFI 
of 0.65. The relative dysplasia detection rate for the mean number of dysplastic lesions was 
0.36. CE was superior to AFI for mean number of dysplastic lesions detected. Based on these 
results we conclude that AFI should not be further investigated as an alternative dysplasia 
surveillance method.

Optical differentiation of dysplastic histology preferably should have a high sensitivity 
combined with a high negative predictive value. This would imply that all dysplastic lesions 
are identified by endoscopic diagnosis and that those lesions that are confidently assessed 
as non-dysplastic can be left in situ without biopsy. The results of optical diagnosis of 
dysplastic lesions in patients with longstanding UC are described in chapter 11. This is an 
additional analysis of the FIND-UC trial where AFI, NBI and CE were used to endoscopically 
diagnose detected lesions including a level of confidence. Sensitivity for optical diagnosis 
of dysplasia using AFI, NBI and CE were 91.7%, 53.8% and 81.6%, respectively. The negative 
predictive values for confidently predicting dysplastic histology were 98.6%, 92.8% and 
97.5%, respectively. The results of our study emphasize that despite using several advanced 
imaging techniques, expert endoscopists experience difficulties in recognizing dysplastic 
lesions. Therefore, it seems reasonable to biopsy or remove every lesion that is detected, 
unless the endoscopist confidently predicts the lesion to be non-dysplastic.

Patients diagnosed with Lynch syndrome also represent a population at high risk for 
CRC. Patients with Lynch syndrome have a mutation in one of the mismatch repair genes 
and therefore carry a high risk to develop CRC in a relatively short time-span. From the age 
of 25, Lynch patients are advised to undergo annual or biannual surveillance colonoscopies. 
The recent advanced imaging guideline of the European Society of Gastrointestinal 
Endoscopy recommended the routine use of high-definition pancolonic CE or narrow 
spectrum technologies such as NBI or i-Scan in patients with known or suspected Lynch 
syndrome. Previous research showed that diminutive adenomas were more frequently 
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detected when using narrow spectrum technologies (NBI, i-Scan) during surveillance 
colonoscopy of Lynch syndrome patients, but not in the average risk population. These 
narrow spectrum technologies enhance vascular details by selectively filtering or post-
processing emitted light at peak absorption of hemoglobin. As vascularization in oral 
mucosa of Lynch patients is also increased, this increase in detection is possibly the result 
of increased vascularization of these adenomas. The translational pilot study in chapter 12 
compared the microvessel density between adenomas of patients with Lynch syndrome 
compared with size- and histology-matched adenomas of non-Lynch patients. Histological 
proven adenomas were stained with CD31, and analyzed using automated CD31-vessel 
detection software. The CD31-positive microvessel density (2.49% vs. 2.47%), average size 
of CD31-positive vascular structures (514μm2 vs. 523μm2) nor the amount of vascular 
structures per mm2 (183 vs. 176) differed significantly between 20 matched Lynch and 
sporadic adenomas. Therefore, this study could not explain why using narrow spectrum 
technologies did increase detection of adenomas during colonoscopy of patients with 
Lynch syndrome. 

CRCs in Lynch syndrome are generally assumed to develop through the conventional 
adenoma-to-carcinoma development sequence, but there has been speculation as to 
whether the serrated neoplasia pathway also plays a role. To investigate this hypothesis, 
we performed a retrospective cohort study in chapter 13. In this chapter we examined 
results from colonoscopies in 223 patients with Lynch syndrome and 223 controls, exactly 
matched for age, gender and indication. Resected serrated lesions were re-reviewed by 
specialist pathologists who were blinded to the initial histological diagnosis. The prevalence 
of SSLs was 7.6% in patients with Lynch syndrome and 6.7% in controls (P=0.86), and 
none of the detected SSLs in Lynch patients was dysplastic. The results of this study 
favor the traditional explanation, which is that cancers predominantly develop through 
the conventional adenoma-carcinoma sequence.
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FUTURE PERSPECTIVES 

PART I OPTICAL DIAGNOSIS OF COLORECTAL NEOPLASIA IN THE AVERAGE 
RISK POPULATION
As colorectal cancer (CRC) screening has been shown to reduce CRC related morbidity and 
mortality, screening programs are implemented throughout the world.1, 2 CRC screening 
programs are aimed at people at average risk for CRC.3 The efficacy of CRC screening programs 
relies heavily on the ability to detect CRC and its precursor lesions during colonoscopy. This 
depends on an optimal prepared bowel to allow for meticulous inspection.4 Furthermore, 
the efficacy of colonoscopy is heavily operator dependent.5-7 Besides optimal bowel cleansing 
and meticulous inspection by the endoscopist, advanced endoscopic imaging techniques 
may further improve the efficacy of colonoscopy. Using advanced imaging techniques has 
not shown to increase lesion detection rates in the average risk population and is therefore 
not recommended for routine practice.8 Instead; these techniques can be used for lesion 
differentiation to determine the most optimal treatment strategy.  

As shown in this thesis, diminutive polyps incur a very low risk of developing into CRC. 
However, the available data on the natural history of diminutive polyps is in general confined 
to two or three years of observation. Therefore, current practice of resecting all diminutive 
polyps, with the exception of distal non-neoplastic polyps, is unlikely to be challenged 
in the near future. Because diminutive polyps also incur a very low of harboring CRC, 
histological analysis of these lesions is primarily used to determine the surveillance interval 
for the next colonoscopy. Using advanced imaging technologies during colonoscopy allows 
for an accurate histological diagnosis of diminutive polyps.9, 10 This observation has led to 
the proposal of an “optical diagnosis” strategy in which diminutive polyps can be resected 
and discarded without histological analysis. Furthermore, if these diminutive polyps 
are considered non-neoplastic and located in the distal colon, these can be left in place  
without resection.

Although much debated, optical diagnosis for diminutive polyps has not yet been 
implemented in daily clinical practice. The National Institute for Clinical and Healthcare 
Excellence (NICE) in the United Kingdom has recently stated that optical diagnosis for 
diminutive polyps to determine whether these are adenomatous or hyperplastic can 
be implemented under a number of conditions.11 These conditions include that (1) high-
definition advanced imaging techniques are used, (2) the endoscopist has been trained and 
accredited to use advanced imaging techniques under a national accreditiation scheme, 
(3) the national accreditation scheme includes systems to audit endoscopists and provide 
ongoing feedback on their performance and (4) the assessment is made with high-confidence. 
The DISCOUNT 2 study did provide insights on the aspects of training, accreditation and 
provision of regular performance feedback. The endoscopists that completed the intensified 
training program achieved the ASGE performance thresholds over the course of 1-year. 
As providing 3-monthly performance feedback did not lead to differences in achieving 
performance thresholds, it seems that the effect of training and accreditation is long lasting. 
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Whether the training process used in the DISCOUNT 2 study is suitable for endoscopists 
to become accredited for implementation of optical diagnosis in CRC screening programs 
can be discussed. On the one hand, the endoscopists that successfully accomplished 
the training program achieved the proposed performance thresholds. On the other hand, 
only two-thirds of the original group of endoscopists did complete this intensified training 
program. Extrapolating this to general endoscopy practice would imply that only a subset of 
endoscopists could implement the optical diagnosis strategy, reducing the potential gains 
in cost-effectiveness of implementing this strategy. Other effective training modules should 
therefore be further investigated.

The NICE recommendation also states that auditing is recommended to monitor 
whether endoscopists using advanced imaging techniques are correctly assessing polyps 
as adenomatous and hyperplastic during colonoscopy. Measures to address this are based 
on the ASGE performance thresholds and may include the diagnostic accuracy of polyp 
characterization and the agreement with the surveillance interval for colonoscopy based 
on formal histopathology.12 However, how will this be addressed exactly in daily practice? 
Do accredited endoscopists send diminutive polyps for histopathology for a certain period 
of time each year to keep their accreditation? Who will independently audit the outcomes? 
As shown in this thesis, calculation of surveillance interval agreement is dependent on 
the histological outcome of larger lesions and this may therefore not be an adequate 
outcome. This would also require registration of a large number of colonoscopies, increasing 
the administrative burden. Moreover, suspected non-neoplastic lesions in the distal colon 
are already left without resection making a real-life approach for calculation of NPVs 
per endoscopist rather unfeasible. Process control studies can be used to determine 
minimum accuracy standards for accreditation tests instead of using the PIVI thresholds as  
outcome measures. 

Furthermore, several narrow spectrum technologies are nowadays available for 
lesion differentiation and these include Narrow Band Imaging (NBI), Blue Light Imaging, 
Linked Color Imaging and i-Scan. Previous research showed that applying the widely 
used NBI International Colorectal Endoscopic classification to Fujinon Spectral Imaging 
Color Enhancement (FICE) resulted in suboptimal accuracy.13 The latter would imply that 
classifications are not necessarily interchangeable between imaging techniques and that 
each technique requires its own classification, training and certification process. International 
endoscopy societies can play a role by addressing these questions. Ideally, these would form 
a blueprint for national societies to implement a formal process for training, monitoring and 
auditing of optical diagnosis.

The DISCOUNT 2 study provided further evidence that endoscopists are able to achieve 
the PIVI performance thresholds as a group, but that this achievement is operator dependent 
as there was considerable variability between endoscopists in achieving the thresholds. 
Computer-aided diagnosis has the potential to reduce this variability between endoscopists, 
and this field is developing rapidly.14 Computer-aided diagnosis is a system where deep 
machine learning is used to learn the computer to differentiate between different histological 
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polyp subtypes. So far, magnifying and non-magnifying NBI,15-17 endocytoscopy18 and laser-
induced fluorescence spectroscopy19 have been investigated. Except for non-magnifying 
NBI,16, 17 all other modalities are predominantly used in academic settings, limiting their 
applicability for daily practice. Computer-aided diagnosis could be used as first reader or as 
second reader if endoscopists are not confident in predicting histology. Large quantities of 
data are however needed to assure high accuracies of such systems. Although preliminary 
data are very promising, the question remains how such systems will be deployed. Mori et 
al. have proposed a roadmap for implementation of computer-aided diagnosis in clinical 
practice (figure 1).14 First, robust and methodological solid preclinical research should show 
effectiveness of computer-aided diagnosis, and these results should be corroborated in well-
designed clinical trials. Thereafter, endoscopy societies should firmly approve their use to 
convince insurance companies for reimbursement. Future studies should further investigate 
the potential of computer-aided diagnosis.

Whether computer-aided diagnosis would also be able to accurately recognize 
diminutive sessile serrated lesions (SSLs), remains to be seen. The serrated neoplasia pathway 
has been recognized as an alternative pathway to CRC. In this pathway, SSLs are the main 
precursor lesions. Previous studies only included optical differentiation between adenomas 
and hyperplastic polyps. In this thesis, diminutive SSLs were recognized accurately by 
endosopists in only 24% and 48%, even after training with the WASP-classification which 
includes a step-wise approach to diagnose SSLs. Likewise, a recent published meta-analysis 
reported that when using different advanced imaging techniques, sensitivities ranged 
from 47% for FICE to 80% for magnification NBI.20 The low sensitivity for endoscopically 
diagnosing SSLs may have two clinical implications. First, SSLs characterized as innocuous 
HPs may be left in situ in the rectosigmoid. However, the pooled NPV for predicting SSLs in 
rectum and sigmoid was 99.3% in the DISCOUNT 2 study. Moreover, the proportion of SSLs of 
all hyperplastic-appearing polyps in the rectum and sigmoid is very low (0.6-2.1%), resulting 

FIGURE 1. Roadmap for implementation of computer aided diagnosis in clinical practice.
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in a very low possibility of leaving SSLs in situ.21 Although the prevalence of diminutive SSLs 
among all diminutive polyps is low, inability to accurately recognize SSLs may potentially 
result in underuse of surveillance as current guidelines advise anticipated surveillance for 
patients with SSLs.22 Therefore, alternative approaches for diminutive polyps proximal to 
the rectum and sigmoid may be used. Atkinson et al. have proposed to resect and discard all 
proximal diminutive polyps, count these as adenomas and add these to the adenomas found 
in the rectum and sigmoid (figure 2).23 Another advantage of this strategy is that this “non-
optical approach” would reduce the variability between endoscopists in optical diagnosis. 
A modeling study based on two prospective optical diagnosis trials investigating this 
alternative approach to optical diagnosis showed that the 90% performance threshold was 
reached for surveillance interval agreement. Implementation of this “non-optical approach” 
resulted in a reduction of pathology assessment of diminutive polyps of 77% compared 
with 59% when optical diagnosis was performed (p<0.001).24 Unfortunately, this non-optical 
approach would also require surveillance guidelines to be changed. Future studies should 
look further into the feasibility of this non-optical approach.

Currently, the optical diagnosis strategy is limited to diminutive polyps. As small 
(6-9mm) polyps also incur a low risk of CRC and advanced histology it seemed worthwhile 
to investigate whether these could also be included in the optical diagnosis strategy. We 
showed that including optical diagnosis of both diminutive and small polyps resulted in 
achieving the PIVI performance thresholds. Moreover, expected cost-savings seemed higher 
as the reduction in pathology (55.6% versus 36.9%) and the amount of patients receiving 
a direct surveillance advise (15.6% versus 7.6%) increased significantly. Five of seven patients 
with a small T1 CRC would not have been detected in this strategy. This corresponded to 
a number needed to examine of 629 patients to miss one patient with a small T1 when 
optical diagnosis would be expanded to small polyps. All small T1 CRCs were Kikuchi sm1 
or Haggitt 1-3, having a low risk of lymph node metastasis. Moreover, endoscopic treatment 
alone would have been sufficient for all these T1 CRCs. Considering this low risk together 

FIGURE 2. Simplified optical diagnosis strategy (non-optical approach) proposed by Atkinson et al.23



THESIS SUMMARY AND FUTURE PROSPECTIVES

275

14

with the observed advantages, we believe that optical diagnosis can also be expanded to 
small polyps, especially if endoscopists are formally trained in endoscopic recognition of 
features predicting T1 CRCS.

A future prospective clinical study in a controlled setting is needed in which optical 
diagnosis of polyps is implemented, preferably including small polyps. In this study, data 
should be collected on the number of polyps sent for histological analysis, the procedure 
times of colonoscopy and the actual cost savings and reductions in workload associated 
with reductions in histopathology. These could be used to determine the real effects of 
implementing an optical diagnosis strategy. Moreover, as there are concerns on patient 
acceptability of the optical diagnosis strategy, this study would address this matter as 
informed consent is needed from patients to participate in this study.25 Last, the study 
would also provide important insights in how to deal with missing histopathology reports 
in addressing individual adenoma detection rates.26 In case of positive results, the study can 
be used as blueprint to implement the optical diagnosis strategy throughout CRC screening 
programs around the world.

Because of the implementation of nationwide CRC screening programs throughout 
the world, the incidence of T1 CRCs has increased.27 As the risk of lymph node metastasis 
of T1 CRCs is low,28 technical evolutions in polypectomy techniques allow treatment 
of these cancers with endoscopic polypectomy alone if this is performed en bloc.29, 30 
Endoscopic mucosal resection, endoscopic submucosal dissection and endoscopic full-
thickness resection allow for en bloc resection of T1 CRCs.31, 32 The last two chapters of PART 
I of this thesis focused on endoscopic recognition of T1 CRCs and showed that endoscopic 
recognition of T1 CRCs is difficult. Limited endoscopic recognition resulted in suboptimal 
use of both local and surgical treatment options. Endoscopists performing colonoscopies in 
CRC screening programs should therefore be offered formal training in optical diagnosis of 
T1 CRCs to improve optical diagnosis of these cancers. Possibly, computer-aided diagnosis 
can play a role here in the future as well.33 Eventually, improving optical diagnosis of T1 CRCs 
would hopefully lead to better treatment outcomes.

PART II ADVANCED ENDOSCOPIC IMAGING FOR DETECTION AND 
DIFFERENTIATION IN THE HIGH RISK POPULATION
Although the majority of CRCs occur in the average risk population, approximately 25% of 
CRCs are detected in individuals who are at higher than average risk of the disease.3 This 
group includes persons with a family history of CRC, those with previous adenomatous 
polyps or CRC and those suffering from longstanding inflammatory bowel disease. These 
individuals are advised to undergo surveillance colonoscopy more frequently.34 

Patients with longstanding ulcerative colitis are at increased risk for developing CRC 
due to chronic inflammation and are therefore advised to undergo regular surveillance. 
Current guidelines recommended regular surveillance colonoscopy to be performed with 
chromoendoscopy (CE).34, 35 CE requires the application of topical dye and is therefore 
messy, time-consuming and has a learning curve. In this thesis we showed that AFI did not 
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prove a valuable alternative for CE in dysplasia detection in patients with longstanding UC. 
This difference in detection capacity could be explained by a previous observation that 
only 38-86% of the detected dysplastic lesions exhibited a purple/magenta color during 
inspection with AFI.36, 37 Possibly, some dysplastic lesions exhibiting green color on AFI may 
have been missed. As a result, CE remains the preferred method for performing dysplasia 
surveillance in patients with longstanding ulcerative colitis. However, several other push-
button advanced imaging techniques have been investigated. NBI and i-Scan have not 
documented a benefit over CE, but these techniques have never been formally compared in 
an appropriately powered non-inferiority study.38-40 Other advanced imaging techniques have 
not been assessed. Currently, several randomized controlled trials are ongoing to compare 
high-definition white light endoscopy to CE in terms of dysplasia detection. However when 
assessing studies that address improved dysplastic lesion detection, the question remains 
whether increased dysplasia detection will ultimately also translate into a reduction in CRC-
related morbidity and mortality.

In general, little is known about the diagnostic accuracy of non-magnifying AFI, NBI and 
CE in endoscopically differentiating between dysplastic and non-dysplastic lesions detected 
during surveillance of patients with longstanding ulcerative colitis. We showed that highly 
experienced endoscopists did not recognize all dysplastic lesions during surveillance with 
AFI, NBI and CE. On the other hand, when these endoscopists were confident that a lesion 
was not dysplastic, these lesions could be left in situ without biopsy as NPVs were close to 
100%. However, it is not clear whether these findings can also be extrapolated to general 
endoscopy practice, when surveillance is performed by less experienced endoscopists. 
Therefore, these findings need to be confirmed in real-time studies in general endoscopy 
practice. In the meantime we suggest to biopsy every lesion that is detected by CE, unless 
endoscopists are confident the detected lesion is a typical pseudopolyp or a diminutive 
hyperplastic polyp when located in the distal colon. 

Patients with Lynch syndrome are at increased risk for CRC because of an accelerated 
adenoma-carcinoma sequence due to a pathogenic mutation in one of the mismatch repair 
genes. In colonoscopy surveillance of Lynch syndrome patients, use of narrow spectrum 
technologies as NBI and i-Scan is advised by the European Society of Gastrointestinal 
Endoscopy.8 As shown in this thesis, the increased adenoma results from studies evaluating 
these narrow spectrum technologies in surveillance of Lynch syndrome cannot be 
explained by an increased vascularization of Lynch adenomas. CE has also been studied in 
Lynch syndrome surveillance and has consistently shown to improve adenoma detection 
rates in back-to-back colonoscopy studies.41-45 Future studies should therefore evaluate 
whether narrow spectrum technologies indeed result in increased detection of adenomas 
in Lynch patients. Moreover, these studies should also assess whether increased detection 
of adenomas also translates to a reduction of relevant findings at follow-up colonoscopy. 
Ideally, these studies would allow for an expansion of the surveillance interval, thereby 
reducing the colonoscopy burden for patients. However, this requires large-scale studies, 
especially when evaluating CRC at follow-up as outcome measure.
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Patients with Lynch syndrome undergo strict annual or biannual surveillance 
colonoscopies, these still develop post-colonoscopy CRCs.46 These post-colonoscopy CRCs 
are mostly located in the proximal colon. In the average risk population, the occurrence 
of these post-colonoscopy CRCs has been linked to the serrated neoplasia pathway.47 In 
this pathway, SSLs are the precursor lesions and these are difficult to recognize because 
of their pale colour and flat morphology.48 In Lynch syndrome, CRC might also develop 
from serrated polyps. Increased detection rates of SSLs with or without dysplasia, would 
suggest that the serrated neoplasia pathway, alongside the adenoma-carcinoma sequence, 
may play an additional role in the fast colorectal cancer development in patients with Lynch 
syndrome. However, the occurrence of SSLs in surveillance of patients with Lynch syndrome 
was equal to a matched control population. Moreover, none of the SSLs contained dysplasia, 
making an association between Lynch syndrome and the serrated neoplasia pathway 
unlikely. However, as this study shows that SSLs occur in Lynch in a similar prevalence as 
in a non-Lynch population, endoscopists should also detect these lesions aside adenomas. 
Future studies should molecularly evaluate post-colonoscopy CRCs and all serrated polyps 
in Lynch syndrome to determine to what extent these can be attributed to the serrated 
neoplasia pathway. 

SUMMARy
During the last decade, advanced endoscopic imaging techniques have become readily 
available in routine practice. However, robust evidence regarding the effectiveness from 
these technologies in routine practice is still scarce. Although considerable advances have 
been made in demonstrating effective use of advanced imaging techniques, the majority 
of studies demonstrating effectiveness are performed in academic centers. Moreover, 
further investigations should demonstrate whether effective use of imaging techniques also 
translates to beneficial clinical effects for patients. If these data would become available and 
results are encouraging, this would allow for widespread adoption of these techniques in 
clinical practice. Exemplary, the implementation of optical diagnosis for diminutive polyps 
was readily expected after the introduction of narrow spectrum technologies. However, 
conflicting results in community practice have delayed its implementation. It appeared that 
the steep learning curve in optical diagnosis that was seen in academic centers could not be 
extrapolated to general practice as studies showed that accuracy thresholds recommended 
for safe implementation of this strategy were not met in this practice. Effective training 
modules based on validated criteria, combined with periodic auditing and monitoring, are 
needed to disseminate the use of advanced imaging techniques in clinical practice. Linking 
effective training modules of advanced imaging techniques to improved patient outcomes 
will be a key area for future research.
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