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Chapter 1

Colonoscopy is the gold standard method for the detection and resection of colorectal
neoplasms (CRNs). The opportunity for direct radical resection of detected CRNs is a major
advantage of colonoscopy. By removing precursor lesions of colorectal cancer (CRC), colonoscopy
is an important tool in the prevention of CRC. It is regarded as safe’and effective in confirming the
diagnosis and removing precursor neoplasms. The number of colonoscopies performed has further
increased as a consequence of the introduction of national CRC screening programs.? Healthy,
symptom free persons are now receiving colonoscopies in order to prevent CRC later on in life,
emphasizing the need for safety and efficacy of colonoscopic procedures and interventions. The
search for precursor lesions that may develop into CRC is key, reassembling the ‘hide and seek game'
for the endoscopist. The better the endoscopist performs in this game (higher detection of such
precursor lesions), the lower the patients' risk of developing CRC is.? This thesis focuses on how to
deal with large colorectal neoplasms and how to prevent the occurrence of CRC after colonoscopy,
two important topics within colonoscopy safety and efficacy.

Colonoscopy

National colorectal cancer screening program

In the Netherlands, a nationwide CRC screening program started in 2014 with high yields
of CRCs, adenomas and serrated lesions. All Dutch citizens between 55 and 75 years old receive
biannually an invitation for a fecal occult blood test (FOBT). In case the FOBT is positive (abnormal),
the participant will be referred for a colonoscopy. All colonoscopies are performed by experienced,
specially trained and monitored colonoscopists to assure high quality standards. After a negative
colonoscopy, patients will re-enter the national screening program after 10 years.*

The screening program poses a burden on colonoscopy capacity, not only because of a high
number of patients referred for colonoscopy, but also because of the treatment of the many CRNs
found and the high number of surveillance colonoscopies needed.’ Small CRNs can be resected
during the first colonoscopy in most cases, but large CRNs, especially in the case of multiple large
CRNs, often need a second colonoscopy to resect the CRNs completely. Furthermore, large CRNs
have higher risk of residual and recurrent neoplastic tissue and need second look colonoscopies.
Thus, after complete removal of CRNs, depending on number, size, and histology, surveillance
colonoscopies may be necessary.®

Safety and efficacy of colonoscopy

Colonoscopy is a safe procedure with overall very low rates of complications’ such as bleeding,
infection and perforation. The risk of complications significantly increases by performing
polypectomies especially for large CRNs.” Bleeding occurs in 0.06% (95% Cl: 0.02-0.11) of all
colonoscopies without polypectomy, but when polypectomy is performed, the risk increases to
0.98% (95% Cl: 0.77-1.21)." The risk of perforations doubles after polypectomy: 0.04% (95% Cl: 0.02-
0.08) overall in colonoscopies without polypectomy and 0.08% (95% Cl: 0.06-0.10) in colonoscopies
with polypectomy.’ Larger CRNs often need more complex procedures like endoscopic mucosal
resection or endoscopic submucosal dissection as endoscopic treatment, thereby even further
increasing the risk of post-polypectomy bleeding and perforation.” #In general, resection of large
CRNs is associated with higher risk of complication, is more time consuming, and requires often
additional colonoscopies and a shorter post-polypectomy surveillance interval.
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Allinall, colonoscopy remains a safe procedure andis currently the most appropriate examination
for the nation-wide CRC screening of the population in addition to fecal occult blood testing. By
participating in the national CRC screening program, participants take a small procedure related risk
in return for a significant risk reduction with respect to the development of CRC. This can only be
achieved by complete visualization of the colonic mucosa and effective resection of premalignant
neoplasms. To achieve this, quality benchmarks have been set, e.g.: adequate bowel preparation in
>90% of all colonoscopies (Boston Bowel Preparation Scale [BBPS] =6, minimal 2 for each segment),
cecal intubation rate in >90% of all colonoscopies, detection of =1 adenoma in >25% of patients,
and withdrawal time of =6 minutes.” Use of the correct therapeutic intervention is also a benchmark
(=80% correct therapy) and is important for reducing the need of multiple interventions and for
decreasing residual tumor and recurrence risk. However, the most effective treatment is dependent
of the lesion (size and histological type). Level of difficulty increases with size.™

Polyp classification

In order to accurately diagnose CRNs and select the best therapeutic option, lesion
characterization is the first step. CRNs can be subdivided based on size, shape, and histology. Size
is an important predictor for the risk of submucosal invasion, residual tissue and recurrence and
determines (in combination with shape) which endoscopic treatment is indicated.” CRNs can be
diminutive (<5 mm), small (6-10 mm) and large (=10 mm). According to ESGE guidelines, lesions
larger than 20 mm are considered as very large and are more difficult to resect en-bloc.”

The Paris classification is used to characterize CRN shape (Figure 1.1). CRNs can be divided into
polypoid and non-polypoid based on the height of the lesion. Non-polypoid CRNs are defined as
having a height of maximal half the diameter of the lesion.” ™ Polypoid CRNs can have a stalk
(pedunculated) or a broad basis (sessile). Non-polypoid CRNs can be flat or depressed.”

Histologically, CRNs can be subdivided into hyperplastic polyps, adenomas, sessile serrated
lesions, traditional serrated adenomas and CRCs.’® Adenomas consist of three types: tubular, villous
and tubulovillous adenomas. Sessile serrated lesions occur with and without dysplasia. Serration is
one of the levels for histological classification; hyperplastic polyps, sessile serrated lesions with and
without dysplasia and traditional serrated adenoma belong to the group of serrated lesions, while
adenomasare non-serrated. Anotherlevel of classificationis dysplasia; adenomas, traditional serrated
adenomas, sessile serrated lesions with dysplasia and CRCs are considered as dysplastic, while
hyperplastic polyps and sessile serrated lesions without dysplasia are considered as non-dysplastic.

0-lp 0-Is 0-lla 0-lib 0-lic o-1l

Figure 1.1: Paris classification. | 0-/ lesions are polypoid and 0-Il and 0-lll lesions are non-polypoid.
Combinations are possible.




Chapter 1

Laterally Spreading Tumors and Large Non-Polypoid
Colorectal Polyps

Laterally Spreading Tumors, further abbreviated as LSTs, are large, flat appearing neoplasms in
the colon and rectum. They have firstly been described in Japan by prof. Kudo as lesions challenging
to detect while posing a hazard to rapid progression into CRC.” LSTs are defined as lesions growing
superficially (laterally) along the mucosa instead of growing upwards (luminal) or downwards
(submucosal), of minimal 10 mm in diameter.” Although polypoid components can be present in
LSTs, they are regarded as non-polypoid colorectal neoplasms.” LST is a endoscopic, morphological
classification, regardless of histology.

LSTs are of special interest because of the occurrence of different surface structures and specific
corresponding clinical features. The surface can consist of granules or can be completely flat (Figure
1.2). Both LST subtypes can be subclassified into two subtypes; the endoscopic Kudo LST
classification. LSTs consisting of evenly sized granules are called LST granular homogenous (LST-
G-H). When one or more dominant granules (large, sessile like components) exist in a granular LST,
it is called a LST granular nodular-mixed (LST-G-NM). These dominant granules are minimal 10 mm
in size. LSTs with flat surface are called non-granular LSTs and can contain a pseudo-depression
(subtle dentation) on the surface. Non-granular LSTs without pseudo-depression are called LST non-
granular flat elevated (LST-NG-FE) and those with pseudo-depression LST non-granular pseudo-
depressed (LST-NG-PD).” In contrast to pseudo-depressions, depressions have more abrupt walls
and are an indication of deep mucosal invasion. These can occur in all premalignant neoplasms,
regardless of morphology.

The risk of containing submucosal invasion (SMI, i.e. colorectal cancer) in LSTs differs per
subtype. Overall, LSTs have a lower to similar risk of SMI than pedunculated and sessile neoplasms
of equal size.” ™ However, some subtypes may have a higher than average risk of SMI.™ % LSTs
are more challenging to resect than large polypoid polyps and require additional experience.?’ The
combination of large size and a non-polypoid morphology, often with a proximal colonic location,
makes endoscopic mucosal resection challenging.™

The BSG guidelines proposed the term Large Non-Pedunculated Colorectal Polyps (LNPCPs) for
all non-pedunculated colorectal neoplasms of minimal 20 mm in size.” Besides LSTs of 20mm or
larger, also sessile neoplasms of 20 mm or larger are included.

LST-G-H LST-NG-FE

—' Granular LSTs ‘ ' Non-granular LSTs ‘ —_—

ﬁ’\(( QAN w

LST-G-NM LST-NG-PD

Figure 1.2: Endoscopic Kudo LST classification. | lllustration of the four known subtypes of LSTs.
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Post-colonoscopy colorectal cancers

Although colonoscopy is effective in CRC prevention, CRC may still occur after a colonoscopy
negative for cancer. When a CRC is diagnosed after a previous colonoscopy that was negative for
CRC, a so called post-colonoscopy CRC has occurred (PCCRC).% The pooled incidence of PCCRCs
found within 36 months after a previous colonoscopy in a large meta-analysis was 3.7% of all CRCs
(95% Cl: 2.8 — 4.9). There is variation in the definition of PCCRCs. Previously, the maximal time
between a negative colonoscopy and the CRC diagnosis to be allowed to call it PCCRC is set to 36, 60
and 120 months and even longer in different studies.?® 2¢ Currently, all CRCs found between 6 and
120 months after a negative colonoscopy are regarded as PCCRCs.>* CRCs found within 6 months are
regarded as prevalent CRCs, since in most cases a new colonoscopy was planned within 6 months
due to an insufficient examination of the first one.

Different causes of PCCRCs have been identified. Patients with multiple, large or more advanced
neoplasms during colonoscopy, require a surveillance colonoscopy within a few years.° A CRC found
after a previous colonoscopy without signs of a CRC is called a PCCRC.” Insufficient examinations,
i.e. colonoscopies with inadequate bowel preparation or incomplete colonoscopy, contribute to
missing lesions that can become PCCRCs. Incomplete endoscopic resections of large CRNs can also
cause PCCRCs when residual tissue is able to develop into carcinoma. Some PCCRCs are assumed to
develop from CRNs that have been missed by the endoscopist due to unknown reason and some
are assumed to develop from new precursor lesions with a fast progression into CRC.?° This shows
that causes of PCCRCs are multifactorial. Some factors are influenced by the patient (performing
bowel preparation according to instructions, coming back in time for surveillance colonoscopy),
some by the endoscopist (making clear agreements with the patient about surveillance, taking
time for complete bowel visualization, arranging a second colonoscopy in case of an insufficient
examination or incomplete resection) and some by biology of the neoplasm (subtle appearance,
faster progression into carcinoma).

Precursor lesions

Some types of CRNs may contain a higher risk of PCCRCs than others. Non-polypoid neoplasms
in general and sessile serrated lesions with dysplasia are considered important contributors to
PCCRCs because of their subtle appearance and their predominant location in the proximal colon.
PCCRCs are also often located in the proximal colon and have often a non-polypoid appearance,
suggesting their origin from flat precursor lesions.?® Non-polypoid and sessile serrated lesions are
easier to overlook, especially in the case of suboptimal bowel preparation?” % and in untrained
endoscopists.?? Some studies showed a high frequency of microsatellite instability, CpG island
methylator phenotype and BRAF mutations in PCCRCs;?* 332 molecular features associated with
sessile serrated lesions.*

LSTs are also hypothesized to be precursor lesions of PCCRCs (Figure 1.3). Especially the non-
granular LSTs have a subtle appearance, which makes them easier to miss with the potential to
develop into a PCCRC. Since LSTs are non-polypoid neoplasms, the same arguments as for non-
polypoid CRNs apply. However, some additional arguments should be considered. Resection of
large LSTs is difficult with high risk on residue/ recurrence.” ™ ** 3 Without sufficient surveillance
this residue/ recurrence could eventually result in a PCCRC. Patients with LSTs are believed to have a
higher risk on synchronous and metachronous CRNs** ¥ which hypothetically increases the risk of
(PC-)CRC. PCCRCs occur also more often after previous diagnosis of LST-NG.*® Another hypothesis is




Chapter 1

that LSTs have a typical morphology because of specific molecular alterations that could go hand in
hand with an accelerated adenoma-carcinoma sequence. So, LSTs have the potential to become
invasive and share features with PCCRCs. However, direct evidence is lacking and it remains unclear
to what extent LSTs contribute to development of PCCRCs.

Often ? Often
proximal proximal
location location
%ifﬁcu't‘ Residue/ ? Incomplete

L eobIE recurrence resection
resection
? .
Subtle : Missed
appearence lesions
e " ? Newly @

9 CRC
Specific ? Specific
modular modular

profiles profiles
?
Flat : Often flat
appearance appearance

Figure 1.3: Hypothetical links between LSTs and PCCRCs.

Link with inflammatory bowel disease

Patients with inflammatory bowel disease (IBD) have an increased risk of developing CRC.*
Instead of the classic adenoma-carcinoma sequence, the chronic effect of cytokines an chemokines
caused by inflammation leads to dysplasia which could eventually turn into carcinoma. PCCRCs are
also more common among IBD patients, reporting 15.1% of all CRCs in Crohn disease patients and
15.8% in ulcerative colitis patients within a hospital population.”’ More recent data on IBD related
CRCrisk from the general population are lacking. Besides IBD associated CRC, IBD patients are also at
risk of common CRC but are excluded from the national screening programs. Patients are therefore
dependent on IBD specific surveillance that starts 8 years after onset of IBD.*'The risk of PCCRCs may
be increased by difficult detection of IBD associated dysplasia, higher prevalence of flat lesions and
a shortened duration of the carcinogenic process induced by inflammation.*
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Aims and outline of this thesis

In this thesis, we hypothesized that LSTs are an important contributor to PCCRCs. A number of
studies were conducted on both topics, each also individually important for quality of colonoscopy.
The aims of this thesis are (I) to investigate the malignant potential, clinical significance, and
therapeutic options of LSTs, (Il) to examine how to limit the risk of PCCRCs and (Ill) to study whether
non-polypoid and specifically LSTs are major contributors to PCCRCs.

The first part of this thesis is about LSTs (in combination with LNPCPs) and their clinical
significance (Chapters 2-6). Chapter 2 focuses on the LST definition and whether it is applicable in
clinical practice. In this study the endoscopic Kudo LST classification is validated among international
experts and endoscopy trainees. In Chapter 3 we aimed to investigate worldwide prevalence and
malignant potential of LSTs. In Chapter 4 we focused at the LSTs diagnosed in the Maastricht
University Medical Center and we investigated whether patients with LSTs have a different risk of
colorectal neoplasia than other patients with colorectal neoplasms. Whether prevalence of LSTs
(and the other LNPCPs) increased in national CRC screening setting and the management of these
lesions is studied in Chapter 5. In Chapter 6 we performed another meta-analysis to see whether
thermal ablation could contribute to a more effective resection of LNPCPs (including LSTs).

PCCRC is the subject of the second part of this thesis (Chapter 7-11). PCCRCs are important
regarding effectiveness and safety of colonoscopy, especially with the implementation of national
colorectal cancer screening programs. In Chapter 7 we summarized Western post-colonoscopy
surveillance guidelines and added practical tips and tricks to optimize surveillance to prevent
PCCRCs. Currently surveillance intervals are calculated based on polyp numbers and polyp size
and histology. For histology, resection and pathological examination is necessary for each polyp.
Whether we are ready for optical diagnosis only in small polyps and calculate surveillance intervals
based on this assessment, was studied in Chapter 8. As we hypothesize that non-polypoid colorectal
neoplasms (NP-CRNs) are important contributors to PCCRC, training in the detection and resection
of NP-CRNs may reduce PCCRC incidence. This was studied in Chapter 9. Because of the higher
prevalence NP-CRNs, the risk of developing a PCCRC may also been increased. Further investigation
into the role of NP-CRNs in the development of PCCRCs was done in Chapter 10. The biology of
PCCRCs development was studied in this chapter by using molecular analysis. A molecular analysis
of PCCRCs was performed and the profiles found were compared with the known profile of detected
(previously called ‘prevalent’) CRCs. In Chapter 11 the incidence of PCCRCs among inflammatory
bowel disease (IBD) patients was studied. Patients with IBD have relatively more often NP-CRNs than
the general colonoscopy population, i.e. patients referred for screening colonoscopy or patients
with symptoms justifying colonoscopic examination. Finally, in Chapter 12 we summarize these
findings and discuss the current insights, implications for clinical practice and remaining questions
about LSTs, PCCRCs and their connection.
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Chapter 2

Abstract

Objective

Correct endoscopic classification of Laterally Spreading Tumors (LSTs) in the colon and rectum
is a prerequisite in order to predict the risk of containing submucosal invasion and to determine the
optimal therapeutic plan. We examined the interobserver agreement (I0A) for classification of LSTs
among international experts, and among fellows before and after training.

Design

We developed an educational web-based system to classify the aspect of LSTs using the
endoscopic Kudo classification of LSTs. We used a case-based collection of LSTs with high-definition
white-light endoscopy images and chromoendoscopy images. We calculated the IOA using Fleiss
kappa coefficients, Gwet’s coefficients and the mean proportion of pairwise agreement.

Results

A total of 72 cases were assessed by 14 experts and 21 fellow raters. Overall, there is substantial
IOA (Gwet’s AC1) for Kudo classification of LSTs (0.62, 95% Cl: 0.55 — 0.69) and their categorization
into granular vs non-granular subtype (0.75, 95% Cl: 0.66 — 0.83) among experts. The IOA (Fleiss
kappa) varies by endoscopic subtype: 0.76 (95% Cl: 0.73 - 0.78) for LST-G-NM, 0.56 (95% Cl: 0.53
- 0.58) for LST-G-H, 0.55 (95% Cl: 0.52 - 0.57) for LST-NG-FE and 0.53 (95% Cl: 0.50 — 0.55) for LST-
NG-PD. Training significantly improved the IOA for Kudo classification of LSTs among fellows (Gwet’s
AC1 [95% Cl]: 0.43 [0.37-0.50] before vs 0.59 [0.53-0.65] after, P<0.001).

Conclusion

Our study validates the Kudo endoscopic classification of LSTs. Substantial IOA was found for
classification of LSTs among international experts and training significantly improved the 10A
among fellows.
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for endoscopic classification of laterally spreading tumors

Introduction

Laterally Spreading Tumors (LSTs) are large flat colorectal neoplasms which can be resected with
minimally invasive procedures, i.e. endoscopic mucosal resection (EMR) or endoscopic submucosal
dissection (ESD), thereby avoiding surgery.” ? Four endoscopic subtypes have been described:
homogenous granular subtype (LST-G-H) which displays regular and equally sized granules on
the surface; nodular mixed granular subtype (LST-G-NM) which displays a granular surface with at
least one dominant nodule (sessile component); flat-elevated non-granular subtype (LST-NG-FE)
which displays a completely flat and smooth surface; and pseudo-depressed non-granular subtype
(LST-NG-PD) which displays a flat and smooth surface with a superficial indentation.? Using this
endoscopic classification of LSTs is of critical importance since the risk of containing submucosal
invasion (SMI) varies between subtypes,? guiding the preferred method of resection.”

Colorectal neoplasms in general are classified using the Paris classification.” ® This classification is
less useful for LSTs because it cannot distinguish between granular and non-granular subtypes. The
overall agreement when applying the Paris classification among colonoscopy experts was only fair
to moderate in a single study and did not improve after a short training.” Practical clinical guidelines
propose a lesion-specific approach for treatment of LSTs.? ® ™ To implement these guidelines in
clinical practice, the Kudo endoscopic classification of LSTs requires good interobserver agreement
(I0A) and at first has to be validated. Few studies addressed the IOA in using the endoscopic Kudo
classification,”™ ™ and none tested this among international colonoscopy experts. Training of
endoscopists has to be provided on applying this classification.

In the current study we gathered a photo collection of LSTs, validated the endoscopic Kudo LST
classification among international colonoscopy experts and developed and validated an e-learning
on LST classification. The aims of this study were (I) to examine whether the Kudo LST classification
is a useful tool in practice; (Il) to test whether an e-learning on LST classification is effective among
trainees. Furthermore, we explored the IOA in the application of the Paris classification on LSTs and
in selecting the most suitable treatment strategy among colonoscopy experts.

Material and Methods

We employed the Guidelines for Reporting Reliability and Agreement Studies (GRRAS).” We
conceived the study using a stepwise approach as displayed in Figure 2.1.

Definition of LST

LSTs were defined as non-polypoid colorectal neoplasms (NP-CRNs) at least 10mm in diameter
which grow mainly laterally along the mucosal wall instead of growing only upward (luminal) or
only downward (submucosal).”* ™ The endoscopic LST Kudo classification has four subtypes: LST-
G-H (regular surface, evenly-sized granules), LST-G-NM (granular surface with at least one dominant
nodule [sessile component]), LST-NG-FE (completely flat surface) and LST-NG-PD (smooth surface
with subtle indentation) (Figure 2.2).

Development phase

The core group investigators (HMC and LC, National Taiwan University Hospital [NTUH] and
SS and RB, Maastricht University Medical Centre [MUMCH+]) selected the LST cases that were
diagnosed at the endoscopy units of the academic centers (Figure 2.1, step 1). A total of 103
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Assembling of case
collection (n=72)

International
Experts

Development of Analysis of difficulties
LST E-learning by feedback

LST E-learning

Figure 2.1: Study flow-chart. | MUMC+: Maastricht University Medical Centre, NTUH: National Taiwan
University Hospital.
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Figure 2.2: lllustration of the endoscopic Kudo classification. | A: LST-G-H, B: LST-G-NM, C: LST-NG-FE, D:
LST-NG-PD. Licensed by Erik Wallert (www.erikwallert.nl).

cases with anonymized clinical data and endoscopic images were kindly provided by two of the
study investigators (HMC, SS). High-definition white-light colonoscopy and chromoendoscopy
images were available in all cases. Both Olympus (H260 or H290 series) and Pentax (EC-3890i series)
colonoscopes were used. To ensure uniformity in classification of images from the 2 centres, we
selected only endoscopic images using dye-based chromoendoscopy (indigo carmine 0.04%).
Endoscopic images using digital chromoendoscopy techniques were not used. For each case photo
documentation comprised long-view images to assess the location and size of the LST and close-
view images to assess the endoscopic shape (at least 2 per case). All images were taken in a clean
and well-insufflated colon before starting the resection. Post-resection histopathology assessed by
experienced gastroenterology pathologists was available but not presented to raters.

Sample size calculation indicated that minimal 50 cases were needed for a 95% confidence
interval of +-0.10 in case of a suspected kappa coefficient of 0.75.” We invited colonoscopy experts
from Western and Eastern countries and colonoscopy trainees from MUMC+ and NTUH in the
study. We included at least 6 raters in each group. The precision of the kappa coefficient does not
increase much more when including more than 6 raters.” We assumed an equal distribution of the
endoscopic Kudo subtypes of LSTs. To facilitate sensitivity analysis, a total number of 72 cases were
included. From the 103 cases selected by the study investigators out of their personal selection,
eventually 72 were selected to use in the modules. Selection was based on a quality-assessment
comprising clarity of the image, the presence of air bubbles, presence of long-view and short-view,
level of air insufflation and use of blue dye. As in daily practice, multiple cases had flaws on some of
the points. Therefore, the core-team selected the 72 cases with the highest overall quality.

Fourteen international experts in colonoscopy were invited to participate (Step 2). All experts
perform research in image-enhanced endoscopy-assisted diagnosis and endoscopic resection of
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colorectal neoplasms, with special attention for NP-CRNs. A case-based discussion was induced to
find out how experts assessed the LSTs. These key principles were later on used in the LST training
module. Each rater received a personal account to access an online web-system (Figure 2.3). The
observers were familiar with the study goals, but were not informed about the suspected proportion
of Kudo subtypes of LSTs, the resection method used, and the lesion histopathology. Raters were
blinded from the entries of their peers.

Clinical records (e.g. patient’s age, gender, medical history, indication for colonoscopy, lesion
size and the location of the lesion) were presented in the upper right corner (Figure 2.3, Area A).
We attempted to mimic the real life situation in which the same information is available to the
endoscopist. Lesion size as measured at the time of colonoscopy was shown since this feature is
more difficult to estimate on still images.

At least 3 endoscopic images were presented for each LST, using HD white light colonoscopy
(one image) and dye-based chromoendoscopy (one long-view image and one short-view image).
Dye-based chromoendoscopy was employed in all cases to clarify the lesion border and to assess the
endoscopic shape (Figure 2.3, Area B). Raters could deliberately navigate back and forth through
the images using the arrows.

Then the raters were asked to complete a survey, comprising the following questions: (I) What
is the endoscopic Kudo LST classification subtype of the lesion? (4 options; LST-G-H, LST-G-NM, LST-
NG-FE and LST-NG-PD); (Il) What is the Paris classification subtype of the lesion? (9 options; 0-Ip, O-Is,
0-lps, 0-lla, O-lIb, 0-llc, 0-lla+lIc, O-lla+Is and other [specified by rater by using comments]); (Ill) What is
the best therapeutic plan? (4 options; EMR, ESD, surgery and other [specified by using comments]);
and (IV) How was the image quality? (3 options; excellent, good and sufficient) (Figure 2.3, Area C).

The raters were encouraged to provide specific comments where applicable. After completing
all questions, the case could be submitted and transition was made to a new case. The raters were
not allowed to navigate back to the previous case. Raters were able to pause the survey and continue
at a later moment. After completing the last case, the module was locked.

After completion of the test by all experts, IOA and specifically difficulties in the classification
were discussed within the core-group (Step 3).

We developed a LST training module (Step 4) in the detection of LSTs, in applying the endoscopic
Kudo classification and Paris classification of LSTs, and selecting the therapy of choice. This comprised
scientific information and case-based photo documentation, videos and illustrations. All experts
provided input to the development of the training module. The original case-based discussion and
the feedback on the expert test were incorporated.

The training module consisted of a video with two times five LST cases with feedback for
practicing the endoscopic Kudo LST classification in between (5 after short introduction, 5 at end
before summary). The video contained scientificinformation about LSTs, including the classification,
the risk of submucosal invasion and recurrence risk. A stepwise approach for diagnosing LSTs
was applied, including tips and tricks of experts. Special attention was payed to the use of
chromoendoscopy, submucosal injection and air insufflation.

Cases provided during the training module were different cases than in the tests. Trainees were
allowed to do the training module multiple times when desired.
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Validation phase

We invited endoscopy fellows from the MUMC+ and NTUH in the study to test whether the
endoscopic LST classification can be taught to novices using an e-learning. The trainees all had at
least some endoscopy experience. All fellows completed a test before (pre-test) and after (post-
test) the LST training. Age, year of traineeship, number of colonoscopies performed (attended and
unattended) and number of endoscopic resections performed were collected at the start of the pre-
test (Step 5). The pre-test was identical with the test accomplished by the experts. The LST e-learning
(Step 6) became available at least a week after completion of the pre-test and was available till the
end of the study. The post-test (Step 7) became available at least one week after the completion of

Dashboard &  Expert baseline survey & - Information Menu ~ ‘

Age: 67 years
Gender: Male
History: Non small cell lung
carcinoma
Indication Symptoms: rectal blood
colonoscopy: loss
Location lesion: Descending colon
Estimated size 20x20mm
lesion:
WV 4
A N GOET “ L 4 »x Full-screen |—
B —— A

Question 1 Question 2 Question 3 Question 4 | c

. . . Comments:
Please, select the correct morphologic classification

(Kudo)
Homogeneous granular LST
Mixed granular LST
Flat-elevated nongranular LST
Pseudodepressed nongranular LST
No LST

y ' § s
‘. "Ry ,
- LST-G mixed “ LST-NG pseudodepressed

| 4 Previous question | Next question W m D |

Case 1/56 1%

© 2015 | MUMC+ / dr. S. Sanduleanu

Figure 2.3: Screenshot of the web-based system. | Area A displays information about patient and lesion.
Area B displays multiple pictures. Area C presents four questions per case. Area D can be used to navigate
through the questions, to stop the module (and continue at a later moment) and to proceed with the next
case (only possible when all four questions are answered).
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the e-learning and contained the same cases as the pre-test, in a different order to limit recall bias.

Statistical analysis

We calculated the IOA among raters for endoscopic Kudo classification and Paris classification of
LSTs using Fleiss kappa coefficients with 95% confidence intervals and Gwet's first order coefficients
where appropriate.”"® In case of an unequal proportion of endoscopic subtypes, the Gwet's first-
order agreement coefficient (AC1) is a more robust tool than the Fleiss kappa coefficient.” We
examined difficulties in differentiation between subtypes by calculating the proportion of pairwise
agreement.” To examine the spread of the agreement, Cohen’s kappa coefficients between all
possible pairs of expert raters were calculated. To compare performance between endoscopy
fellows and experts, an overall expert opinion was calculated by using the most common answer.
Concordance was calculated between endoscopy fellows and this extracted answer by presenting
the proportion of matching answers.

We categorized the level of IOA according to Landis and Koch:™ perfect agreement, almost
perfect agreement, substantial agreement, moderate agreement, fair agreement, slight agreement
and less than chance agreement (kappa coefficient: 1, 0.81-0.99, 0.61-0.80, 0.41-0.60, 0.21-0.40,
0.01-0.20 and <0 respectively). We performed sensitivity analysis to adjust for high impact of single
raters. We used an adapted paired t-test to compare the agreement coefficients before and after

training.?’ A Z-test was used to test differences in agreement between groups. P values <0.05 were
considered significant. Statistics were performed using R statistics 3.2.2 for Microsoft Windows?’
with the 'kappaSize’ module for sample size calculations™ ??and the R scripts of Advanced Analytics,
LLC. 18, 20,23

Table 2.1: Overview of the inter-observer agreement results among experts. | *Fleiss kappa coefficients
which do not match with mean pairwise agreement and Gwet’s AC1 score because of unequal proportion of

categories.
GwstsACt  [ebskaen  Maanpainwise
Kudo endoscopic classification 0.62 [0.55-0.69] 0.59 [0.58-0.61] 71.0%
Granular vs non-granular 0.75 [0.66-0.83] 0.74 [0.71-0.76] 87.1%
Per Kudo subtype:
LST-G-H - 0.56 [0.53-0.58] -
LST-G-NM - 0.76 [0.73-0.78] -
LST-NG-FE - 0.55 [0.52-0.57] -
LST-NG-PD 0.53 [0.50-0.55]

24




Development and validation of an educational web-based system
for endoscopic classification of laterally spreading tumors

Table 2.1 (continuation)

Feature

Sensitivity analysis
After exclusion of most influential rater:
Kudo endoscopic classification
Granular vs non-granular
Per Kudo subtype:
LST-G-H
LST-G-NM
LST-NG-FE
LST-NG-PD
High vs lower case image quality:
High quality
Lower quality
First vs second half of cases:
First half
Second half
After exclusion of SSA/Ps
Influence of lesion size:
10-19 mm
20-29 mm
=30 mm
West vs East:
Kudo endoscopic classification: West
Kudo endoscopic classification: East
Paris Classification
Paris complete

Paris 4 groups (lla, lla+c, lla+ls and other)

Treatment
Endoscopic resection vs surgery

All treatment options

Gwet’s AC1
[95% CI]

0.63 [0.57-0.70]
0.77 [0.69-0.85]

0.67 [0.51-0.70]
0.59 [0.50-0.68]

0.61 [0.51-0.70]
0.64 [0.55-0.73]
0.59 [0.51-0.67]

0.72 [0.61-0.82]
0.49 [0.38-0.59]
0.66 [0.55-0.77]

0.63 [0.55-0.71]
0.71 [0.64-0.78]

0.71 [0.65-0.78]
0.71 [0.65-0.78]

0.94 [0.91-0.97]
0.63 [0.55-0.70]

Fleiss kappa
[95% ClI]

0.61

0.76

0.58
0.76
0.58
0.55

0.66
0.48

0.56
0.62

0.60

0.56
0.46
0.64

0.61

0.61

0.51

0.52

0.11

0.32

[0.60-0.63]
[0.74-0.79]

[0.55-0.61]
[0.73-0.78]
[0.55-0.60]
[0.52-0.58]

[0.63-0.68]
[0.46-0.50]

[0.54-0.58]
[0.60-0.64]
[0.58-0.61]

[0.53-0.59]
[0.43-0.49]
[0.62-0.67]

[0.58-0.64]
[0.58-0.64]

[0.49-0.52]*
[0.51-0.54]*

[0.08-0.13]*

[0.30-0.34]*

Mean pairwise
agreement

72.1%
88.3%

74.9%
67.6%

69.7%
72.4%
69.0%

76.6%
61.0%

74.3%

71.8%
73.5%

73.8%
75.8%

94.2%
68.5%
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Results

A total of 14 experts (7 Asian, 5 European, 1 American and 1 Australian) and 21 endoscopy
fellows (10 MUMC+, 11 NTUH) participated. The LST cases comprised 50 adenomas, 18 sessile
serrated adenomas/polyps and 4 early cancers.

Endoscopic classification of LSTs among experts

The overall IOA among experts for the endoscopic Kudo LST classification was moderate to
substantial (Gwet’s AC1 coefficient: 0.62, 95% Cl: 0.55 — 0.69, Table 2.1). Full IOA was found in 16
cases (22.2%). In 15 cases only one rater disagreed (20.8%). After recoding the endoscopic Kudo
classification into 2 categories (granular vs non-granular subtype), the IOA was substantial (Gwet’s
AC1 coefficient: 0.75, 95% Cl: 0.66 — 0.83). Full IOA was found in 38 cases (52.8%). In 18 cases only
one rater disagreed (25.0%).

Agreement differed by Kudo subtypes (Table 2.1). The overall mean pairwise agreement was
71.0% with the highest proportion of agreement pairs in the LST-NG-FE group (Table 2.2). Notably,
of all possible pairs, 10.7% were discordant pairs between LST-NG-FE and LST-NG-PD and 9.6% were
discordant pairs between LST-G-H and LST-NG-FE. The highest Cohen’s kappa coefficient for the
Kudo subtypes between expert raters was 0.81, while the lowest was 0.31 (median 0.61).

The overall I0A for the Paris classification was substantial (Gwet’s AC1: 0.71, 95% Cl: 0.65 - 0.78,
mean pairwise agreement 73.8%). Full IOA was present in 20 cases (27.8%). In 15 cases only one rater
disagreed (20.8%). After recoding the full Paris classification into 4 categories (0-lla, O-lla+lic, 0-lla+Is
and other), the IOA was consistent (Gwet’s AC1: 0.71, 95% Cl: 0.64 - 0.78) with a mean pairwise
agreement of 75.8%. None of the LSTs were categorized as Paris 0-Ip or O-lps subtype of lesions. The
free option was used only four times (2x 0-Is and 2x O-Is+1la).

Therapeutic plan

Almost perfect agreement was found between expert raters in selecting either endoscopic
treatment (EMR or ESD) or surgery as most suitable treatment (Gwet’s AC1 score: 0.94, 95% Cl: 0.91
-0.97; mean pairwise agreement: 94.2%). IOA when specifying endoscopic treatment into EMR and
ESD as the most suitable treatment was moderate to substantial (Gwet’s AC1 score: 0.63, 95% Cl: 0.55
- 0.70; mean pairwise agreement: 68.5%). Most discordant pairs were found between the choices
EMR vs ESD as most suitable treatment (25.6%). Rater’s origin (West vs East) did not influence the
agreement for endoscopic treatment vs surgery and EMR vs ESD (Gwet’s AC1 0.64 vs 0.66).

Table 2.2: Overview of all observed answer pairs between all expert raters for all cases. | A total of
6552 pairs of answer were given (14 raters can make 91 unique pairs [14 x 13 x V5] for each of the 72 cases [91
X 72 =6552]). Pairs of agreement are marked in grey. For example: a random rater classified a case as LST-G-H
while another random rater agreed 1042 times. The situation that a randomly chosen rater classified a LST
as LST-G-H while another randomly chosen rater classified the LST as LST-G-NM happened 350 times, 5.3%

of all 6552 observations.
LST-G-H 1042 (15.9%)
LST-G-NM 350 (5.3%) 999 (15.2%)
LST-NG-FE 632 (9.6%) 107 (1.6%) 2010 (30.7%)
LST-NG-PD 80 (1.2%) 28 (0.4%) 701 (10.7%) 603 (9.2%)
LST-G-H LST-G-NM LST-NG-FE LST-NG-PD
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Factors influencing variation in classification among experts

A sensitivity analysis where the most influencing expert rater was excluded (statistically
identified), showed comparable results (Table 2.1). Gwet's AC1 for the endoscopic Kudo classification
was 0.63 (95% Cl: 0.57 - 0.70).

The I0A for the endoscopic Kudo classification was similar for experts from East (SK, HMC, RS, HY,
ST, TM, LCC) compared to those from West (AO, AS, MR, RK, TK, RS, SS) (P=0.520, Table 2.1). Overall,
IOA on image quality was fair to moderate (Gwet's AC1: 0.35, 95% Cl: 0.28 — 0.42; mean pairwise
agreement: 51.8%). After recoding excellent and good quality as one category the I0A was almost
perfect (Gwet’s AC1:0.85, 95% Cl: 0.80 — 0.89; mean pairwise agreement: 86.8%). In 34 cases (47.2%)
all observers agreed on the sufficient quality for analysis of that case.

The influence of the case order was also tested (first 36 vs second 36 cases) showing a Gwet'’s
AC1 coefficient of 0.61 (95% Cl: 0.51 - 0.70) and 0.64 (95% Cl: 0.55 - 0.73) respectively. Excluding the
18 cases of SSA/Ps (14 predominantly scored as LST-NG-FE) resulted in a Gwet’s AC1 coefficient of
0.59 (95% Cl: 0.51 - 0.67); mean pairwise agreement: 69.0%. We examine the influence of lesion size
on the assessment of the LSTs: Gwet’s AC1 coefficients were 0.72 (95% Cl: 0.61 - 0.82), 0.49 (95% Cl:
0.38 - 0.59) and 0.66 (95% Cl: 0.55 - 0.77) for LSTs of 10-19mm, 20-29mm and >30mm, respectively.

Table 2.4: Overview of all observed answer pairs, before and after training, between all fellow raters
for all cases. | A total of 15,120 pairs of answer were given (21 raters can make 210 unique pairs [21 x 20 x
Y] for each of the 72 cases [210 x 72 = 15,120]). Pairs of agreement are marked in grey. For example: before
training, a random rater classified a case as LST-G-H while another random rater agreed 1875 times. The
situation that a randomly chosen rater classified an LST as LST-G-H while another randomly chosen rater
classified the LST as LST-G-NM happened 1764 times before training, 11.7% of all 15,120 observations.

A) Pre-test
LST-G-H 1875 (12.4%)
LST-G-NM 1764 (11.7%) 2485 (16.4%)
LST-NG-FE 1398 (9.2%) 516 (3.4%) 3070 (20.3%)
LST-NG-PD 468 (3.1%) 410 (2.79%) 1886 (12.5%) 1248 (8.3%)
LST-G-H LST-G-NM LST-NG-FE LST-NG-PD
B) Post-test
LST-G-H 1998 (13.2%)
LST-G-NM 1255 (8.3%) 2604 (17.2%)
LST-NG-FE 774 (5.1%) 157 (1.0%) 4332 (28.7%)
LST-NG-PD 275 (1.8%) 220 (1.5%) 2025 (13.4%) 1480 (9.8%)
LST-G-H LST-G-NM LST-NG-FE LST-NG-PD
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Endoscopic classification of LSTs before and after training in fellows

Before training, the I0A for the endoscopic Kudo LST classification among endoscopy fellows
was fair to moderate (Gwet's AC1 coefficient: 0.43, 95% Cl: 0.37 - 0.50, Table 2.3). Full agreement
was present in 4 cases, while in 4 cases only 1 rater disagreed. The overall mean pairwise agreement
was 57.4%, with the highest proportion discordant pairs between LST-NG-FE and LST-NG-PD
(12.5%) and between LST-G-H and LST-G-NM (11.7%, Table 2.4a). After recoding the endoscopic
Kudo classification into 2 categories (granular vs non-granular subtype), the IOA was also moderate
to substantial (Gwet's AC1 coefficient: 0.63,95% Cl: 0.55 - 0.71; Fleiss kappa: 0.63, 95% Cl: 0.62 — 0.65)
with a pairwise agreement of 81.5%.

After training, the IOA for the endoscopic Kudo LST classification among endoscopy fellows
significantly increased (Gwet's AC1 coefficient: 0.59, 95% Cl: 0.53 - 0.65, P<0.001). Full agreement
was now present in 6 cases, while in 14 cases only 1 rater disagreed. The Fleiss kappa of all four LST
subtypes increased after training (Table 2.3). The overall mean pairwise agreement increased to
68.9%, with the highest proportion discordant pairs between LST-NG-FE and LST-NG-PD (13.4%)
(Table 2.4b). After recoding endoscopic Kudo classification into granular vs non-granular, the IOA
increased to substantial/almost perfect agreement (Gwet’s AC1 coefficient: 0.81,95% Cl: 0.75 — 0.88)
with a pairwise agreement of 90.6%. IOA for the Paris classification also statistically improved after
training (P<0.001).

Before training, a small, non-significant difference in agreement between fellows of the MUMC+
and NTUH existed: Gwet's AC1 0.41 (95% Cl: 0.34 - 0.48) vs 0.47 (95% Cl: 0.40 — 0.54) respectively
(P=0.223). After training, the Gwet’s AC1 value was similar: 0.58 for the MUMC+ (95% Cl: 0.51 - 0.65)
vs 0.60 for the NTUH (95% Cl: 0.53 - 0.66) (P=0.754). Mean age was slightly higher among the NTUH
fellows: 31.4 years (MUMC+, SD: 1.5) vs 33.3 years (NTUH, SD: 1.8) (P=0.019). Furthermore, the fellows
in the NTUH had performed more colonoscopies under supervision (Modus 1-500 in MUMC+ and
>2000 in NTUH, P=0.004) and unattended (Modus 0-500 in MUMC+ and 501-1000 in NTUH, P<0.001)
than the fellows of the MUMC+. Finally, NTUH fellows were also more experienced with endoscopic
resections (Modus 0 in MUMC+ and 1-20 in NTUH, P=0.004).

Initially, endoscopy fellows had 68.1% concordance with the overall expert opinion in the
endoscopic Kudo classification (see Table 2.5). For determining granularity vs non-granularity, the
concordance was 87.3%. After the training, the concordance with the experts on endoscopic Kudo
classification became 76.5% and for granular vs non-granular status 93.1%. Both before and after
training, the endoscopy fellows had most concordant pairs with the cases that the experts classified
as LST-G-NM. The largest improvement after training was for the LST-NG-FE cases: from 64.4% to
77.3% accordance. Regarding endoscopy fellows, the concordance with experts increased for 17
raters, remained stable for one rater and decreased for three raters after training (see Figure 2.4).
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Figure 2.4: Plot showing the concordance rates for the endoscopic LST Kudo classification of all
trainees before and after the LST e-learning. | Each trainee is displayed with a different symbol (color).

Table 2.5: Concordance of endoscopy trainees compared to overall experts' opinion on the
endoscopic Kudo classification.

Feature Pre-test Post-test
Endoscopic Kudo LST classification 68.1% 76.5%
Granular / non-granular 87.3% 93.1%
LST-G-H 67.2% 71.1%
LST-G-NM 80.3% 87.6%
LST-NG-FE 64.4% 77.3%
LST-NG-PD 62.3% 67.1%
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Discussion

This is the first study to test the validity of the endoscopic Kudo classification of LSTs in a group
of colonoscopy experts and endoscopy fellows. There is moderate to substantial IOA in applying the
endoscopic Kudo classification and in classifying LSTs as granular vs non-granular subtype among
international experts. Because the risk of containing SMI in endoscopic subtypes of LST varies
considerably, correct classification of LSTs is an essential step in selecting the preferred therapy to
optimize the patient outcome.

Moderate to substantial agreement was found between experts on both full endoscopic Kudo
classification and on classifying LSTs into granular and non-granular. However, the Gwet’s AC1 value
was higher for the granular/non-granular classification than for the endoscopic Kudo classification
(0.75,95% Cl: 0.66 — 0.83 vs 0.62, 95% Cl: 0.55 - 0.69). This may indicate that it is easier to distinguish
granular LSTs from non-granular LSTs than recognizing the presence/absence of a dominant nodule
or depression within granular and non-granular LSTs. The highest proportion of discordant pairs
was observed between flat and pseudo-depressed non-granular LSTs (10.7%). Thus, experts had
most disagreement in recognizing pseudo-depressions within non-granular LSTs.

Endoscopy trainees pursued the specifically designed e-learning on endoscopic Kudo
classification. Their IOA improved significantly with kappa values approaching those of the experts.
Such training helps to implement the Kudo classification into clinical practice. Although training
significantly improved the Gwet’s AC1, it remained in the moderate range. As with the experts,
classifying LSTs into granular and non-granular resulted in higher IOA: substantial agreement before
training with almost perfect agreement after training. In a significant proportion of cases, discordant
pairs between LST-G-H and LST-NG-FE were found (9.6% for experts and 9.2% for fellows [before
training]). Training effectively improved granular recognition, since only 5.2% of all observations
were discordant pairs between LST-G-H and LST-NG-FE after training. The highest rate of discordant
pairs was seen between flat elevated and pseudo-depressed non-granular LSTs, both before and
after training, confirming the observation in the expert group. Furthermore, the proportion of
discordant pairs between LST-G-H and LST-G-NM decreased after training, indicating that training
made the recognition of a dominant nodule easier.

For each individual case concordance of answers between endoscopy fellows and experts as
group could be interpreted as diagnostic accuracy, assuming that the opinion of the majority of
experts is the reference. Initially, 68.1% of the cases scored by endoscopy fellows were correctly
classified according to the overall expert’s decision. This increased to 76.5% after training, but still
almost a quarter of all trainee ratings were misclassified according to the experts' rating. Again,
after recoding into only granular/non-granular LSTs, the concordance increased (87.3% pre-training
and 93.1% post-training). It is obvious that not only within but also between the rater groups
(experts and endoscopy fellows), the largest disagreement exists in determining whether pseudo-
depression is present.

A Korean multicenter study examined the IOA of the full endoscopic Kudo classification of
LSTs in experts and trainees.” Without special LST training, the Fleiss kappa coefficient for IOA was
0.73, comparable to the present study, with the highest agreement in the LST-G-NM category. The
untrained fellows had a significantly lower I0A than experts (kappa coefficient: 0.55 vs 0.73). In the
present study we showed that training increased the level of IOA among trainees almost reaching
that of the experts. The higher overall Fleiss kappa coefficient in the Korean study could have been
the result of including raters from the same academic center or centers from the same geographic
region. Previous exchanges and communication between centers could have improved the IOA in
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classifying LSTs in the Korean study.

In a Japanese study the ability to differentiate between three granular LST subtypes was tested
in highly experienced endoscopists, less experienced endoscopists and students.?While the experts
showed an almost excellent agreement (kappa coefficient: 0.84) when using chromoendoscopy
images, the endoscopists often disagreed whether LST-G had small or large nodules.”? White light
images showed lower I0A (kappa: 0.78). The overall high I0A in this Japanese study could be
partially explained by the fact that only LST-G cases were included.

A Dutch study of the IOA of the Paris classification in 7 expert raters showed a pre-training
Fleiss kappa coefficient of 0.42 (95% Cl: 0.38 - 0.46) with a pairwise agreement of 67%.° After a
short training, the Fleiss kappa coefficient was 0.38 (95% Cl: 0.35 - 0.41). A large proportion of the
neoplasms were smaller than 10mm, which makes differentiation more difficult. Recoding the
answers to polypoid and non-polypoid neoplasms did not improve the agreement (Fleiss kappa:
0.43). In contrast to our study, that study included video clips of all Paris subtypes of colorectal
neoplasms. The distribution of categories was unequal, though. In the present study, only LSTs
were included, which limited the number of relevant Paris categories by definition rendering the
distribution of answers again unequal. To mitigate this factor, in our study we used the Gwet’s AC1
estimation in calculating the kappa coefficients for IOA since it is a more appropriate estimator
than the Fleiss kappa coefficient in case of unequal proportions.” This could explain the higher
IOA coefficient in the present study (0.71 vs 0.42). It should be taken into account that the Paris
classification has no category for LSTs, and valuable information about surface structure of LSTs
(granular vs non-granular) cannot be retrieved, which hinders the colonoscopist to predict the
risk of submucosal invasion (SMI). In contrast to the Kudo classification, the Paris classification has
been widely implemented in endoscopy practice. We suggest considering amendment of the Paris
classification with granularity status for large NP-CRNs.

An important finding of the present study is the almost perfect agreement (Gwet’s AC1: 0.94)
between experts on primary treatment of LSTs by either endoscopy or surgery. The agreement on
type of endoscopic resection (i.e. EMR, ESD, or ‘other endoscopic treatment’) was moderate (Gwet's
AC1:0.63). Even among experts in Japan, selection of endoscopic treatment by either EMR or ESD
on the same neoplasm may differ significantly and is still under debate.’ The LST Kudo subtypes
are increasingly applied in practice to determine the optimal treatment strategy.® Treatment
strategy depends on biological factors (risk of SMI and lymphovascular invasion) and technical
factors (lesion location and size, patient’s comorbidity and preference and endoscopist’s expertise).
Patients with low risk early CRCs (well or moderate differentiated adenocarcinoma with absence of
lymphovascular invasion, invasion depth of less than 1000um and with negative vertical margins)
can be safely treated endoscopically with low risk of recurrences (0.8%).2* The prevalence of SMI
differs among the subtypes with low risk for the LST-G-H and high risk for the LST-NG-PD.* * ™ Non-
granular LSTs, and in particular the LST-NG-PD, have often multifocal invasion and fibrosis.”> When
LST-G-NM contains SMI, this is mostly at the basis of a dominant nodule.? So the endoscopic Kudo
classification of LSTs can provide important information for endoscopic resection and is the first
step in diagnosis. A high I0A for LST classification will help standardizing the treatment. In addition,
detailed inspection of pit pattern using chromoendoscopy and magnifying colonoscopes helps to
identify invasive areas and predict histology with high accuracy.?® % Combined use of endoscopic
Kudo classification and the Kudo pit pattern of the epithelial surface improves the prediction of SMI
in LSTs which in turn will improve the agreement in selection of the best therapy.

Some methodological aspects should be acknowledged. To our knowledge, this is the first

32




Development and validation of an educational web-based system

for endoscopic classification of laterally spreading tumors

international study on IOA of endoscopic classification of LSTs in the colon and rectum. To simulate

the real-life practice, we assembled a systematic case-collection of LSTs. For didactic purpose,

only high-quality images were used. We developed a case-based system for LST classification with

e-learning and validated it among endoscopy fellows at two different centers. This educational

program had significantly improved the performance of endoscopy trainees and can now be used

worldwide. It should be taken into account that the durability of the learning effect has not been
assessed in the present study.

The effect of not using chromoendoscopy on the I0A of the endoscopic Kudo classification
remains unknown, although we expect the I0A to be lower. Chromoendoscopy is not commonly
used in all centers worldwide, but is advised by experts for lesion characterization.” In the
present study, only images of chromoendoscopy with contrast dye were used. The effect of using
digital chromoendoscopy instead of dye chromoendoscopy on the IOA of the endoscopic Kudo
classification remains to be clarified. Because the availability of ESD differs among centers, both
experts’and trainees’ views on most suitable resection technique could have been biased.

In this study, we compared the IOA of the fellows for LST classification with that of experts, who
were considered to be the reference. Because of the lack of a gold standard, diagnostic accuracy
could not be calculated. The I0A of the endoscopic Kudo LST classification was examined instead.
Intraobserver agreement (the consistency in scoring of individual raters in a single case) could not
be assessed because of single measurements. The use of short endoscopy movies showing the LST
instead of still images could further improve the classification. Of note, IOA was lower in the cases
scored as ‘of insufficient quality’ by at least one rater. Future studies should use high-definition
endoscopy movies that mimic real life better.

A more objective assessment method to identify pseudo-depressions, dominant nodules, and
subtle granules may help to improve the IOA of the endoscopic Kudo LST classification. Identification
of a dominant nodule may become more straightforward when using 5mm as cut off for a dominant
nodule, as suggested by the study of Shigita et al.”? The risk of SMI is leading in the treatment
strategies’ and is higher for LST-G with dominant nodules of at least 5mm. Small granules may be
difficult to distinguish with standard colonoscopy while dye-based chromoendoscopy provides
more detail. Notably, recognition of pseudo-depression remains a challenge for both experts and
(trained) endoscopy fellows.

Conclusion

In summary, our study confirms that the Kudo endoscopic classification of LSTs is a practical tool.
Substantial IOA was found for classification of LSTs among international experts. A specific designed
e-learning significantly improved the IOA among fellows. Training of endoscopists in applying the
endoscopic Kudo classification is a meaningful first step in improving endoscopic treatment of LSTs.
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Abstract

Background and study aims

Many studies have reported on laterally spreading tumors (LSTs), but systematic reviews of the
data to determine their risk of containing submucosal invasion (SMI) are lacking. We systematically
screened and analyzed the available literature to provide a more solid basis for evidence-based
treatment.

Methods

We conducted a systematic search in PubMed, Embase, the Cochrane Library, and Scopus for
published articles until July 2017. We estimated pooled prevalence or odds ratios (ORs) with 95%
confidence intervals (Cls), using random effects models. We classified endoscopic subtypes into
LST-granular (LST-G), which comprises the homogeneous (LST-G-H) and nodular mixed (LST-G-
NM) subtypes and LST-non-granular (LST-NG), which comprises the flat elevated (LST-NG-FE) and
pseudo-depressed (LST-NG-PD) subtypes.

Results

We identified 2949 studies, of which 48 were included. Overall, 8.5% (95% Cl: 6.5 - 10.5%) of
LSTs contained SMI. The risk of SMI differed among LST subtypes: 31.6% in LST-NG-PD (95% Cl: 19.8
- 43.4%), 10.5% in LST-G-NM (95% Cl: 5.9 — 15.1%), 4.9% in LST-NG-FE (95% Cl: 2.1 — 7.8%) and 0.5%
in LST-G-H (95% CI: 0.1 - 1.0%). SMI was more common in distally rather than in proximally located
LSTs (OR 2.50,95% Cl: 1.24 - 5.02). The proportion of SMl increased with lesion size (10-19mm: 4.6%;
20-29mm: 9.2%, >30mm: 16.5%). The pooled prevalence of patients with one or more LSTs in the
general colonoscopy population was 0.8% (95% Cl: 0.6 - 1.1%).

Conclusion

The majority of LSTs are non-invasive at the time of colonoscopic detection and can be treated
with (piecemeal) endoscopic mucosal resection. Pretreatment diagnosis of endoscopic subtype,
specifying areas of concern (nodule or depression) determines those LSTs at highest risk of
containing SMI, where en-bloc resection is the preferred therapy.
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Introduction

Large flat-appearing neoplasms, also known as laterally spreading tumors (LSTs)’ constitute an
important contributor to post-colonoscopy colorectal cancer.? Endoscopic diagnosis and resection
of LSTs is known to be technically difficult.” *The European Society of Gastrointestinal Endoscopy
(ESGE) guidelines on colorectal polypectomy and the British Society of Gastroenterology guidelines
for the management of large non-pedunculated colorectal neoplasms state that most colorectal
neoplasms can be treated with (piecemeal) endoscopic mucosal resection (EMR).> ¢ Endoscopic
resection should be safe and performed with a minimum number of pieces. If superficial submucosal
invasion (SMI) is suspected, en-bloc resection should be the therapy of choice. En-bloc resection for
superficial neoplasms larger than 20mm can be achieved by endoscopic submucosal dissection
(ESD).”

The most effective LST treatment strategy is still under debate. An Australian multicenter study
showed that piecemeal EMR is an effective treatment in most cases of flat and sessile neoplasms
>20mm.% After initially successful EMR, 98.1% of the patients were free of adenoma and did not
require surgery. A Japanese study from a centre experienced in ESD showed that granular LSTs
with a dominant nodule and non-granular LSTs with a pseudo-depression are associated with a
substantial risk of SMI (19 and 39% respectively) which was multifocal in 16 and 45%, respectively.
This group suggested that en-bloc endoscopic resection is the preferred therapy in such cases.’

Although clinical practice guidelines acknowledge substantial differences in the risk of SMI
between different LST subtypes, the therapeutic implications are unclear. A large number of
studies have examined the risk of LSTs containing SMI, but no meta-analysis of the data is currently
available. We performed a systematic review with meta-analysis to determine endoscopic predictors
of increased risk of SMI in LSTs in order to provide a more solid basis for evidence-based therapy.

Methods

We conducted and reported this systematic review according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) recommendations.’”” We employed an a priori
established protocol " which is available on request.

Definitions

The term ‘laterally spreading tumor’ defines a laterally growing superficial neoplasm (instead
of upward or downward growth) of at least 10mm in size.” The term ‘superficial neoplasm’ relies
on macroscopic assessment and refers to lesions that are non-invasive in appearance.” Superficial
neoplasms can contain low grade dysplasia, high grade dysplasia (HGD) or submucosal invasion
(SMI) which are amenable to endoscopic resection. The term ‘non-polypoid’ is defined as a lesion
with a height less than half of its diameter™ or as a lesion with protrusion <2.5mm above the
mucosa.™ * We used the WHO classification for histopathology.’ Intramucosal carcinoma was
coded as adenomatous HGD.

LSTs were subclassified using the endoscopic Kudo classification (which should not be
confused with the Kudo pit-pattern classification) into LST-granular (LST-G), which comprises the
homogeneous (LST-G-H) and nodular mixed (LST-G-NM) subtypes, and LST-non-granular (LST-
NG), which comprises the flat elevated (LST-NG-FE) and pseudo-depressed (LST-NG-PD) subtypes
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(Figure 3.1)." The homogenous granular and flat elevated non-granular LST subtypes correspond
with the Paris O-lla subtype, the nodular mixed granular LST subtype consists of a combination of
the Paris 0-lla and 0-Is subtypes, and the pseudodepressed non-granular LST subtype consists of a
combination of the Paris 0-lla and 0-lic subtypes.”

Information sources

Before starting the study, the reviewers (RB, MV, LS) were trained in designing search queries by
an experienced medical research librarian. We included all original publications (English language)
reporting on LSTs up to 1 July 2017. We searched PubMed, Embase, Scopus, and Cochrane Library
with MeSH (colorectal neoplasms) and non-MeSH terms: (lateral* spreading tumor OR LST OR
non polypoid OR ((nonpolypoid OR non-polypoid OR flat) AND (tumor OR lesion OR neoplas* OR
adenoma OR cancer OR carcinoma¥*))) AND (colorectal OR colon OR colonic). Given the heterogeneity
in the definition of an LST, the search terms and the hierarchy were selected to capture all relevant
studies (highest sensitivity with lower specificity). Because of the detailed information needed for

ris O-lla Paris 0-Ila

SMI risk: 0.5% SMI risk: 4.9%
(95% CI:0.1-1.0%) (95% Cl:2.1-7.8%)

Paris 0-lla + Is Paris 0-lla + llc

SMI risk: 10.5% SMI risk: 31.6%
(95% CI:5.9-15.1%) (95% Cl: 19.8-43.4%)

Figure 3.1: Endoscopic images of the four endoscopic Kudo LST subtypes. | Together with a schematic
overview of these lesions showing: A, granular homogenous LST (Paris lla); B, granular nodular mixed LST
(Paris lla+ls); C, non-granular flat elevated LST (Paris lla); D, non-granular pseudo-depressed LST (Paris
lla+lic).
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this systematic review, we did not include abstracts and conference proceedings. A cross-reference

check of the retrieved articles was performed to identify additional publications. When further
information from original studies was needed, the authors were contacted.

Study selection

Selection of articles based on title and abstract was performed by one reviewer (RB) and checked
by a second reviewer (MV or LS). The full text articles were then reviewed. Eligible studies to calculate
pooled prevalence of LSTs were those reporting the population size, number of patients with at least
one LST, and total number of patients with at least one colorectal neoplasm; studies to calculate
the risk of SMI were those reporting the total number of consecutively diagnosed LSTs and their
histopathology. Population-based studies reporting histopathological outcomes were included
in both analyses. We excluded studies in selected populations (e.g. patients with inflammatory
bowel disease or hereditary CRC syndromes), studies including only consecutive cases referred for
surgery or ESD, and those primarily designed as reviews or editorials. For studies where there was
any suspicion of cohort overlap between publications, the publication with the most extensive data
was used. In particular, this applied to the Australian Colonic Endoscopic Mucosal Resection (ACE)
study™ "®and the Flat Lesions Italian Network (FLIN) study.™ Disagreements were resolved through
discussion with the study coordinator (SS).

Data extraction

The reviewers independently extracted the following information onto standardized paper
forms: author; country; publication year; enrollment period; duration of enroliment; setting (primary
or referral center); study design (retrospective vs. prospective study); definitions of a laterally
spreading tumor (LST); eligibility of the study for analyses (prevalence estimates vs malignancy risk);
mean/median age of the patients with LSTs; sex distribution; total number of patients examined;
number of patients with at least one LST; number of patients with at least one colorectal neoplasm;
number of LSTs; endoscopic features of each LST (location, size, endoscopic subtype) and their
histopathology.

Assessment of methodological quality

To assess study quality and the potential risk of bias in individual studies, we used criteria
derived from the Loney scale for prevalence studies,?’ in conjunction with the Quality Assessment
of Diagnostic Accuracy Studies (QUADAS-2) tool.?’' The studies included in this meta-analysis have
features of both population-based and diagnostic accuracy studies, rendering the Loney scale and
QUADAS-2 criteria as the most suitable for quality assessment. Risk of bias comprises the risk of
population bias and risk of outcome bias. For population bias, we assessed whether the study used a
general colonoscopy population, whether the sampling frame was unbiased and whether adequate
exclusion criteria had been used. An overall assessment of the risk of bias was provided (high vs low).
For outcome bias we assessed whether the study examined LSTs as a primary outcome, whether
complete colonoscopy was used for diagnosis, whether the endoscopists and pathologists were
unbiased and whether the majority of the lesions found had been histopathologically analyzed
(>90% of all lesions). Again, an overall assessment of the risk of bias in the outcome measurements
was provided (high vs low).

Statistical analysis

All pooled prevalence rates and odds ratios (ORs) along with a 95% confidence interval (Cl) were
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calculated using random effect models. We used the R statistical program version 3.2.2 to process all
the collected data.?? Using raw numbers from the included articles and a binomial distribution, the
prevalences and their 95% Cls were calculated per study. A random-effects model with DerSimonian-
Laird estimator, which takes into consideration both within and between study heterogeneity,
was applied to the raw proportions and odds ratios using the Metafor package version 1.9.% For
the pooled prevalence of LSTs, a double arc-sinus correction was applied (Freeman-Tukey). 2 This
method adjusts for variance instability in situations of low prevalence. After correction, the results
were converted to the original proportion scale for interpretation. Heterogeneity was tested with the
Q test for significance and with the inconsistency index (1), where a value of >50% was considered
as substantial heterogeneity between studies. Funnel plots with Egger’s test for asymmetry were
constructed to test the possible effect of publication bias.”® Additionally, sensitivity analyses
were performed after exclusion of studies with a high risk of bias. Potential effect modification of

Electronic search:

« Pubmed: 2500

- Embase: +200

+ Scopus: +131

» Cochrane library: +118

2949 unique records

197 articles selected on the basis of the title and abstract

48 articles eligible after reading full text

7 eligible for LST 12 eligible for both 29 eligible for risk
prevalence prevalence estimates of submucosal
estimates and risk of submucosal invasion
invasion

Figure 3.2: Flow-chart of the search, and inclusion and exclusion of articles on prevalence and
submucosal invasion in LSTs.
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geographical region (studies from East Asian countries and Western studies) and starting year of
inclusion was tested by adding these variables to the models mentioned before. A two-sided P value
<0.05 was considered statistically significant.

Results

A total of 2949 unique articles were identified (Figure 3.2). Based on title and abstract, we
selected 197 articles for full text examination and included 48 studies in this meta-analysis. Of
these, 19 were population based studies’™ 2% (1398 LST patients with 2663 LSTs) and 29 were
lesion-based (Figure 3.3)."” # 77 4% Twelve studies qualified as both population- and lesion-based
studies, ™ 26 30 32:34 36,37, 3941, 43 Taple 3.1 shows an overview of the eligible studies used to calculate
the pooled prevalence of LSTs and pooled risk of SMI. Two studies reported only the largest lesion
per patient?® ?°. Among the population-based studies, eight were Asian,?® # 3% 3234 36 38 ajght were
European'® 2% 3 37 39 4743 3 three were American studies.?® 3" *°In all studies, LST subtypes were

classified using conventional chromoendoscopy (where specified). Five studies additionally used
19, 31, 49, 50, 70

digital chromoendoscopy.

Eligible studies for
12 risk of malignancy

29

Used in analysis of:

AN

Prevalence of
patients with LST(s)
of all patients with

colorectal neoplasm(s)

v 2

Endoscopic
subtypes of LSTs

1

0 4
Prevalence of LSTs Histopathology
of all colorectal neoplasms of LSTs
10 10

Figure 3.3: Overview of the studies used for the various calculations. | Note: 31 studies (10+17+4)
provided information about LST histology. Of these 31 studies, 26 were used for SMI rate (Figure 3.8a), one
study was only used for HGD rate (Figure 3.8b) and four studies were only used for SMl rate of LSTs 220mm
(Figure 3.12). Of the 31 studies, 21 (17+4) reported histopathology data and endoscopic LST subtypes. Of
these 21 studies, 15 provided the SMl rate in LST-G vs LST-NG (Figure 3.9), and seven of these provided the
SMI rate for the endoscopic Kudo subtype. 5
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Table 3.2: Risk of bias in the included studies. | A mix of criteria (Loney scale and QUADAS-2 tool) were
used.

Population Outcome assessment

2 £
g = 5 £, % - £
2 = E % g | E3 g ) g 3

5 E %3 &3 Ef 3 &g g8 Bt

8.5 o ;.! 23 '55 E'u Lo ﬁ-sf., ;'.3 ,,E,

TE %, Ss 23 gt I 93 Z%s of

22 Bt §3 82| 28 E2 85 Sg3 28

8¢ S5& 3IE QE 923 SE g5 =2§ #2
Katano 2017 N N N H N U U U L
Burgess 2017 N N N H N U U Y L
Yamada 2016 N N Y H Y U U Y L
Kudo 2015 Y Y Y L Y U U Y L
Zhao 2014 Y Y Y L Y Y U Y L
Xiang 2014 Y N Y H N Y Y Y L
Togashi 2014 Y Y N L Y Y U Y L
Miyamoto 2014 Y Y Y L Y U U Y L
Konda 2014 Y N Y H Y U U Y L
Dos Santos 2014 Y Y Y L N Y U Y L
Yoon 2013 V] N N H Y U U Y L
Urban 2013 U N N H Y U U Y L
Reinhart 2013 N Y Y L N Y u Y L
Kim 2013 Y Y U L Y U N Y L
Kakugawa 2013 N N N H Y U U Y L
Terasaki 2012 N N N H Y U U Y L
Nakae 2012 u U Y H Y U u Y L
Martinez 2012 Y Y N L Y Y U Y L
Kim 2012 N N N H Y U U Y L
Rotondano 2011 Y Y Y L Y Y Y Y L
Kim 2011 Y Y U L Y Y U Y L
Kaku 2011 N Y U L Y Y U Y L
Kaji 2011 Y Y Y L Y U U Y L
Sugimoto 2010 Y N Y H Y u u Y L
Matsuda 2010 Y N U H Y Y U Y L
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Table 3.2: (continuation)

Outcome assessment
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919M SI0SSOSSY
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2inseaw awod3no
Kiewnd sem |57

Population

seiq pa>npoajul
sjuaned jo uonda|as

el
uoisn|dxa ajenbapy

swely
puidwes paseiqun

uonejndod
Adodsouojod |esausn

Y

2010

Bustamante-

Balén
Oka

Y
Y
N
N
Y
u
u
Y
Y
u
Y
Y
N
Y
Y
Y
Y
N
Y
Y
u
Y

2009

2009

Huang
Chiu

2009

2008

Urban
Tantau

2008

2008

Nosho
Kudo

2008

2008

Kil Lee

2007

Kaltenbach
Uraoka

2006

2006

Para-Blanco

2006

Katsinelos

2006

Hiraoka

Su

2005

2004

O'Brien

2003

Kim
Tsuda

2002

2001

Tanaka

2001

Saito

2000
1996
1995

Rembacken

Teixeira

Jaramillo

s, N = No.

=Ye:

unknown, Y

s, U=

low risk on bia.

s, L=

high risk on bia.

H=
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Study quality

The risk of outcome bias was low in all included studies. The risk of population bias was high in
four population based studies and in 20 lesion-based studies (Table 3.2). Table 3.3 summarizes the
definition of LSTs in the included studies.

Prevalence

Seven studies reported the total number of patients included (136,896 patients) and the number
of patients with one or more LSTs. Five of these included all consecutive patients undergoing
colonoscopy,™ 26 3" 37 3% \hile two studies included only patients undergoing screening
colonoscopy.?” **The pooled prevalence of patients with one ore more LSTs of all patients was 0.8%
(95% Cl: 0.6 — 1.1%, 1?: 92.4%, Figure 3.4a). The pooled prevalence of patients with one or more LSTs
among patients with neoplasms was 3.0% (95% Cl: 2.3 - 3.7, 1% 93.9%, Figure 3.4b). The pooled
prevalence of LSTs among all neoplasms was 3.6% (95% Cl: 2.5 — 4.9, 1%:96.9, Figure 3.4c). Geographic
region and starting year of inclusion had no significant effect on LST prevalence. The funnel plots of
these analyses are shown in Figure 3.5. Heterogeneity and Funnel plot asymmetry were significant
(P<0.001) in all three analyses.

Table 3.3: Laterally spreading tumor definition used in the included studies.

Definition Based on Studies
(publication)

1 “Aneoplasm with Kudo 2008"/ Katano 2017,* Burgess 2017,”
predominantly lateral growth Kudo 1993 Yamada 2016,° Kudo 2015, Zhao
of at least 10 mm in diameter; 2014,%Togashi 2014, ** Miyamoto
this is in opposition to polypoid 2014,” Konda 2014,*Yoon 2013,%
(upward growth) or flat and Urban 2013,°°Kim 2013,%* Kakugawa
depressed lesions (downward 2013, Nakae 2012, Kim 2012,
growth)” Kim 2011,%?Kaku 2011, Kaji

2011 ,jjSugimoto 201 0,% Matsuda
2010, Oka 2009,”” Huang 2009,
Chiu 2009,% Urban 2008,”” Nosho
2008,%°Kudo 2008," Uraoka 2006;2
Katsinelos 2006, Hiraoka 2006,%* Su
2005,% Tanaka 2001,% Saito 2001,%
Teixeira 1996

2 “Large non-polypoid lesion Paris classification Dos Santos 2014,% Rotondano
<2.5mm in height (height:width 20035 2011, Tantau 2008%
ratio <1:3 for LST-G-NM)”

3 “Non-polypoid lesion =1omm - Xiang 2014, Reinhart 2013,%
in size” Kaltenbach 2007, Parra-Blanco

2006,39O’Bri4e1n 2004,*’Kim 2003,
Tsuda 2002,” Rembacken 2000,
Jaramillo 1995

4 “Non-polypoid lesions >1omm  Sawada 1989% Bustamente-Balen 2010
with height:width ratio <1:2"

5 No definition - Terasaki 2012,*? Martinez 20127
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Prevalence of patients with = 1 LST in the study population

Author and Year X n Prevalence [95% Cl]
Zhao (2014) 259 38050 | 0.68 [0.60, 0.77]
Reinhart (2013) 354 52521 [ 0.67 [0.61,0.75]
Martinez (2012) 24 1234 | 1.94 [1.25,2.88]
Rotondano (2011) 253 27400 n 0.93 [0.82, 1.05]
Chiu (2009) 53 12731 = 0.42 [0.31,0.54]
Tantau (2008) 14 3856 = 0.36 [0.20, 0.61]
Parra-Blanco (2006) 31 1104 = 2.81[1.92,3.96]
Total: > 0.83[0.62, 1.07]
’=092.4% o ; i 3 4

Proportion (%)

Figure 3.4a: Forest plots showing prevalence estimates with 95% confidence intervals (Cis). | patients
with one or more LSTs in the study population (x, number of LST patients; n, number of patients).

Prevalence of patients with LSTs among patients with CRNs

Author and Year X n Prevalence [95% Cl]
Reinhart (2013) 354 17771 [ ] 1.99 [1.79, 2.21]

Kim (2013) 287 10595 ] 2.71[2.41, 3.04]
Rotondano (2011) 254 5609 = 4.53 [4.00, 5.11]

Kim (2011) 153 6499 = 2.35[2.00, 2.75]
Chiu (2009) 53 2385 = 2.22[1.67,2.90]
Tantau (2008) 14 575 = 2.43[1.34, 4.05]
Parra-Blanco (2006) 31 298 ] 10.40 [7.18 , 14.44]
Total: < 2.97 [2.26, 3.68]
I?=93.9% 10 45 8 115 15

Proportion (%)

Figure 3.4b: Forest plots showing prevalence estimates with 95% confidence intervals (Cis). | patients
with one or more LSTs among patients with colorectal neoplasms (x, number of LST patients; n, number of
patients with neoplasms).
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Prevalence of LSTs among all CRNs

Author and Year X
Xiang (2014) 172
Dos Santos (2014) 66

Rotondano (2011) 254

Kaku (2011) 62
Matsuda (2010) 453
Bustamente (2010) 14
Ciu (2009) 53
Tantau (2008) 14
Kil Lee (2008) 107

Parra-Blanco (2006) 43
O'Brien (2004) 16
Tsuda (2002) 11
Rembacken (2000) 49
Jaramillo (1995) 18
Total:

I?=96.9%

n Prevalence [95% Cl]
4632 [ 3.7[3.2,4.3]
2067 ] 3.2 [2.5, 4.0]
6553 m 3.9(3.4,4.4]
3269 ] 1.9[1.5,2.4]
6638 ] 6.8[6.2,7.5]
613 ] 2.3[1.3,3.8]
3494 n 1.5 [1.1,2.0]
802 ] 1.7 [1.0, 2.9]
3263 = 3.3[2.7,3.9]
490 = 8.8[6.4,11.6]
1504 ] 1.1 [0.6,1.7]
973 u 1.1 [0.6, 2.0]
327 ] 15.0[11.3,19.3]
300 - 6.0[3.6,9.3]
. 3.6 [2.5,4.9]
I ) ) ) 1
o 5 10 15 20

Proportion (%)

Figure 3.4c: Forest plots showing prevalence estimates with 95% confidence intervals (Cis). | LSTs
among all colorectal neoplasms (x, number of LSTs; n, number of colorectal neoplasms).

Prevalence of patients with =1 LST in the study population

Standard Error
0.004 0.002 0.001 0.000
L i L

0.005
N

]

T
0.00

T T T T T T
0.00 0.01 0.01 0.02 0.02 0.03
Proportion (%)

Egger’s test z=4.53, P<0.001
Figure 3.5a: Funnel plot showing prevalence estimates of patients with one or more LSTs in the study

population.
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o

e of pati with LSTs i with CRNs

Standard Error
0.009 0.004 0.000

0.013

0.018

0.08 0.10

0.00 0.02
Egger’s test z=3.58, P<0.001

Figure 3.5b: Funnel plot showing prevalence estimates of patients with LSTs among patients with
colorectal neoplasms.

0.04 0.06
Proportion (%)

Prevalence of LSTs among all CRNs

Standard Error
0.010 0.005 0.000

0.015

0.020

0.00 0.05 0.10 0.15
Proportion (%)
Egger’s test z=4.9, P<0.001

Figure 3.5c: Funnel plot showing prevalence estimates of LSTs among all colorectal neoplasms.




Author and year

Katano (2017)
Yamada (2016)
Kudo (2015)
Zhao (2014)
Konda (2014)
Yoon (2013)
Urban (2013)
Kim (2013)
Kakugawa (2013)
Nakae (2012)
Kim (2012)
Rotondano (2011)
Kim (2011)

Kaku (2011)

Kaji (2011)
Sugimoto (2010)
Huang (2009)
Chiu (2009)
Urban (2008)
Tantau (2008)
Nosho (2008)
Kaltenback (2007)
Uraoka (2006)
Katsinelos (2006)
Kim (2003)

Saito (2001)
Total:

’=89.7%
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Prevalence of LSTs in relation with location

E{]oximal location [95%

r
o

] ] ]
25 50 75
LSTs in proximal colon (%)

1
100

48.6 [38.7, 58.5]
46.7 [43.3,50.2]
51.5[43.6,59.4]
36.8[30.7,43.4]
52.1 [40.0, 63.9]
37.6[28.2,47.8]
55.7 [44.1,66.9]
61.0[55.5,66.4]
46.6 [38.7, 54.6]
43.5[31.6,56.0]
54.6 [50.2,59.0]
60.6 [54.3,66.7]
55.7 [47.6,63.6]
79.0[66.8, 88.3]
57.4[47.2,67.2]
59.3[45.0,72.4]
24.3[16.7,33.4]
77.4163.8,87.7]
48.6 [40.0, 57.2]
14.3 [1.8, 42.8]
65.4[55.6,74.4]
74.4[65.5,82.0]
56.6 [52.1, 60.9]
33.3[14.6,57.0]
29.3[18.1, 42.7]
55.6 [49.3,61.8]
51.7 [47.1,56.3]

Figure 3.6a: Comparison of LSTs located in the proximal and distal colon. | Forest plot showing

prevalence estimates for LSTs located in the proximal colon.
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Pooled prevalence of LST subtypes by location

LST-G-H

27%

73%

Proximal
Distal

Proximal: 73.3% (95% Cl: 56.4 - 90.2)
12: 95.2%; Q-test: P<0.001

LST-G-NM

51% 49%

Proximal
Distal

Proximal: 48.8% (95% Cl: 27.1 - 70.5)
12: 95.4%; Q-test: P<0.001

Figure 3.6b: Comparison of LSTs located in the proximal and distal colon. | Distribution of endoscopic

LST-NG-FE

29%

71%

Proximal
Distal

Proximal: 71.3% (95% Cl: 59.8 - 82.7)
12: 80.4%; Q-test: P<0.001

LST-NG-PD

47%

& Proximal
Distal

Proximal: 53.2% (95% Cl: 29.9 - 76.5)
12: 77.1%; Q-test: P=0.002

LST subtypes throughout the colon. The Q test for heterogeneity was significant for all four analyses.

Location and endoscopic subtype

There were 26 studies that examined the prevalence of LSTs by colonic location. Pooled
prevalence of proximally located LSTs was 51.7% (95% Cl: 47.1 - 56.3, 1% 89.7%, Figure 3.6a).
Granular LSTs were found significantly less often in the proximal colon than non-granular LSTs (OR
0.68,95% Cl: 0.48 - 0.97,1% 77.1%, 17 studies),” ™ 26 30, 32 33, 36,44, 45, 48, 31, 53, 54, 56, 38, 60, 62Th & majority
of homogenous granular and flat elevated non-granular LSTs were located in the proximal colon
(73% and 71% respectively), while nodular mixed granular and pseudo-depressed non-granular
LSTs were more evenly distributed over the colon (49% and 53% respectively in the proximal colon,
Figure 3.6b, data from five studies).’ 2% 3 32 54
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Prevalence of LST-G among all LSTs

Author and year LST Prevalence

G NG [95% CI]
Kudo (2015) 47 116 ] 0.29 [0.22,0.36]
Zhao (2014) 161 128 | 0.56 [0.50, 0.62]
Miyamoto (2014) 267 229 ] 0.54 [0.49,0.58]
Konda (2014) 25 48 = 0.34[0.24, 0.46]
Urban (2013) 46 33 ] 0.58[0.47,0.69]
Kim (2013) 201 125 = 0.62[0.56,0.67]
Nakae (2012) 36 33 - 0.52 [0.40,0.64]
Kim (2012) 324 169 = 0.66 [0.61,0.70]
Rotondano (2011) 211 43 = 0.83 [0.78,0.87]
Kim (2011) 96 62 = 0.61[0.53,0.68]
Kaku (2011) 25 37 = 0.40[0.28,0.54]
Kaji (2011) 68 33 » 0.67 [0.57,0.76]
Oka (2009) 622 741 u 0.46 [0.43,0.48]
Huang (2009) 89 22 L 0.80[0.72,0.87]
Chiu (2009) 29 24 = 0.55 [0.40,0.68]
Urban (2008) 128 10 = 0.93 [0.87,0.96]
Tantau (2008) 14 o u 1.00 [0.77,1.00]
Nosho (2008) 72 35 = 0.67 [0.58,0.76]
Kudo (2008) 332 367 = 0.47 [0.44,0.51]
Uraoka (2006) 287 224 = 0.56 [0.52,0.61]
Katsinelos (2006) 15 6 = 0.71 [0.48,0.89]
Hiraoka (2006) 23 12 = 0.66 [0.48,0.81]
Kim (2003) 43 15 L 0.74 [0.61,0.85]
Teixeira (1996) 26 22 = 0.54[0.39,0.69]
Total: - 0.61[0.54,0.68]
= 96.8% r T T 1

1
0.00 0.25 0.50 0.75 1.00
Prevalence of LST-G

Figure 3.7: Forest plot showing prevalence estimates of granular LSTs among all LSTs. | G: granular
LSTs, NG: non-granular LSTs.
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Prevalence of SMI in LSTs

Author and year X n Prevalence [95% Cl]
Kudo (2015) 35 149 = 23.5[16.9,31.1]
Zhao (2014) 24 211 L 11.4[7.4,16.5]
Miyamoto (2014) 76 496 = 15.3 [12.3,18.8]
Urban (2013) 2 74 L 2.7[0.3,9.4]
Kim (2013) 14 282 = 5.0[2.7,8.2]
Nakae (2012) 16 69 = 23.2[13.9, 34.9]
Kim (2012) 9 493 - 1.8[0.8,3.4]
Rotondano (2011) 6 225 = 2.7[1.0,5.7]
Kim (2011) 11 141 = 7.8 [4.0,13.5]
Kaku (2011) 5 62 = 8.1[2.7,17.8]
Kaji (2011) 9 101 = 8.9[4.2,16.2]
Matsuda (2010) 30 332 = 9.0[6.2,12.6]
Oka (2009) 08 1363 - 7.2[5.9,8.7]
Huang (2009) 11 111 B 9.9[5.1,17.0]
Chiu (2009) 5 53 = 9.4[3.1,20.7]
Urban (2008) 5 136 = 3.7[1.2,8.4]
Tantau (2008) 4 14 = 28.6[8.4,58.1]
Kudo (2008) 74 699 = 10.6 [8.4,13.1]
Uraoka (2006) 51 511 = 10.0 [7.5,12.9]
Parra-Blanco (2006) 1 43 = 2.3[0.1,12.3]
Katsinelos (2006) 2 21 = 9.5 [1.2,30.4]
Su (2005) 4 106 = 3.8[1.0,9.4]
Kim (2003) 7 58 = 12.1 [5.0,23.3]
Tsuda (2002) 3 11 = 27.3[6.0,61.0]
Teixeira (1996) 4 48 = 8.3 [2.3,20.0]
Jaramillo (1995) 2 9 | 22.2 (2.8, 60.0]
Total: ¢ 8.5[6.5, 10.5]
?=86.8% l T T T 1

o 15 30 45 60

Prevalence (%)

Figure 3.8a: Forest plots showing prevalence estimates. Submucosal invasion in LSTs. | x, number of
LSTs with submucosal invasion; n, total number of LSTs.
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Prevalance of HGD in LSTs

Author and year X n Prevalence [95% Cl]
Kudo (2015) 51 149 = 34.2[26.7,42.4]
Zhao (2014) 86 211 = 40.8 [34.1,47.7]
Miyamoto (2014) 263 496 & 53.0[48.5,57.5]
Urban (2013) 43 74 L 58.1[46.1, 69.5]
Kim (2013) 67 282 = 23.8[18.9,29.2]
Nakae (2012) 26 69 L 37.7[26.3,50.2]
Rotondano (2011) 76 225 = 33.8[27.6,40.4]
Kim (2011) 33 141 = 23.4[16.7,31.3]
Kaku (2011) 17 62 = 27.4[16.9, 40.2]
Kaji (2011) 34 101 = 33.7 [24.6, 43.8]
Matsuda (2010) 164 332 = 49.4[43.9, 54.9]
Huang (2009) 33 111 = 29.7 [21.4,39.1]
Chiu (2009) 11 53 = 20.8[10.8, 34.1]
Urban (2008) 70 136 = 51.5[42.8, 60.1]
Tantau (2008) 5 14 ] 35.7 [12.8, 64.9]
Parra-Blanco (2006) 6 43 ] 14.0[5.3,27.9]
Katsinelos (2006) 9 21 = 42.9[21.8,66.0]
Su (2005) 53 106 = 50.0 [40.1,59.9]
O'Brian (2004) 1 16 = 6.2 [0.2,30.2]
Kim (2003) 19 58 & 32.8[21.0,46.3]
Tsuda (2002) 2 11 = 18.2[2.3,51.8]
Teixeira (1996) 39 48 = 81.2[67.4,91.1]
Jaramillo (1995) 4 9 = 44.4[13.7,78.8]
Total: > 36.7 [30.3,43.2]
1*=91.9% o 25 50 75 100

Prevalence (%)

Figure 3.8b: Forest plots showing prevalence estimates. High grade dysplasia in LSTs. | x, number of
LSTs with high grade dysplasia; n, total number of LSTs.
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SMi rate in LST-NG/LST-G

Author and year
Kudo (2015)
Zhao (2014)

Kim (2013)
Nakae (2012)
Kim (2012)
Rotondano (2011)
Kim (2011)

Kaku (2011)

Oka (2009)
Huang (2009)
Chiu (2009)
Urban (2008)
Tantau (2008)
Kudo (2008)
Uraoka (2006)
Teixeira (1996)
Total:

P=4.8%

*

r
(0]

1 ] 1
4 8 12

OR SMlin LST-NG vs LST-G

1
16

OR[95% CI]
1.75[0.73, 4.23]
1.39[0.56, 3,47]
4.70[1.44,15.41]
0.81[0.26, 2.49]
1.55[0.41,5.84]
1.17[0.13,10.33]
1.98[0.57, 6.85]
1.01[0.16, 6.56]
1.34[0.88, 2.03]
6.30[1.71,23.16]
1.93[0.29,12.61]
1.07 [0.06 , 20.69]
0.58 [0.01,33.50]
2.69 [1.57, 4.60]
2.35[1.29,4.27]
12.89 [0.65, 254.19]
1.89 [1.48, 2.42]

Figure 3.9: Forest plots showing pooled odds ratio (OR) of a LST containing submucosal invasion in

the non-granular vs granular subtype.

A total of 24 studies examined the prevalence of LSTs by granular vs non-granular endoscopic
subtype. Pooled prevalence of granular LSTs was 61% (95% Cl: 54 - 68, 1% 96.8%, Figure 3.7). Eight
studies examined the distribution of the four endoscopic LST subtypes.
pooled prevalences of homogenous granular, nodular mixed granular, flat elevated non-granular
and pseudo-depressed non-granular LST subtypes were 35.4% (95% Cl 27.2 - 43.6, 1% 96.0%), 26.1%
(95% Cl 18.5 - 33.8, 1% 97.0%), 33.0% (95% Cl: 22.8 - 43.2, 1% 97.5%) and 5.5% (95% Cl: 3.2 - 7.8, 1%
91.8%), respectively.
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Risk of submucosal invasion

Overall, LSTs were found to contain SMI in 8.5% of the cases (95% Cl: 6.5 — 10.5%, | 86.8%, 26
studies, Figure 3.8a) and HGD in 36.7% of the cases (95% Cl: 30.3 — 43.2%, 1% 91.9%, 23 studies,
Figure 3.8b). Geographic region did not influence the SMI risk.

Non-granular LSTs more often contained SMI than granular LSTs: 11.7% versus 5.9% (OR 1.89,
95% Cl: 1.48 - 2.42, Figure 3.9). The prevalence of SMI in LSTs stratified by endoscopic LST subtype
was examined in seven studies.” ™ 2% 30 32 34 57 The pooled prevalences of SMI by endoscopic LST
subtype were: 31.6% in pseudo-depressed non-granular LSTs (95% Cl: 19.8 - 43.4%, 1% 61.6%), 10.5%
in nodular mixed granular LSTs (95% Cl: 5.9 - 15.1%, 1°: 77.8%), 4.9% in flat elevated non-granular
LSTs (95% Cl: 2.1 - 7.8%, 17: 80.0%), and 0.5% in homogenous granular LSTs (95% Cl: 0.1 - 1.0%, 1%
0.0%, Figure 3.10). Funnel plot asymmetry for the SMI analysis was significant (P<0.001), but was
not significant for the HGD analysis (Figure 3.11).

The pooled prevalence of SMI increased by lesion size from 4.6% (95% Cl: 3.1 - 6.0%) to 9.2%
(95% Cl: 6.6 — 11.8%) and 16.5% (95% Cl: 9.8 - 23.3%) for LSTs 10-19mm, 20-29mm and =30mm
(Table 3.4). Ten studies reported the SMl rate in LSTs >20mm, which resulted in a pooled SMI rate of
11.3% (95% Cl: 8.2 — 14.4%, 1%85.1 %) (Figure 3.12).

LSTs containing SMI were more often located in the distal colon than in the proximal colon:
pooled odds ratio 2.50 (95% Cl: 1.24 — 5.02, 1% 0%, three studies, Figure 3.13). One study examined
the proportion of LSTs with SMI stratified by colonic segment, which was 4.5%, 3.4% and 14.6% for
the proximal colon, descending colon, and rectum, respectively.*? Another study compared SMI risk
for rectal versus colonic LSTs (30% versus 13%).*

Sensitivity analysis

A sensitivity analysis excluding the studies with a high risk of population bias (Table 3.2) resulted
in an SMI rate of 9.9% (95% Cl: 7.1 — 12.8, 1% 83.8%, 16 studies were left), compared with 8.5% in the
original analysis (26 studies). Four studies used for the prevalence of LSTs among all neoplasms had
a high risk of population bias.?” ** 3 %2 A sensitivity analysis excluding these four studies resulted in
a pooled prevalence of 2.7% (95% Cl: 1.8 - 3.8%, 1% 93.8%) for LSTs among all neoplasms (compared
with 3.6% when these four studies were included).

The SMI rate was 8.6% (95% Cl: 6.6 — 10.7%, I% 87.9%, 23 studies) when three studies that used
the term‘large (=10mm) non-polypoid colorectal neoplasms’ (instead of LST)** #" ® were excluded.
The prevalence of patients with one or more LSTs did not change when two studies that used the
same term?” * were excluded and the precalence of LSTs among all neoplasms was 2.9% (95% Cl:
1.6 — 4.5%, 1% 97.7%) when seven studies that used this term?” *¥** were excluded.
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Prevalences of SMI in LSTs

0.000

0.035

Standard Error
0.069

0.104

0.139

T T T
-0.10 0.00 0.10 0.20 0.30
Prevalence (%)
Egger’s test z=3.54, P<0.001

Figure 3.11a: Funnel plots showing prevalence estimates of submucosal invasion in LSTs.

| -
T
0.60 0.80

Prevalences of HGD in LSTs

Standard Error
0.083 0.041 0.000

0.124

0.166

T
0.00 0.20 0.40
Prevalence (%)
Egger’s test z=0.29, P=0.77

Figure 3.11b: Funnel plots showing prevalence estimates of high grade dysplasia in LSTs.
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Prevalance of SMI in LSTs = 2o0mm

Author and year X n Prevalence [95% Cl]
Burgess (2017) 124 1831 u 6.8 [5.7,8.0]
Togashi (2014) 9 47 = 19.1[9.1,33.3]
Terasaki (2012) 9 267 L 3.4[1.6,6.3]
Oka (2009) 69 768 = 9.0[7.1,11.2]
Huang (2009) 9 80 = 11.2[5.3,20.3]
Tantau (2008) 3 12 | 25.0[5.3,57.2]
Kudo (2008) 49 324 = 15.1[11.4,19.5]
Uraoka (2006) 39 240 = 16.2 [11.8,21.5]
Kim (2003) 5 26 = 19.2 [6.6,39.4]
Tanaka (2001) 28 120 = 15.0 [9.1,22.7]
Total: <& 11.3[8.2,14.4]
1*=85.1% o 115 3lo 415 60

Prevalence (%)

Figure 3.12: Forest plot showing prevalence estimates of submucosal invasion in LSTs 220mm.

SMI in distal vs proximal LSTs

% SMI
Author and year Dist. Prox. A OR[95% ClI]
Zhao (2014) 12.6 5.7 = 2.39[0.86, 6.64]
Kim (2011) 10 4.5 - on 2.33[0.65, 8.32]
Kaji (2011) 14 5.2 ! = 2.97 [0.70,12.64]
Total: e 2.50[1.24, 5.02]

2 _ I 1 1 1 1 1 1
I"=0% 0.25 1 4 16

OR SM distal/proximal

Figure 3.13: Forest plot of the pooled odds ratio (OR) of submucosal invasion (SMI) in distally vs
proximally located LSTs.

Table 3.4: Risk of submucosal invasion in laterally spreading tumors, stratified by size.

Size 10-19 mm 20-29 mm =30 mm

Risk to contain 4.6% 9.2% 16.5%

submucosal invasion (95% Cl: 3.1 - 6.0%) (95% Cl: 6.6 - 11.8%) (95% Cl: 9.8 - 23.3%)
Heterogeneity index () 31.6% 14.1% 69.5%

References 1, 37, 38, 57, 58, 62, 66, 68 1, 37, 57, 58, 68 1,37, 57, 58, 68
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Discussion

This systematic review and meta-analysis shows that the majority of LSTs (91.5%) are non-
invasive and thereby can be treated by (piecemeal) EMR. The risk of SMI is associated with the
endoscopic Kudo subtype, and the lesion size and location. SMI is most common in pseudo-
depressed non-granular LSTs (31.6% SMI, prevalence 5.5%) and nodular mixed granular LSTs (10.5%
SMI, prevalence 26.1%). Optical diagnosis with close inspection of the areas of concern (depression,
nodule) can determine LSTs at high risk of containing SMI, where en-bloc resection is the preferred
therapy.

There is ongoing discussion about the optimal treatment strategy of LSTs. For a long time, EMR
techniques and surgery were considered to be the first-line therapy options.”” Colorectal adenoma
with superficial SMI (maximal 1000um invasion below the muscularis mucosae at all foci) have a
very low risk of lymph node metastasis and it is oncologically safe for them to be resected by EMR.®
2 However, EMR is not technically suitable for en-bloc resections of neoplasms larger than 20mm
in diameter.® ® 72 Applying EMR in such cases leads to piecemeal resection, which is associated
with a higher risk of local residue / recurrence. A meta-analysis that evaluated recurrence risk in
non-pedunculated neoplasms showed a local residue / recurrence rate of 20% after piecemeal
resection vs 3% after en-bloc resection.”? The multicenter ACE study, which included large flat and
sessile lesions (=20mm) resected by EMR, showed a recurrence rate of 16% after 4 months and 6.7%
after 16 months.2 Most cases of recurrence (93%) could however still be managed endoscopically
and only 1.9% of patients with an initially successful (piecemeal) EMR required surgery because of
recurrence or SMI after 16 months.?

Endoscopic submucosal dissection (ESD) has emerged as a minimally invasive endoscopic
technique to resect large LSTs en-bloc.%*The advantages of en-bloc resection by ESD compared with
piecemeal EMR are higher rates of complete resection with lower recurrence rates. A large cohort
study with 5-year follow-up in a Japanese centre with expertise in performing ESD, demonstrated
low recurrence rates (2.4% recurrence, 0.4% cancerous recurrence) in neoplasms that were initially
curatively resected (e.g. free resection margins and no signs of deep SMI).” ESD enables a precise
histopathological diagnosis to be made as there is reduced fragmentation and less cauterization
artifact.”In terms of its potential disadvantages, ESD is technically more challenging, the procedure
duration is increased and it has a higher risk of perforation.”” The ESGE polypectomy guidelines
recommend en-bloc resection of lesions that are suspected to contain superficial SMI. *ESD, instead
of EMR, may be the therapy of choice in LSTs >20mm with a high risk of (multifocal) SMI and local
fibrosis.” %2 In a large cohort study of LSTs that were resected en-bloc, multifocal invasion was
present in 45% of pseudo-depressed non-granular LSTs and in 16% of the nodular mixed granular
LSTs with SMI, indicating that en-bloc resection is the preferred therapy in such cases.’ It is uncertain
whether application of ESD prevents surgery. A European cohort study on the resection of large
rectal non- pedunculated neoplasms showed high rates of en-bloc and RO resections by ESD (81.4%
and 65.1%, respectively), but with a curative resection rate of only 30.2% because of deep SMI;”®
83.3% of the non-curative cases had deep SMI. Only two of the studies included in the present meta-
analysis explicitly reported the deep SMI rates: 71.4%* and 54.5%.%? This indicates that surgery is
still necessary in a large subset of cases after performing ESD with the aim of curative resection.
RCTs looking at long-term cancerous recurrences after endoscopic resection will be necessary to
clarify whether the application of ESD for LSTs with superficial SMI can increase curative endoscopic
resection rates.
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The findings of this meta-analysis show that the majority of LSTs are non-invasive at the time of
colonoscopicdetection, allowing for removal by (piecemeal) EMR. However, detailed characterization
with prediction of the risk of containing SMI is necessary to distinguish LSTs that can be resected
piecemeal from those in which en-bloc resection would be more favorable. Chromoendoscopy is a
useful tool in determining the endoscopic LST subtype as it better delineates nodules and granules.
Because of the pooling effect of the dye, pseudo-depressions will also be better visualized. A
prediction of SMlin LSTs can be made with higher accuracy by detailed inspection of the pit pattern.
Among a highly-experienced group of endoscopists, the accuracy in prediction of deep SMI was
91.7%.°The recognition of a large nodule or a depressed area is not complicated, but prediction with
high confidence of the depth of SMI using pit patterns is challenging, and magnifying colonoscopes
and additional training are required.” Application of the endoscopic LST classification is therefore
a simple first step to determine the a priori risk of SMI. In general, homogenous granular and flat
elevated non-granular LSTs have a low a priori risk of containing SMI (0.5% and 4.9%, respectively).
Where en-bloc resection is not feasible or safe, the endoscopist can choose to apply oligo-piecemeal
EMR. Nodular mixed granular and pseudo-depressed non-granular LSTs have a higher a priori risk
of containing SMI and applying advanced imaging techniques to the areas of interest (dominant
nodules, pseudo-depressions) could inform treatment decisions. Training in EMR of large neoplasms
remains a critical first step, because most LSTs can be efficiently treated this way.* 7' In the absence
of experience with diagnosis by advanced imaging, the endoscopist should refer the patient to a
centre with experience. As shown in this meta-analysis, the prevalence of pseudo-depressed non-
granular LSTs is fairly low (5.5% of all LSTs). The additional workload for performing ESDs is not
significant, but the oncologic outcome of resection is potentially better. Once the decision is made
that an LST has an increased risk of SMI, the treatment modality will vary widely based on local
experience, patient preference, endoscopist training, costs, and logjistics.

In this meta-analysis, we found a higher risk of SMI in LSTs located in the distal colon compared
with those in a proximal location (OR 2.50, 95% Cl: 1.24 — 5.02). This is supported by the finding that
pseudo-depressed non-granular and nodular mixed granular LSTs, which have a higher risk of SMI,
are more often located in the distal colon. Endoscopic resection of neoplasms located in the distal
colon, especially in the rectum, is technically easier to perform and has a lower risk of perforation
than when performed in the proximal colon.”

Another finding of this meta-analysis was that the pooled rate of LSTs did not appear to change
by geographic region or starting year of the study. Most included studies used general colonoscopy
populations and there were only a few studies in screening settings. LST prevalence may be higher
in screening populations selected with fecal occult blood tests and future studies will be required to
investigate the prevalence of LSTs in such high risk populations.

In this meta-analysis, the endoscopic Kudo LST classification, instead of the Paris classification,
was used to subdivide LSTs. The majority of the papers used the endoscopic Kudo classification.
As displayed in Figure 3.1, homogenous granular and flat elevated non-granular LSTs are often
considered as Paris 0-lla lesions, while nodular mixed granular LSTs are considered as Paris O-lla+Is and
pseudo-depressed non-granular LSTs as Paris 0-lla+lic, although other combinations are possible.’
The multicentre ACE study into risk factors for SMI in large (=20mm) non-pedunculated neoplasms
that were resected by EMR used the Paris classification. Along with rectosigmoid location and lesion
size, the Paris classification in combination with granularity status was shown to be predictive of
SMI.” Granularity is not included in the Paris classification and should be mentioned separately.

From a clinical, oncologic, and biologic point of view, simply referring to both homogenous
granular and flat elevated non-granular LSTs as LST O-lla lesions would be a non-differential
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categorization. Valuable information regarding the risk of SMI would be missing as the risks of SMI

are different (0.5 vs 4.9%). Furthermore, the Paris classification does not distinguish between real

depression (sharply demarcated and deep based, deeper than the healthy mucosa) and pseudo-

depression (less clear demarcation and shallow).” The distinction between‘depression’and ‘pseudo-

depression’ could aid in the differentiation between deep and superficial SMI, which has therapeutic

consequences. Studies will be required to compare the interobserver agreement in both endoscopic
Kudo LST classification and Paris classification of LSTs.

The strengths of this systematic review reside in the inclusion of a substantial number of studies,
reflecting the worldwide experience over approximately two decades. Our study is the first to present
the global experience on the risk of SMl in LSTs stratified by endoscopic subtype, and lesion size and
location to provide a more solid basis for the treatment strategy. Several limitations to our study
should be acknowledged. First, there is variation in the definition of LSTs among studies. In order to
capture all relevant studies, we expanded the definition to include ‘non-polypoid lesion >10mm); as
a surrogate for LST. Some studies included serrated polyps, while others did not. Furthermore, there
is wide variation among studies with respect to study design, inclusion criteria and endoscopists’
experience in the diagnosis and treatment of LSTs, which is reflected in the high heterogeneity
index in some analyses. To mitigate any potential bias, we performed sensitivity analyses, which
showed similar results.

For prevalence estimates, only data from population-based studies were used. However, the
design and goals of these studies were different. There were two outliers in the prevalence analysis
that involved smaller studies from experienced centers.>” * For estimates of the risk of containing
SMlin LSTs, both population-based and consecutive lesion studies were included, with even higher
heterogeneity. Because the a prioririsk of superficial SMlis an indication for en-bloc resection, studies
using only specimens that were en-bloc resected could bias the outcomes and were excluded from
the analysis. Bias among the studies that reported SMI rates could also be caused by differences
in tissue processing.” *® Resected specimens were sectioned with different sampling intervals*
8 62 and the use of specific stains for the muscularis mucosae’® varied among studies. Piecemeal
resection may lead to the underestimation of SMI.*’ Qutliers in the SMI analyses were all studies in
small-sized populations, which limited their effect on the pooled outcome. Publication bias could
lead to an overestimation of the prevalence of LSTs and of the proportion of LSTs with SMI. The
statistically significant outcome of the Egger’s test could also be the effect of smaller studies and/or
less solid methodology.”

Furthermore, the location analysis also showed multiple outliers. In the study by Yamada et al.,®
only one proximally located granular LST was included; in the study by Chiu et al., ** granular LSTs
were predominantly located in the proximal colon. A number of studies examined consecutive LSTs
resected in endoscopy centers with expertise in ESD, while others were performed in screening
colonoscopy practice. Within fecal immunochemical test (FIT) positive populations, the sensitivity
for detection of proximal and non-polypoid neoplasms is relatively low. 3’ Because of differences in
the total area of the epithelial mucosal surface, nodular mixed granular LSTs and non-granular LSTs
may differ in their bleeding risk, which could affect the sensitivity of the FIT-test. It remains to be
determined whether these factors underlie the large differences in results between studies.

In conclusion, this meta-analysis summarizes worldwide data on the risk of SMIin LSTs. Although
the vast majority of LSTs are non-invasive and can be treated with (piecemeal) EMR, non-granular
LSTs are at higher risk of SMI. Optical diagnosis of LSTs with accurate image interpretation highlights
areas of concern (dominant nodule, depression) where en-bloc resection is the preferred therapy.
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Chapter 4

Abstract

Background

Laterally spreading tumors represent a major challenge for endoscopic detection and resection.

Objective

To examine synchronous and metachronous neoplasms in patients with laterally spreading
tumors.

Methods

We prospectively collected colonoscopy and histopathology data from patients who underwent
colonoscopy in our centre at up to 6 years’ follow-up. Post-resection surveillance outcomes between
laterally spreading tumors, flat colorectal neoplasms 10mm or greater, and large polypoid colorectal
neoplasms (10mm or greater), were compared.

Results

Between 2008 and 2012, 8120 patients underwent colonoscopy for symptoms (84.6%), screening
(6.7%) or surveillance (8.7%). At baseline, 151 patients had adenomatous laterally spreading tumors
and 566 patients had adenomatous large polypoid colorectal neoplasms. Laterally spreading tumor
patients had more synchronous colorectal neoplasms than large polypoid colorectal neoplasm
patients (mean 3.34 vs 2.34, P<0.001). Laterally spreading tumor patients significantly more often
developed metachronous colorectalneoplasms(71.6%vs 54.2%, P=0.0498) and colorectal neoplasms
with high grade dysplasia / submucosal invasion than large polypoid colorectal neoplasm patients
(36.4% vs 15.8%, P<0.001). After correction for age and gender, laterally spreading tumor patients
were more likely than large polypoid colorectal neoplasm patients to develop a colorectal neoplasm
with high grade dysplasia or submucosal invasion (hazard ratio 2.9, 95% confidence interval 1.8-
4.6). The risk of metachronous colorectal cancer was not significantly different in laterally spreading
tumors compared to large polypoid colorectal neoplasm patients.

Conclusion

Patients with laterally spreading tumors developed more metachronous colorectal neoplasms
with high grade dysplasia / submucosal invasion than large polypoid colorectal neoplasm patients.
Based on these findings, endoscopic treatment and surveillance recommendations for patients with
laterally spreading tumors should be optimized.
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Metachronous neoplasms in patients with laterally spreading tumors during surveillance

Introduction

Non-polypoid (flat and depressed) colorectal neoplasms (NP-CRNs) are common precursors
of colorectal cancer (CRC).”™ Up to 15% of patients undergoing elective colonoscopy have NP-
CRNs." 3 A significant subset of NP-CRNs are the laterally spreading tumors (LSTs), which are lesions
minimally 10mm in size, growing laterally along the mucosa, rather than luminal or submucosal
growth.? LSTs have a high risk of containing submucosal invasion (SMI)®and risk of local recurrence
after endoscopic resection,” 8 emphasizing the need for an effective treatment. Endoscopic
resection of LSTs is challenging and requires additional expertise.” Endoscopic mucosal resection
(EMR) frequently results in piecemeal resection with LST residue and high local recurrence rates”
leading to superfluous colonoscopies, resection procedures, and surgery referrals.”

Previous studies have shown that patients with LSTs have a higher risk of synchronous
neoplasms.” " This finding could affect the surveillance strategy for LST patients. At our academic
endoscopy unit, we examined the prevalence of LSTs, endoscopic subtypes and histology in our
prospective colonoscopy database. We aimed to explore whether LST patients more frequently
develop synchronous and metachronous neoplasms, compared to patients with large polypoid
colorectal neoplasms (LP-CRNs).

Methods

From 2007 onwards, all endoscopists (faculty and trainees) receive regular extensive training
in the detection, diagnosis and resection of NP-CRNs."The training curriculum consists of lectures,
video-training using accredited programs and personal feedback during colonoscopy.™ Special
attention is given to the application of selective chromo-endoscopy and endoscopic mucosal
resection (EMR). The present study was approved by the Medical Ethical Review Committee of the
Maastricht University Medical Centre (MEC 14-4-046), Dutch trial register (NTR4844). The need for
individual informed consent was waived.

Cohort

Between February 2008 and February 2012, all patients who underwent colonoscopy for
screening, surveillance or symptoms, were included. This was before the start of the national
CRC screening program. Patients aged less than 18 years, with hereditary polyposis syndrome,
inflammatory bowel disease or prior colectomy were excluded. All findings within the first 6 months
after the first colonoscopy were regarded as baseline findings. The majority of colonoscopies were
performed by endoscopy trainees under direct supervision of 11 senior endoscopists, who ensured
quality and helped with resections. All patients received split-dose bowel cleansing. High-definition
Pentax endoscopes were used.

Post-polypectomy surveillance colonoscopy was performed according to national™ and
international guidelines.” ™ Three- and 5-year surveillance intervals were recommended after
resection of LSTs or LP-CRNs. Piecemeal resection was additionally followed by surveillance
colonoscopies within 6 months to ensure radicality of resection. Clinical and surgical follow-up
data were collected for each patient with large (=10mm) colorectal neoplasms (CRNs) at index
colonoscopy up until 6 years after inclusion or until death occurred.
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Definitions

LSTs are colonic lesions growing laterally along the mucosa rather than upward (luminal) or
downward (submucosal), with a minimal diameter of 10mm (Paris 0-lla, O-llb, O-lla+llc or O-lla+ls).®
Serrated lesions were included for descriptive purposes, but excluded in the risk analyses. LP- CRNs
are defined as polypoid neoplasms (Paris 0-Ip, 0-Is or 0-Isp) of at least 10mm in size. The colonic
location was referred to as either proximal or distal from the splenic flexure. Lesion size was
measured using a biopsy forceps/minisnare. Patients with both LSTs and LP-CRNs were considered
as LST patients.

LSTs were classified based on their endoscopic appearance using the Kudo classification into
granular and non-granular.” Granular LSTs are classified into granular homogeneous subtype (LST-
G-H) and granular nodular mixed subtype (LST-G-NM). Non-granular LSTs are classified into non-
granular flat elevated subtype (LST-NG-FE) and non-granular pseudo-depressed subtype (LST-NG-
PD).

Detection of LSTs

Colonoscopy records including photo-documentation were independently reviewed by two
study investigators (RMMB and LCC). In case of uncertainty, data were reviewed by the study
supervisor (SSD) and discussed to achieve consensus. The location of neoplasms, size, shape (Paris
classification,” Kudo classification of LSTs?), histopathology, and resection modality (i.e., endoscopic
resection [en-bloc versus piecemeal] or surgery) were recorded.

The histopathology of all CRNs was addressed by GE pathologists according to the World Health
Organization classification.” CRNs comprised adenomas, serrated lesions and early cancers. Large
flat lesions that turned out to be advanced carcinoma (T2-4) after biopsy or resection were not
classified as LSTs. Suspected CRNs with normal or inflammatory histology, were excluded from
analysis. Adenomas were subdivided into tubular, tubulovillous, and villous adenomas. Submucosal
invasion (SMI) was defined as carcinogenic cells invading the muscularis mucosae. Serrated lesions
were subdivided into hyperplastic polyps, sessile serrated lesions (SSL) with and without dysplasia,
and traditional serrated adenomas (TSA).

Endoscopic resection was considered complete when careful visual inspection showed no
residual neoplastic tissue. All reports of follow-up colonoscopy were reviewed for the presence/
absence of neoplastic tissue at the previous location of the LST. The presence of visually and/or
histologically confirmed neoplastic tissue after successful resection was considered as residue/
recurrence. Surgery reports and referral letters were reviewed and surgery was categorized into
primary surgery (without endoscopic resection attempt) and additional surgery (after endoscopic
resection attempt).

Statistical analysis

Numerical variables were presented with means (standard deviation; SD), while numbers (%)
were used for categorical variables. Time trends in LST prevalence were tested using a chi-square or
Fisher's exact test and time trends in treatment were tested using a binary logistic regression model
for surgical referral (yes/no) and endoscopic en-bloc resection (yes/no) correcting for year of study,
LST size, and the presence of SMI. Colonoscopic findings at index colonoscopy between LST patients
and LP-CRN patients were compared using chi-square tests for binary variables and independent-
samples t-tests for numeric variables. We compared findings during follow-up colonoscopy
between both groups using a multivariable logistic regression model for binary variables. Because
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of the excessive zero count in some numerical variables, Poisson regression analysis with zero-
inflation correction was used to compare the means between groups. In addition, the number of
CRNs at index colonoscopy and the number of follow-up colonoscopies were accounted for in both
models. In a subanalysis, the same aforementioned models were applied in LST patients to compare
subtypes and size (LSTs <20mm and >20mm). In the case of small groups (n<20), an additional
Fisher’s exact test was performed. The death-censored event-free rate was compared between LST
and LP-CRN patients using a Cox regression model correcting for age and sex, in which event is the
detection of CRNs with high grade dysplasia (HGD) or SMI. Two-sided P values of 0.05 or less were
considered statistically significant. IBM SPSS version 23 was used for all analysis, except for the zero-
inflation corrected model, which was analyzed using R statistics version 3.1.2 by using the Political
Science Computational Laboratory package (PSCL).%’

Results

Figure 4.1 shows the study flowchart. Between February 2008 and February 2012, 8120 patients
were examined (mean age: 58.9 years [SD 16.0], 46.0% men). Indications for colonoscopy were
symptoms (84.6%), screening (6.7%) or surveillance (8.7%). At the index colonoscopy, 223 LSTs in
188 patients were found (2.3% of all patients). Furthermore, 810 LP-CRNs were found in 610 patients
at index colonoscopy (7.5% of all patients). The mean LP-CRN size was 19.0mm (SD 14.4, range 10-
130 mm) and did not significantly differ from that of LSTs, namely 19.4mm (SD 10.3, range 10-70mm,
P=0.686).

Inclusion period Follow-up period

9353 Patients

1233 Patients excluded

IBD: 716

Colon resection: 594
Hereditary polyposis
syndrome: 95

8120 Patients > 5961 Colorectal neoplasms
included in 2805 patients
188 Patients with 151 Patients with > 1 88 Patients with surveillance
. —_— —_—
LST at index adenomatous/SMI LST colonoscopy <6 yrs
610 Patients with 566 Patients with > 1 260 Patients with surveillance

_— —

LP-CRN at index

2008-2012

adenomatous/SMI LP-CRN colonoscopy <6 yrs

Figure 4.1: Flowchart explaining the data collection. | Some excluded patients presented with not one
but two exclusion criteria. SMI: submucosal invasion, FU: follow-up.
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Chapter 4

Photo documentation was available in 96.4% of LST cases. The proportion of LST-G-H, LST-G-NM,
LST-NG-FE and LST-NG-PD LSTs was 18.6%, 8.8%, 62.8% and 9.8%, respectively. Table 4.1 shows the
patient characteristics and histopathology, by LST subtype at baseline. The LST detection rate and
rate of HGD or SMI within LSTs did not significantly change over time (P=0.935, P=0.760 and P=0.277
respectively; Table 4.2).

Table 4.1: Endoscopic and histologic characteristics of LSTs. | LST-G-H: homogenous granular LSTs;
LST- G-NM: nodular mixed granular LSTs; LST-NG-FE: flat elevated non-granular LSTs; LST-NG-PD: pseudo-
depressed non-granular LSTs.
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Location, n (%)
Cecum 18 (45.0) 7 (36.8) 31(23.0) 6(28.6) 3(37.5) 65 (29.1)

Ascending colon 17 (42.5) 5(26.4) 78(57.7) 9(42.9) 2(25.0) 111 (49.3)
- splenic flexure

Descending 3(7.5) 2(10.6) 18(13.3) 2(9.6) 2 (25.0) 26(11.6)
colon - sigmoid
Rectum 2 (5.0) 6(31.6) 8(5.9) 4(19.0) 1(12.5) 21 (9.4)
Histopathology, n
(%)
Submucosal 1(2.5) 3(15.8)  4(2.9) 5(23.8) 1(12.5) 14 (6.2)
invasion
AdenomaHGD 8(20.0) 9(47.4) 18(13.3) 7(33.3) 2 (25.0) 44 (19.7)
Adenoma LGD 24 (60.0) 4(21.1) 68 (50.4) 7(33.3) 3(37.5) 106 (47.5)
SSL 3(7.5) 1(5.3) 24(17.7) 1(4.8) o (o) 29 (13.0)
TSA o (o) o (o) 1(0.7) o (o) o (o) 1 (0.4)
Hyperplastic 4 (10.0) 2 (10.5) 20(14.8) 1(4.8) 2 (25.0) 29 (13.0)
polyp
Resection, n (%)
En-bloc 13 (32.5) 2(10.5) 63 (46.7) 5(23.8) 2 (25.0) 85 (38.1)
resection
Piecemeal 13(32.5) 7(36.8) 37(27.4) 8(38.1) 2 (25.0) 67 (30.0)
resection
Surgery 6(15.0) 8(42.1) 10(7.4) 5(23.8) 4 (50.0) 33 (14.8)
No resection 8 (20.0) 2 (10.6) 25(18.5) 3(14.3) o (o) 38(17.1)
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Table 4.2: Time-trends in LST diagnosis. | CRN: colorectal neoplasm. *Surveillance indicated before the
start of the study.

Findings Year 1 Year 2 Year 3 Year g4
Number of colonoscopies 1941 2098 2074 2007
Number of CRNs (mean per colo) 1521 (0.8) 1856 (0.9) 1718 (0.8) 2150 (1.1)
Number of LSTs (% of lesions) 54 (3.6) 55 (3.0) 54 (3.1) 60 (2.8)

Indication of colonoscopy (% of
colonoscopies):

Screening 161 (8.3) 145 (6.9) 130 (6.3) 108 (5.4)

Surveillance* 204 (10.5) 162 (7.7) 181 (8.7) 155 (7.7)

Symptoms 1576 (81.2) 1791(85.4) 1763 (85.0) 1744 (86.9)
Submucosal invasion (% of LSTs) 1(1.9) 5(9.1) 5(9.3) 3(5.0)
High grade dysplasia (% of LSTs) 9(16.7) 13 (23.6) 9(16.7) 11 (18.3)
Proximal location (% of LSTs) 45 (83.3) 36 (65.5) 46 (85.2) 50 (83.3)
10-19 mm (% of LSTs) 27 (50.0) 30 (54.5) 27 (50.0) 36 (60.0)
20-29 mm (% of LSTs) 15 (27.8) 7 (12.7) 15 (27.8) 16 (26.7)
=30 mm (% of LSTs) 12 (22.2) 18 (32.7) 12 (22.2) 8(13.3)

Resection

Of the 223 LSTs found, 152 were resected endoscopically; 38 LSTs were left in place (older
age, comorbidities, frailty, patient’s preference). Twenty-two LSTs were primarily referred for
surgical resection (suspected malignancy, te