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Chapter 1

General introduction

Colorectal cancer

Colorectal cancer (CRC) is one of the most frequently diagnosed cancers, and the second 
leading cause of cancer-related mortality worldwide.1 In 2023, approximately 12,000 
patients in the Netherlands were diagnosed with CRC, about 3,000 of whom had rectal 
cancer.2 CRC develops from benign precursor lesions, following either the adenomatous 
or, less commonly, the serrated pathway.3 While all precursor lesions carry malignant 
potential, only a subset progress to invasive cancer by invading through the muscularis 
mucosae, potentially extending into the bowel wall, and eventually even metastasizing 
to other organs. The progression from normal epithelium to CRC typically takes between 
10 and 15 years, providing a valuable window for screening and early treatment.4

In recent years, many countries have implemented nationwide screening programs 
to reduce CRC-related morbidity and mortality by detecting and treating disease at 
an earlier (pre)malignant stage. The Netherlands introduced such a program in 2014, 
utilizing fecal immunochemical testing to measure hemoglobin levels in stool samples.5 If 
these exceed a set threshold, a colonoscopy is performed. Since the start of the program, 
colorectal lesions have indeed been diagnosed at earlier benign or premalignant stages 
in all forms and sizes. When CRC is already present in these asymptomatic patients 
enrolled in screening, it is found at earlier stages compared to patients referred for 
colonoscopy due to symptoms.6 Especially the larger premalignant and early-stage 
cancers present clinical challenges in terms of diagnosis and management.

Optical diagnosis

The variety of colorectal lesions that can be detected during endoscopy can be 
categorized in different ways. For example based on their anatomical location (colon 
or rectum), and based on their size, with lesions larger than 2 cm often defined as 
large. Another way to categorize colorectal lesions is by shape, for example referring to 
whether a polyp has a stalk (pedunculated) or not (non-pedunculated). In addition, an 
assessment can be made of the suspected histology of a lesion, distinguishing between 
benign, superficial submucosal invasion (so-called superficially invasive T1CRC), and 
deeper invasion (deep invasive T1CRC or more advanced stages of CRC). This assessment 
is called optical diagnosis. All these classifications are important, as they help determine 
the most appropriate way of removing a lesion and thereby preventing progression to 
(more advanced) CRC.
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Optical diagnosis has the greatest treatment implications for larger non-pedunculated 
lesions, as it guides whether a lesion can be removed in multiple pieces (piecemeal) 
or requires more elaborate local resection techniques to remove it in one piece (en 
bloc). When cancer is present, piecemeal resection should be avoided as it impairs 
accurate histological assessment of resection margins and assessment of the oncological 
risk, potentially leading to unnecessary major surgery with significant morbidity. This 
is particularly relevant for rectal cancers, where surgery carries the highest risk of 
requiring a permanent stoma and sexual dysfunction. This topic will be discussed in 
more detail later, beginning with an overview of the optical diagnosis of these larger 
non-pedunculated lesions.

For the optical diagnosis of large non-pedunculated rectal lesions, various modalities 
are available. The first is conventional white-light endoscopy, which employs standard 
broad-spectrum light to visualize the mucosal surface, during which the endoscopist 
should be alert to features that may suggest cancer. This approach enables a structured 
evaluation of the lesion’s size, morphology, and surface characteristics. Size can be 
estimated using instruments with known dimensions, such as biopsy forceps. Although 
size alone is a poor predictor, it is independently associated with malignant disease.7 
Morphology is commonly described using the Paris classification. According to this 
system, non-pedunculated lesions are further categorized as: flat (with less than 2.5 
millimeters elevation from the mucosa), sessile (showing more pronounced elevation), 
containing a depressed or even excavated component. Depressed areas warrant specific 
attention, as they may indicate the presence of (early invasive) cancer and excavation 
is suggestive for deeper invasion(8).8 Non-pedunculated lesions that predominantly 
spread laterally along the bowel wall are also referred to as lateral spreading tumors 
(LSTs). In LSTs the surface texture, also called granularity, should also be evaluated. 
LSTs can be categorized into granular types, which includes homogeneous and 
nodular mixed subtypes, and non-granular types, which include flat elevated and 
pseudodepressed subtypes. The risk for submucosal invasion is lowest for granular 
homogeneous LSTs (0.5%) and highest for granular nodular mixed (10.5%) and non-
granular pseudodepressed types (31.6%).9 Optical diagnosis with white-light endoscopy 
alone has a limited sensitivity ranging between 21 and 46%,10 and should therefore not 
be used as the sole method.

Advanced imaging techniques can be used to allow for a more detailed evaluation 
of the lesion’s surface. These techniques include dye-based chromoendoscopy and 
virtual modalities that utilize different wavelengths of light or optical filters, such as 
the commonly used Narrow-Band Imaging. Using these methods, both the vascular 
pattern and the pit pattern, referring respectively to the network of blood vessels and 
the microscopic openings of the mucosal glands, can be assessed. The regularity of 
these patterns can be interpreted using one of the available classification systems, such 
as the Hiroshima classification.11-16 Regardless of the specific classification used, regular 
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patterns are suggestive of benign histology, whereas irregular patterns may indicate 
superficially invasive T1CRC. The disruption or absence of surface patterns is generally 
associated with deeper invasive carcinomas. Overall, narrow-band imaging has been 
reported to achieve a sensitivity of approximately 85%.10 However, this estimate is 
derived from studies involving various lesion types and is likely overestimated in the 
context or large non-pedunculated lesions. While combining white-light endoscopy 
with advanced imaging can improve diagnostic performance,17 the accuracy in this 
subgroup remains limited. To better address these limitations, the OPTICAL risk model 
was developed in the Netherlands. This model integrates observations from both 
modalities into a structured assessment, yielding a reported sensitivity of 78.7%.18 
Despite these advances, a considerable degree of uncertainty in the optical diagnosis 
remains, underscoring the need for further improvements.

Adding other imaging modalities, such as magnetic resonance imaging or endoscopic 
ultrasound, appears to be of little added value, as these techniques tend to overstage 
lesions and thereby increase the risk of overtreatment.19 Improving education and 
training may contribute to better diagnostic performance of optical diagnosis, 
particularly given the substantial variability observed between community level 
endoscopists and experts.20 However, even studies conducted in expert centers with 
dedicated endoscopists have demonstrated a significant risk of optically missed cancers, 
ranging from 11-22%.18, 21 ,22 This observation suggests that education alone will not 
be sufficient to achieve adequate diagnostic accuracy. Moreover, this suggests some 
T1CRCs may lack clear visual signs and therefore remain undetected with current 
techniques, so-called covert cancers.23 Besides educational initiatives, new technologies 
are therefore needed to improve optical diagnosis.

In light of the uncertainty surrounding optical diagnosis, caution is warranted when 
treating large non-pedunculated lesions, particularly in the rectum, where incorrect 
piecemeal removal of a cancerous lesion has the most serious consequences for the 
patient. Accordingly, the current Dutch guideline discourages piecemeal resection 
for all large rectal lesions, except for homogenous granular lesions where it may be 
considered, as these carry a negligible risk of malignancy.24 In such benign lesions, 
piecemeal removal by piecemeal endoscopic mucosal resection may offer advantages 
such as the lower complication rates and generally shorter procedure times compared 
to en bloc resections.25, 26 However, piecemeal resections are associated with higher 
recurrence rates ranging between 19 and 29%,27-29 necessitating more stringent 
surveillance, which can also justify an en bloc resection of these homogeneous granular 
type lesions, a strategy that may even be the most cost-effective.30-32 All other large 
non-pedunculated rectal lesions should in any case be treated with an en bloc resection, 
effectively managing them as if they were T1CRC.
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T1 colorectal cancer

 Early-stage CRC, or T1CRC, is defined according to commonly accepted Western criteria 
as cancer with histologically confirmed invasion through the muscularis mucosae into, 
but not beyond, the submucosa. Due to their limited invasion, most T1CRCs can still 
be removed completely by local, organ-preserving, resections. However, T1CRCs still 
have the potential to metastasize, primarily to locoregional lymph nodes. If lymph 
node metastases (LNM) are present, a local resection alone is considered non-
curative. Instead, current guidelines recommend a more extensive surgical resection, 
that includes removal of the affected bowel segment along with the draining lymph 
nodes, followed by adjuvant systemic therapy in case of colon cancer with histologically 
confirmed LNM.33 In rectal cancer, LNM similarly requires more extensive treatment, 
which may involve (chemo)radiotherapy, radical surgery, or both.

Ideally, preoperative staging would allow for accurate detection of LNM. However, 
current staging techniques, including optical endoscopic imaging, endoscopic 
ultrasound, computed tomography and magnetic resonance imaging for rectal lesions, 
are insufficiently accurate, even when used in combination. The most commonly used 
risk-model is histology based and can only be applied after resection. This has led 
to a two-step approach in the management of T1CRC. The local resection, aimed 
at achieving a complete en bloc resection, is the first step and can be considered a 
“diagnostic resection”. Pathological analysis of the locally resected specimen is then 
used to determine the need for additional oncological resection, based on the risk 
of residual disease and LNM. This oncological risk must be carefully weighed against 
the potential risks associated with additional treatment, or completion surgery, on an 
individual basis. There is an increased oncological risk if resection margins are positive 
or uncertain, suggesting potential incomplete resection, or if so-called high-risk features 
for LNM are present. These features include poor tumor differentiation, high-grade 
tumor budding, lymphovascular invasion, and deep submucosal invasion.34 Although not 
yet included in formal guidelines, a recent study suggests that deep submucosal invasion 
alone may not be a strong predictor, potentially not justifying additional oncological 
surgery on its own.35

By adopting this two-step approach, extensive surgery and its associated morbidity 
and mortality can be avoided in patients with a radically resected low-risk T1CRC (i.e., 
absence of all high-risk features), which is the case in approximately 65-85% of patients 
with superficially invasive carcinomas and 30-50% of those with deep invasion.36, 37 
Multiple studies have shown the long-term safety of this strategy;38-40 however, the 
short-term effects of local endoscopic resections, such as their impact on surgical 
morbidity, have not been thoroughly investigated. For prior local surgical resections, 
available literature suggests that they might increase complexity of completion surgery 
and thereby increase procedure times and complication rates.41

1
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Since complete risk stratification requires a complete en bloc resection specimen and 
incomplete resection always necessitates additional treatment, it is crucial to select an 
advanced local resection technique that enables complete en bloc removal of lesions 
suspected to have submucosal invasion.

En bloc resection techniques for large non-pedunculated 
colorectal lesions

Several flexible endoscopic and local surgical resection techniques are available, 
allowing for the complete en bloc removal of large non-pedunculated lesions, even with 
submucosal invasion. The selection of the preferred technique depends on factors such 
as the lesion’s location, size, and available local expertise. Additionally, the expected 
invasion depth plays a crucial role in determining the technique, as the dissection plane 
varies between methods.

Endoscopic techniques
Endoscopic submucosal dissection (ESD) is a technique that involves injecting fluid 
into the submucosa to lift the lesion, making a circumferential incision around the 
target area, and performing dissection within the submucosal layer just above and 
parallel to the muscularis propria using an electrosurgical knife introduced via a flexible 
endoscope.42, 43 ESD enables radical en bloc resections, even for larger lesions, but its 
effectiveness is limited for deeply invasive T1CRCs due to the constraints of its dissection 
plane.44-46 ESD can technically be performed throughout the entire colon, but in the 
West, it is primarily used in the rectum due to its relatively higher perforation rate of 
approximately 4%.47 The thicker submucosa of the rectum and the typically limited 
clinical consequences of perforations (i.e., unintended full-thickness defects), which 
are often manageable with conservative treatment alone, make it a safer site than 
the proximal colon.48 In Western countries, ESD is mainly performed in expert centers 
by dedicated endoscopists, as the lack of adequate training, and perhaps financial 
compensation, has limited its widespread adoption.48, 49

Endoscopic full-thickness resection (eFTR) is a technique that uses a full-thickness 
resection device that allows for transmural resection of the colonic wall, extending as 
deep as the serosa.50 Unlike ESD, eFTR has a clear size limitation of 15-20 mm,51 making 
it unsuitable for large lesions. Additionally, maneuvering in the rectum is challenging, 
making other techniques preferable in this location. Consequently, eFTR is primarily 
used for smaller non-lifting lesions or those in technically challenging locations, such as 
near the appendix.52 Furthermore, eFTR can be used in a hybrid approach in combination 
with a piecemeal resection for larger lesions, enabling complete removal of the most 
suspicious part of a larger lesion.53
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Endoscopic intermuscular dissection (EID), is a relatively new endoscopic resection 
technique that involves dissection at the deeper intermuscular plane, present in the 
rectum, as performed more frequently in local surgical resections in the rectum, while 
still using a flexible endoscope. The first three-year follow-up study shows promising 
results that EID may offer a viable alternative to radical surgery for some patients with 
deep invasive carcinomas.22

Local surgical techniques
The most commonly used local surgical resection technique in the Netherlands is 
transanal minimally invasive surgery (TAMIS). For this procedure, a transanal single-
incision laparoscopic surgery (SILS) port, CO2 insufflation to create a pneumorectum, 
and standard laparoscopic instruments are used to lift and dissect the lesion. TAMIS is 
exclusively intended for treatment of rectal lesions and can be used to remove those 
located up to 15-20 cm from the anal verge, allowing for complete en bloc resection 
regardless of the lesion’s size.54, 55 Ideally, the dissection plane is partial thickness, 
following the intermuscular plane between the circular and longitudinal layers of the 
muscularis propria, using a diathermic hook. This approach preserves the integrity 
of the mesorectal fascia and does not compromise surgical resection planes should 
completion surgery be required. For lesions near the dentate line, the distal margin 
can be incised without a port using standard transanal retractors. Transanal endoscopic 
microsurgery (TEM) is a comparable videoscopic transanal excision technique that is 
used to a lesser extent due to its reliance on specialized, costly instruments including 
a TEM scope, and angled instruments.56 In contrast to TEM, TAMIS allows for more 
distal dissections due to its shorter port, offers a greater working angle, and may be 
less traumatic to the anal sphincter.57, 58

Preferred techniques for large non-pedunculated rectal lesions
For large non-pedunculated rectal lesions in which submucosal invasion cannot be 
excluded with certainty based on optical diagnosis, or when (superficially invasive) 
T1CRC is suspected, the preferred technique is either ESD or TAMIS. Both are considered 
standard of care and have demonstrated satisfactory long-term outcomes.59, 60 Due to 
the lack of large-scale head-to-head comparative trials, these techniques are currently 
used interchangeably in the Netherlands and the choice between ESD and TAMIS is 
based more on the clinical team’s preference and available expertise than on scientific 
evidence.

Patient involvement in T1 colorectal cancer care

Medical decision-making is often complex, especially in cancer care, as it involves 
uncertain evidence, the weighing of potential benefits against possible harms and 
consideration of the likelihood of different outcomes,61 while also aligning choices 
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with individual patient values and preferences. Because of this complexity and the 
heterogeneity in both clinical factors and personal preferences, it is essential for 
healthcare providers to actively involve patients in the decision-making process.

Shared decision-making is a collaborative process in healthcare that involves both 
clinicians and patients working together to make informed treatment decisions. It 
entails healthcare providers sharing relevant medical information, including potential 
benefits, risks, and uncertainties, while patients contribute their values, preferences and 
lifestyle factors.62 A prerequisite is thus that patients receive clear and comprehensible 
information, which can be challenging in practice for various reasons. Medical 
information is often complex, involving multiple considerations and nuances that can 
be difficult for non-experts to grasp. In addition, the information provided by physicians 
may not always align with patients’ preferences,63, 64 and in cancer care medical details 
can be emotionally charged, especially when discussing aspects such as survival or the 
risk of recurrence.65

Although the patient journey of T1CRC involves several complex decisions, such as 
the choice to perform additional treatment or not after local resection, information 
provision and decision-making has never been evaluated. Evaluating these processes 
from patients’ perspective can help to identify unmet informational needs and guide 
more patient-centered care in T1CRC.

Thesis outline

The main goal of the various chapters presented in this thesis is to improve the 
management of patients with non-pedunculated rectal adenomas and T1CRC through 
a patient-centered approach. To achieve this, various challenges in optical diagnosis, 
local treatment, completion surgery, follow-up and decision-making were studied and 
educational resources were developed for healthcare providers and patients. Firstly, 
in Chapter 2 we developed an educational module for endoscopists, covering key 
aspects of a polypectomy, based on the national guideline. The remainder of this thesis 
is subdivided into three parts.

Part I: Optical diagnosis & Local treatment

In part I, the focus lies on optical diagnosis and local treatment. Regarding optical 
diagnosis, Chapter 3 introduces a potential novel technique to enhance optical imaging 
of T1CRC: tumor-targeted fluorescence-guided endoscopy. This preparatory study 
investigates the most suitable imaging target for this approach in vitro. Chapter 4  
describes the study protocol of the randomised controlled TRIASSIC trial, which 
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compares transanal minimally invasive surgery to endoscopic submucosal dissection 
for the resection of larger rectal adenomas and T1 rectal cancers. Chapter 5 presents 
the results of an ancillary study of this trial, comparing the physical recovery of both 
procedures using wearable accelerometers to assess physical activity.

Part II: Treatment strategies after local treatment

In part II, the focus lies on treatment strategies after local resection. In Chapter 6 we 
evaluated the results of completion surgery after ESD, comparing the morbidity and 
mortality of primary oncological resections with those of completion surgery following 
ESD in patients with suspected T1 CRC. In Chapter 7, a meta-analysis was conducted 
to evaluate the risk and time patter of cancerous recurrence after local resection of T1 
rectal cancer, comparing endoscopic and local surgical resection techniques.

Part III: Patient empowerment

In part III, the focus lies on patient empowerment. Chapter 8 presents an evaluation 
of T1CRC patients’ perspectives on information provision, including their information 
needs, and experience on the decision-making process. In Chapter 9 educational videos 
on T1CRC for patients are presented. The videos highlight key aspects of the T1CRC 
patient journey, including the complex decision to either proceed with additional 
treatment after local resection of refrain from further treatment.

Finally, Chapter 10 provides a summary of the findings in this thesis, and elaborates 
on future perspectives.

1
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