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GENERAL INTRODUCTION 

Around 24.5 million cancer incident cases and 9.6 million cancer-related deaths were 

reported in 2017 worldwide. Among these cases, esophageal cancer accounts for 0.5 

million incident cases and 0.4 million deaths [1]. The number of new cases and new 

esophageal cancer deaths are increasing rapidly worldwide [2]. From 1990 to 2017, 

the total number of new esophageal cancer cases increased from 0.3 million to around 

0.5 million, with the deaths rising from 0.3 million to 0.4 million [3]. This thesis focuses 

on the early detection and follow-up of esophageal cancer, including esophageal 

squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). 
 

Histology, incidence, and risk factors 
Esophageal cancer includes several histological subtypes. Globally, ESCC is the most 

common subtype, accounting for about 87% of esophageal cancer. Around 11% of 

esophageal cancer is EAC subtype. Other subtypes, esophageal sarcoma, 

esophageal melanoma, and signet ring cell carcinoma, make up less than 2% of 

esophageal cancer [4]. 

 

The histology subtype distribution of esophageal cancer varies among geographical 

areas. In over 90% of countries worldwide, ESCC has a higher incidence than EAC. 

The highest incidence of ESCC is in countries in eastern to central Asia and sub-

Saharan Africa [4]. For instance, over 90% of esophageal cancer in China is of 

squamous origin. In China, the estimated age-standardized incidence rate (ASR) of 

ESCC is 12.6 per 100,000 person-years, compared to 1.2 of EAC. On the contrary, 

EAC is the predominant subtype in developed Western countries. In the Netherlands, 

the ASR per 100,000 person-years of EAC is higher than ESCC (4.4 vs. 2.0). Globally, 

males have a higher incidence of esophageal cancer than females. The male to female 

ratio of EAC is around 3.4:1, and that of ESCC is around 2.2:1 [5]. 
 

The socio-economic status, including income and education level, is one of the 

significant risk factors for ESCC and EAC. Lower education level or income contributes 

to an increased risk of esophageal cancer [6]. Other established risk factors of ESCC 

include tobacco smoking and overconsumption of alcohol [7]. Besides the socio-

economic status, the established major risk factors for EAC include gastroesophageal 
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reflux disease (GERD) and higher body mass index (BMI) [8]. Although a risk factor 

for EAC, cigarette smoking has a weaker association with the increased risk for EAC 

compared to ESCC [9]. Unlike ESCC, alcohol overconsumption is not proven a risk 

factor for EAC [10]. 

 

Some studies have shown an inverse association with risk for ESCC and EAC due to 

intake of fresh fruit and vegetables [11, 12]. The association of hot food and drinking 

habit with increased risk of ESCC was also reported [11]. However, the associations 

between the risk for esophageal cancer and dietary factors are labeled as associations 

with limited evidence, according to the International Agency for Research on Cancer 

(IARC) and the World Cancer Research Fund Continuous Update Project [13-15]. 
 

Pre-malignant lesions and updated definitions 
Esophageal squamous dysplasia is known as the precursor of ESCC. The risk of 

progression towards ESCC increases from low-grade squamous dysplasia to high-

grade squamous dysplasia [16]. The precursor of EAC is Barrett's esophagus (BE), 

defined as the metaplasia of normal squamous epithelium into columnar epithelium. 

The progression rate to EAC per patient per year is 0.33% for non-dysplastic Barrett´s 

esophagus (NDBE) [17], 0.54% for low grade BE dysplasia [18], and 6% for high grade 

BE dysplasia [19]. 

 

Following the 8th edition of the American Joint Committee on Cancer (AJCC) staging 

manual [20], the Siewert III type of gastroesophageal junction adenocarcinoma is 

defined as gastric cancer. The Siewert I and II types are defined as esophageal cancer. 
 

Diagnosis and clinical staging 
According to the European Society for Medical Oncology (ESMO) Guidelines 

Committee [21], patients with complaints of gastrointestinal bleeding, vomit, dysphagia, 

poor appetite, recurrent aspiration, and/or weight loss should have a white-light 

endoscopy followed by random biopsies. A pathologist should confirm the histology 

subtype of esophageal cancer with the help of immunohistochemistry staining.  
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The computed tomography (CT, neck, chest, abdomen, pelvis when indicated), 

ultrasound (abdomen), endoscopic ultrasound (EUS), and 18F-fluorodeoxyglucose-

positron emission tomography (18F-FDG-PET) are usually performed for clinical 

staging of the primary tumor (T), regional lymph nodes (N), and metastases (M). EUS 

is the preferred modality to evaluate the clinical T and N stages in situations where 

there are no distant metastases (cM1). EUS guided fine-needle aspiration (EUS-FNA) 

is recommended for clinical N staging by AJCC [20]. 18F-FDG-PET helps to detect 

distant metastases. In the case of equivocal imaging findings, magnetic resonance 

imaging (MRI) is recommended. Laparoscopy is recommended for EACs located 

around the gastroesophageal junction to exclude peritoneal metastases. Sometimes 

the trachea-bronchoscopy is performed to rule out the tracheal invasion or 

synchronous cancers [21]. 
 

Treatment 
Multidisciplinary cooperation is recommended by National Comprehensive Cancer 

Network (NCCN) guidelines, 2019 [22]. According to the latest update in 2020 by 

American Gastroenterological Association (AGA), patients with confirmed persistent 

low-grade dysplasia (LGD) are recommended to undergo either endoscopic therapy 

or high-definition white-light (HDWL) endoscopy surveillance. Patients with visible 

high-grade dysplasia (HGD) lesions under HDWL endoscopy should be treated with 

endoscopic resection. In contrast, patients with flat HGD lesions should have another 

HDWL endoscopy after 6 to 8 weeks. Patients with intramucosal EAC (cT1a, N0M0) 

are suggested with endoscopic treatment beyond esophagectomy. For patients with 

lesions up to the submucosal layer (cT1b, N0M0), esophagectomy is the primary 

option, however for those with lesions limited within the first third of the submucosal 

layer (cT1b sm1, N0M0, G1-2), endoscopic treatment with intensive follow up serves 

as an alternative [23]. 

 

For patients with small-size (diameter < 2 cm), well-differentiated lesions limited to 

submucosa or muscularis propria (cT1b-T2, N0M0), surgery is recommended. For 

patients with cT1b-T2, N+M0 lesions, or patients with cT3-T4a, NxM0 lesions, 

neoadjuvant chemoradiotherapy (nCRT) followed by surgery is preferred for those 

who are assessed as suitable for major surgery; those patients who are unwilling to 

undergo surgery are recommended for definitive chemoradiotherapy; those patients 
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with lesions located at the thoracic esophagus or the gastroesophageal junction have 

alternative options of perioperative or preoperative chemotherapy combined with 

surgery. For patients with unresectable lesions (cT4bNx), metastatic disease (M1), or 

recurrence, palliative treatment is suggested, and the treatment strategies are 

adjusted according to patients' situations. Follow-up and surveillance are 

recommended for most patients, except those with esophageal cancer at an advanced 

stage [22].  
 

Mortality and prognosis 
In 2018, among all the causes of deaths from cancer globally, esophageal cancer 

ranked six [24]. The mortality of esophageal cancer varies among geographical 

regions and countries. With the development in treatment modalities, the 3-year 

survival rates of both ESCC and EAC show marked improvements between 1995 and 

2014 in developed countries. But the 3-year survival rate is still poor, with 22-29% for 

EAC and 20-29% for ESCC [25]. When detected at an early stage (cT1N0M0), the 5-

year overall survival rate of EAC [26] and ESCC [27] reaches over 90% after 

endoscopic treatment. The risk of lymph node metastasis is as low as around 5% for 

cancerous esophageal lesions within the mucosal layer (T1a). Once the lesions invade 

to submucosal layer (T1b), the risk of lymph node metastasis increases by over 

threefold [28]. 
 

Some of the endoscopy-related clinical challenges in esophageal 
cancer 
Decreasing the miss rate of early-stage esophageal cancer under endoscopy 

With endoscopy, an overall miss rate of around 4.9% to 7.8% is reported for 

esophageal cancer [29, 30]. Especially for patients with early-stage esophageal 

cancer (stage 0-I), 15.9% of the lesions were missed under endoscopy performed 

within one year of the diagnosis, compared to 4% and 1.5% for stage II and stage III-

IV cancers, respectively [29]. Patients with esophageal cancer diagnosed at an early 

stage (cT1N0M0) have a significantly improved prognosis than patients diagnosed at 

advanced stages [26, 27]. Therefore, improving the endoscopic detection of 

esophageal cancer at the early stage is vital, especially the flat lesions. 
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Restaging of esophageal cancer after neoadjuvant chemoradiotherapy 

It was reported that after neoadjuvant chemoradiotherapy (nCRT), around 23% and 

32% of patients with EAC and ESCC, respectively, achieved a pathological complete 

response (pCR) [31]. Current restaging techniques after nCRT, including endoscopic 

biopsies, CT, PET-CT, EUS, and MRI, show insufficient sensitivity or specificity for 

detecting pCR [32, 33]. According to current guidelines, these patients who achieved 

pCR will still undergo esophagectomy. Improving the restaging of esophageal cancer 

after nCRT will enable a wait-and-see policy. 
 

The shortage of standardized risk assessment for LGD to reduce the 

downstaging or over-diagnosis  

The current pathological diagnosis of LGD is based on the morphology complemented 

with P53 immunohistochemistry. Poor-interobserver agreement of LGD diagnosis 

frequently happens even among expert pathologists, resulting in the downstaging or 

over-diagnosis [34]. LGD with a confirmed diagnosis shows a higher rate of 

progression to HGD and EAC than unconfirmed LGD [35]. Inconsistent with the 

updated guideline of the American Gastroenterological Association (AGA) [23], the 

latest guideline from the British Society of Gastroenterology recommends 

radiofrequency ablation (RFA) over endoscopic surveillance for patients with 

confirmed LGD [36]. However, standardized risk assessment and diagnostic criteria 

for LGD with good interobserver consistency and accurate risk evaluation are still 

lacking. 

 

The controversy in the surveillance strategy of non-dysplastic ultra-short 

segment Barrett's esophagus (ultra-SSBE) 

Ultra-SSBE with a length of less than one cm shows a prevalence of around 5% to 

20%. Studies show that after a median of six years of follow-up, none of the non-

dysplastic ultra-SSBE shows progression into HGD or EAC [37]. According to the 

British Society of Gastroenterology, intestinal metaplasia of at least one cm is 

diagnosed as BE [38]. In contrast, according to the latest American 

Gastroenterological Association guidelines, intestinal metaplasia less than one cm is 

also diagnosed as BE [23, 39]. Therefore, controversy exists in gastroenterology 

guidelines regarding the necessity of surveillance for patients with ultra-SSBE. 
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The challenge in the detection and endoscopic eradication of dysplasia in 

gastroesophageal junction 

The annual recurrence incidence of metaplasia and dysplasia in patients with absolute 

remission of intestinal metaplasia after endoscopic treatment is 9-11% and 2%, 

respectively. Recurrent metaplasia and dysplasia are mainly located around the 

gastroesophageal junction. Studies show that dysplasia recurrence is related to 

baseline dysplasia and the length of the baseline BE segment but not related to the 

recurrent metaplasia in the gastroesophageal junction [40, 41]. Based on these facts, 

it is debatable if the recurrent dysplasia in the gastroesophageal junction is the missed 

lesions of baseline dysplasia. Therefore, on the one hand, it is of vital importance to 

improve the detection and endoscopic treatment of dysplasia in the gastroesophageal 

junction. On the other hand, more studies are needed to specify whether the so-called 

recurrent metaplasia close to the gastroesophageal junction is the persistent baseline 

metaplasia and whether endoscopic re-treatment of the so-called recurrent metaplasia 

should be considered. 

 

The controversies in the follow-up endoscopic biopsy strategy on the neo-

squamous epithelium 

According to the AGA guidelines 2020, 4-quadrant random biopsies are 

recommended for the neo-squamous epithelium. However, it was reported that the 

diagnostic yield of random biopsies in the neo-squamous epithelium is close to zero 

[42]. Therefore, it is debatable whether the random biopsy of neo-squamous 

epithelium is unnecessarily aggressive. 
 

Fluorescence molecular endoscopy and near-infrared imaging 
Molecular imaging allows visualization of the biological process at the molecular level. 

It can increase the specificity by targeting disease-specific molecules and thereby 

realizing disease detection early, even before morphology characteristics appear. 

Fluorescence molecular endoscopy (FME) is an endoscopic molecular imaging 

technique that can detect the difference in tumor cells from surrounding benign cells 

by fluorescently highlighting the tumor-specific molecules under endoscopy [43]. 

Compared to the visible spectrum, the near-infrared (NIR) spectrum (700-900 nm) can 

penetrate deeper tissue with minimal autofluorescence. As hemoglobin absorbs light 

in the visible spectrum at a wavelength between 500 nm and 600 nm — while the 
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absorption wavelength of water and lipids ranges from 950 nm to 1100 nm — the 

attenuation of the signal is minimized in the NIR spectrum. This leads to a deep 

penetration depth. The autofluorescence emitted from endogenous fluorophores is 

mainly in the visible light region, resulting in minimal autofluorescence background 

noise for NIR imaging [44]. 
 

Aim  
This thesis aims to improve the endoscopic detection of esophageal cancer to facilitate 

better treatment of patients with esophageal cancer ultimately. 

 

Outline of the thesis 
In Chapter 2, we review the performance and mechanisms of both conventional and 

advanced endoscopic techniques in detecting Barrett's esophagus dysplasia. The 

strengths and limitations of each technique, including high-definition white-light 

endoscopy, chromoendoscopy, confocal laser endomicroscopy, volumetric laser 

endomicroscopy, and fluorescence molecular endoscopy, are discussed in depth. In 

addition, the emerging advanced techniques bring an explosion of information and 

images, which seems impossible to be explained in real-time by human eyes and the 

brain. Computer-aided interpretation, therefore, is also discussed in this chapter. 

 

In Chapter 3 and Chapter 4, we aim to select and validate specific protein targets for 

fluorescence molecular endoscopy to detect ESCC and EAC at an early stage, 

respectively. Genetic mutations are one of the primary reasons for progressing from 

normal esophagus to esophageal cancer. Functional genomic mRNA (FGmRNA) 

profiling is a bioinformatics method that filters out the non-genetic noise from the raw 

expression data and extracts more relevant biological information [45]. We obtain 

transcriptomic profiles from the public domain for ESCC, EAC, BE, and healthy 

esophageal tissue. Next, FGmRNA profiles are generated from these transcriptomic 

profiles. Class comparisons between FGmRNA profiles of ESCC vs. normal 

esophagus tissue and EAC vs. BE are performed. The protein products of 

overexpressed genes are prioritized and validated on human tissue. NIR fluorescent 

tracers targeting the most promising proteins are conjugated and ex vivo validated in 

fresh human specimens. 
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In Chapter 5, we evaluate the performance of fourth-generation endocytoscopy to 

detect dysplasia in BE segments. An endocytoscopic classification criteria to 

distinguish dysplastic BE from non-dysplastic BE in vivo and an online learning module 

are developed. Moreover, a convolutional neural network (CNN) is trained and 

validated with the collected endocytoscopic images, and its interaction with the 

clinicians is evaluated. 

 

In Chapter 6, we evaluate the safety, feasibility, and optimal dosage of bevacizumab-

IRDye800CW based fluorescence molecular endoscopy to detect the pathological 

complete response in locally advanced EAC patients after nCRT. A pathological 

complete response means no viable tumor cell existed in either primary tumor site or 

resected lymph nodes. In every four patients diagnosed with esophageal cancer who 

received nCRT, around one patient achieved pCR [31]. Patients with locally-advanced 

EAC will have surgery after nCRT regardless of their pathological response stage, 

which means that patients who achieved a pCR are over-treated, with potential side 

effects of esophagectomy such as anastomotic leakage, pneumonia, and 

postoperative mortality [46]. Bevacizumab-IRDye800CW guided FME was proven to 

detect 25% extra Barrett's lesions, which were missed by HDWL endoscopy combined 

with narrow-band imaging (NBI) [47]. A pilot study found that bevacizumab-

IRDye800CW guided FME is a promising technique to evaluate the pathological 

response after nCRT in locally advanced rectal cancer [48]. Therefore, this chapter 

focuses on the optimal dose and performance of bevacizumab-800CW guided FME 

in the restaging of locally advanced EAC after nCRT. 

 

Finally, in Chapter 7, the results of the thesis are discussed. The future perspectives 

regarding FME and the endoscopic management of esophageal cancer are 

summarized.  
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