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General aspects of oesophageal cancer
Oesophageal cancer is the eighth most common malignancy and the sixth leading 
cause of cancer death worldwide, and its incidence is rising [1-4]. In the Western 
world, the majority of patients presents with locally advanced disease and 
approximately one-third of the patients already has distant metastases at the time 
of diagnosis [5]. Despite improvements in the treatment of oesophageal cancer, 
the prognosis remains poor, with an overall 5-year survival rate of 15-25% [4,6].
The majority of oesophageal tumours can be subdivided into two histological 
subtypes, adenocarcinoma (AC) and squamous cell carcinoma (SCC). The highest 
incidence of AC is observed in Northern and Western Europe, North America, 
and Oceania [7]. Risk factors are gastro-oesophageal reflux disease, obesity, and 
tobacco smoking [8]. The majority of oesophageal adenocarcinomas is located 
in the distal third of the oesophagus or at the gastro-oesophageal junction.  
The highest incidence of oesophageal SCC is observed in Asia and Africa.  
Risk factors are high alcohol consumption and tobacco smoking [7,8]. Squamous 
cell carcinomas are predominantly located in the proximal or middle third of the 
oesophagus. In the Netherlands, current treatment guidelines are the same for 
AC and SCC. 
Neoadjuvant chemotherapy or chemoradiotherapy was added to surgery in 
the curative setting and both treatment regimens have improved outcomes of 
oesophageal cancer patients [9]. However, therapeutic efficacy differs between 
the two histologies. Consequently, chemoradiotherapy is offered to patients with 
oesophageal SCC in most European countries. For oesophageal AC, the preferred 
treatment strategy is debated and differs between countries. 

In the Netherlands, the preferred treatment for both oesophageal AC and SCC in the 
curative setting is chemoradiotherapy. The addition of neoadjuvant chemoradiation 
(nCRT) to surgery in oesophageal cancer has resulted in downstaging, more radical 
resections and an improvement in overall survival [9,10]. 
Patients with a poorer performance status, either due to comorbidities or general 
poor condition may be considered inoperable. Otherwise, when an oesophageal 
tumour invades the surrounding organs, this tumour may be considered 
irresectable. For inoperable patients and for irresectable tumours, definitive 
chemoradiation (dCRT) is the treatment of choice in case there are no signs of 
distant metastases [11]. Definitive chemoradiotherapy shows superior long-term 
outcomes compared to high dose radiotherapy alone [12]. Although dCRT results 
in long-term local control and survival in some patients, locoregional recurrences 
still occur in approximately 50% of cases and form a major cause of death [13].  
It is debated if local control rates can be improved with a higher radiation dose 
to the tumour. The largest trial that aimed to investigate this, was stopped after 

an interim analysis revealed an increase of the treatment-related mortality.  
However, most treatment-related deaths occurred before the escalated dose 
was given in that trial [14]. More recent but smaller studies show promising 
results for the addition of a simultaneous-integrated boost (SIB) in dCRT [15,16].  
Therefore, the randomised ART-DECO trial was initiated. Accrual has been 
completed and results are expected on short-term [17]. 

For patients treated with trimodality treatment (neoadjuvant chemoradiotherapy 
and surgery), 5-year survival is around 50% and recurrent disease is still the major 
cause of death. Thus, this intensive treatment approach does not have a long-
term benefit for all patients. Moreover, around 20% of the patients treated with 
curative intent die within a year after diagnosis, mostly from distant metastases 
[18]. Although both neoadjuvant and definitive chemoradiotherapy have led to 
better outcomes, there is still room for improvement. The challenges can be found 
in better patient selection, optimisation of imaging techniques, optimising image 
guided radiotherapy strategies and improved tumour response assessment after 
chemoradiotherapy. 

Patient selection
The intensive chemoradiotherapy regimen for oesophageal cancer has robustly 
shown to improve patient outcomes in trials. However, patients in clinical 
studies are often highly selected. Therefore, it is currently unknown whether the  
long-term results as observed in the prospective chemoradiotherapy landmark 
trials are applicable to all oesophageal cancer patients. Retrospective patient 
cohort studies might identify subgroups of patients that differ in treatment benefit 
and thus enable the identification of patient subgroups for whom altered treatment 
strategies should be developed.
The majority of patients with oesophageal cancer is diagnosed at an advanced 
age (≥ 70 years). Elderly people are often not considered for multimodality 
treatment options because they are thought to have poorer treatment tolerance 
due to comorbidities and reduced functional reserve. Advanced age is a frequent 
exclusion criterion in clinical trials [10,19,20]. Therefore, it is unknown whether 
the improved long-term outcomes of chemoradiotherapy are applicable to the 
elderly patient group or if tailored treatment for elderly patients should be applied 
(CHAPTER 2). 
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Another important subgroup to identify includes the patients who will experience 
(early) tumour recurrence. Currently, patients with oesophageal cancer are 
extensively staged before treatment commences; staging work-up consists of 
endoscopy, endoscopic ultrasound (EUS), computed tomography (CT) and F-18-
fluorodeoxyglucose (FDG) positron emission tomography-computed tomography 
(PET-CT). After completion of nCRT, a PET-CT is usually repeated and reveals 
interval metastases in approximately 8% of patients; in those patients, futile surgery 
can be prevented [21]. Even after extensive staging and re-staging, approximately 
20% of patients die within one year after surgery, mainly due to recurrent disease 
[10,18]. If patients with poor prognostic features can be recognised upfront, 
other treatment options could be developed for these patients with early disease 
recurrence. Thus, there is an urgent need for prognostic markers to improve patient 
selection. Tumour markers are often determined before treatment, and they have a 
clearly defined role in gastrointestinal malignancies other than oesophageal cancer 
[22]. For oesophageal cancer, the clinical utility of tumour markers is currently 
unclear. Their role as a prognostic marker for early treatment failure and survival 
was investigated in CHAPTER 3. 

FDG-PET-CT 
FDG PET-CT imaging has an important role in staging and re-staging of oesophageal 
cancer [23]. In approximately 80% of oesophageal tumours, FDG uptake is seen 
[23]. PET alone is superior to CT in detection of distant metastases but for the 
identification of regional lymph node metastases, its sensitivity shows limitations 
[24]. PET-CT is an important staging procedure before the start of treatment with 
curative intent [25] and after completion of nCRT it can reveal interval distant 
metastases[21]. 

It is of interest to explore if image acquisition can be further optimised. Especially 
for the pre-treatment identification of lymph node metastases, further improvement 
is needed. FDG PET-CT image acquisition in the abdominal and thoracic region 
is influenced by organ motion [26,27]. This motion blurs the metabolic signal of 
the oesophageal tumour and lymph nodes. It is currently unclear if lymph node 
detection and oesophageal tumour demarcation can be improved with a motion-
compensated PET-CT. Motion-compensated PET-CT in oesophageal cancer was 
explored in CHAPTER 4. 

Further, for radiotherapy treatment preparation, the gross tumour volume (GTV) 
is delineated on the planning CT scan. Determination of the oesophageal tumour 
borders on the planning CT is challenging and shows inter-observer variability. 

Currently, prospective dose-escalation studies are enrolling patients for dose 
intensification to the primary tumour aiming for improved local tumour control 
[15,28,29]. For the success of these trials, accurate delineation of this GTV boost is 
of utmost importance. Nowadays, the use of fused PET-CT images to the planning 
CT scan for oesophageal tumour delineation is common practice. The metabolic 
signal is guiding the cranial-caudal borders of the tumour delineation, together 
with clinical information retrieved from endoscopic assessments. Although PET-CT 
fusion is common in clinical practice, its impact on delineation variability is unclear 
and was therefore explored (CHAPTER 5). 
It is known that not only the oesophageal tumour, but also normal tissue can show 
FDG uptake caused by oesophagitis and gastritis. Also, prior radiotherapy can 
also show increased metabolic uptake in normal tissue. One should be aware 
of this pitfall when a re-staging PET-CT after chemoradiotherapy is performed 
(CHAPTER 6). 

Image guidance and motion management
Currently, treatment planning, set-up and delivery are identical for all oesophageal 
cancer patients treated with curative intent, regardless of their tumour location 
(proximal, mid or distal thoracic oesophagus or gastro-oesophageal junction) or 
other individual characteristics. We know there is great variation between patients, 
for example in breathing amplitudes that result in oesophageal tumour motion.  
The oesophageal tumour motion highly influences the planning CT scan, dose 
delivery, target coverage and image acquisition [30]. Image guided radiotherapy 
(IGRT) has been developed to reduce geometrical uncertainties by acquiring 
images in the radiotherapy treatment-room and making corrections accordingly. 
Cone Beam CT (CBCT) is currently the state of the art IGRT imaging modality. 

To work towards patient-tailored therapy for oesophageal cancer, it is important 
to understand the motion and geometrical uncertainties per patient in order 
to develop motion-specific treatment plans. Highly conformal radiotherapy 
techniques, such as intensity-modulated radiotherapy (IMRT) and volumetric arc 
therapy (VMAT), have resulted in more conformal dose delivery to the target [31] 
and therefore in less exposure of normal tissue to radiation. In order to accurately 
treat with highly conformal IMRT plans, it is important to accurately define the 
target volume and to take geometric uncertainties of the treatment into account. 
So far, detailed knowledge of the geometrical uncertainties and the subsequent 
clinical target volume (CTV) to planning target volume (PTV) margins is missing 
for patients with oesophageal cancer, resulting in the use of relatively generous 
isotropic margins.
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Knowledge of the geometrical uncertainties and improvement of the set-up during 
IGRT can be used to provide accurate general safety margins, to provide an optimal 
balance between target coverage and sparing of the organs at risk (CHAPTER 7). 
Fiducial markers, placed during EUS, can facilitate oesophageal tumour localization 
on CBCT and can visualise the tumour motion during the breathing cycle.  
Though gold fiducial markers are most commonly used, a novel (liquid) fiducial 
marker was explored for its potential use in oesophageal cancer (CHAPTER 8) 
for its feasibility of injection, the visibility on different imaging modalities and its 
positional stability.

Response assessment
Multimodality treatment regimens are the cornerstone of treatment with curative 
intent for oesophageal cancer patients. However, their therapeutic efficacy differs 
among patients. A pathologic complete response (pCR) is found in 23% of the AC 
and in 49% of the SCC after neoadjuvant CRT and surgery [32]. Patients with a pCR 
after surgery experience a significantly better outcome than those who are non-
responders [33]. These differences in pathologic tumour response suggest that 
a more individualized multimodal treatment approach is needed. If the clinical 
response can be identified before the completion of treatment, adaptive strategies 
could be developed. However, in order to safely adapt treatment, depending on 
the clinical response, response assessment should become more accurate. 

For those patients in whom no residual tumour cells are found after CRT, it is 
questionable what the actual benefit of subsequent surgery would be. Preferably, 
these patients with a pCR would be recognised before surgery, leaving room to 
explore tailored treatment, e.g. by omitting oesophagectomy. At present times, it 
is unknown if an organ-preserving strategy can be applied safely for oesophageal 
cancer patients. This is subject of study in several on-going trials [34,35].
On the other hand, poor responding patients now suffer from ineffective and toxic 
treatment. Those patients might benefit from an altered treatment strategy, for 
example with radiation dose intensification, different chemotherapy agents, altered 
neoadjuvant induction treatment with chemotherapy alone or novel strategies 
combined with immunotherapy [36]. 
Several diagnostic strategies have been proposed for response assessment; CT, 
PET-CT, endoscopy and EUS have shown sensitivities of 33-55%, 57-86%, 54-74% 
and 50-100% respectively for detecting a pCR [37,38]. Improvement of the accuracy 
of these diagnostic modalities is essential for the development of patient tailored 
treatment. 

One option for improvement may be found in monitoring the changes in tumour 
geometry during CRT. If a tumour with large volumetric reduction after nCRT is more 
likely to have a pathologic complete response, this might be of complementary 
value to metabolic and/or endoscopic response assessment. If tumour response can 
be better assessed, this would ultimately lead to developing adaptive multimodality 
treatment. Tumour shrinkage in relation to tumour response at neoadjuvant CRT 
was studied in CHAPTER 9. 

Another option for improving accuracy of response assessment could be the 
addition of magnetic resonance imaging (MRI). Historically, MRI of an oesophageal 
tumour resulted in images with very poor quality due to motion artefacts. Recent 
advances in technology have overcome most of these limitations, resulting in 
high-resolution MR images. MRI has the advantage of a high soft tissue contrast 
and has the additional value of functional information with sequences such as 
diffusion-weighted imaging (DWI). In the early studies on response prediction with 
MRI in oesophageal cancer, quantitative DW-MRI or dynamic contrast-enhanced 
(DCE)-MRI parameters were used [39-42]. The performance of MRI in a qualitative 
manner of response assessment was analysed in CHAPTER 10. 

Aim
The aim of the research presented in this thesis was to optimise and individualise 
multimodality treatment for locally advanced oesophageal cancer patients with 
the ultimate goal to improve long-term outcomes and quality of life. To this regard, 
differences in patient characteristics and their influence on long-term outcomes 
were investigated, leading to better patient selection as described in PART I. 
PET-CT imaging for oesophageal cancer was explored in PART II, by analysing 
the influence of breathing motion on image acquisition and exploring the role of 
PET-CT for tumour delineation. PART III focused oesophageal tumour motion and 
improvements for radiotherapy set-up during IGRT. Finally, in PART IV, diagnostic 
methods to improve tumour response assessment after chemoradiotherapy were 
explored.  
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