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Summary
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.
In this thesis, a variety of possibilities for this movement towards individualised 
multimodality treatment of locally advanced oesophageal cancer was studied, 
including patient selection, F-18-fluorodeoxyglucose (FDG) positron emission 
tomography (PET)-computed tomography (CT), image guidance and motion 
management, and response assessment. 

Part I Patient selection 
Multimodality treatment strategies are often underused in elderly patients, 
because poorer tolerance is expected. In CHAPTER 2 the justification of using age 
as a selection criterion for potentially curative treatment was studied in a group 
of oesophageal cancer patients younger and older than 70 years. Elderly patients 
(aged ≥ 70 years) had equal long-term outcomes as their younger counterparts, 
reflecting that age alone is not a contra-indication for multimodality treatment. 
These results show that carefully selected elderly can achieve good long-term 
outcomes with multimodality treatment and will stimulate the multi-disciplinary 
team to carefully select, (e.g. by frailty assessment) the elderly patient who can be 
considered for multimodality treatment with curative intent. 

Chemoradiotherapy and surgery are the basis of the potentially curative treatment 
for oesophageal cancer. Approximately 1 in 5 patients, however, does not benefit 
from this intensive treatment due to early treatment failure. The tumour markers 
carcinoembryonic antigen (CEA) and carbohydrate antigen (CA)19-9 are used in 
multiple gastrointestinal malignancies for monitoring treatment response and 
in follow-up. In CHAPTER 3 we evaluated levels of CEA and CA19-9 at diagnosis, 
in relation to survival and early treatment failure (disease recurrence or death 
within one year after surgery). We showed that elevated tumour markers (CEA 
and CA19-9) in pre-treatment blood samples showed a high specificity, but a low 
sensitivity for early treatment failure. The chance of early treatment failure was 
increased by a 10-fold in patients in whom both markers were elevated before 
start of chemoradiotherapy compared to patients with normal tumour-markers. 
This indicates that blood-derived factors might assist in further differentiation 
between patients at high risk versus those at lower risk of early disease recurrence. 

Part II FDG PET-CT
FDG PET-CT has an important role in staging and re-staging of oesophageal cancer. 
The oesophageal tumour and lymph nodes move due to respiration and this motion 
blurs the metabolic signal. Motion-compensated PET-CT increased the maximum 
standardized uptake values (SUVmax) and improved characterisation of liver and 
lung lesions. Motion-compensated PET-CT for oesophageal cancer was studied 
in CHAPTER 4. In oesophageal cancer, this PET-CT technique did not increase 
maximum standardized uptake values (SUVmax) of the primary oesophageal 
tumour or lymph nodes, nor did it improve lymph node detection. Consequently, 
there is no clear clinical benefit of motion-compensated PET-CT in oesophageal 
cancer. 
PET is often fused with the planning CT for delineation purposes, however 
the impact of this fusion on observer variation in daily clinical practice was 
unclear. Therefore we evaluated the influence of PET on gross tumour volume 
(GTV) delineation in daily clinical practice in a nationwide study (CHAPTER 5).  
PET significantly influenced the delineated volume in 4 out of 6 patients; however, 
its impact on observer variation was limited. Delineation on the planning CT fused 
with FDG PET may help determining the tumour borders, however, FDG uptake may 
be seen in both tumour and other avid areas as oesophagitis or gastritis. 
Also, radiotherapy-induced inflammatory reactions may lead to false-positive 
results on FDG PET-CT after chemoradiotherapy. Accumulation of FDG in the left 
liver lobe after chemoradiotherapy in the area that received a high radiation dose 
may be caused by metastases but also by radiation-induced liver injury (CHAPTER 
6). Awareness of the pitfalls of high FDG uptake caused by radiotherapy is crucial 
to avoid misinterpretation of this uptake as a liver metastasis on PET-CT after 
chemoradiotherapy.  

Part III Image guidance and motion management
For optimal irradiation, one must accurately account for geometrical uncertainties 
such as respiratory motion and day-to-day position variability of the tumour. 
Oesophageal tumour position variability was quantified using gold fiducial 
markers implanted in the tumour during endoscopic ultrasonography (CHAPTER 7).  
Gold fiducial markers enable oesophageal tumour localization on cone-beam 
(CB) CT. Although a fiducial-based registration seems the most obvious approach, 
feasibility data of fiducial-based registration in oesophageal cancer are conflicting. 
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Thereby, the invasiveness of insertion by endoscopic ultrasound, frequent loss 
of fiducial markers and possible fiducial displacements are other reasons why 
fiducials are currently not recommended for clinical practice. Therefore, other 
correction strategies are needed to optimise image-guided radiotherapy (IGRT). 
IGRT setup using a registration based on the clinical target volume (CTV) resulted 
in the smallest planning target volume (PTV) margins. The use of non-uniform PTV 
margins and a CTV-registration setup should be considered for radiotherapy of 
oesophageal cancer patients. However, for adequate coverage the calculated PTV 
margins are still substantial.
If fiducial markers are used for IGRT, gold fiducials are most often applied. 
However, these gold fiducial markers cannot be recognised easily on MRI. A novel 
liquid marker has become available which is visible on CBCT as well as on MRI. 
Furthermore, the needle system can be primed at once and therefore several 
markers injections can be consecutively performed in the oesophagus, thus without 
need for removal and reinsertion of the system. The technical feasibility and clinical 
performance of this novel liquid marker was investigated in CHAPTER 8. Injection of 
a liquid fiducial marker for oesophageal cancer radiotherapy is technically feasible 
with no adverse events observed. Volumes of >0.05 ml have an appropriate visibility 
on CT, CBCT, and MRI, with an excellent positional stability. Liquid fiducial markers 
are therefore promising for use in image-guided radiotherapy.

Part IV Response assessment 
Neoadjuvant chemoradiotherapy before surgery results in a pathological complete 
response rate in about 1/3 of the patients, which is correlated with survival.  
It was hypothesised that volumetric tumour response to CRT would correlate with 
outcomes. In CHAPTER 9, ≥20% tumour volume decrease between pre-treatment 
and post- treatment CT was associated with a pathologic complete response.  
The strongest predictor of a more favourable outcome after treatment with curative 
intent is pathologic complete response. Consequently, this ≥20% tumour volume 
decrease also correlated with locoregional recurrence, disease free survival and 
overall survival.
In CHAPTER 10, the use of MRI for response assessment was investigated.  
Recent technical improvements have enabled the acquisition of high-resolution 
MRI of the oesophagus. MRI has the advantage of combining anatomical images 
with functional images such as diffusion-weighted MRI or dynamic contrast 
enhanced MRI. Prior studies showed that quantitative analysis of these techniques 
is promising for response assessment of oesophageal cancer after neoadjuvant 
chemoradiotherapy. In rectal cancer, visual assessment of the rectal MRI showed a 
higher sensitivity of detecting residual disease compared to quantitative response 

assessment. We investigated this visual response assessment on T2-weighted 
and diffusion-weighted MRI in oesophageal cancer and showed that it shows a 
high sensitivity, reflecting a low chance of missing residual tumour. However, the 
specificity was low, resulting in a risk of misclassification of residual mass as vital 
tumour in complete responders.

To conclude, this thesis contributes to the movement towards individualised 
multimodality treatment of locally advanced oesophageal cancer, by the analyses 
performed on patient selection, FDG PET-CT, image guidance and motion 
management, and response assessment. 

 


