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General discussion and future perspectives 
Chemoradiotherapy plays an essential role in the treatment of locally advanced 
oesophageal cancer. Currently, management of oesophageal cancer is slowly 
shifting from a ‘one-size-fits-all’ treatment towards a more individualised approach. 
The aim of this thesis was to explore this shift toward a more individualised 
strategy in the treatment of locally advanced oesophageal cancer. Individualised 
multimodality treatment demands careful patient selection, improvements in 
multimodality imaging, optimising image-guided radiotherapy and better 
treatment response prediction and assessment. In this chapter, several approaches 
towards individualised treatment and future perspectives are discussed. 

Patient selection
The standard treatments with curative intent for locally advanced oesophageal cancer 
in the Netherlands are neoadjuvant chemoradiotherapy followed by surgery or 
definitive chemoradiotherapy. The chemoradiotherapy regimens have improved long-
term results, but are intensive and associated with significant toxicity. It is important 
that the patients who are offered these multimodality therapies are those who can not 
only finish the treatment but will also benefit from it. .
 Oesophagectomy has an immediate impact on the quality of life of patients.  
It takes up to 12 months to regain pre-surgical quality of life, while approximately 
20% of operated patients die within this first year after surgery [1-3]. Improvements in 
patient selection might increase the number of patients who actually benefit from the 
multimodality treatment. 
The Dutch population is ageing and consequently the mean age of oesophageal cancer 
patients is increasing. In 2018, oesophageal cancer was diagnosed in the Netherlands 
in approximately 2500 patients, of whom 52% were 70 years or older [4]. Elderly 
patients are often underrepresented in clinical trials because poorer compliance is 
expected [5]. The trial outcomes obtained in a younger patient group can therefore 
not be extrapolated to elderly patients [6, 7]. Consequently, elderly patients are at risk 
of being undertreated, which can contribute to poorer outcomes [8, 9]. In CHAPTER 
2, carefully selected elderly patients achieved similar long-term outcomes as younger 
patients treated with neoadjuvant or definitive chemoradiotherapy [7, 9]. Compliance 
with chemoradiotherapy by the elderly patients was not related to the chemotherapy 
regimen used (carboplatin/paclitaxel versus 5-fluorouracil/cisplatin) in this patient 
cohort, although the carboplatin/paclitaxel is in general better tolerated [10, 11]. 
Within the elderly population large individual differences are observed in performance 
status, comorbidities and physical activity. The biological age can differ from the actual 
age. Assessment of the frailty is part of a careful selection process for elderly patients. 

Quick screening tools for risk of frailty exist (e.g. the G8 test) [12, 13]. These tools 
assist in identifying the elderly patients who should be assessed with the more time-
consuming comprehensive geriatric assessment. 
Frailty assessment combined with patient and tumour characteristics contributes to 
the multidisciplinary decision regarding which treatment strategies can be offered 
to the elderly patient. To tailor the best strategy for that individual patient, shared 
decision making is crucial to balance the risks and benefits of the different treatment 
options [14]. 

Patients with early disease recurrence after multimodality treatment are preferably 
identified before the start of treatment or early on in the treatment, as this would 
allow for adaptation of the treatment. In this thesis, we found 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 (CHAPTER 3).  
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. 
Blood samples can not only be used for the detection of tumour markers, but recently 
molecular analysis of circulating cell-free tumour DNA (ctDNA) in blood samples 
has emerged. Analyses of these ‘liquid biopsies’ have many potential applications, 
including detection of minimal residual disease following chemoradiotherapy, 
monitoring the molecular features of the tumour through the course of treatment, 
and early detection of tumour recurrence [15]. A recent study of oesophageal 
cancer patients treated with chemoradiotherapy showed that detectable  
ctDNA after chemoradiotherapy was correlated with worse progression-free and 
disease-specific survival [16].
Outcomes of treatment vary among patients and thus adequate patient selection 
is of utmost importance to avoid ineffective therapy and/or unnecessary side 
effects. The two main histological entities of oesophageal cancer, namely 
adenocarcinomas (AC) and squamous cell carcinomas (SCC), differ in response 
to chemoradiotherapy. In the Dutch CROSS study, pathologic complete response 
(pCR) rates after neoadjuvant chemoradiotherapy and surgery were 23% and 
49% for AC and SCC, respectively [17]. This translated into a median survival of 
43 versus 82 months for AC and SCC respectively. In addition, AC can be further 
subdivided into histological subtypes (diffuse, intestinal or mixed type) [18].  
The diffuse subtype AC is less responsive to chemoradiotherapy than the intestinal 
subtype [19]. For the AC subgroup with human epidermal growth factor receptor 
2 (HER2) overexpression (approximately 15% of the AC), a more individualised 
treatment was investigated in the ‘TRAP’ trial [20]. The addition of trastuzumab and 
pertuzumab to neoadjuvant chemoradiotherapy was feasible, pathologic complete 
response rates were favourable (33% pCR) and preliminary survival rates looked 
promising.
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For this small subgroup of HER2-positive oesophageal AC, this strategy might 
become a new treatment alternative. For all other subgroups of oesophageal 
cancer, subgroup-specific treatment alternatives are currently lacking.  
Therefore, all histological types of oesophageal cancer are still offered the  
same therapeutic regimen in the Netherlands. 
Comprehensive molecular analysis can divide gastro-oesophageal tumours 
into different subgroups [21]. This has led to the identification of four molecular 
subgroups (chromosomal instable, Epstein–Barr virus (EBV) positive, genomically 
stable and microsatellite instable (MSI) tumours). These molecular subtypes differ 
in biological behaviour and could be a starting point for further individualised 
treatment. In future studies, these subgroups should be identified, either for 
stratification of the study population or for developing tailored treatments.  
EBV-positive tumours or MSI tumours are known to be good targets for treatment 
regimens containing immunotherapy [22]. Whether this holds true in oesophageal 
cancer is currently not clear [23]. 
Palliative treatment with immune checkpoint inhibitors of heavily pre-treated 
gastro-oesophageal cancer patients show promising results with durable responses 
in a selection of patients [24-26]. The role of immunotherapy in the curative setting 
of gastro-oesophageal cancer treatment has not yet been defined. Additionally, in 
what treatment combination and sequence immunotherapy is feasible and most 
effective for gastro-oesophageal cancer needs to be determined. Immunotherapy 
is investigated in other tumour types as induction treatment [27], concurrent with 
(chemo)radiotherapy [28] or adjuvant after completion of chemoradiotherapy 
[29]. Currently, two phase I/II studies are enrolling patients in the Netherlands with 
tumours in the oesophagus or at the gastro-oesophageal junction for studying 
efficacy and safety of concurrent immunotherapy with neoadjuvant chemo(radio)
therapy (the ‘PANDA’ trial and the ‘PERFECT’ trial) [30, 31]). Immunotherapy as 
adjuvant treatment after neoadjuvant chemoradiotherapy and surgery is being 
studied in a placebo-controlled multicentre randomised phase III trial [32]. 
Outcomes of these studies must be awaited before the position of immunotherapy 
in the multimodality treatment of (a molecular-subgroup of) patients with tumours 
in the oesophagus or at the gastro-oesophageal junction can be determined.

FDG PET-CT 
The role of PET-CT in detection of distant metastases is clearly defined.  
However, for detection of regional lymph node metastases its sensitivity is low 
(approximately 51%) and its specificity is moderate (84%) [33]. Therefore, further 
optimisation of FDG PET-CT is needed. The oesophageal tumour and lymph nodes 

move due to respiration, and this can influence the image acquisition, potentially 
resulting in poorer detection of lymph node metastases. Motion-compensated PET-
CT increased the maximum standardised uptake values (SUVmax) and improved 
characterisation of liver and lung lesions [34-36]. In CHAPTER 4, the use of motion-
compensated PET-CT did not increase 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. The influence 
of PET on gross tumour volume (GTV) delineation in daily clinical practice was 
explored 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 FDG PET-CT may help in determining the tumour 
borders; however, FDG uptake does not differentiate between tumour and other 
avid areas as oesophagitis or gastritis. Furthermore, radiotherapy-induced 
inflammatory reactions may show false-positive results on FDG PET-CT after 
chemoradiotherapy [37, 38]. Assessment of the local response of the oesophageal 
tumour after treatment is hampered by this radiation-induced FDG activity. Likewise, 
FDG accumulation in the caudate or 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. 

Auto-contouring, either with an SUV threshold or with a predefined percentage of 
the SUVmax, has been suggested to overcome the interobserver variation, [39, 40]. 
Controversially, in our series, the oesophageal tumour as defined at endoscopy 
did not correspond well with the metabolic tumour volumes of SUV ≥2.5 or ≥50% 
of SUVmax (CHAPTER 4). Further, the accuracy of threshold-based delineation is 
influenced by the metabolic activity of the tumour, heterogeneous uptake, voxel 
size, background noise and object motion [41]. Advanced image segmentation 
algorithms are emerging that can cope with these challenges [42]. Furthermore, 
multimodality image segmentation algorithms (e.g. PET- magnetic resonance 
imaging (MRI)) might further improve the robustness of (semi-) automatically 
segmented volumes.  However, most of these new segmentation methods have 
not been validated and the most reliable and robust delineation method remains 
to be found. Moreover, MRI has the opportunity to add functional imaging such 
as diffusion-weighted MRI to the anatomical sequences. Recently, it was shown 
that MRI-based target delineation of the oesophageal tumour was feasible with 
interobserver variability comparable to delineation on FDG PET-CT, despite limited 
experience of the observers with delineation on MRI of the oesophagus [43].
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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 can facilitate oesophageal tumour localization on cone-
beam (CB) CT. However, gold fiducial markers cannot be recognised easily on 
MRI. The technical feasibility and clinical performance of a novel liquid marker was 
investigated in CHAPTER 8. This liquid marker can be visualised on CBCT as well as 
on MRI. Although a fiducial-based registration seems the most obvious approach, 
feasibility data of fiducial-based registration in oesophageal cancer are conflicting. 
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 [44]. 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. Currently, the results of prospective dose escalation 
trials, which explore the role of a simultaneous integrated boost technique in 
patients treated with definitive chemoradiotherapy, are awaited [45, 46]. In these 
studies, isotropic PTV margins of 0.3 cm to the internal GTV boost [46] and 1.0 cm to 
the GTV boost [45] are applied. These margins can be too small to ensure complete 
target coverage for a substantial group of patients. 
Visualisation of the oesophageal tumour can be difficult on CBCT due to poor 
soft tissue contrast. With the introduction of the Unity MRI-linear accelerator 
(Elekta AB, Stockholm, Sweden, hereafter ‘MR-Linac’) and the MRIdian system 
(ViewRay, Oakwood Village, Ohio, USA), areas with relatively poor visibility on 
CBCT scan can benefit from the improved soft tissue contrast of MRI. The MR-Linac 
combines 1.5 Tesla MR imaging with a state-of-the-art linear accelerator, enabling 
an online adaptive workflow [47]. With MR-Linac based radiotherapy, continuous 
adaptation of treatment based on daily MRI scans has the potential to improve 
radiation precision. Future studies should be performed to evaluate whether soft 
tissue contrast is improved and if daily replanning on an MR-Linac is feasible for 
oesophageal cancer. The MR-Linac might enable physicians to reduce margins 
and thus decrease normal tissue toxicity, which is of particular interest when dose 
escalation will be applied. 

Response assessment
Surgery has long been the cornerstone of the treatment of locally advanced 
oesophageal cancer. The addition of neoadjuvant chemoradiotherapy to surgery 
has improved survival and resulted in pathological complete response rates of 
23-49%, depending on histology [17]. The considerable postoperative morbidity 
and mortality after oesophagectomy raise the question of whether a non-surgical 
approach (active surveillance) is a safe alternative treatment for patients who have 
a clinical complete response. Currently, prospective studies are investigating 
this active surveillance approach in oesophageal cancer (the ‘SANO’ trial and 
‘ESOSTRATE’ trial) [48, 49]. Accurate differentiation between clinical complete 
response and residual disease is essential for the success of a non-surgical strategy. 
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 [50]. Consequently, this ≥20% tumour volume 
decrease also correlated with locoregional recurrence, disease-free survival and 
overall survival. However, the diagnostic accuracy of CT for response assessment 
is too low for its implementation in clinical practice [51]. Although tumour volume 
decrease on CT as a sole modality for response assessment will not be able to 
individualise multimodality treatment, it might add to other modalities for response 
assessment. What combination of response-assessment strategies will build the 
best and most robust predictive model still needs to be determined.
Other studies have explored the use of endoscopy for response assessment.  
These studies have shown that endoscopic response assessment is hampered by 
the fact that it investigates only the response at the luminal side of the oesophagus, 
whereas residual tumour cells can also be located at the submucosal layers.  
Bite-on-bite biopsies improve detection rate of residual tumour cells, however, 
false negative rates are still considerable [52].
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. Quantitative analysis of these techniques is promising for response 
assessment of oesophageal cancer after neoadjuvant chemoradiotherapy  
[53-55]. In rectal cancer, visual assessment of the rectal MRI showed a higher 
sensitivity of detecting residual disease compared to quantitative response 
assessment [56]. In oesophageal cancer, this visual response assessment on T2-
weighted and diffusion-weighted MRI 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. 



 p
. 2

04

 p
. 2

05

General discussion and future perspectivesGeneral discussion and future perspectives
Chapter 11Chapter 11

Future studies should investigate if the diagnostic accuracy can be further improved 
by combining diagnostic modalities. Currently, the multicentre observational 
‘PRIDE’ (Preoperative Image-guided Identification of Response to Neoadjuvant 
Chemoradiotherapy in Esophageal Cancer) study is open for inclusion [57].  
This study aims to develop an optimal multimodal response prediction model 
focusing on clinical (endo(echo)scopy with biopsies) and radiological (MRI and FDG 
PET-CT) assessment combined with patient-specific parameters (such as ctDNA) 
in oesophageal cancer patients treated with neoadjuvant chemoradiotherapy.

Conclusion and future recommendations
This thesis contributes to the development of a individualised multimodality 
treatment of locally advanced oesophageal cancer, by the analyses on patient 
selection, FDG PET-CT, image guidance and motion management, and response 
assessment. In order to improve the outcome of oesophageal cancer patients, 
further improvements in patient selection, advances in multimodality imaging 
for diagnosis, therapy guidance, response prediction and assessment, and the 
development of new treatments (e.g. immunotherapy, boost strategies, organ-
preservation strategies) are needed. Multidisciplinary collaboration is essential 
to take these steps to ultimately improve quality of life and long-term outcomes of 
oesophageal cancer patients. 
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