
Technical Innovations & Patient Support in Radiation Oncology 23 (2022) 8–14

Available online 16 July 2022
2405-6324/© 2022 Published by Elsevier B.V. on behalf of European Society for Radiotherapy & Oncology. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Reduction of oesophageal toxicity with VMAT dose-sparing radiotherapy in 
thoracic metastatic spinal cord compression: A feasibility study 

Vanja Remberg Gram a,b, Daniel Gram a,c, Gitte Fredberg Persson b,d, Morten Hiul Suppli a, 
Sarah Barrett e,* 

a Department of Oncology, Section of Radiotherapy, Rigshospitalet, University Hospital of Copenhagen, Denmark 
b Department of Oncology, University Hospital Herlev-Gentofte Hospital, Copenhagen, Denmark 
c Department of Clinical Oncology and Palliative Care, Radiotherapy, Næstved, Zealand University Hospital, Denmark 
d Department of Clinical Medicine, Faculty of Health Science, University of Copenhagen, Denmark 
e Applied Radiation Therapy Trinity, Discipline of Radiation Therapy, Trinity St James’s Cancer Institute, Trinity College Dublin, Ireland   

A R T I C L E  I N F O   

Keywords: 
Metastatic spinal cord compression 
Palliative radiotherapy 
Oesophageal toxicity 
Dysphagia 
Volumetric modulated arc therapy 

A B S T R A C T   

Background: Palliative radiotherapy for metastatic spinal cord compression (MSCC) is given to halt disease 
progression and sustain quality of life for patients with advanced cancer. Radiotherapy can however induce 
toxicity, contradicting treatment intention. Advanced radiotherapy offers possibility of sparing organs at risk 
(OARs). The purpose of this dosimetric study is to establish the feasibility and potential benefits of dose sparing 
of the oesophagus. 
Materials and methods: 30 patients receiving radiotherapy of 30 Gy/10# for MSCC were retrospectively included 
and the oesophagus delineated. Two new dose plans were created for each patient (eso-crop and PTV-crop) with 
the intention of optimising the oesophageal dose. In the eso-crop plan maintaining full target volume coverage 
was prioritised, for the PTV-crop plan oesophageal dose was further reduced through cropping the planning 
target volume (PTV) overlapping oesophageal/PTV-area. Time added for delineation was measured. Plans were 
compared using Wilcoxon signed rank test with p < 0.05 considered statistically significant. Bivariate associa-
tions between dose metrics and patient characteristics were quantified using linear regression models. 
Results: Oesophageal delineation took a mean of 8.6 min. There was significant dose reduction for both V7.7 Gy, 
D2% and mean oesophageal dose, without significant change in CTV coverage. The mean achievable oesophageal 
dose reduction was 29.1% and 50.4% for the eso-crop and PTV crop plans, respectively. Minor changes in dose 
distribution to the lungs was observed, with increased mean and V20Gy for the eso-crop plan and decreased 
V5Gy to the PTV-crop plan. 
Conclusion: This study demonstrated the possibility of significant dose sparing of the oesophageal dose using 
single arc VMAT without impacting on CTV coverage.   

Introduction 

The bone structure, including the vertebral column, is the most 
commonly affected site for metastatic cancer [1]. Vertebral body me-
tastases occur in approximately 5–10% of all cancer patients as a result 
of advanced cancer [2]. These lesions can cause metastatic spinal cord 
compression (MSCC). This is a disabling complication, which, untreated, 
can lead to pain, paralysis and loss of motor function distally of the 
compression, and incontinence [3]. Symptoms are severe, unremitting 
pain, progressive discomfort, neurological symptoms and motor 

function deficit, numbness or weakness and bladder or bowel dysfunc-
tion[4,5]. 

In palliative radiotherapy (RT), life expectancy may be short, with a 
median survival rate of less than 6 months [6] however, patients may 
present with favourable prognostic factors with increased life expec-
tancy [7]. Interventions in palliative care focus on preservation of 
quality of life (QoL) by reducing pain and preserving functional and 
mobile ability as a part of the end-of-life care [8]. Options of treatment 
and symptom relief include corticosteroids, surgical decompression of 
the involved vertebras and palliative RT, or a combination of these, with 
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primary RT being a favoured treatment option for those with poorer 
prognostic factors [3,7,9]. 

For curatively intended treatments, there is a focus on reducing the 
long-term adverse effects of RT by reducing the dose and thereby also 
the toxicity to organs at risk (OARs) to increase life span and QoL [10]. 
However, for palliative patients, the acute toxicity from radiation 
therapy may create adverse effects, reducing their QoL. Studies have 
shown that palliative patients may be affected by acute toxicity, 
including gastro-intestinal toxicity, mucositis, bone-marrow suppression 
and myelopathy, depending on the OARs close to the target volume 
[2,11]. 

The cervical and thoracic part of the spinal column is situated pos-
teriorly to the oesophageal tract, which is considered an OAR in thoracic 
radiotherapy [12]. Although there is a paucity of research on patient 
reported acute toxicity <grade 3 from palliative RT, one study by Gram 
et al included all grades of patient self-reported outcomes [13]. This 
study reported that for patients irradiated at the level of the oesophagus, 
the incidence of patient experienced toxicity was 79%, which patients 
also reported impacted on their well-being [13]. The study also 
demonstrated a correlation between the mean and maximum oesopha-
geal dose metrics and the risk of developing toxicity;[13]. The average 
mean and maximum oesophageal dose for patients reporting toxicity 
was 7.7 Gy and 30.4 Gy respectively, in comparison this was 0.2 Gy and 
0.5 Gy for patients without self-reported toxicity[13]. Modulated tech-
niques have been suggested in the palliative setting to reduce patient 
reported side effects. 

For patients with a short life expectancy, it is particularly important 
to reduce acute toxicity as the aim of treatment is to maintain or improve 
QoL. Dose fractionation schemes for MSCC vary, with life expectancy 
being a key factor influencing the choice of prescription [2]. Common 
prescriptions are 8 or 10 Gy in 1 fraction, 20 Gy in 5 fractions, 30 Gy in 
10 fractions, 37.5 Gy in 15 fractions and 40 Gy in 20 fractions [2]. 

Delineation of the oesophageal tract as an OAR is not standard 
practice for MSCC. As a large part of the oesophageal tract can be 
directly adjacent to the vertebral body, this also means that parts of the 
planning target volumes (PTV) may overlap with the oesophagus. 
Optimising the dose to the oesophagus may therefore not be feasible 
without some compromise of the PTV coverage. Considering that the 
clinical objective for MSCC is symptom relief above local tumour con-
trol, it is reasonable to evaluate the impact of partial PTV compromise to 
achieve sparing of the oesophagus. Clinically this compromise of PTV 
would be located at the anterior PTV, distal to the spinal canal and 
location of cord compression. Reducing the acute toxicity within palli-
ative RT may contribute to an increase in the benefits of this treatment 
and provide further incentive to using RT to treat MSCC and improve 
patient outcome. 

Volumetric modulated arc therapy (VMAT) has demonstrated 
desirable dose optimisation and sparing of OARs for curative treatments, 
such as head and neck cancer [14,15], oesophageal cancer [16], as well 
as for patients with cancer in the pelvic area [17] and is a technique that 
is continuously recommended for treatments requiring OAR sparing. 
This technique also offers a reduced treatment time when using single 
arc therapy, compared to intensity modulated radiation therapy (IMRT). 

The purpose of this study was to assess the feasibility and potential 
benefits of oesophageal dose sparing VMAT for MSCC, compared to the 
standard, single arc treatment without dose optimisation of the 
oesophagus. 

Materials and methods 

Study population and simulation 

This retrospective dose comparative planning study included 30 
consecutive target volumes of adult patients (n = 29, one patient was 
treated to 2 thoracic vertebral sites) treated for MSCC using VMAT, 
between January and May 2016. Ethical approval was obtained from the 

local ethics board, the Danish Patient safety Authority and the Danish 
Data Protection Agency. Inclusion criteria were patients with an esti-
mated remaining life expectancy of ≥6 months, receiving 30 Gy in 10 
fractions for MRI-confirmed MSCC in the thorax. Patients irradiated 
above or below the thoracic level (including the level of C7) of the 
oesophagus, post-stabilisation-surgical patients, and patients with large 
soft-tissue components included in the target volume were excluded. 

Patients were scanned in a supine position on a head and neck board 
with one of the standard pillows fitted to each patient. For patients 
treated at the level of the fifth thoracic vertebra or above, a 5-attach-
ment point mask was made to ensure reproducibility of the neck posi-
tion. The entire vertebral column was scanned with a slice thickness of 
2,5mm. 

Patients were treated with daily image guided radiation therapy 
using cone beam computed tomography (CT). 

Patient characteristics are noted in Table 1. 

Delineation 

The clinical target volume (CTV), included the entire affected 
vertebrae, with corpus, associated posterior arch, processus spinosus 
and processus transversum, if affected, as well as extracorporal tumour 
(Fig. 1), if relevant, without extending target volumes to the neigh-
bouring vertebrae. The CTV to planning target volume (PTV) expansion 
was 5 mm margin. The bone structure and body contours were delin-
eated according to local protocols, as well as oesophagus and lungs in 
coherence with RTOG 1106 atlas for thoracic OARs [11]. The entire 
oesophagus was delineated from the cricoid to the gastro-oesophageal 
junction by one observer (VG). The time required to delineate the 
oesophagus was recorded in full minutes. 

Treatment planning 

Plans were created using Eclipse™ treatment planning system (TPS) 
version 13.7, Varian Medical Systems, Palo Alto, CA, USA) Clinical 
treatment plans met the institutional guidelines for palliative RT 

Table 1 
Patient characteristics for all included patients.    

Mean Range SD 

Age (y)  68.9 47–83  8.2 
Treated vertebra (n) 2.4 1–8 1.7 
Field length (cm) 5.2 1.9–16.3 3.5   

n %  
Sex      

Male 21 70   
Female 9 30   

Primary disease     
Prostate cancer 9 30   
Breast cancer 4 13.3   
Pulmonary cancer 4 13.3   
Rectal cancer 3 10   
Head and neck cancer 2 6.7   
Multiple myeloma 2 6.7   
Oesophagus cancer 2 6.7   
Neuroendocrine cancer 2 6.7   
Unknown primary cancer 2 6.7   

Vertebral 
level      

C7 – Th4 (Upper thoracic 
oesophagus) 

12 40.0   

Overlapping both regions 6 20.0   
Th5 – Th8 (Mid thoracic oesophagus) 11 36.7   
Overlapping both regions 1 3.3   
Th9 – Th12 (Lower thoracic 
oesophagus) 

0 0  

Abbreviations. C = Cervical vertebra, Th = Thoracic vertebra. 
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planning with PTV V90% = 98% and CTV V98% = 90% of the CTV dose 
coverage required. Maximum dose up to 110% was deemed acceptable. 
No optimisation specific to the oesophagus was performed. 

Two new dose plans were created for each included target volume, 
totalling 60 new dose plans. 

The Eso-Crop Plan aimed to improve oesophageal sparing without 
compromise of PTV target coverage. As a result, only the region of the 
oesophagus outside the PTV overlap was included in the plan 
optimisation. 

The PTV-Crop Plan prioritised oesophageal dose sparing over PTV 
coverage, but without any compromise to CTV, see Fig. 2 for an example 
of the plans generated. 

For treatment planning, the upper objective for oesophageal dose 
was set as low as possible for each individual plan. CTV coverage was not 
compromised on either of the new dose plans. All plans were created 
using a single arc VMAT technique using 6 megavolts. 

Evaluation metrics 

Oesophageal metrics of Dmean, V≥7.7Gy and D2% were recorded. 
Lung V5Gy, V20Gy and Mean Lung Dose (MLD) were also recorded to 
assess if re-optimisation impacted nearby OARs. Target volume 
coverage was measured as CTV and PTV for the Eso-crop plans and CTV 
for the PTV-crop plans. 

The resulting dose metrics from both the Eso-Crop and the PTV-Crop 
plans were compared to the baseline plan metrics. 

Statistical analysis 

Shapiro-Wilk tests and visual inspection of scatter plots and histo-
grams were used to test the variables for normal distribution and line-
arity. Metrics were. 

compared for all plans using Wilcoxon signed rank tests and p < 0.05 
was considered statistically significant. 

Bivariate associations between field length and mean oesophageal 
dose, as well as field length and mean lung dose were quantified by using 
Spearman’s rank correlation coefficient. The linear regression models 
provide the following relationship (yi = b0 + b1xi + εi) which describes 
the line y where x is the sample data used, b0 is the sample estimate for 
vertical intercept, b1 is the sample estimate of the slope of the regression 
line and εi is the residual error. 

Results 

Delineation time 

Mean time required to delineate entire oesophagus was 8.6 min 
(range 4–18 min). 

One included patient had two eligible targets, however, as the 
oesophagus is only delineated once, the delineation time is only regis-
tered once, therefore all 29 included patient’s delineation time are 
represented in Fig. 3. For all included patients the oesophagus was sit-
uated in close proximity of the target volumes. In 27/30 cases the 
oesophagus overlapped with the PTV to various extents. 

Fig. 1. Shows the delineation of GTV, PTV, cropped PTV, lungs and oesophagus as well as body contour.  

Fig. 2. Showing dose distribution of the 60–110% dose. All images are same slice of the same patient. A is the original plan, B is AP-PA plan for illustrational 
purposes only, C the eso-crop plan and D the PTV-crop plan. 
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Oesophageal dose 

Both the eso-crop plans and the PTV-crop plans were compared to 
the original plans with data represented in Table 2. 

A statistically significant reduction of the mean oesophageal dose, 
was found for the eso-crop and PTV-crop plans, compared to the original 
plan (p < 0.001). Scatter plots with identity lines visualise the difference 
in OAR sparing for all comparisons (Fig. 4). 

The average oesophageal Dmean was reduced from 25.8% (7.7 Gy) in 
the original plans to 18.3% (5.5 Gy) for the eso-crop plans and 12.8% 
(3.8 Gy)for the PTV-crop plans. Additionally, the number of patients 
with Dmean < 7.7 Gy also increased from n = 18 in the original plans to n 
= 24 and n = 28 in the Eso-crop and PTV-crop plans respectively. This 
resulted in an average dose reduction of 29.1% and 50.4% for the Eso- 
crop and PTV-crop plans, when compared to the original plan (p <
0.001). For the original plans, oesophageal Dmean ranged from 10.5% 
(3.2 Gy) to 67.5% (20.3 Gy) of the prescribed dose. For the optimised 
plans, oesophageal Dmean ranged from 4.4% (1.3 Gy) to 43.6% (13.1 Gy) 
for the Eso-crop plans and 3.1% (0.9 Gy) to 31.7% (9.5 Gy) for the PTV- 
crop plans. 

The eso-crop and PTV-crop plans had a statistically significant 
reduction in oesophageal volume receiving ≥ 7.7 Gy from 33.6% in the 
original plan, to 23.7% (p < 0.001) and 18.2% (p < 0.001) in the eso- 
crop and PTV-crop plans, respectively. The PTV-crop plan had a statis-
tically significant lower oesophageal dose, compared to the eso-crop 
plan (p = 0.001). 

A statistically significant reduction of oesophageal D2% was also 
observed in both eso-crop and PTV-crop plans (p < 0.01) compared to 
the original plans. The average oesophageal D2% for the original plan 
was 92% (27.6 Gy), D2% >27.6 Gy n = 22 reduced to 80.9% (24.3 Gy), 
D2% >27.6 Gy n = 17 and 58.2% (17.5 Gy), D2% >27.6 Gy n = 4 for the 
eso-crop and the PTV-crop plans respectively. The achieved dose 
reduction of the oesophagus varied between patients, depending on the 
anatomical positioning of the oesophagus and its proximity to the PTV. 

The mean dose to the oesophagus was co-dependant on the length of 
the treatment field, as illustrated in Fig. 5. 

Lung dose 

The original plan had a statistically significant lower average mean 

Fig. 3. Delineation and mean time (minutes) for delineating the entire oesophagus for all 29 patients.  

Table 2 
Summary of dose metrics measured for all three VMAT treatment plans; original, 
eso-crop and PTV-crop plans, presented in mean percentage for each value. Bold 
values represent a statistically significant difference from the original plan.   

Dose 
Metric 

Original 
plan 

Eso-crop 
plan 

PTV-crop 
plan 

CTV dose (%) Mean 100.19 99.9 100  
Min 92.9 92.5 91.5  
D2% 106.1 106.3 108.4  

PTV dose (%) Mean 100 100 96.7  
Min 84.9 83.9 39.8  
D2% 107.5 108.2 107.9  

Mean oesophagus 
dose (%) 

Mean 25.8 18.3 12.8  

Range 10.5–67.5 4.4–43.6 3.1–31.7  
SD 13.1 9.2 7.3  

Oesophagus V7.7 Gy 

(%) 
Mean 33.6 23.7 18.2  

Range 14.8–88.0 0.1–65.9 0.0–68.9  
SD 18.6 14.6 16.8  

Oesophageal D2% 

(%) 
Mean 92.0 80.9 58.2  

Range 60.7–101.8 20.5–102.4 15.2–98.6  
SD 10.7 26.3 26.3  

Mean lung dose (%) Mean 11.7 12.6 11.4  
Range 2.3–32.0 2.4–34.4 1.7–31.6  
SD 7.8 8.2 7.9  

Lung V5Gy (%) Mean 28.9 27.3 25.3  
Range 3.4–85.4 3.4–78.6 2.1–83.7  
SD 22 19.4 19.7  

Lung V20Gy (%) Mean 1.7 2.6 2.0  
Range 0.0–6.8 0.0–9.3 0.1–6.7  
SD 1.6 2.5 2.0  
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lung dose compared to the eso-crop plan (p < 0.001) but not when 
compared to the PTV-crop plan (p = 0.62). The eso-crop plan showed no 
statistically significant decrease in lung V5Gy, compared to the original 
plan (p = 0.24), however, the PTV-crop plan demonstrated a statistically 
significant dose reduction compared to the original plan (p < 0.001). 
The PTV-crop plan also showed a statistically significant decrease in 
V5Gy compared to the eso-crop plan (p = 0.003). 

Average lung V20Gy in the eso-crop plan increased, compared to the 

original plan (p < 0.001). Lung V20Gy dose for the PTV-crop plan was not 
statistically different to the original plan (p = 0.07). 

Impact of field length 

Bivariate linear regression is illustrated in Fig. 5. 
Field length and mean oesophageal dose presented a strong positive 

correlation, R2 = 0.86, R2 = 0.72 and R2 = 0.74 for the original, eso-crop 

Fig. 4. Scatter plots with identity lines. The three top plots illustrate mean oesophageal and lung dose, demonstrating a statistically significant reduction of the mean 
oesophageal dose for the eso-crop and PTV-crop plans, compared to the original plan (p < 0.001). The three bottom plots illustrating the GTV coverage. 

Fig. 5. Bivariate linear regression models between field length and the mean oesophageal dose and field length and mean lung dose for both original, eso-crop and 
PTV-crop plans. 
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and PTV-crop plans, respectively, with p < 0.001 for all three plans. 
Linear regression for field length and mean lung dose was R2 = 0.67 

for the original plan, R2 = 0.69 for the eso-crop plan and R2 = 0.72 for 
the PTV-crop plan (p < 0.001). 

Discussion 

Traditionally simple techniques are used to plan emergency RT to 
MSCC [18]. A single posterior field or anterioposteror-posterioranterior 
(AP-PA) fields are used aiming at letting the 80% isodose curve cover the 
ventral part of the vertebra. With VMAT we aim at covering the entire 
PTV with the 90% isodose curve, which consequently adds significant 
dose to the oesophagus. However, utilising modulated techniques to 
treat MSCC has been reported as frequently as 3DCRT approaches in one 
US based survey [19] and ongoing clinical trials are evaluating the po-
tential for more advanced delivery methods[20]. 

This study demonstrates the potential of using VMAT technique to 
achieve oesophageal sparing for MSCC patients without PTV compro-
mise, which has the potential to reduce treatment related toxicity while 
treating symptoms related to the MSCC. Further OAR sparing can be 
achieved with some compromise of the PTV without detriment to the 
CTV coverage. Compromising the PTV target volume may pose a long- 
term risk of local failure. However, it should be noted that no compro-
mise was made to GTV target volumes. For patients with a short life 
expectancy of ≤6 months, the risk of local failure due to insufficient PTV 
coverage is low with options such as reirradiation available[7]. In-field 
recurrence rates have been reported using simple planning techniques of 
single PA field or APPA[11]. 2-year in-field recurrence rates were 14% 
for those treated 30 Gy/10#, however the proportion of patients with 
follow-up ≥12 months was only 34% [11]. 

While VMAT treatment is not a standard approach for palliative 
patients for many clinics, it could be applied to minimize dose to the 
oesophagus and other OAR and thereby improving treatment outcomes 
for these palliative patients. This is especially the case when compared 
to commonly used techniques such as parallel-opposite pair beams, as 
the oesophagus is typically located directly in front of the vertebra and 
thus directly within the beam. 

A study investigating dose sparing of the oesophagus for palliative 
patients has compared standard use of parallel-opposed pair beams with 
oesophageal-sparing IMRT plans, showing an oesophageal-sparing 
IMRT plan could reduce the rate of oesophagitis from 13% to 2%, 
while maintaining a similar dose coverage of the PTV [21]. However, 
advanced IMRT is more time consuming, compared to VMAT, which 
may add extra discomfort for palliative patients and increase intra- 
fraction motion. 

For clinics already using the VMAT technique for treating patients 
with MSCC, this technique could be introduced with a low resource 
impact, as the average delineation time was shown to be only 8.6 min. 
One case took 18 min, as the oesophagus was difficult to distinguish 
from the surrounding tissue. 

One consequence of optimising the dose off the oesophagus, was the 
increased dose into the lungs, increasing the risk of pneumonitis. Ra-
diation pneumonitis is a serious complication, which in grave cases may 
lead to death [22]. Both dose and irradiated lung volume play a large 
role in developing radiation pneumonitis, where most studies validate 
the mean lung dose and V20Gy as parameters correlated to an increase in 
radiation pneumonitis [22]. Investigations have showed that changing 
the dose constrains to the lungs from only including the standard V20Gy 
to <40% of the lung volume to also including an added dose constrain of 
V5Gyto ≤60% reduced the fatal radiation pneumonitis from 17% to 4% 
of the included patients [23]. Radiation pneumonitis may also be a risk 
factor worth considering for patients irradiated for MSCC at the level of 
the oesophagus and therefore it is relevant to investigate how reducing 
and optimising on the dose delivered to the oesophagus for VMAT for 
MSCC affects the dose to the lung volume. 

To evaluate the impact of oesophageal sparing on lung dose, this 

study included dose measures of lungs, without adding any dose sparing 
or optimisation of the lungs, as this would increase the treatment 
planning complexity and duration. 

Without optimising lung dose, a localised area is receiving an 
increased dose, it is unclear how this will affect the patients undergoing 
radiotherapy for MSCC. One previous study in palliative lung cancer 
treatment investigated the total lung volume receiving 5 Gy in an in-
terest in keeping this volume ≤60% [23], which showed that the 
introduction of a V5Gy significantly reduced the incidence of lethal 
pneumonitis. In this study V5Gy dose metric was not part of the opti-
misation for original or new plans. However, both eso-crop and PTV- 
crop plans demonstrated lower V5Gy, compared to the original plans. 

When looking at the dose range for lung values, there is a great va-
riety in range, with a portion of the included patients receiving a larger 
dose to the lungs. As illustrated in Fig. 5, this is depending on the length 
of the treatment field and number of irradiated vertebras. Further data 
are required to quantify how this affects clinical outcomes and risk of 
adverse effects. 

The advantage of oesophageal dose optimisation varied for each 
patient with patients where the oesophagus did not overlap with the 
target volumes being most likely to have increased oesophageal sparing. 
Furthermore, as illustrated in Fig. 5, patients with a longer treatment 
field were likely to have an increased oesophageal dose, which may 
indicate that these patients will experience an increased advantage of 
dose reduction to the oesophagus. 

In our study, the large difference in the optimised D2% oesophageal 
doses is due to the area of oesophageal PTV overlap. As target volume 
coverage usually is prioritised above OAR sparing, the oesophagus 
receiving a high dose can only be reduced by 3.3 Gy, following the 
traditional guidelines of PTV margin. However, if prioritising the 
oesophagus as an important OAR above the PTV target volume, it is 
possible to reduce the average maximum dose by 10.1 Gy. 

Compromising the PTV for palliative patients receiving thoracic 
radiotherapy to reduce dose to OARs, to achieve the clinical objective of 
symptom relief over local control has been suggested previously [21] 
and the results of this study also suggest potential clinical benefits for 
MSCC patients. This research study provides treatment plan evaluations 
of the feasibility of planning and further investigating the possibility of 
partial PTV compromise to achieve a better dose sparing of the 
oesophagus. However, more research, both retrospective and prospec-
tive phase 3 clinical trials are needed to fully evaluate the clinical 
relevance of both OAR sparing and PTV compromise, as well as assessing 
the risk of local failure, before this could be implemented or recom-
mended as clinical standard practice Furthermore, the consequences of 
dose optimisation to one OAR on other relevant structures such as the 
lungs and heart require further investigation. Clinical data are needed to 
assess how balancing OAR and PTV dose distribution affects relevant 
clinical outcomes for the MSCC population, prior to clinical imple-
mentation of this technique. A phase 3, randomized trial is currently 
recruiting to evaluate these questions [24]. 

Treatment modalities other than VMAT can be considered in patients 
with MSCC depending on symptoms, severity, prognosis and other 
clinical parameters influencing treatment choice and technical avail-
ability. The SC24 trial included patients with spinal metastasis and pain, 
which were randomized to stereotactic body radiotherapy (SBRT) or 
conventional radiotherapy. Half of patients had epidural disease and 2% 
in the SBRT arm had high grade of compression [25]. This suggest that 
some patients with symptomatic spine metastasis can be treated with 
SBRT techniques that allows dosimetric constraints of any nearby OAR. 
On the other hand, the PROMPTS study showed that patients with 
asymptomatic MSCC from prostate cancer can safely avoid radiotherapy 
and thereby toxicity of esophagitis [26]. The use of MR-LINAC based 
treatment could be a way to improve efficacy of palliative radiotherapy 
with scan, plan and treat approach without the need of a planning CT 
[27]. This would also allow oesophageal avoidance with online adap-
tation, however compromises to the PTV would still be required with 
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this approach. 

Conclusions 

This data demonstrates the possibility of reducing both mean and 
maximum oesophageal dose for patients with MSCC using single arc 
VMAT, with an increased delineation time of 8.6 min and without 
adding to treatment delivery time. 

The PTV compromising technique was superior in both oesophageal 
and lung dose reduction, however, the clinical relevance of PTV dose 
compromise has yet to be established. 

Oesophageal dose optimisation in thoracic MSCC may reduce the 
patient experienced toxicity, but also results in altered lung dose met-
rics, if not considered in the plan optimisation. Clinical data are needed 
to assess how balancing OAR and PTV dose distribution affects relevant 
clinical outcomes for the MSCC population, prior to clinical imple-
mentation of this technique. 
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