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Abstract
Purpose: Current delineation of the gross tumor volume (GTV) in esophageal cancer relies on
computed tomography (CT) and combination with 18F-fluorodeoxyglucose (FDG) positron emis-
sion tomography (PET). There is increasing interest in integrating magnetic resonance imaging
(MRI) in radiation treatment, which can potentially obviate CT- or FDG-PET/CTebased delin-
eation. The aim of this study is to evaluate the feasibility of target delineation on T2-weighted
(T2W) MRI and T2W including diffusion-weighted MRI (T2W þ DW-MRI) compared with
current-practice FDG-PET/CT.
Methods: Ten observers delineated primary esophageal tumor GTVs of 6 patients on FDG-PET/
CT, T2W-MRI, and T2W þ DW-MRI. GTVs, generalized conformity indices, in-slice delineation
variation (root mean square), and standard deviations in the position of the most cranial and caudal
delineated slice were calculated.
Results: Delineations on MRI showed smaller GTVs compared with FDG-PET/CTebased de-
lineations. The main variation was seen at the cranial and caudal border. No differences were
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observed in conformity indices (FDG-PET/CT, 0.68; T2W-MRI, 0.66; T2W þ DW-MRI, 0.68)
and in-slice variation (root mean square, 0.13 cm on FDG-PET/CT; 0.10 cm on T2W-MRI;
0.14 cm on T2W þ DW-MRI). In the 2 tumors involving the gastroesophageal junction, addition
of DW-MRI to T2W-MRI significantly decreased caudal border variation.
Conclusions: MRI-based target delineation of the esophageal tumor is feasible with interobserver
variability comparable to that with FDG-PET/CT, despite limited experience with delineation on
MRI. Most variation was seen at cranial-caudal borders, and addition of DW-MRI to T2W-MRI
may reduce caudal delineation variation of gastroesophageal junction tumors.
� 2019 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation
Oncology. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Esophageal cancer is diagnosed in >450,000 patients
per year worldwide and is the sixth most common cause
of cancer-related death.1 Standard therapy with curative
intent for patients with locally advanced esophageal
cancer consists of neoadjuvant chemoradiation therapy
followed by surgery, improving 5-year survival compared
with surgery alone.2,3 For patients who are unfit for major
surgery, definitive chemoradiation therapy is preferred.4

Thus, radiation treatment plays a central role in the
treatment of esophageal cancer.5 Accurate gross tumor
volume (GTV) delineation of the primary tumor is
essential when boost strategies are applied. Increasing
evidence suggests that boosting gross primary disease
may improve local tumor control.6 Implementation of
simultaneous integrated boost techniques may offer the
advantage of delivering a higher dose to the tumor while
maintaining conventional doses to subclinical disease.7

Currently, delineation of esophageal tumors is per-
formed on computed tomography (CT), and the added
value of 18F-fluorodeoxyglucose (FDG) positron emission
tomography (PET) has been explored.8-10 Even with
FDG-PET/CT fusion, GTV interobserver variability re-
mains high in some cases, especially at the cranial and
caudal tumor borders.11

On-board online cone beam CT imaging contributed to
the development of image guided radiation therapy,
which improved precision of radiation therapy setup in
esophageal cancer.12 However, cone beam CT offers
suboptimal soft-tissue contrast, and imaging of moving
organs can be difficult. Because of its superior differen-
tiation of soft tissues, integration of magnetic resonance
imaging (MRI) in radiation therapy is promising.13,14 The
clinical implementation of MRI before and during each
fraction of radiation therapy is being explored with the
introduction of the Unity MRI-linear accelerator (MR-
Linac; Elekta AB, Stockholm, Sweden). The MR-Linac
combines 1.5 T MRI with a state-of-the-art linear accel-
erator and an online adaptive workflow.15,16 Continuous
adaptation of treatment based on daily MRI scans has the
potential to improve radiation precision.
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MRI of the esophagus has been improved over the
past years. Artefacts in esophageal MRI scans from
movement of the esophagus have been reduced by tech-
nique optimizations, resulting in high-quality MRI. For
instance, positioning a navigator on the diaphragm allows
for image acquisition in expiration only, thereby reducing
motion artefacts.17,18 On MRI the individual layers of the
esophageal wall can be clearly visualized,19,20 and a good
correlation of T-stage on MRI with histopathologic T-
stage has been described.21 For anatomic visualization
and staging of esophageal tumors, MRI may even be
superior to other imaging strategies.22 MRI also provides
the opportunity to perform functional imaging, such as
diffusion-weighted (DW) MRI, a valuable cancer imaging
biomarker measuring tumor physiology.23 DW-MRI de-
pends on the reduction in diffusion within the water
microenvironment.24,25 An increase in cell density, sec-
ondary to fast cell proliferation in tumors, results in a high
signal on DW images. A previous study showed that
longitudinal tumor lengths of esophageal cancers are
more accurately delineated using DW-MRI compared
with CT or T2-weighted (T2W) MRI only.26

Delineation studies in other tumor subtypes (eg, head
and neck, prostate, and pancreatic cancer) already showed
promising results regarding delineation of the GTV on
MRI.27-30 However, delineation variation of the GTV in
esophageal cancer on MRI compared with FDG-PET/CT
is unknown.

Because of the increasing interest in integrating MRI
into radiation treatment, the aim of this study is to eval-
uate target delineation on T2W-MRI and T2W þ DW-
MRI compared with current-practice FDG-PET/CT.
Materials and Methods

Patients

Six patients, diagnosed with locally advanced esoph-
ageal cancer between December 2013 and December
2014, were prospectively included in a study evaluating
response to neoadjuvant chemoradiation therapy of
m ClinicalKey.com by Elsevier on December 31, 2019.
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Table 1 Baseline characteristics of the 6 esophageal cancer
cases

Case cTNM* AJCC
locationy

Histology Male/
female

Age
(y)

1 T3N2M0 Upper thoracic SCC M 67
2 T3N1-

2M0
Middle
thoracic

SCC M 54

3 T2N2M0 Lower
thoracic,
GEJz

AC M 71

4 T3N2-
3M0

Lower
thoracic,
GEJ

AC F 70

5 T2N0-
1M0

Lower thoracic AC M 64

6 T3N1M0 Upper thoracic SCC F 74

Abbreviations: AC Z adenocarcinoma; GEJ Z gastroesophageal
junction; SCC Z squamous cell carcinoma.

* American Joint Committee on Cancer classification 2012.42
y Clinical tumor-node-metastasis (cTNM) stage.42
z Lower thoracic tumor involving the GEJ.
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esophageal tumors by means of MRI and FDG-PET/CT
examinations. This study was approved by the local
medical ethics committee, and written informed consent
was obtained from all patients (NCT 02125448).
The present study concerns an ancillary study evaluating
the feasibility of delineation on MRI compared with
FDG-PET/CT before the start of neoadjuvant chemo-
radiation. Four patients were male, and 2 were female,
with a mean age of 67 years (range, 54-74 years). We
included squamous cell carcinomas (n Z 3) and adeno-
carcinomas (n Z 3). The patient characteristics are dis-
played in Table 1. All patients underwent FDG-PET/CT
scan and endoscopy combined with endoscopic ultra-
sound (EUS) as standard of care. An additional MRI scan
was acquired before treatment. After image acquisition,
all patients were treated with chemoradiation therapy
followed by esophagectomy.
Image acquisition

FDG-PET/CT
The FDG-PET/CT scan was performed in radiation

therapy treatment position on an integrated hybrid system
combining multidetector CT and FDG-PET (Siemens,
Erlangen, Germany). All patients were required to fast for
at least 6 hours before the injection of 18F-FDG. Blood
glucose levels were checked in every patient to exclude
hyperglycemia. 18F-FDG (2.0 mega-Becquerels/kg) was
intravenously injected 60 minutes before scanning. A CT
scan was performed for attenuation correction purposes,
and the PET was acquired 3 dimesionally with a scan time
of 3 minutes per bed position. 18F-FDG-PET/CT recon-
struction was performed with ordered-subsets expectation
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maximization for 21 subsets and 4 iterations (Gaussian
filter).

MRI
MRI scans were performed on a 1.5 T MRI scanner

(Philips Achieva or Ingenia, Best, the Netherlands) using
TorsoXL (16 channels) or Anterior/Posterior (28 channel)
receiver coils. MRI scanning consisted of T2W-MRI and
DW-MRI in axial planes with a slice thickness of 6.5 mm.
A respiratory navigator was positioned on the diaphragm
to reduce motion artefacts, and scans were only acquired
in expiration.18 The b Z 800 s/mm2 images were used for
delineation of the tumor. Apparent diffusion coefficient
(ADC) maps are quantitative measurements of tissue
diffusivity, calculated over different b-values, and can
also be visually displayed.24,25 These visual displayed
ADC maps, calculated from b Z 0, b Z 200, and
b Z 800 s/mm2, were available during delineation.
Observers

The GTV of the primary tumor of the 6 cases was
independently delineated by 10 observers from 2 centers
in the Netherlands. First, they delineated the GTV on
fused FDG-PET/CT only. After a minimum interval of
2 weeks, delineations of the GTV were repeated on T2W-
MRI only. Thereafter, DW-MRI of b Z 800 s/mm2 and
ADC maps were added and delineations were adjusted to
create a GTV based on a combination of T2W and DW-
MRI.
Delineation guidelines

All clinical information of the cases (age, sex, histol-
ogy, endoscopy report, EUS report, and FDG-PET/CT
report) was provided, reflecting clinical practice. Ob-
servers delineated target volumes using Volumetool, a
software tool developed at the University Medical Center
Utrecht, The Netherlands. Before the start, 2 consensus
meetings were organized to discuss magnetic resonance
delineation guidelines for esophageal cancer based on the
available literature. Gastrointestinal expert radiation on-
cologists, radiologists, and researchers in the field of
esophageal cancer imaging from the 2 centers participated
in these meetings. A digital manual was sent to the ob-
servers with the consensus guidelines for delineation on
MRI. The observers were instructed to delineate the pri-
mary tumor GTV and to exclude potential suspicious
locoregional lymph nodes on all delineation modalities.
For delineation on MRI, observers were provided with the
FDG-PET/CT report but were not allowed to review the
noncoregistered PET/CT on a second screen.
rom ClinicalKey.com by Elsevier on December 31, 2019.
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FDG-PET/CT delineations
The mean activity in the liver served as the reference

for physiologic uptake of FDG in a fasting patient,31 and a
nuclear medicine physician standardized the window-
level for all cases before FDG-PET/CT delineation. Ob-
servers were instructed to delineate the tumor on CT and
adjust delineations after coregistration with FDG-PET.
Observers were informed about the slice thickness of
3 mm.

T2W-MRI and T2W D DW-MRI delineations
An identical window level and grayscale per patient

was preset for the T2W-MRI delineations. Observers
were informed about the slice thickness of 6.5 mm. After
addition of DW-MRI using b Z 800 s/mm2 images, de-
lineations were adjusted on T2W þ DW-MRI. Observers
received visually displayed ADC maps (calculated from
b Z 0, b Z 200, and b Z 800 s/mm2) to determine
possible T2 shine-through effects, which result in a high
signal intensity in the b Z 800s/mm2 image but are not
related to true diffusion restriction.

Volumetric analysis

The mean and standard deviations (SDs) of the delin-
eated GTVs were calculated per patient and compared
between FDG-PET/CT, T2W-MRI, and T2W þ DW-
MRI delineations.

Contour analysis

Overlap analysis
To quantify the overlap among FDG-PET/CTe, T2W-

MRIe, and T2W þ DW-MRIebased delineations, we
calculated the generalized conformity index (CIgen),
defined as the sum of the common volumes between
observer pairs divided by the sum of the encompassing
volumes between each pair of observers. A CIgen of 1
indicates 100% agreement between observers, and a
CIgen of 0 indicates no overlap in delineation. CIgens
were calculated per patient and averaged over all patients
per modality.32

Delineation variation of the central region: in-slice SD
The central delineated region was defined as the region

that was delineated by all 10 observers. For this region, a
surface distance variation was calculated. A reference
contour for each patient was computed in 3 dimensions
and denoted the median surface GTV.33 This median
surface, encircling 50% coverage of the GTVs of all ob-
servers, was sampled using 8000 equally distributed
points. For all points, the perpendicular distance to each
delineated GTV surface was calculated. The variation of
the different observers for each point on the median sur-
face was expressed in a local observer variation (local
Downloaded for Anonymous User (n/a) at Utrecht University fro
For personal use only. No other uses without permission. C
SD). For the central delineated region, the overall
observer variation was calculated for every patient as
the quadratic mean of the local SD, demonstrating in-
slice SD.

Cranial and caudal tumor border variation
The cranial and caudal variation of the esophageal

tumor delineations was calculated as the SD of the most
proximal and distal delineated slice. As a result of the
difference in slice thickness between FDG-PET/CT
(3 mm) and T2W þ DW-MRI (6.5 mm), SDs of
delineations in the most cranial and caudal delineated
slice could only be compared between T2W-MRI and
T2W þ DW-MRI.34

Statistical methods

GTVs and generalized conformity indices were
compared using a pairwise t test (paired 2-sided Student
t test). To compare SDs, the 2-sided F-test was used.34

P values lower than .05 were considered statistically
significant.

Results

Volumetric analysis

The 10 observers delineated significantly smaller ab-
solute GTVs on T2W-MRI and T2W þ DW-MRI
compared with FDG-PET/CT (P Z .07 for T2W-MRI vs
FDG-PET/CT and P Z .01 for T2W þ DW-MRI vs
FDG-PET/CT; Table 2). The FDG-PET/CTebased mean
GTVs over all patients was 40.5 cm3 (SD-per-patient
range, 0.8-9.7 cm3). The T2W-MRIebased mean GTV
was 34.8 cm3 (SD-per-patient range, 1.4-16.1 cm3). On
T2W þ DW-MRI, the mean GTV decreased to 32.7 cm3

(SD-per-patient range, 1.7-8.2 cm3).

Overlap analysis

The mean generalized CIgen over all patients was 0.68
on FDG-PET/CT, 0.66 on T2W-MRI, and 0.68 on
T2W þ DW-MRI (Table 2), which was not significantly
different across modalities (P Z .68 for FDG-PET/CT vs
T2W-MRI; P Z .83 for FDG-PET/CT vs T2W þ DW-
MRI; and P Z .26 for T2W-MRI vs T2W þ DW-MRI).

Delineation variation of the central region: in-
slice SD

The in-slice SD of the central delineated region was
small in the 6 included cases and did not differ between
modalities (mean, 0.13 cm on FDG-PET/CT, 0.10 cm on
T2W-MRI, and 0.14 cm on T2W þ DW-MRI; Table 2).
m ClinicalKey.com by Elsevier on December 31, 2019.
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Table 2 Volumetric index and interobserver variation of FDG-PET/CTe, T2W-MRIe, and T2W þ DW-MRIebased GTV
delineations

Case Mean volume (cm3)* Generalized conformity index Central overall SD (RMS, cm)y

PET/CT T2W-MRI T2W þ
DW-MRI

PET/CT T2W-MRI T2W þ
DW-MRI

PET/CT T2W-MRI T2W þ
DW-MRI

1 47.8 � 7.0 40.6 � 6.3 38.2 � 6.1 0.68 0.72 0.72 0.13 0.06 0.07
2 46.3 � 3.7 32.7 � 4.2 32.4 � 4.5 0.75 0.79 0.79 0.13 0.09 0.09
3 75.5 � 9.7 63.8 � 8.9 64.6 � 6.1 0.74 0.67 0.67 0.11 0.14 0.14
4 39.6 � 8.1 38.0 � 16.1 33.1 � 8.2 0.62 0.43 0.43 0.20 0.12 0.27
5 22.5 � 8.6 21.9 � 3.8 16.4 � 3.6 0.53 0.62 0.62 0.08 0.08 0.10
6 11.2 � 0.8 11.7 � 1.4 11.5 � 1.7 0.73 0.71 0.71 0.09 0.10 0.09
Mean 40.5 34.8 32.7 0.68 0.66 0.68 0.13 0.10 0.14

Abbreviations: DW Z diffusion-weighted; FDG-PET/CT Z fluorodeoxyglucose positron emission tomography/computed tomography;
GTV Z gross tumor volume; SD Z standard deviation; T2W Z T2-weighted; MRI Z magnetic resonance imaging; RMS Z root mean square.

* Mean per patient and modality � standard deviation. P < .05 considered statistically significant; calculated between the means per modality,
paired-sample t test (2-tailed).

y Central overall SD: quadratic mean of the local SD weighted for surface (RMS) of the central part of the median surface where 100% of the
observers agreed delineations.
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Cranial and caudal tumor border variation

On all modalities, delineation variability mainly
occurred at the cranial and caudal tumor borders. SDs
in the position of the most cranial and caudal delineated
slice are displayed in Table 3, with significance levels
calculated to report delineation differences between T2W-
MRI and T2W þ DW-MRI.

Figure 1 visualizes slice variation at the proximal and
distal border for delineations on FDG-PET/CT, T2W-
MRI, and T2W þ DW-MRI. Case 1 showed large
delineation variation at the cranial border. In this case,
satellite lesions were present cranially of the tumor, which
were described in the endoscopic report. These lesions
were included in the GTV by 4 of 10 physicians on FDG-
PET/CT, T2W-MRI, and DW-MRI. In case 3 and 4 with
Table 3 Delineation variation on FDG-PET/CT, T2W-MRI, and

Case Cranial delineation variation 1 SD (cm)* P valuey

PET/CT T2W-MRI T2W þ DW-MRI

1 1.25 1.38 1.30 .86
2 0.35 0.21 0.21 1.00
3 0.09 0.55 0.37 .25
4 0.67 1.22 1.00 .56
5 1.22 0.44 0.33 .44
6 0.20 0.27 0.31 .69

Abbreviations: DW Z diffusion-weighted; FDG-PET/CT Z fluorode
MRI Z magnetic resonance imaging; T2W Z T2-weighted.

* Slice thickness on PET/CT Z 3 mm; slice thickness on T2W-MRI an
y P < .05 considered statistically significant; 2-sided F-test, calculated b
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gastroesophageal junction (GEJ) involvement, a signifi-
cant decrease in caudal border variation was observed on
T2W þ DW-MRI compared with T2W-MRI (P Z .04 in
case 3, P Z .01 in case 4; Table 3). Figure 2 shows an
example of GTV delineation variation at the GEJ on
T2W-MRI (Fig 2a) and T2W þ DW-MRI (Fig 2c), dis-
playing improved delineation agreement at the caudal
border after addition of DW-MRI.

Discussion

This multiobserver study shows that delineation of the
primary esophageal tumor on MRI is feasible, with
interobserver variability for GTV delineation on MRI
comparable to that with FDG-PET/CT. The main varia-
tion is seen at the cranial and caudal tumor border,
T2W þ DW-MRI at the cranial and caudal tumor borders

Caudal delineation variation 1 SD (cm)* P valuey

PET/CT T2W-MRI T2W þ DW-MRI

0.39 0.57 0.53 .84
0.20 0.37 0.33 .78
0.84 0.76 0.37 .04
0.21 1.22 0.46 .01
0.57 0.94 0.82 .69
0.17 0.45 0.53 .65

oxyglucose positron emission tomography/computed tomography;

d T2W þ DW-MRI Z 6.5 mm.
etween T2W- and T2W þ DW-MRI.

rom ClinicalKey.com by Elsevier on December 31, 2019.
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Figure 1 Slice variation on FDG-PET/CT, T2W-MRI, and
T2W þ DW-MRI at the cranial and caudal tumor borders. Each
block represents a delineated slice. The number of observers
delineating a slice is displayed under the figure. The length of
the blocks varies according to the slice thickness (which was
3 mm on FDG-PET/CT and 6.5 mm on MRI). Abbreviations:
FDG-PET/CT Z fluorodeoxyglucose positron emission
tomography computed tomography; T2W Z T2-weighted;
DW Z diffusion-weighted; MRI Z magnetic resonance
imaging.
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whereas centrally, differences in tumor delineations
were small on T2W and T2W þ DW-MRI. The addition
of DW-MRI to T2W-MRI in the 2 GEJ-involving
tumors significantly reduced the SD of the most caudal
Downloaded for Anonymous User (n/a) at Utrecht University fro
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delineated slice, showing the potential value of DW-MRI
for delineation of the caudal border in GEJ-involving
cases.

To our knowledge, this is the first study comparing
GTV delineation variability on T2W-MRI and
T2W þ DW-MRI to FDG-PET/CT for esophageal can-
cer. Currently, the gold standard for delineation of
esophageal cancer is CT (with fused PET if available) and
correlation with endoscopy/EUS findings. Delineation on
CT only is challenging, mainly in differentiating tumor
from normal tissue at the cranial and caudal tumor bor-
ders. Delineation on FDG-PET/CT may help in deter-
mining these tumor borders; however, FDG uptake does
not differentiate between tumor and inflammation, which
can be difficult especially in tumors involving the
GEJ.35,36 Furthermore, on FDG-PET/CT the target vol-
ume can depend on the threshold chosen and may in-
crease or decrease depending on the windowing. On the
contrary, this study showed promising results for delin-
eation on MRI in patients with esophageal cancer. Espe-
cially for cases with GEJ involvement, the addition of
DW imaging to T2W-MRI showed additional value for
T2W-MRI only.

In this study, GTVs were significantly smaller on MRI
compared with FDG-PET/CT. This may partly be caused
by the acquisition of MRI at the end of the expiration,
whereas for FDG-PET/CT no motion-specific scanning
techniques were used, showing the extent of malignancy
throughout the breathing cycle. Furthermore, the finding
of a reduced GTV on esophageal MRI is in line with a
study by Hou et al.26 They compared longitudinal length
accuracy of esophageal cancer cases on T2W-MRI and
DW-MRI to CT and found that DW-MRI resulted in the
smallest tumor lengths. Another study showed a good
correlation between DW-MRI tumor lengths and histo-
pathologic tumor lengths.26 In prostate and cervical can-
cer, delineations on DW-MRI resulted in slightly smaller
GTVs compared with histopathology.37,38 An important
matter is that smaller GTVs may translate into smaller
clinical target volumes when automatic expansion is used,
which theoretically could lead to underdosage of micro-
scopic disease. The optimal approach to investigate the
accuracy of delineation on MRI would be a direct corre-
lation between a preoperative MRI in patients who are
planned to undergo direct esophagectomy and histopa-
thology. Because patients with locally advanced esopha-
geal cancer are treated with neoadjuvant therapy
(chemoradiation therapy or chemotherapy) before sur-
gery, direct correlation of imaging to pathology cannot be
performed. An alternative approach is to investigate local
control rates, focusing on potential rim recurrences, when
delineation on MRI is integrated in a magnetic
resonanceebased workflow.

A limitation of this study is the mean interval of
14 days between FDG-PET/CT and MRI acquisition,
m ClinicalKey.com by Elsevier on December 31, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.



Figure 2 A 71-year-old male patient (case 3) with a tumor
involving the gastroesophageal junction. (a) Delineations of the
esophageal GTV of the 10 observers on T2-weighted MRI only.

=
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which limits the comparability between the different
modalities in terms of tumor volume in light of po-
tential tumor growth. Therefore, the main focus was
the comparison of interobserver variability between
modalities (demonstrated as CIgens and craniocaudal
delineation variation). Second, MRI scans were ac-
quired in the axial plane only (with sagittal re-
constructions available), and addition of sagittal plane
imaging of the tumors might further optimize delin-
eation accuracy, especially in determining the cranial
and caudal tumor extension. Third, the slice thickness
of the MRI scans was 6.5 mm, and reducing this slice
thickness may lead to further improvement in the
accuracy in GTV delineations. Lastly, the number of
patients in this study was limited to 6. Future studies
should include a larger number of patients to validate
our results.

The importance of delineation guidelines in radiation
therapy is well known and has been studied for CT and
FDG-PET/CT in different tumor sites.34,39,40 For delin-
eation on MRI, the importance of guidelines has been
shown for head and neck, pancreatic, and prostate cancer
studies.27-30 Consensus guidelines for esophageal cancer
have been developed for CT and FDG-PET/CT contour-
ing.41 Although GTV delineation was comparable on
MRI and FDG-PET/CT, this study emphasizes the need to
expand clinical experience on magnetic resonance delin-
eation for esophageal cancer and to implement robust
delineation guidelines. GTVs on MRI were overall
smaller compared with those on FDG-PET/CT, and the
impact on clinical practice is unknown. To ensure accu-
rate GTV delineation of the macroscopic tumor and
mirror clinical practice, we recommend further delinea-
tion studies on anatomic T2W-MRI combined with
DW-MRI.
Conclusions

MRI-based delineation of the esophageal GTV shows
target delineation variability comparable to that with
FDG-PET/CT, although overall GTVs were smaller on
MRI compared with FDG-PET/CT. The addition of DW-
MRI to T2W-MRI potentially facilitates delineation of the
caudal border in GEJ tumors. Future research should
focus on refinement of esophageal MRI acquisition and
the development of internationally validated delineation
guidelines to implement MRI delineation in esophageal
radiation therapy clinics.
(b) The added diffusion-weighted MRI scan of the same slice,
showing the differentiation between tumor and gastric wall
thickening. (c) Delineations adjusted after the addition of
diffusion-weighted MRI. Abbreviations: GTV Z gross tumor
volume; MRI Z magnetic resonance imaging.
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