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Inter-observer and Intra-observer Variability in Gross Tumor
Volume Delineation of Primary Esophageal Carcinomas Based
on Different Combinations of Diagnostic Multimodal Images.
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Abstract
Background and purpose This study aimed to investigate inter-/ intra-observer delineation variability in GTVs of primary
esophageal carcinomas (ECs) based on planning CT with reference to different combinations of diagnostic multimodal
images from endoscopy/EUS, esophagography and FDG-PET/CT.

Materials and methods Fifty-one patients with pathologically proven thoracic EC who underwent diagnostic multimodal
images before concurrent chemoradiotherapy were enrolled. Five radiotherapists independently delineated the GTVs based on
planning CT only (GTVC), CT combined with endoscopy/EUS (GTVCE), CT combined with endoscopy/EUS and
esophagography (X-ray) (GTVCEX), and CT combined with endoscopy/EUS, esophagography, and FDG-PET/CT (GTVCEXP). The
intra-/inter-observer variability in the volume, longitudinal length, generalized CI (CIgen), and position of the GTVs were
assessed.

Results The intra-/inter-observer variability in the volume and longitudinal length of the GTVs showed no signi�cant
differences (p>0.05). The mean intra-observer CIgen values for all observers was 0.73±0.15. The mean inter-observer CIgen

values for the four multimodal image combinations was 0.67±0.11. The inter-observer CIgen for the four combined images was
the largest, showing signi�cant differences with those for the other three combinations. The intra-observer CIgen among
different observers and inter-observer CIgen among different combinations of multimodal images showed signi�cant
differences (p<0.001). The intra-observer CIgen for the senior radiotherapists was larger than that for the junior radiotherapists
(p<0.001) .

Conclusion For radiotherapists with advanced medical imaging training and clinical experience, using diagnostic multimodal
images from endoscopy/EUS, esophagography, and FDG-PET/CT could reduce the intra-/inter-observer variability and increase
the accuracy of target delineation in primary esophageal carcinomas. 

Highlights
There is large variability in target volume delineation for esophageal carcinoma.

Evaluation of Inter-/intra-observer delineation variability based on diagnostic multimodal imaging.

Multimodal diagnostic image combinations can reduce the intra-/inter-observer variability and increase delineation
accuracy.

Introduction
Esophageal carcinoma is the seventh most commonly diagnosed cancer and the third leading cause of cancer deaths
worldwide in 2018 [1]. Preoperative and de�nitive chemoradiation therapies have played a key role in the treatment of
esophageal carcinoma [2–5]. The proportion of residual esophageal carcinoma after chemoradiation is signi�cantly correlated
with locoregional and distant failure [6–9]. Reliable delineation of the target gross tumor volume (GTV) is required for accurate
radiation dose delivery and successful radiation therapy [10,11]. There is generally large variability in the target volume
delineation for esophageal carcinoma, which might be primarily derived from the geometric uncertainties of different images
and inherent variability among different observers based on the studies on other malignancies [12,13].

Conventional three-dimensional CT (3DCT) has been the workhorse modality used to delineate the esophageal tumor target
volume. However, it is di�cult to determine the proximal and distal extension of tumors and differentiate the layers of
the esophageal wall [14–16]. An esophagography has shown a higher accuracy in assessing the tumor length (59% of cases,
compared with 32% with CT), with tumor morphology in�uencing the accuracy [14–16]. Although endoscopy and endoscopic
ultrasonography (EUS) might present the tumor length more accurately [17,18], it is di�cult to transform the imaging to
radiotherapy (RT) planning [19]. FDG-PET/CT has proved useful for diagnosing and staging esophageal carcinoma. However,
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there is limited evidence supporting the validity of FDG-PET/CT for target volume delineation [20,21]. The false-positive FDG
uptake in areas of in�ammation reduces the speci�city of tumor extent visualization [22]. Therefore, the combination of
multimodal images is critical for determining the GTV of esophageal cancer (EC) accurately. Several studies have focused on
the inter-observer variability of target volume delineation in FDG-PET/CT compared with pure CT imaging [10,23]. As CT
imaging has proved indispensable for the visualization/detection of esophageal tumors, the use of multimodality imaging
including esophagography, endoscopy/EUS and FDG-PET/CT for target volume delineation has not received
su�cient attention.

In general, patients scheduled to receive radiotherapy or chemoradiotherapy undergo diagnostic multimodal imaging including
enhanced CT, endoscopy/EUS, esophagography, or FDG-PET/CT. In clinical practice, radiation oncologists generally delineate
the target volumes based on the planning CT images, with reference to various preexisting diagnostic images. However, the
outcome of using different combinations of diagnostic multimodal images on the inter-observer and intra-observer delineation
variability remains unclear. The purpose of this study was to investigate the inter-observer and intra-observer delineation
variability in the GTVs of primary esophageal tumors with reference to different combinations of multimodal images from
endoscopy/EUS, esophagography, and FDG-PET/CT.

Materials And Methods
Patient selection and characteristics

This study was approved by the ethics board of Shandong Cancer Hospital and Institute and informed consent has been
obtained from the participants involved. Fifty-one patients with pathologically proven thoracic EC who had undergone
preoperative or de�nitive concurrent chemoradiotherapy between May 2015 and June 2017 at Shandong Cancer Hospital and
Institute were enrolled. Among the selected patients, there were seventeen cases each of upper, middle, and lower EC. One
patient with lower EC was excluded due to the lack of PET-CT imaging data. All patients underwent a diagnostic imaging
examination that included an endoscopy/EUS, esophagography, and FDG-PET/CT before receiving chemoradiotherapy. The
average time for acquiring the diagnostic images was within the two-week period before chemoradiotherapy. Table 1 presents
the patient characteristics.

Multimodal imaging

Endoscopy/EUS examination: All patients underwent diagnostic endoscopy examinations using an electronic gastroscope
(Olympus GIF-Q260J) before treatment. Seven patients did not undergo EUS examinations due to esophageal stenosis. The
ultrasonic probe (Olympus EVIS EUS EU-ME2) was inserted into the patient’s esophagus along the track of the biopsy forceps
to detect the depth of tumor in�ltration in the esophageal wall and the extent of proximal and distal tumor in�ltration. The
distances from the proximal and distal ends of the tumor to the incisors were recorded.

Esophagography (X-ray) image acquisition: Esophagography was performed before treatment using a digital radiography
machine (Siemens Luminos dRT Max). All barium examinations were performed under fasting conditions, followed by a
standard protocol (drinking 200 ml of diluted barium, in the upright, supine, and prone positions, with and without the gas
powder). 

PET/CT image acquisition: The PET-CT scan was performed within the two-week period prior to the planning CT scan as a part
of the routine diagnostic management for EC. An 18F-FDG PET/CT scan of the chest was performed with an integrated
PET/CT system (Philips Gemini TF Big Bore). The PET images were reconstructed with the CT-derived attenuation correction
using an ordered subset expectation maximization algorithm with post-reconstruction Gaussian �ltering, with a full width at
half maximum of 5 mm.

Planning CT image acquisition: During the simulation, all patients were immobilized using a thermoplastic mask in the supine
position with the arms placed along the side of the body. Each patient underwent an enhanced planning CT scan of the
thoracic region on a 16-slice CT scanner (Philips Brilliance Bores CT) under free-breathing conditions. The planning CT images
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were reconstructed using a thickness of 3 mm and subsequently transferred to an Eclipse treatment planning system (Varian
Eclipse 11).

Target volume delineation

A treatment planning system (Eclipse; Varian Medical Systems, Inc., Palo Alto, CA, USA) was used to contour the GTVs of the
primary EC. The visualization parameter for delineation included the mediastinal window set to +40/400 HU. Before
contouring, some clinical information such as the physical examination, pathological �ndings, and diagnostic CT image data
were made available to the observers, while they were blind to the diagnostic endoscopy/EUS, esophagography, and FDG-
PET/CT data. If the positive lymph nodes could not be separated from the primary tumor visually, they were delineated
together with the primary tumor.

Five radiation oncologists (observers), who were blind to the diagnostic endoscopy/EUS, esophagography, and FDG-PET/CT
patient data, were asked to independently delineate the GTVs with reference to different combinations of the multimodal
images, including planning CT only (GTVC), CT combined with endoscopy/EUS (GTVCE), CT combined with endoscopy/EUS
and esophagogram (X-ray) (GTVCEX), and CT combined with endoscopy/EUS, esophagogram, and FDG-PET/CT (GTVCEXP)
(Figure 1). All observers were blind to the contours delineated by the other oncologists and their own former/previous contours.
Observers 1 and 2 with clinical experience within �ve years were regarded as junior observers, while observers 3, 4, and 5 with
more than ten years of clinical experience were regarded as senior observers. All contours were delineated in about two years.
A delay of at least two months existed between each contouring of the tumor to eliminating a recall of the previous contouring
for observers 1, 2, 3, and 5. The time interval for observer 4 was only one month, as the former observer 4 dropped out of the
delineation process due to parturition.

Inter- / intra-observer variability analysis

Inter-/intra-observer variability in the volume, longitudinal length, generalized conformity index (CIgen), and position of the GTVs
was assessed. The intra-observer variability can be generally regarded as the variability of the same observer when re-
contouring a single case. However, in this study, it is de�ned as the variability of the contours on the four multimodal
imaging/image combinations for one observer [23].

The mean volume and longitudinal length of the GTVs based on different multimodal imaging combinations for different
observers were calculated. The inter-observer variability in the volume and longitudinal length on different multimodal imaging,
combinations and the intra-observer variability for different observers were measured. The tumor length was measured using
CT, endoscopy/EUS (43 cases), esophagography, and FDG-PET/CT, with the difference between the tumor length and
corresponding longitudinal length of the GTVs subsequently evaluated.

CIgen was de�ned as the ratio of the common volume to encompassing volume [13,24]. The generalized CI (CIgen) was used to
assess the overall consistency of all volume combinations delineated by different observers on the same imaging-modality
combination, and that delineated by the same observer on different imaging-modality combinations. The formula is given by
[13,25]:

CIgen is a good parameter for revealing the difference in the volumes delineated based on the size, shape, and location [10,23].
The use of CIgen tends to decrease the bias in the number of delineations [13]. The lower is the CIgen value for the same
imaging-modality combination, the greater is the inter-observer variability. Similarly, a lower CIgen for the same observer
suggests a greater intra-observer variability. 
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In addition, the x (right-left), y (anterior-posterior), and z (superior-inferior) axes of the center of mass (COM) of the volume were
measured. The centroid shifts between the different volumes were then obtained. Finally, the three dimensional (3D) centroid
shifts were calculated using the followed equation [24,26]:

Statistical analysis

Statistical analysis was performed using the SPSS software package (SPSS 25.0). All the data had an approximately normal
distribution. The one-way ANOVA test was applied to detect the inter-/intra-observer variability in the volume, longitudinal
length, CIgen, and position of the GTVs among different observers and different multimodal imaging combinations. The paired
t-test was used to compare the volume, longitudinal length, CIgen, and position of the GTVs between two observers or two
multimodal imaging combinations. A P<0.05 was considered signi�cant.

Results
GTV volume

Table 2 shows the primary GTV delineated based on four different multimodal imaging combinations for each observer. No
signi�cant inter-observer differences in the volume were observed for GTVC, GTVCE, GTVCEX, or GTVCEXP (p= 0.904, 0.987,
0.984, and 0.97, respectively). The intra-observer variability in the volume of the GTVs derived from four different multimodal
imaging combinations for observers 1–5 also showed no signi�cant differences (p= 0.926, 0.997, 0.908, 0.943, and 0.99,
respectively). However, the paired comparisons indicated signi�cant differences in the GTV volume between observers 1 and 2,
observers 1 and 4, and observers 3 and 4 (t= 3.154, 6.368, and 3.342, p= 0.002, <0.001, and 0.001, respectively). Approximate
statistical differences in the GTV volume were found between observers 1 and 3, and observers 2 and 4 (t= 3.342 and 1.869, p=
0.061 and 0.063, respectively).

Esophageal tumor length

Table 3 shows the mean tumor lengths measured by CT, endoscopy/EUS, esophagography, and FDG-PET/CT. No signi�cant
differences were found between any two image-based tumor lengths. Table 3 presents the mean longitudinal lengths
measured by the �ve observers corresponding to GTVC, GTVCE, GTVCEX, and GTVCEXP. The mean longitudinal length for
GTVCEXP was larger than the tumor length measured by FDG-PET/CT (p=0.0035). The intra-observer variability in the
longitudinal length of the GTVs based on four multimodal imaging combinations for observers 1–5 showed no signi�cant
differences (p= 0.751, 0.794, 0.115, 0.962, and 0.753, respectively). Table 2 shows the tumor lengths measured based on the
four different multimodal imaging combinations for each observer. No signi�cant inter-observer differences in the longitudinal
length were recorded for GTVC, GTVCE, GTVCEX, and GTVCEXP (p= 0.286, 0.503, 0.997, and 0.749, respectively). The two-related-
samples tests indicated signi�cant differences in the longitudinal lengths of the four GTVs between observers 1 and 2
(t=2.776, p=0.006), observers 1 and 5 (t=1.98, p=0.049), observers 3 and 2 (t=−3.166, p=0.002), and observers 3 and 5 (t=2.992,
p=0.003).

Generalized CI (CIgen)

Table 4 lists the mean CIgen values for the four GTVs derived from different multimodal imaging combinations (mean intra-
observer CIgen) for each observer. The mean intra-observer CIgen values for all observers was 0.73±0.15. The mean intra-
observer CIgen was the largest for observer 4, exhibiting signi�cant differences with that for the other observers. The mean
intra-observer CIgen for observer 1 was the lowest, exhibiting signi�cant differences with that for observers 3, 4, and 5. The
mean intra-observer CIgen among different observers was statistically signi�cant (F=32.493, p<0.001). Table 5 lists the mean
CIgen values for the �ve GTVs derived from different observers (mean inter-observer CIgen) for each multimodal imaging
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combination. The mean inter-observer CIgen values for the four multimodal imaging combinations was 0.67±0.11. The mean
inter-observer CIgen was the largest for the fourth multimodal imaging combination, which exhibited signi�cant differences
with that for the other three combinations. The mean inter-observer CIgen among the different multimodal imaging
combinations showed a signi�cant difference (F=6.872, p<0.001). 

Three-dimensional (3D) centroid shifts

Table 4 lists the mean 3D centroid shifts of the four GTVs derived from different multimodal imaging combinations (mean
intra-observer 3D centroid shifts) for each observer. The mean intra-observer 3D centroid shifts for all observers was 3.67±4.62
mm. The mean intra-observer 3D centroid shifts for observer 4 showed signi�cant differences compared with the other
observers. The mean intra-observer 3D centroid shifts among different observers was signi�cant (F=3.898, p=0.004). Table 5
presents the 3D centroid shifts of the �ve GTVs derived from different observers (mean inter-observer 3D centroid shifts) for
each multimodal imaging combination. The mean inter-observer 3D centroid shifts for all four multimodal imaging
combinations was 3.81±4.7 mm. The mean inter-observer 3D centroid shifts among the different multimodal imaging
combinations showed no signi�cant difference (F=0.327, p=0.806).

Discussion
Accurate target delineation for esophageal cancer is often restricted by the poor discriminative value of current imaging
modalities [23], particularly CT, and the inability to relate diagnostic endoscopy/EUS, esophagography, or FDG-PET/CT
information to the panning CT images [13–17,23]. However, reasonable pretreatment staging assessments are essential to
determine a rational treatment strategy. In each patient with newly diagnosed esophageal cancer, the acquired diagnostic
imaging information should identify the feasibility of delineating the GTVs of the primary based on the planning CT image
with reference to the above-mentioned information. In this study, the geometric features of the GTVs derived from different
observers and different planning CT image combinations were compared with the diagnostic imaging information.
Furthermore, the value of the different planning CT image combinations in conjunction with diagnostic imaging information
was evaluated for tumor delineation in esophageal carcinoma.

The results of this study showed no statistically signi�cant inter-observer differences in the esophageal volume estimation
based on different combinations of the CT, endoscopy/EUS, esophagography, and FDG-PET/CT data. For a particular
multimodal imaging combination, different observers reported similar estimates for the GTV based on a similar knowledge of
multimodal imaging. Moreover, for each observer, the volumes of the four GTVs delineated on different multimodal imaging
combinations showed no signi�cant differences. This indicates that the GTV volume assessments on different multimodal
imaging combinations did not transform/change for the same observer. The data presented here is similar to the results
reported in other literature [27,28]. However, Choi et al. [13] reported that the number of observers and number of observations
made might affect the level of signi�cance. In this study, many signi�cant differences were observed in the GTV volume
between different observers in the pairwise comparisons. Therefore, inter-observer variation in the target delineation could not
be revealed/identi�ed by merely comparing the volumes of the GTVs.

Similar to the observed variability in the volumes of the GTVs, the inter-observer and intra-observer variability in the
longitudinal length showed no statistically signi�cant differences. However, some signi�cant differences between different
observers were identi�ed in the pairwise comparisons. The main reason behind these differences might be
a different understanding of the procedure of determining the tumor length on multimodal imaging by different observers.
Radiotherapists have always found the procedure to determine the proximal and distal extension of esophageal carcinoma
based on different images challenging. Conventional images from CT, endoscopy/EUS, and esophagography, and MRI or FDG-
PET/CT have their share of advantages and limitations for determining the tumor length [14–17,22,29,30]. It is critical to
familiarize radiotherapists with these advantages and limitations before selecting the different image combinations. In this
study, the tumor length determined by the multimodal images tended to be larger than that measured by a single image. In
particular, the longitudinal length of GTVCEXP was signi�cantly larger than the tumor length measured by FDG-PET/CT.
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Therefore, the accuracy of tumor length measurements can be improved by combining the multimodal images; however, this is
based on the precondition that the observers develop a good knowledge of the features of the multimodal images via uni�ed
training. 

The CIgen values for GTVC, GTVCE, GTVCEX, and GTVCEXP for each observer represent the intra-observer variations, which
include the random and inherent variations derived from different multimodal imaging combinations for the same observer.
Here, the mean CIgen for intra-observer variability (0.73) was larger than that for inter-observer variability (0.67). This indicates
that the intra-observer variability in delineating esophageal tumors was lower than the inter-observer variability, which shows
agreement with the results reported in other studies [27,28]. Machiels et al. [27] reported the mean CIgen values for intra-
observer delineation variability and inter-observer variability in ten patients without endoscopically implanted �ducial markers
versus those with markers to be 0.54 versus 0.68 and 0.68 versus 0.75, respectively. Vollenbrock et al. [28] reported the mean
CIgen over six patients as 0.68 on FDG-PET/CT, 0.66 on T2w-MRI, and 0.68 on T2w+DW(diffusion-weighted)-MRI. Compared
with the above studies, �fty patients with upper, middle, and lower thoracic esophageal carcinoma were enrolled in this study.
Moreover, different multimodal imaging combinations, including CT, endoscopy/EUS, esophagography, and FDG-PET/CT, were
employed to eliminate any bias from a single imaging technique.

In the ANOVA analysis, the intra-observer CIgen for the GTVs derived from different multimodal imaging combinations among
the �ve observers was statistically signi�cant (p<0.001). The intra-observer CIgen for the senior radiotherapists (observers 3, 4,
and 5) was larger than that for the junior radiotherapists (observers 1 and 2). An optimum intra-observer CIgen was obtained for
the senior radiotherapist who spent minimal time delineating the GTVs (observer 4). The senior radiotherapists, who were
generally familiar with the multimodal imaging features for distinguishing the tumors from the normal structures and the
location subject to relapse, might not be easily affected when only a single imaging modality is used/available for target
contouring [31–32]. In addition, the shorter repeating delineation intervals did not eliminate the record of previous delineations,
which might have improved the consistency of the target delineation. This suggests that background knowledge in medical
imaging, clinical experience, and repeating delineation intervals might affect the intra-observer variability of the target CIgen.

While the inter-observer CIgen calculated for the different multimodal imaging combinations did not increase for the combined
CT and endoscopy/EUS data, as compared with CT only, CIgen tended to increase for the combined CT and endoscopy/EUS
and esophagography information (p=0.088). Furthermore, the addition of FDG-PET/CT to the endoscopy/EUS, and
esophagography data signi�cantly improved the inter-observer CIgen. The use of multimodal imaging, including CT,
endoscopy/EUS, esophagography, and FDG-PET/CT, for target delineation reduced the inter-observer variability. The effect of
FDG-PET/CT on the intra- and inter-observer variability of target volume delineation in patients with gastro-esophageal cancer
remains controversial. Vesprini et al. [33] reported that the combined use of FDG-PET/CT based on CT for GTV delineation
signi�cantly decreased both intra- and inter-observer variability, while Schreurs et al. [34] did not �nd PET/CT to have a
signi�cant effect on the inter-observer variability. Therefore, besides FDG-PET/CT, the additional use of endoscopy/EUS and
esophagography for target delineation might prove bene�cial in reducing the inter-observer variability. Recent studies have
shown that the use of endoscopically implanted �ducial markers and MRI might reduce the variability of target volume
delineation [27,28]. The use of multimodal imaging has proved increasingly valuable in improving the accuracy of target
de�nition in esophageal carcinoma.

The variability in the position of the target volumes is one of the important factors in�uencing the CIgen. Here, the intra-observer
variability in the 3D centroid shifts of the GTVs among different observers showed a signi�cant difference. In the case of no
signi�cant variability in the volume of the GTVs, the intra-observer variability in the position could have mainly contributed to
the statistical signi�cance in the CIgen value. The intra-observer variability in the shape also tends to affect the intra-observer
CIgen. The inter-observer variability in the 3D centroid shifts and volume of the GTVs showed no signi�cant differences,
suggesting that the inter-observer variability in the shape had a critical in�uence on the inter-observer CIgen. Thus, this study
indirectly implies that using different multimodal image combinations might transform/change different observers’
visual perception of tumors.
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Conclusion
In conclusion, for radiation oncologists with advanced medical imaging training and clinical experience, the use of diagnostic
multimodal images from endoscopy/EUS, esophagography, and FDG-PET/CT for target delineation based on planning CT
reduced the intra- and inter-observer variability and increased the accuracy of target delineation in primary thoracic esophageal
carcinomas. In general, delineation of the GTV with reference to the diagnostic endoscopic and imaging data in primary EC is
clearly useful. However, as this study did not identify a standard combination to determine the GTV, the effective
implementation of diagnostic multimodal images for the delineation of primary esophageal carcinomas requires further
clinical investigations.

Abbreviations
GTV gross tumor volume

3DCT three-dimensional CT

PET-CT positron emission tomography-CT

EUS endoscopic ultrasonography

EC esophageal carcinomas

CIgen generalized conformity index

COM center of mass
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Tables
Table 1

Patient’s characteristics
Characteristics Number

Sex, n(%)  

M 40(80%)

F 10(20%)

Age, median, y(range) 63(44-88)

Tumor histology, n(%)  

Squamous cell carcinoma 50(100%)

SUVmax, mean, median,y(range) 17.1, 15.2(2.8 49.5)

TNM* stage, n(%)  

T2N0-2M0 4(8%)

T3N1-3M0-1 34(68%)

T4aN0-2M0-1 12(24%)

Tumor location, n(%)  

Upper 17(34%)

Mid- 17(34%)

Distal 16(32%)
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Table 2

The volume and longitudinal length of GTVs based on different combinations of multimodal imaging for different observers
Parameter Observer 1 Observer 2 Observer 3 Observer 4 Observer 5 Mean±SD

GTVC Volume(cm3) 37.57±26.68 33.78±27.42 36.42±26.91 33.48±28.07 33.28±26.87 34.91±27.19

  Length(mm) 5.7±2.6 5.3±2.5 6.3±2.5 5.7±2.6 5.3±2.3 5.7±2.5

GTVCE Volume(cm3) 34.06±25.90 34.47±26.65 36.33±27.10 32.68±25.79 35.13±27.50 34.68±26.82

  Length(mm) 5.7±2.5 5.4±2.2 6.3±2.4 5.8±2.4 5.7±2.3 5.8±2.4

GTVCEX Volume(cm3) 35.43±25.79 35.00±26.40 33.57±26.68 34.50±26.84 35.03±28.37 34.34±26.81

  Length(mm) 5.6±2.2 5.6±2.2 5.5±2.3 5.6±2.2 5.6±2.5 5.6±2.3

GTVCEXP Volume(cm3) 36.30±27.41 34.17±26.19 33.48±27.13 33.28±26.67 36.73±28.27 35.04±27.17

  Length(mm) 6.1±2.5 5.7±2.2 5.5±2.3 5.8±2.4 5.8±2.3 5.8±2.3

Mean±SD Volume(cm3) 35.84±26.45 34.36±26.67 34.95±27.20 33.52±26.91 35.04±27.75 34.37±27.29

  Length(mm) 5.8±2.4 5.5±2.3 5.9±2.4 5.7±2.4 5.6±2.4 5.7±2.4

Abbreviations: Gross target volumes (GTV) delineated on planning CT only (GTVC), CT combined with endoscopy/EUS
(GTVCE), CT combined with endoscopy/EUS and esophagography (X-ray) (GTVCEX), and CT combined with endoscopy/EUS,
esophagography, and FDG-PET/CT (GTVCEXP)

Table 3

Comparison the tumor length measured by CT, endoscopy/EUS, esophagography, and FDG-
PET/CT with the mean longitudinal length measured by �ve observers for GTVC, GTVCE , GTVCEX ,

and GTVCEXP.

Imaing modality CT Endoscopy/EUS Esophagography PET-CT

    Tumor length(cm) 5.5 ± 2.2 5.1 ± 2.0 5.3 ± 2.0 5.4 ± 2.2

Target volume GTVC GTVCE GTVCEX GTVCEXP

    Longitudinal length(cm) 5.7 ± 2.5 5.8 ± 2.4 5.6 ± 2.3 5.8 ± 2.3

Paried comparison t-value -0.704 -1.759 -1.272 -2.172

  p-value 0.485 0.086 0.209 0.035

Abbreviations: Gross target volumes (GTV) delineated on planning CT only (GTVC), CT combined with endoscopy/EUS
(GTVCE), CT combined with endoscopy/EUS and esophagography (X-ray) (GTVCEX), and CT combined with endoscopy/EUS,
esophagography, and FDG-PET/CT (GTVCEXP)
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Table 4

The CIgen values and 3D centroid shifts (Mean±SD) of the four GTVs derived from different combinations of
multimodal imaging for each observer.

Parameter Observer 1 Observer 2 Observer 3 Observer 4 Observer 5

CIgen 0.68±0.12 0.69±0.14 0.75±0.15 0.80±0.15 0.74±0.17

Paired t-test

(p value)

0.173(vs Obs2) - - - -

0.001(vs Obs3) 0.001(vs Obs3) - - -

0.001(vs Obs4) 0.001(vs Obs4) 0.001(vs Obs4) - -

0.001(vs Obs5) 0.001(vs Obs5) 0.264(vs Obs5) 0.001(vs Obs5) -

3D shifts(mm) 3.69±4.47 4.34±4.24 3.84±3.93 2.85±4.24 3.65±6.19

Paired t-test

(p value)

0.023(vs Obs2) - - - -

0.572(vs Obs3) 0.077(vs Obs3) - - -

0.005(vs Obs4) 0.001(vs Obs4) 0.001(vs Obs4) - -

0.911(vs Obs5) 0.084(vs Obs5) 0.59(vs Obs5) 0.039(vs Obs5) -

 

Table 5

The CIgen values and 3D centroid shifts (Mean±SD) of the �ve GTVs delineated by different
observers based on each combinations of multimodal imaging.

Parameter GTVC GTVCE GTVCEX GTVCEXP

CIgen 0.66±0.13 0.66±0.12 0.67±11 0.69±0.10

Paired t-test

(p value)

0.443(vs GCE) - - -

0.088(vs GCEX) 0.269(vs GCEX) - -

0.001(vs GCEXP) 0.001(vs GCEXP) 0.001(vs GCEXP) -

3D shifts (mm) 3.78±4.04 3.78±3.79 3.98±5.03 3.68±5.94

Paired t-test

(p value)

0.981(vs GCE) - - -

0.463(vs GCEX) 0.463(vs GCEX) - -

0.762(vs GCEXP) 0.744(vs GCEXP) 0.218(vs GCEXP) -

Abbreviations: Gross target volumes (GTV) delineated on planning CT only (GTVC), CT combined with endoscopy/EUS
(GTVCE), CT combined with endoscopy/EUS and esophagography (X-ray) (GTVCEX), and CT combined with endoscopy/EUS,
esophagography, and FDG-PET/CT (GTVCEXP)

Figures
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Figure 1

Example of GTVs delineated based on different combinations of multimodal images by observer 1 (green segment), observer 2
(red segment), observer 3 (blue segment), observer 4 (orange segment), and observer 5 (cyan segment) in tansversal (A),
frontal (B), surface (C), and sagittal (D) planes for one patient (Patient 5).


