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Abstract

Background/Objective: The precise definition of the gross tumor volume (GTV) that takes into account intra- and
interobserver variability is necessary for high-precision radiotherapy (RT) techniques. The purpose of this study was to
demonstrate the practical GTV assessment by a “double reading” approach.

Methods: Pretreatment magnetic resonance (MR) imaging, including the post-contrast 3D magnetization-prepared
rapid-gradient echo (MP-RAGE) sequence (section thickness 1.0 mm) was performed on a 3T superconducting imager in
50 patients with glioblastoma. MR images were transferred to a RT planning system (RTPS) that provides many
opportunities for GTV contouring, e.g., at diagnosis, surgical navigation, and RT deliberations. Independent 2 observers
preliminarily contoured the GTV on MR images. After planning-CT scanning, CT images with a 1.0 mm slice interval
were transferred to the RTPS, registered with the diagnostic images, and then the preliminarily-contoured strictures were
copied onto the CT images and used for GTV assessment. The practical GTV on the planning CT was determined by
integrating the interpretations and adding information on postoperative changes. The interobserver variability in GTV
contouring was assessed by Bland-Altman analysis and the concordance index.

Results: There was substantial interobserver variability in GTV contouring (95% limits of agreement: -29.4%, 16.8%).
The mean interobserver concordance rate for the GTV was 82.1% (range 56.5-91.2%). The practical GTVs were
significantly larger than the preliminarily-contoured GTVs by both observers (p < 0.01).

Conclusions: Considering interobserver variability, “double reading” is necessary for practical GTV assessment. This
approach for volume assessment may facilitate the standardization of treatments, not only of RT but also of surgery and
chemotherapy.
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1 Introduction

The precise definition of the gross tumor volume (GTV) is essential for high-precision radiotherapy (RT) techniques such
as three-dimensional conformal RT (3D-CRT), intensity-modulated RT, particle-beam RT, and brachytherapy. With
respect to the clinical target volume (CTV) and organs at risk (OARs) based on normal structures, in efforts to standardize
contouring with consensus among radiation oncologists, radiologists, and clinicians, atlases are developed for several
disease sites, i.e. brain-, head and neck-, breast-, prostate-, rectal-, and gynecologic malignancies !*'%. On the other hand,
the GTV must be contoured consensually on a case-by-case basis. In spite of contouring protocols on multimodal
registered images, e.g., contrast-enhanced computed tomography (CT), magnetic resonance (MR) imaging, and positron
emission tomography (PET), previous studies revealed that intra- and interobserver variability in GTV assessment
persists *°1. However, reported data demonstrated the experimental contouring but the practical GTV in RT planning.

Errors in diagnostic radiology are common, and dialogue among clinicians and radiologists, the evaluation of multimodal
images, and iterative readings are thought to decrease the error %™ Therefore, a practical consensus for GTV
assessments, similar to the “double reading” approach, must be developed. In the routine clinical course, however,
structures including GTV, CTV, and OARs are contoured on planning-CT images, and directly used for RT planning.
Consequently, there are little opportunities for integration of interobserver variability.

We designed a preliminary-contouring system for “double reading” in the practical GTV assessment. It permits many
opportunities for GTV contouring on diagnostic images, e.g., at diagnosis, surgical navigation, and RT deliberations
(Figure 1). The purpose of this study was to demonstrate the practical GTV assessment by a “double reading” approach.

Conventional RT Planning

Reference/Registration

Figure 1. The preliminary-contouring
system

In the conventional radiotherapy (RT) o U

planning, the gross tumor volume (GTV) Diagnostic Images PIanning_C‘l“‘ '

is contoured on planning-CT images and
directly used for RT planning. The

Registration

preliminary-contouring system permits v @ . SO
many opportunities for GTV contouring GTV Contouring

on diagnostic images even before

planning-CT scanning. Preliminary-Contouring System

2 Patients and methods

2.1 Patients

Between March 2007 and January 2010, we performed RT planning using the preliminary-contouring system in 50
consecutive patients with newly-diagnosed glioblastoma, as part of an institutional review board-approved study. The
subjects were 28 men and 22 women ranging in age from 32 to 85 years (mean 68 years). All underwent pretreatment MR
imaging, surgery, and postoperative RT with a total dose of 60 Gy administered by using conventional fractionation.
Surgery consisted of biopsy (n = 15) and partial- (n = 21) or gross-total resection (n = 14). Before RT planning, the
appropriate treatment for each patient was discussed at a clinical conference attended by radiation oncologists,
neuroradiologists, and neurosurgeons.
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2.2 Diagnostic imaging

Pretreatment MR imaging was performed on a 3T superconducting imager (Magnetom Trio; Siemens AG, Erlangen,
Germany) using an 8-channel phased-array head coil. Routine brain MR imaging at our hospital consisted of pre- and
postcontrast T1-weighted spin-echo (SE)-(600/8.5 [repetition time msec/echo time msec]), T2-weighted fast SE-
(3,600/96, echo train length 7), and fluid-attenuated inversion-recovery (FLAIR) (9,000/81/2,500([repetition time
msec/echo time msec/inversion time msec], echo train length 15) sequences. These conventional images were acquired at
a section thickness of 5 mm with a 1-mm intersection gap, a 256 - 512 matrix, and a 230-mm field of view (FOV). All
patients underwent a post-contrast 3D magnetization-prepared rapid acquisition gradient-echo (MP-RAGE) ™ sequence
(1,900/4.7/900, 9 flip angle) at a section thickness of 1.0 mm, 256 matrix, 256 mm FOV, and pixel size of 1.0 x 1.0 mm?.
Post-contrast T1-weighted SE and 3D-MP-RAGE sequences were obtained after a bolus injection of 0.1 mmol/kg
Gd-DTPA (Magnevist; Bayer HealthCare Pharmaceuticals, Osaka, Japan). For RT planning we determined the
contrast-enhanced GTV areas on post-contrast T1-weighted SE- and 3D-MP-RAGE images and identified the
high-intensity areas representing the CTV on T2-weighted fast SE- and FLAIR images.

2.3 Preliminary contouring

Diagnostic MR images were transferred to the 3D-RT planning system (3D-RTPS) (Eclipse version 7.5; Varian Medical
Systems, Palo Alto, CA, USA) using the digital imaging and communications in medicine (DICOM) format. The system
permits the preliminary contouring and recording of structures on diagnostic images. After a clinical conference
addressing the appropriate RT for each patient, 2 observers, a neuroradiologist (observer A) and a radiation oncologist
(observer B), independently interpreted diagnostic MR images and preliminarily contoured the GTV (GTVumgr) On
3D-MP-RAGE images.

2.4 Planning CT

Planning-CT images were obtained on a 4-row multidetector CT scanner (LightSpeed RT; GE Healthcare, Tokyo, Japan)
at a slice thickness of 2.5 mm with a 1-mm slice interval, a 512 matrix, and a 350 mm FOV. The CT images were
transferred to 3D-RTPS and registered with diagnostic MR images using a combination of automatic and manual methods.
Then the GTV g, determined by the 2 observers were copied onto planning-CT images (GTVcopy) and used to assess the
target volume (Figure 2). The radiation oncologist (observer B) determined the practical GTV on planning CT by
integrating the interpretations and adding information on postoperative changes.

Planning CT

Figure 2. GTV contouring in a 59-year-old woman with ~ Diagnostic MRI
glioblastoma

The independent observers A and B preliminarily
contoured the gross tumor volume (GTV, red and orange
lines) on diagnostic MR images. After image registration
between CT and MR images, the preliminarily-contoured
structures were copied onto CT images and used for GTV
assessment. There was a considerable difference in GTV
contouring; the interobserver concordance rate was 56.5%.
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2.5 Statistical analysis

We used the repeated-measures analysis of variance (ANOVA) with Bonferroni adjustment to compare the GTVs.
Additionally, differences in the GTV, i.e. between GTV g and GTVcepy (n = 100, system error) and in the GTVcopy
recorded by the 2 observers (n = 50, interobserver variability) were assessed by Bland-Altman analysis. For geometric
interobserver comparison of the GTVs we calculated the concordance index as the ratio of the intersection (A N B) of the
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GTVs to their union (AUB); this is the concordance rate = (A N B)/(AUB). This rate ranges from 0% (complete
disagreement, i.e. AN B = 0) to 100% (perfect concordance) and is very sensitive to small variations in overlap because it
is normalized to the union of the volumes. For example, if two equal volumes overlap by 50% each, the concordance index
is 33% 5 ¢, Statistical analyses were with statistical software (MedCalc version 9.2.1.0; MedCalc Software, Mariakerke,
Belgium).

3 Results

Preliminary contouring was completed within 5 minutes by each observer in all patients. The median volume recorded as
GTVopy for the 50 tumors was 46.3 cm? (observer A, range 4.0 - 167.3 cm®) and 48.0 cm? (observer B, range 4.7 - 163.0
cm®). The practical GTVs (median 52.8 cm?, range 4.4-172.5 cm®) including information on postoperative changes were
significantly larger than the preliminary GTVs by both observers (p < 0.01). Bland-Altman plot revealed interobserver
variability in GTV contouring (Figure 3). Furthermore, the 95% limits of agreement for the GTVs were much wider for
interobserver variability (-29.4%, 16.8%) than system error (-1.8%, 0.8%) (Table 1). The mean interobserver concordance
rate for GTVcopy Was 82.1% + 7.6% (range 56.5 - 91.2%).
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Figure 3. Bland-Altman plot of interobserver differences in GTV contouring

Table 1. Differences in GTV contouring by Bland-Altman analysis

Mean difference + SD 95% limits of agreement
System error*
Difference (cm°) -0.2+0.1 -0.3,0.0
Percent difference -0.5% + 0.7% -1.8%, 0.8%
Interobserver variability”
Difference (cm®) 28%57 -13.9,8.4
Percent difference -6.3% + 11.8% -29.4%, 16.8%

Abbreviations: SD = standard deviation; *Difference between GTV g and GTVcopy (n = 100); TDifference in the GTVopy recorded by the 2 observers (n = 50)

4 Discussion

As patients with GBM are usually treated with surgery followed by a combination of RT and chemotherapy %), the GTV
assessment is important for surgery and RT. Experimental studies that evaluated the consistency of GTV assessments
demonstrated substantial intra- and interobserver variability even among experienced readers %\, Therefore, we designed
and attempted RT planning with a preliminary-contouring system in 50 glioblastoma patients. In our practical application,
we took into account interobserver variability and integrated their GTV contouring results.
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Cooper et al. ! who compared GTVs delineated by 8 experienced observers on contrast-enhanced CT from 20 patients
with supraglottic carcinoma, found that the average concordance rate between pairs of readers was 53%. Fox et al. [
studied the GTV on FDG-PET/CT registered images of lung cancer; they documented intra- and interobserver
concordance rates of 70% and 71%, respectively. Regarding brain tumors, the central tumor core, due to its visibility on
contrast-enhanced MR images, is now accepted as an indicator of the GTV 1. To utilize brain MR images for GTV
contouring, previous studies suggested the value of the registration of MR images to planning-CT images; the use of
MR/CT-registered images rather than hard copies of MR images reduced interobserver variability © 1.

We used 3D-MP-RAGE images obtained on a 3T superconducting imager for GTV contouring in glioblastoma patients.
These 3D images provide readily-acquired multiplanar reformations and depict more focal lesions than T1-weighted SE
images ™. Although our mean interobserver concordance rate should be higher than in earlier studies that employed
conventional MR images ®, considerable interobserver differences for GTV contouring persisted; our lowest
concordance rate was 56.5% (Figure 2). The “double reading” system presented here can be a valuable method for the
integration of GTV contouring. Our system provides many opportunities for GTV contouring even before planning-CT
scanning.

There were some limitations to our study. First, there were minor volume differences between GTV g and GTVopy in
our system. The system error was attributable to image registration and structure copying. Similar errors, depending on
the imaging modality and software, should be encountered in other systems for image registration. We determined the
practical GTV not only with using preliminarily-contoured structures but also with considering misregistration and
postoperative changes. The re-interpretation may allow for the integration of intracbserver variability. Additionally, the
current study demonstrated no histopathological confirmations but substantial interobserver variability in GTV
contouring. Although previous studies suggested that the “double reading™ can reduce errors in diagnostic radiology ™4,
efforts are underway in our institution to resolve these issues, especially the accuracy of GTV assessments in the “double
reading” system. Nevertheless, the “double reading” system should provide the clinical consensus and the clinical training
in GTV contouring.

5 Conclusion

In spite of up-to-date contouring protocols, there is considerable variability in the visual interpretation of oncologic
images. Until optimal imaging protocols for the consistency of GTV contouring are developed, “double reading” is
necessary for practical GTV assessment. This approach for volume assessment may facilitate the standardization of
treatments, not only of RT but also of surgery and chemotherapy.
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