Improvements in SlicerRT, the radiation therapy research toolkit for 3D Slicer
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Purpose: Recent years have seen growing interest in adaptive radiation therapy (RT), but the existing software tools are not ideal for
research use, as they are either expensive and closed proprietary applications or free open-source packages with limited scope,
extensibility, reliability, or user support. To address these limitations, we have developed SlicerRT, an open-source toolkit for RT
research, providing fast computations and user-friendly interface for researchers. It is a medium for RT researchers to integrate their
workflows in, assists clinical translation of experimental approaches, and enables comparative testing.
Methods: SlicerRT builds on the widely
used medical image visualization and
analysis
platform,
3D
Slicer
(www.slicer.org). In addition to the tools that
3D Slicer offers for visualization, registration
and segmentation, the toolkit provides
functions specifically designed for RT
research. Established development processes
as well as testing and validation environment
ensure software quality. Standardized
software development mechanisms of 3D
Slicer were applied for documentation,
distribution, and user support. The design and
architecture of the toolkit was outlined in [1].
SlicerRT has evolved to contain the most
widely used features in the field (see
www.slicerrt.org), which have been defined
through consensus discussions with a large
pool of RT researchers.
Results: Numerous modules have been
developed for RT-specific features such as
DICOM-RT data import and export, as well
as dose analysis tools including dose volume
Fig. 1: Montage showing various SlicerRT user interfaces and outputs. A: Subject hierarchy
histogram,
dose
accumulation,
dose
module user interface; B: adaptive treatment evaluation by dose volume histogram
comparison, and isodose line and surface
comparison; C: gamma dose comparison; D: isodose surfaces; E: SlicerRT logo
generation. The toolkit also includes contour
analysis modules for handling various contour representations, contour morphology, and contour comparison. Advanced registration
tools are provided by the included Plastimatch library [2]. The main new features developed in the last year are RT plan and RT image
import and the subject hierarchy module, which arranges the loaded data to a structure familiar to clinicians, while providing advanced
automation features through the underlying extendible mechanism. The toolkit is being used by several research groups to support and
evaluate adaptive radiation therapy workflows. SlicerRT is available for download through the Extension Manager component of 3D
Slicer 4.3 or later (see instructions on our website).
Future work: As SlicerRT has matured to contain most of the planned functions, our focus has shifted from feature development to
usability and stability. The subject hierarchy module, and its coming features such as bulk deformation of studies embodies our efforts
toward usability, while the integration of the subject hierarchy and the advanced contour handling mechanism into the 3D Slicer core
points towards stability, also benefiting the whole 3D Slicer community. There is ongoing work to evaluate and potentially standardize
the way the 2D contours are rasterized into 3D volumes, thus mitigating the great variability between the different solutions for this
problem. Current funding ensures continuous development for several years, so SlicerRT is expected to develop further.
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