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Synopsis

Motivation: Radiomics has potential to bring added values to cancer diagnosis and prognosis, whilst a practical tool that is accessible for
clinicians and radiologists has not been available.

Goal(s): To design MIROR, a clinical decision support system, that can aid tumour diagnosis with real-time image and spectroscopy
analysis.

Approach: The project keeps collecting childhood brain tumour proton MR images and spectroscopy in England and has built a multi-
centre database that includes 377 cases.

Results: MIROR supports key features including visualisation, image analysis, feature extraction, spectroscopy quantification, and tumour
type and subtype prediction through machine learning.

Impact: A practical solution that translates radiomics and machine learning into clinical scenarios can aid tumour diagnosis and treatment
planning, bring benefits to patient healthcare, and improve clinical outcomes.

Introduction
Brain tumours remain amongst the most common lethal diseases in children. [1] Early diagnosis through pre-clinical non-invasive MR
imaging and spectroscopy can bring benefits to patients by improving treatment planning. [2] Radiomics evolve rapidly in precision
oncology. [3] Such as, quantitative imaging biomarkers can aid early-stage brain cancer diagnosis and potentially improve patient
outcomes. [4] Multi-modal MR imaging and spectroscopy can provide structural and physiological information that may bring added value
to tumour diagnosis. [5] With machine learning, brain tumour types and subtypes could be identified timely and quantitatively. This
abstract presents a clinical decision support system, MIROR, where imaging biomarkers can be analysed with machine learning for brain
tumour typing and sub-typing, and a multi-centre repository has been available for building classifiers dynamically.

Method
MIROR was designed by following an evidence-adaptive modular architecture [6] and considering the needs of clinical scenarios. The
supported imaging modalities are conventional imaging, diffusion-weighted MRI, perfusion-weighted MRI, intra-voxel incoherent motion
imaging, and single-voxel proton MR spectroscopy. The repository that supports MIROR is continuously updated by collecting patient data
nationally, and current partner hospitals are Alder Hey Children’s Hospital (Liverpool), Birmingham Children’s Hospital, Great Ormond
Street Hospital (London), Queen’s Medical Centre (Nottingham), and Royal Victoria Infirmary (Newcastle upon Tyne). MIROR’s design was
updated based on the questionnaires collected from radiologists who attended tutorials and tried the software. Three main modules,
Summary, Image and Spectroscopy Analysis, and Decision Support, are included in MIROR’s workflow. The module summary demonstrates
the demographical and clinical variables for the patient as well as the summarised quantitative imaging biomarkers. Structural and
functional imaging can be loaded, processed, visualised, and analysed in image and spectroscopy analysis, where imaging features can be
automatically extracted from the patient data. Specifically, regions of interest can be drawn, loaded, and saved for structural imaging, and
MR spectroscopy can be quantified for estimating metabolite concentration levels. Such quantitative imaging biomarkers can be analysed
with the repository and machine learning in decision support. The tumour types or subtypes can be determined with a confidence interval
from two or three manually pre-described potential tumour types by the user.

Results
The lastly updated MIROR repository includes 124 diffusion MRI cases, 85 perfusion MRI cases, and 192 MR spectroscopy cases, which
were acquired in either 1.5 T or 3 T. The brain tumour types, which have at least two cases in MIROR’s repository and were tested for
classification, include atypical teratoid rhabdoid tumour, diffuse intrinsic pontine glioma, ependymoma (posterior fossa and
supertentforial), medulloblastoma, and pilocytic astrocytoma. An example of evaluating a new medulloblastoma case by using MIROR that
was installed in a NHS computer in Birmingham Children’s Hospital shows how diagnosis can be performed and what information can be
provided. Initially, patient images can be loaded and preprocessed, followed by image analysis and spectroscopy quantification for
extracting imaging biomarkers. When such quantitative imaging biomarkers are ready, they are ranked [7] and selected for determining
the tumour type or subtype with machine learning. The visualised classification map can show how reliable the diagnosis is and potentially
how the new case may be misdiagnosed.

Discussion
MIROR addresses the needs of clinicians and radiologists in real-world scenarios. Its visualisation features allow users to perform image
segmentation, reconstruction, and analysis at one station. The analysed imaging biomarkers can be visualised for comparison, and the
certainty is demonstrated by the variance generated from the repository. Visualisation also supports MR spectroscopy, through which
users can assess the fitting performance of each metabolite.
Radiomics are demonstrated in MIROR by allowing users to select the tumour types of interest and dynamically build the classifier. The
repository, which is continuously updated by collecting patient data across England, can provide clinical reference evidenced by a larger
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trial. Computational methods can select quantitative imaging biomarkers and allow users to focus on the most important features that
have higher diagnostic ability.
The challenges of moving to practical healthcare system include improving data quality, utilising computational methods, and enhancing
clinical expertise [8]. The repository allows building a computational model that considers demographic and clinical variables to better
predict clinical information. The work is supported by our previous finding of added value from different modalities [9], and the visualised
information is also interpretable for assisting clinical decision-making.
Future development plan of MIROR includes enhancing the repository by expanding collaboration, improving data quality and software
usability, ameliorating computational methods in data analysis, designing informative reports, and planning prospective assessment of
MIROR’s added value.
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Figures

Images showing MIROR performing clinical MR image and spectroscopy analysis: (A) analysed histogram of the ROI and the reconstructed
3D volume for brain tumour from dMRI; (B) quantified proton MR spectroscopy; (C) dynamic feature evaluation from the repository; (D)
brain tumour typing with dMRI; (E) brain tumour sub-typing with proton MR spectroscopy.
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