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computed tomography in haematology patients
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Human:
Background: Invasive mold diseases (IMD) like Aspergillosis cause a life
threatening pneumonia in patients with impaired immunity (1-3). Diagnosis
is heavily reliant on chest imaging (4,5). Chest computed tomography (CT)
dominates the initial diagnostic work-up for suspected IMD because the
overwhelming majority (i.e. 90% to 100%) of patients present with fungal
pneumonia (3, 6). Although the radiological features for IMD are nonspecific, their importance is reflected in international guidelines for all
categories (i.e. proven, probable, possible) of fungal pneumonia (7).
Hence, there is an impetus to increase the efficiency and rigor of CT
reporting for bedside practice, clinical trials and radiologist workflow.
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Aim: We aimed to develop image analysis of IMD from chest CT using an
artificial neural network.
Methods: Haematology-oncology patients with confirmed IMD were
identified in 2 steps: in iteration 1 using previous mycology studies from
2004-2011 and hospital records; in iteration 2, by screening chest CT
reports from 2008-16 in Alfred Health’s data warehouse using a validated
high-throughput technology known as fungalAi natural language
processing (NLP, www.fungalai.com) based on artificial intelligence
(8,9,10). Reports flagged positive by NLP with a probability of 50% or
more (see Figure 1) underwent medical verification of IMD by manual
review of medical records according to internationally accepted definitions
(7).
We trained a fully convolutional neural network (CNN) with CT images
hand labelled by 3 senior radiologists using pre-specified criteria. The
reference dataset was divided randomly into training and test (or
validation) sets. In iteration 2, hand labelled annotation of training data
was accelerated by radiologists editing images initially annotated by the
network.
Results: We identified 158 patients with 174 episodes of IMD, of which
29% were probable/proven.
The number of patients with corresponding axial CT slices, increased
between iterations from 72 to 158 patients and 307 to11,532 axial CT
slices with NLP augmenting acquisition of training images by over 3600%.
Area under the receiver operating curve in iterations 1 and 2 increased
from 93.0% to 99.3%, indicating system learning. This occurred at 50,000
training iterations, where one iteration is a single image exposed to the
network once.

Figure 1. Data acquisition and training of the neural network. Iteration 1 was the
initial step using a small dataset of IMD patients from previously completed studies
and hospital records, for training. Iteration 2 used fungalAi natural language
processing to identify IMD patients by screening chest CT reports in the hospital’s
data-warehouse. 1EORTC/MSG (European Organization for Research and
Treatment of Cancer/ Mycoses Study Group (7). 2One patient had 2 CT scans
included.
Figure 2 IMD has diverse
radiologic manifestations.
This figure shows the
relationships of 21 radiologic
features associated with IMD
derived from published
literature (5,7,11) and
extracted from CT reports of
patients with confirmed IMD
using fungalAi NLP. For
example, nodule is often
associated with
consolidation.

• Conclusions: Development of diagnostic systems for rare
conditions like IMD is challenging due to a lack of large training
datasets, a gap addressed by fungalAi.
• Acquisition of training data was boosted by natural language
processing of chest CT reports.
• Hand annotation of training data is a strenuous task demanding
the domain expertise of senior radiologists.
• Dense annotation of a large number of scans was accelerated
by using the neural network to initially mark up CT images
followed by radiologist inspection and editing.
• The fully convolutional neural network achieved a performance
for detection of fungal lesions comparable to radiologists
underscoring the strength of these models for image processing.
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