MAGNETIC RESONANCE IMAGING

MR detection and classification
of prostate lesions using AI
MRI is now firmly established as the “gold standard” for the
visualization of prostate cancer lesions. Increasing MRI use is
leading to significant R&D efforts, including the development of
Artificial Intelligence-based approaches, directed to improving the
efficiency of MRI prostate examinations. A dedicated prostate
MR AI team in Siemens Healthineers has recently carried out a
multi-reader, multi-case validation study of an AI-based prostate
lesion detection and classification system. We wanted to find
out more about the potential of prostate MRI in general and
the validation of the new AI system in particular, so we spoke to
Daniel Fischer, Head of Clinical and Scientific Marketing, MRI in
Siemens Healthineers.

Q

Before we get on to the AI system and its validation, let’s first
recap on the reasons behind the
increasing focus on biparametric
as opposed to multiparametric
MRI in prostate examinations.

One of the main reasons for the trend to
biparametric MRI in prostate imaging
is simply the issue of difficult access to
MRI and long MRI waiting lists which
are major problems around the globe. In
many countries there has been a steady
growth in the overall utilization of MRI
– mostly around the “traditional” MRI
scans of the head, spine and large joints.
For example, in Germany a growth of
around 8% p.a. has been reported in
the number of such MRI scans performed, while in the USA according to
the OECD there has been a 12% p.a.
growth in MRI exams over the last few
years. In addition to the actual number
of MRI installations (fewer than CT systems in most European countries), this
ever-increasing use of MRI is a significant reason behind longer wait times for
access to MRI in general, including of
course prostate MRI. Also, in the current COVID-19 pandemic it should be
noted that many MRI procedures are
elective and with hospitals currently
reprioritizng their workflow to focus
on COVID-19 cases, many procedures
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throughout the hospital are being postponed. Access to an MRI scanner is
thus currently becoming even more
challenging.
The essence of biparametric MRI
(bpMRI) is to leave out the Dynamic
Contrast Enhancement (DCE) phase
from the complete MRI scan and
to use only the T2 and Diffusion
Weighted (DW)/Apparent Diffusion
Coefficient (ADC) parameters. The
omission of the DCE phase has a
number of advantages, such as significant time savings per patient, the
elimination of any potential adverse
effects from the use of Gadoliniumbased contrast agents and reduced
costs, without any significant
decrease in diagnostic performance.
Omission of the DCE phase can save
up to 10 minutes which of course
has a significant impact on overall
patient throughput at the scanner.
In this way, whenever bpMRI can
be used for appropriate indications,
it can improve patient access to the
MR imaging modality as a whole.

Q

 hat about the diagnostic
W
performance of bpMRI vs.
mpMRI in prostate imaging?
Numerous articles have already
been published comparing bpMRI
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with
multi-parametric
MRI
(mpMRI), and show that comparable accuracy, sensitivity, specificity, can be obtained and that
bpMRI is effective in detecting
prostate cancer and in some cases a
worthy alternative to mpMRI. The
European Association of Urology
(EAU), which issues guidelines
and recommendations for prostate
imaging, is currently carrying out
the PRIME Study, whose aim is to
show, once and for all, that bpMRI
is non-inferior to mpMRI in a
definitive trial that avoids the limitations of earlier studies. However
it should be noted that mpMRI still
has a role, being favoured for men
who may be at elevated risk for
prostate cancer, for example those
with a family history of prostate
cancer, previous prostate interventions, or with hip implants (due
to their potential to distort DWI
data) to name but a few.
Although prostate MRI is growing rapidly in terms of the number of exams being carried out,
it is however still largely overshadowed by the traditional MRI
exams of head, spine, and joints.
Thus, even with the growing number of prostate exams, many institutions are facing the challenge
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of finding radiologists qualified
to read prostate exams. This can
give rise to the issue of large variability in results when it comes to
reading, with also ultimately the
potential for overdiagnosis and
eventually unnecessary biopsies.

Q

Now let’s turn to the AI system for
lesion detection and classification.

There were three drivers behind
the development of the AI-based
prostate lesion detection and classification system. The principal one
was to achieve an improvement in
the overall diagnostic result, with the
others being a reduction in reading
times and in inter-reader variability.
In the development of the algorithm
we were well aware of the need to
develop and “train” the algorithm
using data from all over the world in
order to account for any geographical differences. All told, over 2000
fully annotated data sets were used
to train the algorithm, and we are
confident that the size of the training
data combined with its diverse nature
will allow the algorithm to be just
as effective when applied to patients
from Asia, Europe, or the Americas,
without any loss of performance. The
training of our algorithm was primarily based on unselected cases of
treatment-naïve men having undergone routine clinical prostate MRI
at a number of sites across the globe
and representative of the local patient
populations.

Q

What about the validation of the
algorithm?

The reader study we carried out
for validation of the algorithm was
designed to compare the results of
reading cases (i) by the algorithm on
its own, i.e without a radiologist (ii)
by the radiologist aided by the algorithm and (iii) by a radiologist alone,
i.e. without the aid of the algorithm.
The validation study was based on
a fully-crossed, multi-reader, multicase design using a consecutive set of
100 cases of routine clinical prostate
MRI in treatment-naïve men from the
ProstateX database. Seven readers, all
ABR-certified radiologists from the
U.S. and with a wide spectrum of
experience in reading prostate MRI,
read the cases. Of course, cases used
for the training of the algorithm were
not those used for its validation.

Q

and the results?

The principal criterion used to
evaluate the algorithm was its overall
diagnostic performance. Secondary criteria were (i) reduction of variability
between readers and (ii) reduction of
reading times.

Diagnostic performance
We observed that, when reading
with AI support, radiologists achieved
a statistically significant improvement
in the area under the receiver operating
characteristic (ROC) curve for differentiating PI- RADS >= 4, compared to

reading without AI support, ∆ AUC=
4.4%, p=0.01). For the differentiation
of PI-RADS >= 3, the improvement in
AUC was 3.0% (p=0.10).
One explanation for the larger
improvement provided by AI in cases
of PI-RADS ≥ 4 compared to PI-RADS
≥ 3 could be that the PI-RADS 3 category introduces substantial noise into
the “improvement signal”, so requiring
a higher statistical power to show a
significant effect.

Variability between readers
For the differentiation of PI-RADS ≥
4, the variability between readers when
they are aided by the AI algorithm was
observed to be less than when the readers operate without the aid of AI (p
<0.01).
It was also found that inter-reader
agreement on PI-RADS 3 lesions was
much lower than with PI-RADS 4 or 5,
whether assisted or unassisted. This is
probably due to the fact that the imaging characteristics of PI-RADS 4-5 —
these are the categories for which it
is recommended to proceed to biopsy
based on the imaging findings alone
— are much more clearly defined than
for the PI-RADS 3 category. (As for
follow-up of PI-RADS 3 cases, the recommendation is to take other patient
information into account to determine
whether to proceed with biopsy or not).
Reading times
The effect of AI varies as a function
of the reading time, with in general AI
aid being more significant with longer reading times than with short read
times. Each of the seven readers experienced a decrease in median reading
time when they were assisted by the AI
as opposed to being unassisted; for the
mean, 3 readers had longer times with
AI than without - which could be due
to outliers. The median reading time
was reduced by 21% and the mean
reading time was reduced by 14%.

Q
The AI-Pathway Companion showing how relevant clinical information along the prostate cancer treatment pathway
can be integrated in one coherent view.
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Summary of results and reaction
of the radiologists?

With an improvement in performance when the AI-derived algorithm is used, and reductions in
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reader variability and in mean and median reading times,
the overall results of our validation study are very positive.
In practice, we recommend a “concurrent reading”
scenario as validated in our study. In this, the AI results
are shown to the radiologist right away alongside the
original images. However in any case with our product,
the radiologist remains fully in control and can choose
if or when to bring up the AI results. Feedback from the
radiologists as to how we integrated the AI algorithm is
generally very positive, and they report that it is intuitive to use.
Although we didn’t specifically question our radiologist
readers about their feelings towards AI, we see in general
high interest from them as regards AI support for prostate
MR reading. There is no feeling that such uses of AI poses a
threat to them. On the contrary, since the radiologists always
remain in the driver’s seat, they appreciate the assistance the
algorithm provides.
Our study was not specifically designed to show
whether the AI system helps readers with less experience
more than those with greater experience, but it appears
reasonable to assume that improvement in both quality
and time savings will depend on the baseline level of
quality and experience of the reader. Having said that,
we hear from even highly experienced radiologists that
they appreciate having an AI “sparring partner” in their
prostate MRI reading.

Q

what is the aspect of the software that was most
appreciated by the radiologists?

From the beta testing of the algorithm that took place
before the formal validation study, we already knew that
the aspect of the AI package that is most appreciated in
fact varies from radiologist to radiologist and is very
much dependent on each individual institutional setting
and on personal experience. For example, for the single
aspect of reading time alone, some users reported that,
thanks to well established routine in their institution,
they anyway only need a couple of minutes for reporting,
whereas other readers can spend half an hour to report
a case.
But experienced readers also benefit significantly
from the software. For example, one very experienced
radiologist said that the apparently trivial function of
automated gland segmentation in the software will
in fact ‘change my life’. Currently the very mundane,
but necessary, task of manual segmentation of dozens
of prostates per week in preparation for ultrasoundfusion biopsy is the responsibility of the radiologists,
who understandably appreciate the automated software
assistance.
So, there isn’t a single answer to the question of
the most appreciated aspect, but that’s also the beauty
of the software: high versatility addressing different
targets.

The Prostate MRI workflow in syngo.via provides a comprehensive hanging protocol to inspect T2w images, high b-value DWI data, ADC map and (in case performed) DCE.
T2w and DWI serve as input to the AI algorithm. The prostate gland is automaticially segmented, and the suspicion map, indicating lesions with their scoring, is presented
to the reader. The user is asked to validate or correct the findings which are, upon confirmation, automatically transferred into a standardized reporting template.
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hearing more of this aspect in the future. From the Siemens
Healthineers’ point of view, our aim as a developer and
vendor of MRI hardware and software is clear: to provide
robust and rapid imaging systems, involving, where relevant,
In the near-term, we plan to carry out further field evalu- AI-based algorithms.
As in other fields of cancer screening, the question of
ation studies to validate the software in real-life routine clinical situations. We will monitor how it performs, and assess the possibility of overdiagnosis in prostate screening should
all the valuable feedback from users and of course introduce always be borne in mind. Definitive, long-term longitudinal
studies of over-diagnosis — and consequent over-treatment
improvements where necessary.
However, the Prostate MR solution is already available for — in prostate MRI and MRI-directed biopsy have not been
sale now in Europe. It is seamlessly integrated as a plug-in carried out, but four large studies, namely the PROMIS, 4M,
into the well-established MR Prostate Reading workflow of PRECISION and MRI-First trials have all shown a reduction
in the diagnosis of insignificant cancers by 5 to 13% while
syngo.via, version B50.
not negatively impacting the yield of significant cancers. In
What are your general thoughts on likely developments/ the light of these positive observations we can thus anticipate
that the role of MRI in prostate screening and diagnosis will
future trends in the whole prostate field?
continue to develop strongly, with positive effects on patient
There is no doubt that the role and applicability of MRI management and public health in the future.
But it’s not just with MRI that things are happening in
along the whole prostate cancer care pathway will continue
the overall field of prostate cancer.
to substantially increase in the future.
Newly developed urine ad blood
For example, as far as screening
is concerned, the PROSTAGRAM
“... one very experienced radiolo- tests for prostate biomarkers are on
trial has just shown that non-invasive
gist said that the apparently triv- the rise. In the future it is foreseeable
that a combination of MRI and such
MRI screening of men aged 50-69
ial function of automated gland
years old is superior to PSA testing.
segmentation in the software will tests will be used in combination in
both the diagnosis and stratification
In this trial, the PSA testing arm of
in fact ‘change my life’ ...”
of prostate cancer, with the potential
the study picked up only 42% of men
of drastically reducing the number
with significant cancers, whereas the
MRI arm achieved a detection rate of 82% of clinically sig- of unnecessary biopsies. In addition, the understanding of
nificant cancers. As more and more evidence accumulates on the different disease states of prostate cancer is constantly
the role of MRI in prostate screening we will undoubtedly be deepening, together with a growing appreciation of potential treatment regimens for use in such states. The growing
number of drugs and treatment options and their various
combinations will also lead to a strengthening of the role of
imaging as a tool for the staging and re-staging of the disease
as well as the monitoring of treatment progression.
At Siemens Healthineers, we already offer solutions along
this entire care pathway. For example we ensure a reduction of information loss by transferring annotated MR data
directly for targeted MR/US-fusion biopsies. In addition we
are also partnering with companies who offer solutions for
MR-guided prostate biopsies and minimal invasive treatments as well as functional MR-based response monitoring.
However among this rich multitude of options, our central aim remains to provide the most appropriate care for
every patient, for example through the mining of all the various data sources and the presentation of the relevant information to caregivers so as to empower them to make optimal, evidence-based decisions for each individual patient.
Our next generation clinical decision support system, the
AI-Pathway Companion, aims to do just that. It integrates
data from multiple sources along the patient care pathway,
giving recommendations for diagnostics and therapy based
on clinical guidelines. Inter-disciplinary teams can benefit
from the correlated data, which supports objective decisions
at every step along the care pathway. Orchestrating the flow
of data to the right experts is key in delivering on the promise of precision medicine, providing the right treatment, at
The findings including lesion grading are presented in a standardized report facilitat- the right time, to the right patient.

Q

Now after the successful validation study, what are the
next steps?

Q

ing communication of the findings to the urologist.
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