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Valorisation

Relevance

Cancer immunotherapy is becoming a standard treatment for
advanced-stage cancer patients. While results from numerous clinical
trials show significantly higher response and survival rate compared
to the standard chemoradiotherapy, there is still a number of patients
who do not benefit from starting (or continuing) the treatment. In the
meanwhile, patients can experience treatment side-effects, normally
manifested as auto-immune and inflammatory disorders, such as
dermatitis, pneumonitis, colitis, hepatitis, and granulomatous disease
[Zho+20]. While the impact of treatment side-effects on the response
is still under investigation, with meta-analyses pointing to them as
positive prognostic factors [Zho+20], it is well known that the cost
of immune checkpoint inhibitors can pose a significant strain on
hospital resources, and public resources in general, especially in
Europe where access to healthcare services are guaranteed, regulated
and subsidised by the government. Immunotherapy is known to cost
up to ten times more than chemotherapeutic options. The average
immunotherapeutic treatment costs in the order of the hundreds of
thousands of euros, compared to the tens of thousands needed for
traditional chemotherapy [Ver+18]. In patients that are not likely to
derive any clinical benefit from immunotherapy, these resources could
be reallocated for other therapeutic options. In this thesis, we propose
the use of artificial intelligence on already-available routine clinical
imaging. By enhancing the analytic process with AI, we reach an
accurate, and cost-effective marker that, by virtue of being trained on
routine imaging, can scale well from academic centers to peripheral
hospitals.
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Target population

This thesis has a wide target population. It includes radiologists who
are already using medical imaging as a fundamental tool in their diag-
nostic process, and who will likely be in charge of the new technologies
that will be developed out of this thesis and in the field of artificial in-
telligence in general. Some of the techniques described and proposed
here, such radiomics analysis of cancer lesions (Chapters 2 and 3), or
whole-body prognostic monitoring (Chapters 4, 5, and 6), offer a new
way to analyze radiological scans. Radiologists will be at the forefront
of the implementation (Chapter 7 and 8). Their contribution will be vi-
tal in developing the interaction of these technologies within the clini-
cal team.

Radiologists will also play a role when these technologies will enter
the multidisciplinary tumor board. As mentioned in Chapters 7 and
9, the envisioned usage of the AI methods developed within this thesis
reflects this point. We envision our system to be an interactive window
into the status of the patient, their potential risks for survival, and sug-
gestions for most likely response to different treatment options. Treat-
ment planning will be defined according to this data and the input of
the clinicians in the board. Members of the tumour board will be es-
sential in the study of the interaction between AI and clinicians, and
the development of a coordinated approach for its development and
implementation.

In this, tech companies, specifically the ones that are involved in the
development of AI-based healthcare solutions will also play a role.
These entities possess the know-how of the actual implementation pro-
cess, which should cover multiple practical aspects, from the hardware
requirement to the steps for approval from the healthcare regulators
(e.g. the European Medicines Agency [Coh+20]).

The methodology presented in this thesis targets mostly cancer pa-
tients with advanced disease, namely spread outside of the original
location and throughout the body. In the majority of the cases, the
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main clinical intent in these patients is palliative, in other words, to
improve quality of life more than survival. Even in immunotherapy,
where we observed higher survival rates and even some complete re-
sponses, palliative intent remains the primary focus [SC18]. AI-based
technologies, such as the one presented, aside from suggesting the
most effective treatment which would in turn improve response and
overall survival, could also help pin-point localized conditions of risk,
which could impair quality of life, and give the clinician indications to
address the issue. In summary, the overall expected outcome from em-
ploying AI-based evidence decision-making is improved survival and
improved quality of life.

To the scientific community, we provide evidence not only of the effi-
cacy of AI-mediated pipelines, but also the success of multidisciplinar-
ity in research, with all the work published in this thesis relying on the
joint, coordinated work of experts from different fields.

Innovation and future

The results of this thesis show how prognostic and predictive factors
can be found by artificial intelligence-based image analysis on routine
radiological scans of cancer patients receiving immunotherapy. We
filled the knowledge gap, and demonstrated a link between imaging-
derived morphological features to its biological profile and treatment
outcome in immunotherapy, being one of the first investigations to do
so. We further identified the limitation of the classical image analysis
pipeline that we employed in the initial study, which involves a ra-
diologist identifying a region of interest to analyse, and improved it
to a new analytic pipeline, termed prognostic monitoring, which does
not require manual input, which is not limited to static baseline imag-
ing, and which utilises the entire whole-body scan. This represents a
shift from the image analysis pipelines that have been proposed so far,
not for its full automatic aspect, but rather because we shift the iden-
tification of factors to the AI, removing any bias that may come from
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human analytics. In other words, we are not developing a pipeline
which automates the manual work already performed in the clinics,
but rather developing something that was not even present in the clin-
ics, i.e. tracking of all morphological changes in the body. We are
not employing AI to reduce the information included in a whole-body
scan to a limited set of factors easily understandable by humans, such
as change in tumor size, but we rather let the AI-algorithm run inde-
pendently to determine what are the factors that correlate with worse
prognosis. We are not training an AI-model to imitate us, or think like
us (i.e. smaller tumor, better outcomes), rather we let the AI-algorithm
draw its own conclusions from the data.

We envision more studies following this idea, as it would produce
novel solutions, which are complementary to, and not disruptive of,
the current clinical world. The AI-algorithms developed in this study
are still prototypes. Future propostive will be to extend them to a fully
functional medical device, tested on pan-cancer and pan-treatment
clinical trials, and approved by the appropriate regulatory agencies.
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