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The Al revolution in cancer

Histopathology is the current ‘gold
standard’ for establishing cancer
diagnosis. Whereas the interpre-
tation of tissue slides is subjective,
the advent of clinical genomics has
contributed to refining patient strati-
fication and clinical decision-making
through the identification of
actionable tumour vulnerabilities.
However, both histological assess-
ment and sequencing approaches

are time consuming and costly, and
they often yield inconsistent results
across institutions. Enter big data and
artificial intelligence (AI), with the
premise that, if enough information
is available, predictive models can be
generated that achieve clinical-grade
automated diagnoses and facilitate
clinicians’ workflows for accurate
diagnosis.

The past decade has witnessed a
surge in the amount of digitalized
clinical data, including electronic
health records, genomics and digital
biomedical images. Perhaps because
of its standardized high-quality
data-collection protocols and fewer
inherent missing-data challenges
than in other clinical data types,
medical imaging has emerged as a
frontier of success for AI in medicine.
Computer vision has enabled some of
the most striking studies predicting
molecular and pathological cues
from digitalized images. The level
of information that can be retrieved
from digital images surpasses human
capacity in terms of speed as well as
the ability to infer and detect subtle
traits hidden to human perception.

In 2017, Esteva et al. published
a landmark study in the field of
computer vision applied to cancer
detection. The authors used a large
dataset of digital images of skin
conditions to train and validate a
deep convolutional neural network
able to discriminate between benign
and malignant lesions with accuracy
similar to that of trained dermatolo-
gists. These findings sparked further
studies aimed at understanding
whether additional features beyond
the classification of tumour versus
normal tissue—a task that can be
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easily conducted visually by trained
pathologists—could be ascertained
from histological patterns. Proof-
of-concept work by Coudray et al.
provided the first solid evidence that
deep learning on tumour histology
slides can predict driver mutations
and classify tumour subtypes.
Follow-up work by Campanella et al.
demonstrated that high diagnostic
accuracy can be achieved without a
need for prior data curation, if the
datasets are sufficiently large, and
studies by Fu et al. and Kather et al.
expanded the breadth of applicability
of these algorithms in detecting
molecular footprints and prognostic
correlates across multiple cancers.
Perhaps the most relevant
functionality of Al in cancer histo-
pathology is its integration in clinical
workflows for improving patient
management. For example, pioneer-
ing work by Bejnordi et al. exploring
the clinical value of AI showed that
deep-learning models can achieve
accurate detection of lymph node
metastases in breast cancer, rivalling
human performance. Another prag-
matic clinical application of medical
AT has enabled near-real-time diag-
nosis of patients in the operating
room. A prospective clinical trial
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by Hollon et al. has shown that an
Al-powered system can deliver
accurate diagnoses for patients
undergoing surgery for brain cancer,
thus underscoring the potential of
these models to increase the speed
and accuracy of clinical decisions.

Future studies are needed to
ensure that this level of augmented
perception is not available only to
institutions that can afford expensive
medical appliances and software.
Esteva et al. paved the way to afforda-
ble access to Al-assisted differential
classification of skin lesions through
the use of regular cell-phone cameras.
Other efforts by Chen et al. have ena-
bled real-time integration through
augmented-reality approaches which,
through overlaying an Al system with
a microscope field of view, facilitate
automated histological annotation
in places lacking access to trained
pathologists. These methods have
extended the real-world applications
of Al a step further in the diagnosis
for prostate cancer, and they may be
expanded to other tumour types and
diseases that often require specialized
histological evaluation.

Most studies to date have been
correlative and based on retrospec-
tive analysis of controlled data sets.
These have provided the foundations
for Al in healthcare applications and
have illustrated new possibilities
for enhancing the performance of
trained pathologists. To fully realize
their potential, AI systems must
crucially be tested in controlled pro-
spective studies to accurately evaluate
their clinical value—a setting for
which specific guidelines have been
elaborated upon by Liu et al.

Computer vision and digital
pathology are only the beginning,
and Al systems are being explored
in multiple additional settings. The
convergence of big data and Al in
oncology provides a unique interface
to explore the full capabilities of these
approaches for the benefit of patients.
We look forward to the next 10 years
of groundbreaking discoveries in this
exciting area of research.

Miguel Foronda, Nature Cancer
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