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DOCTOR VS MACHINE:
THE FUTURE OF
MEDICAL DIAGNOSTICS
PERSPECTIVES OF A DERMATOLOGIST AND SKIN PATHOLOGIST
DR EUGENE ONG

Dr Eugene Ong, consultant dermatologist, dermatopathologist and
investor at Spex Capital, discusses the future of visual medical
diagnostics and the implications of emerging AI and machines
learning technology.
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INTRODUCTION
Diagnosis is the foundation of Medicine.
With the right diagnosis, the right investigations, and the right treatment can be given
to a patient. Diagnosis, for now, still depends on the human judgment of doctors.
As a dermatologist and skin pathologist, two visual specialties, I grapple firsthand with
the challenges of making diagnoses based on what I see on the skin of a patient and
through a microscope. Unbeknownst to many, fast learning machines and algorithms
may soon challenge the status quo. But to what extent can computers replace the
human ‘touch’? How do machines see and make visual diagnoses?

HOW DOCTORS MAKE DIAGNOSES: HOW HUMANS
“SEE”
Vision is an enormously complex computational
task. More than half of the brain cortex is
devoted to processing visual information.From
infancy, babies learn to see by constructing
three-dimensional mental models of the world
around them. Every time an infant opens their
eyes, light passes through the lens onto the
retina, where it is converted into electrical
signals. Visual pathways in the brain process
these signals in order to make sense of them.
This is enormously complex, and much of the
details of how we perceive the world around us
remain a mystery.
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To truly see, we require
context, understanding and, a
mental model of objects in the
world around us. Babies
accumulate a vast repertoire
of rich sensory visual “data”
from the real world. For
instance, by playing with a
rubber duck, babies gain
information about the toy
through touch and learn that
it makes a sound when
squeezed.
By turning it in different ways, they gain a three-dimensional understanding of the duck
– how it looks from different angles in different lighting and when occluded in different
ways by its fingers.It is through such active interaction that a baby can quickly build up
a rich understanding and mental model of objects.
If babies are deprived of sensory input, for example in unfortunate instances where their
eyes are covered during certain critical developmental periods, they may never see as
neurological pathways required for vision do not form properly. A baby’s brain needs
feedback from the real world to “train” it to see, and receives enormous amounts of this
“training data” every time it opens its eyes.

The most amazing aspect about
vision is that despite its
computational complexity, it is
effortless. Vision happens without
our conscious awareness. It is so
easy that babies and even animals
can see – many far better than
humans can.
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Patients often ask dermatologists how
they know which moles are of concern.
The textbook answer is through
“ABCDE” diagnostic algorithms (lesion
Asymmetry, Border irregularity, Colour
variegation, Diameter, Evolution).

By examining the entirety of a patient’s
skin, the dermatologist gains a sense of
what a particular person’s moles look like.
The “ugly duckling” rule is that a mole
that looks different from the rest is more
likely to be worrisome. Dermatologists
also use a hand-held microscope called a
dermatoscope to enhance their
diagnostic accuracy. This tool uses light
and magnification to show more detailed
patterns of pigmentation within the mole
than those which can be seen by the
naked eye. Dermatologists then integrate
their examination findings with other
information gleaned from a patient such
as their age, ethnicity, history of sun
exposure and previous skin cancer, and
so forth, to reach their conclusions.
In reality, an experienced dermatologist can usually tell if a mole is cancerous within an
instant - a “spot diagnosis”. After seeing thousands of moles on thousands of patients,
they just know. It is not a laborious conscious process of going through checklists and
algorithms; it is like seeing - effortless and subconscious. There is enormous complexity
underlying such decisions, but the exact mechanics of how the brain gets to a decision
is largely unexplainable, like a so-called “black box”. The same is true of visual diagnoses
made in other specialties like radiology and pathology.
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Beyond the narrow task of recognizing
cancerous moles, dermatologists are
doctors who learn about the underlying
principles of the human body in health
and disease. This broader understanding
and contextual knowledge helps them
interpret what they see.Unique, to
humans, is our ability to ask “why”. Why
does a cancerous mole look the way it
does? A dermatologist will learn, for
instance, that as a cancerous mole
invades deeper into the skin, the brown
melanin pigment it produces gains a
bluish hue due to a process called the
Tyndall effect.

The ability to ask human
questions, together with
the breadth of knowledge
and richness of
understanding, are things
which surely machines
cannot possess?
How do machines “see”?
How are they “trained”?

ARTIFICIAL INTELLIGENCE AND MACHINE
LEARNING: HOW IT WORKS
Artificial Intelligence (AI) and Machine Learning (ML) are two pervasive terms that seem
to have entered the general lexicon, not least by being shoe-horned into pitch-decks by
founders to make their technologies seem more cutting edge and drum up investor
interest. AI is a broad term, referring to computer systems performing tasks normally
requiring human intelligence, such as visual perception, decision-making and so forth.
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AI comes in two forms. The first is general, “strong” AI: the ability for machines to perform
and surpass humans on any intellectual task. For now, this is science fiction. As much as
anyone can predict any fundamental technological advancement, best estimates
suggest such general AI technology is at least decades away from development.

The second form, “weak” AI, consists
in a machine programmed to
perform a single task. This is all the
AI that surrounds us today: Google
translate, Siri, Facebook video
algorithms designed to maximize
viewer attention by showing users
the most attention capturing
videos of baby hippos, and so forth.
Machine Learning refers to the
capacity of computers to improve
without following explicit
instructions. How can machines do
this? Machine learning algorithms use
labelled historical data as inputs to
predict a specific outcome, such as a
specific diagnosis.
The more images provided, the more accurate the diagnoses become. For instance, by
feeding the algorithm images of skin cancers and non-cancerous lesions, it improves its
ability to identify what is and isn’t a skin cancer. As is the case in humans, it is difficult to
explain exactly how a machine is able to arrive at its diagnosis: the logic and reasoning
are hidden beneath impenetrably complex code. In general, and simplifying things
greatly, AI picks up patterns such as the borders and contrast of an image in minute
details whilst humans tend to look
holistically at the “bigger picture”.
`The quantity and quality of the data
used to train machines is as
important as the algorithms
themselves. Cancers must be
correctly labelled by humans as
cancers for achines to learn properly
and produce accurate results. A
machine, or for that matter human,
can only ever be as good as the
training data you feed it: garbage in
garbage out.
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THE GOLD STANDARD DIAGNOSIS
In dermatology, the most accurate final diagnosis comes not from a dermatologist’s
examination of a mole in “the flesh” but from a pathologist’s inspection of that mole,
surgically removed, under a microscope. This pathological diagnosis relies on human
judgment: what pathologists term their “interpretation”.
There are, however,
intrinsic limits on
our abilities to
classify pigmented
lesions with
pathology. Far from
being black and
white, moles and
pigmented lesions
can range from the
entirely bland and
harmless to those that are clearly life-threatening melanomas with a full spectrum of
“grey” between. Even for expert skin pathologists, this grey area represents a
confusing and intractable spectrum of lesions that elude classification as benign or
malignant. Pathologists use subjective and often poorly standardized terms such as
atypical, dysplastic or of uncertain malignant potential to convey the varying degrees
of concern and uncertainty they have.
Atypia, it is often said, is in the
eye of the beholder. This
uncertainty is borne out by
the genetics: a combination of
genetic mutations has to
occur to give rise to a
malignant lesion with some
particular mutations more
likely to confer malignant
behaviour than others.
Biology in the real world is far
from simple: lesions, as they
say, do not read textbooks.
So it is hardly surprising that plenty of evidence questions the accuracy of pathology
diagnoses. A 2017 BMJ study looking at 187 US pathologists’ diagnosis of moles under
the microscope showed neither reproducibility nor accuracy of diagnosis in this “grey
1
area” between dysplastic moles (essentially benign) and early melanomas.
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Pathologists only accurately diagnosed a
quarter of so-called moderately atypical
moles, compared to a consensus panel of
experienced pathologists.
Yet, with the absence of routine detailed
genomic data on pigmented lesions, the
pathologist’s diagnosis still provides a goldstandard reference from which not only to
train both algorithms and dermatologists,
but also to adjudge how well they can
diagnose moles “in the flesh”. In this regard,
how would a machine, able to process
thousands of labelled images in minutes,
fare against a doctor with years of training
and face-to-face patient experience?

DOCTOR VS MACHINE: HOW THEY COMPARE
Accuracy of diagnosis depends on two measures: sensitivity and specificity. Sensitivity
refers to the ability of identifying a disease correctly (true positive rate). Specificity
refers to the ability of identifying those without disease correctly (true negative rate).
There are inevitable trade-offs in sensitivity and specificity. If sensitivity is high, people
without skin cancer will be told they have skin cancer. If specificity is high, people with
skin cancer will be told they are fine.In a dermatology setting, a mole removal is a
simple, relatively small procedure. Having an unnecessary procedure to remove a
harmless mole is safer than
leaving behind a potentially
fatal skin cancer – safer both in
terms of a patient’s health and
in terms of a doctor’s career
from a litigation standpoint.
This is why diagnoses, both
human and machine, tend to
err on the side of caution and
maximise sensitivity.
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This of course changes in other settings depending on the relative harm of the
condition as opposed to the harm of the procedure: the risks of undertaking a brain
biopsy, for instance, are far greater and require greater suspicion that something was
wrong. In other words, you would want a higher specificity threshold in your diagnosis
to undertake a brain biopsy.

Skin Analytics is a company with AI/ML technology that
can identify melanomas and benign moles from
dermoscopic images taken on smartphones. A study
published in JAMA Network showed their AI algorithm
was able to identify dermoscopic images of pigmented
lesions taken on smart-phones at an equivalent accuracy
to dermatologists. 2
Skin Analytics is just one of a wave of companies looking
to make diagnoses with more sensitivity and specificity.
Google recently unveiled a new AIpowered deep-learning dermatology tool
to diagnose 288 conditions based on
photos taken from a smart photo. A paper
published in Nature Medicine showed 26
common conditions were diagnosed just
as accurately as U.S. board-certified
dermatologists and more accurately than
3
a general practitioners. Their algorithm
was trained with 65,000 images of
diagnosed skin conditions and millions of
other non-labelled skin images in its
database. Even the oldest, most
experienced dermatologist, cannot
compete with that kind of eye mileage.
Examples abound of AI visual diagnostics technologies across many specialties, ranging
from software that detects eye disease based on retinal images to ML technology that
reports radiology images such as prostate MRIs or musculoskeletal X-rays. There is even
technology that highlights cancerous growths in the bowel during a colonoscopy in real
time. These algorithms have performances that surpass most doctors and are
improving with better algorithms and better data. Though such technologies have yet
to be widely adopted into mainstream care pathways, it is only a matter of time before
they will.
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Not only do AI visual technologies often surpass doctors in diagnostic performance,
they also have the advantage of scalability. People can copy and use these diagnostic
technologies around the world at almost no marginal cost: millions of copies on
machines all over the world can be running the technology day and night. Fortunately,
or not, the knowledge inside a human brain cannot easily be disseminated to other
humans: it takes years of hard work, teaching and experience to train a doctor.Machines
are also faster, cheaper, and more consistent that doctors. As humans, we must eat,
take breaks and go home to our families in the evening. We get tired, distracted and
protest if worked too hard. We need pay and holidays.
So how can we humans find our place
against the superhuman, seemingly
omnipresent, omniscient, and
omnipotent capabilities of machines?
First and foremost, AI/ML machines are
not infallible. Machines lack the facility
of understanding and judgement that
humans have. They observe and
predict. They are unable to reason
beyond examples in the training data.
They have no human common sense
and cannot work things out from first
principles like a human can.
A doctor can draw from their
knowledge in other areas in Medicine
and from their life experiences in
general. Doctors can extrapolate
beyond examples not seen before, to
interpret unusual or novel entities. The abilities of machines and doctors are in many
ways complementary, which is why when diagnostic pathways incorporate AI, there is
likely to be human oversight, resulting in AI assisted human diagnoses. AI algorithms,
for instance, may highlight areas of high risk or suggest diagnoses for doctors to
corroborate, but will not be allowed to work alone, at least initially.

AI: THE FUTURE?
For better or for worse, AI is not yet ready to replace doctors. Parallels are often drawn to
the rise of AI in games like chess and Go. Initially humans outperformed AI. Then, in
short order, machines outperformed humans.For the most part, however, machines are
still outperformed by humans and machines working together. Man can still make a
contribution.
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Diagnoses are predictions about the real world. The irreducible complexities of
modeling the real world far exceed the artificial rules and boundaries of these board
games. All the more impressive then that machines can match humans in this regard.

Even in this brave
new world, doctors
will still hold onto
niches to justify their
existence. The
human component
of medicine is a long
way from being
automated and
replaced by
machines.
Humans want to deal with other humans who feel human emotions and who can
explain and put things into context.

The art of medicine is about having empathy for a patient, adjusting diction, tone, and
body language to reflect a patient’s emotional state and level of understanding, or lack
thereof. Machines are a long way from meeting the original Turing “imitation game” test
of intelligence: being able to hold a conversation and perfectly imitate a human. The
outputs of diagnoses from machines, and the nuances therein, will still have to be
conveyed to patients with human sensitivity, tact, and emotional understanding. In that,
for now, machines cannot compete.
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