Lung cancer

outlook

Deep leaning delivers
early detection

Artificial-intelligence systems look set to make early
detection of lung cancer more accurate and widely
available. By Elizabeth Svoboda

fter years of helping to train an
artificial-intelligence (Al) system to
find the early stages of lung cancer,
Mozziyar Etemadi was thrilled when
the computer found tumoursinscans
of patients more accurately than trained radi-
ologists did". He was even more excited when
his team gave the system old computerized
tomography (CT) scans of the chests of people
who later developed lung cancer. No doctor
had seen anything amiss in these early scans,
but the machine did.
“A human would say this was normal,” says
Etemadi, abiomedical engineer at Northwest-
ern University’s Feinberg School of Medicine
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in Chicago, lllinois. “But the Alwas discovering
these subtle patterns, and it was very confi-
dent. It was finding the cancer.” After the
machine completed a run, Etemadi thought:
“We just discovered this guy’s lung cancer a
year or two before we would have otherwise.”
His mind raced at the prospect of boosting the
survival chances of thousands of people.

Lung cancer is the deadliest cancer in the
world — about 75% of those who have it die
within five years of diagnosis. But when can-
cers are found early, the prognosis is much
better. If tumours are small and confined to
the lung, almost two-thirds of people survive
for at least five years.
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Theneedforearly detection has fuelled the
development of Al systems that can detect
ever-smaller lung tumours. The system Ete-
madiis working on —ajointinitiative between
Google, Northwestern University and other
institutions — is one of several now moving
towards clinical adoption. In July 2020, the
University of Oxford, UK, announced an
£11-million (US$14.3-million) research pro-
grammeto use Al to help diagnose lung cancer.

Such developments promise to make lung-
cancer screening more precise and accessible
to all. But turning the new systems into clini-
cal mainstays will require careful cultivation
of the relationship between radiologists and
the machines on which they depend.

Spot the tumour

About 70% of lung cancers are detected inthe
later stages of the disease whenitis harder to
treat, which partly explains why the 5-year
survival rate is so low. Initial symptoms of
lung cancer tend to be common maladies,
such as a persistent cough or fatigue, which
are easy to dismiss as inconsequential. “Peo-
pleignore a cough,” says oncologist Mariam
Jamal-Hanjani at University College London’s
Cancer Institute. “People often come to my
clinic with metastatic disease,” she says, but by
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that stage effective treatment might already
be out of reach.

Studies at the University of California, Los
Angeles, and elsewhere show that regular
screening of at-risk populations can detect
many cases of lung cancer much earlier, reduc-
ing mortality by 20-30%. The US Preventive
Services Task Force, a volunteer group that
makes recommendations for clinical pre-
ventative services, now recommends annual
CT screening in groups at high risk of lung
cancer, such as past or current smokers.

But the number of radiologists who assess
lung scans has not increased enough to keep
up with rising demand. “There are so many
CT scans, so many people,” says Ulas Bagci, a
computer-visionspecialist at the University of
Central Floridain Orlando. This intense work-
load can cause overstretched radiologists to
make mistakes.

Thelimits of human vision also make it easy
for radiologists to overlook tiny malignant
lesions. Up to 35% of lung nodules are missed
at the initial screening, for example. Using Al
systems can help on both counts by shifting
some of the burden from busy specialists and
detectinglung spotsinvisible to the naked eye.

Radiologists already use computer-aided
diagnostic tools to help them to spot malig-
nant tumours. Typically,ahuman programmer
tells the system what features to look for but
the computers flag a lot of presumed malig-
nancies that areactually benign. “The radiolo-
gistsdidn’tlikeitbecause they’d need to click
each of them” to check, which wasted a lot of
time, Bagci says.

Morerecent Al systems are based ona prin-
ciplecalled deep learning. Rather thanlooking
for tumour features defined in advance by a
programmer, deep-learning systems figure
out for themselves what a tumour is from
real-world examples. Researchers give the
systemsalarge dataset comprising thousands
of people’s lung CT scans, some with cancer
and some without. From this, the machines
learn for themselves what a lung cancer nodule
looks like.

The more training scans the systems view,
the more reliably they can distinguish lung
tumours from benign splotches. And they do
somore accurately than older, non-Al systems.
Some of the deep-learning systems also give
clinicians an estimate of how confident they
are in their judgement, which can further
inform clinical decision-making.

Going deeper

Etemadi’s systemrelies on this deep-learning
approach to identify lung tumours on CT
scans. In 2019, he and his team reported that
their system correctly identified the early

stages of lung cancer 94% of the time, out-
performing a panel of 6 veteran radiologists'.

The researchers trained the system using a
database of more than40,000 CT scans — not
just current ones, but also scans from before
peoplereceived a lung cancer diagnosis. Dur-
ing this training period, the scientists told the
computer which early-stage scans turned out
to contain cancerous spots and which did not.
Over time, the computer learnt which image
properties separated malignant spots from
benign ones, and it became better and better
at flagging early signs of cancer.

The system’s ability to analyse an entire
3D CT scan, rather than just a sequence of 2D
slices, alsoimprovesitsaccuracy. What'smore,
3Dscans provide more diagnostic information
about features such as blood vessels that are
not part of the main tumour, Etemadi says.
“The 3D volume starts highlighting areas far
away from the tumour. It has shown us some
things we wouldn’t expect. We're opening up
awhole new area of scientific enquiry.”

Bagciand his team have developed another
deep-learning Almodel thatis similarly skilled
at detecting nodules that indicate early lung
cancer. The computer correctly identified tiny
specks of cancer on CT scans about 95% of the
time —much higher thanthe 65% accuracy rate
thatradiologists typically achieve.

“It has shown us some things
wewouldn’texpect. We're
openingup awhole newarea
of scientificenquiry.”

Both Bagci’s and Etemadi’s systems view the
scans multiple times. First, they scanforirreg-
ular areas such as oddly shaped blotches that
might be cancerous. Then, they assess each of
thesetarget areasin more detail to make afinal
judgement about whether they are malignant.

Bagci’s team trained their system on CT
scans containing tumours around 1-3 milli-
metres in size, which many radiologists find
hard to spot. “It’s very difficult to visually
search all the pixels on the screen. There’s
a huge rate of missing those,” Bagci says.
Because his Al systemis trained on thousands
of lung scans, it is highly optimized to detect
tiny problem areas that specialists might
overlook, he says. “You are able to use more
dataand more powerful algorithms. It started
finding the small nodules better.”

Another deep-learning system, developed
byJamal-Hanjani’s group at University College
London and London’s Institute for Cancer
Research, tackles the related problemof detect-
ingearly signs of lung cancer recurrence after
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initial treatment. The team reported? this year
that after they trained the computer on hun-
dreds of images of early stage lung tumours,
the system figured out that tumours with
regions low in immune cells are more likely
to trigger a relapse after surgical resection
or chemotherapy. The scientists think this
is because these tumours have some form of
cloaking mechanism to evade the immune
system, allowing cells to divide unchecked.
These warnings of a potential relapse could
help radiologists toidentify people who need
careful monitoring, Jamal-Hanjani says.

Wide screen

One of the main advantages of deep-learning
systems is that they can speed the advent
of population screening, which is aimed at
catching lung cancer much earlier. There is
strong evidence that such programmes would
be effective.

Researchers at Erasmus University Medi-
cal Center in Rotterdam, the Netherlands,
for example, recently studied® the impact of
ascreening-programme trial in Belgium and
the Netherlands. The team followed more
than 15,000 current or former smokers over
50yearsofageforatleast10 years. By the end
of the trial, people who had undergone regu-
lar screening were about 25% less likely to die
of lung cancer than were the controls — and
only 1.2% of participants had a false-positive
scan, whichindicated cancer where it wasnot
actually present.

AUSactuarial analysis*found that a national
lung cancer screening programme for high-
risk individuals would cost about $19,000 per
life-year saved. This compares favourably with
existing screening programmes for breast, cer-
vical and colorectal cancers.

With Al doing some of the heavy lifting,
lung cancer screening programmes could
prevent similar numbers of deaths at an even
lower cost thanks to increased automation
and withoutimposing as much ofaburdenon
radiologists. Daniel Tse, a product manager at
Google Health, says that Al-assisted screen-
ing could help toidentify not just people with
early-stage lung cancer, butalsothose who are
at high risk of developing lung cancer within
the next few years. Alis “not a panacea” to sim-
plify broad-based screening, Tse says, “but we
thinkit can be a very powerful tool”.

Jamal-Hanjanisaysradiologists willsoonbe
able to combine screening results with genetic
data to create even more customized treat-
ment plans. As deep-learning systems churn
through different kinds of large data sets, such
as CT scans, genetic sequences and treatment
histories, they often discover unexpected rela-
tionships. Forinstance, apattern that shows up
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Mozziyar Etemadi develops artificial-intelligence systems that find early stage lung cancer.

onsomeone’s CT scan might predict that the
tumour will have a particular genetic make-up.
Aclinician could follow this up by sequencing
their tumour cells to see whether this predic-
tionis correct. This could help the care team
to choose the most appropriate type of treat-
ment for that specific cancer variety.

An evolving partnership

Before scenarios like these canbecome areal-
ity,doctorsand Alresearchersneed toaddress
urgent questions about how best tointerpret
the results that computers find — and how
to divide the diagnostic workload between
machines and trained physicians.

That deep-learning systems can outperform
humans on some diagnostic tasks does not
mean that they will take over radiologists’ jobs.
Deep-learning systems can supply diagnostic
guidance, engineers say, but they cannot yet
replace human specialists. They are likely to
enhance physicians’ diagnostic skills, rather
than make them obsolete, says Bagci. “Com-
putersaregood at verylocal tasks. Humans are
much better at global tasks,” such asrendering
adefinitive diagnosis from multiple informa-
tionsources, including blood tests and physical
examinations as well as scans, he explains.

Tseagrees with this assessment, adding that
humans are better at learning quickly about
the minutiae of unusual lung cancer cases. Al
systems, on the other hand, excel at flagging
commontypes of early cancerous lesion, hav-
ingbeentrained on datasetsthatinclude thou-
sands of such cases. “The majority of cases that
adoctor sees are bread and butter,” Tse says.
“That’s where we want to assist. We want to
help people be more efficient with their time.”

There are issues of trust to be overcome if
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radiologists and Al are to work in harmony. By
tappinginto previously unimaginable stores of
computing power, Al systems can now assess
millions of different variables in a single scan
before rendering ajudgement of, say, “almost
certainly benign” or “75% chance of malig-
nancy”.But the more complex the image anal-
ysis, the harder itis for the system to describe
whatitis doinginways thathumans canunder-
stand. Millions of equations, Bagcisays, do not
translate easily into explanations of why a
particular diagnostic recommendation has
been made. “These algorithms are really a
black box. Why cancer? It doesn’t tell you.”

“Twobrains are better
thanone. It’s going to make
radiologists’ and other
physicians’jobs easier.”

Researchers are starting to devise diag-
nostic systems that provide clearer expla-
nations of their advice. Bagci, along with a
team at the US National Institutes of Health,
has recruited radiologists to help develop
anew type of deep-learning system. When
they train the software, researchers use an
eye- tracking device to capture how the spe-
cialists analyse each scan. Ininitial tests, this
radiologist-trained system is proving more
than 90% accurate’ in detecting cancerous
spots. “The Al learns where the radiologists
look,” Bagci says.

Training deep-learning systems with such
input, as well as with radiologists’ own analy-
ses of why certain spots look like cancer, can
help the systems to draw on more-transparent
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and understandable criteria for their results.
Tojustify arecommendation, for instance, a
system might point out that aspot has awavy
border or that a lesion’s characteristics have
changed since the previous scan.

Gradual progression

The difficulty of integrating Al into radiolo-
gists’workflow leads Etemadi to envisage lung
cancer diagnosis becoming more automated
inaseries of small, gradual steps. Acomputer
system couldinitially do abaseline reading of
eachlungscan and present themin the order
the doctor prefers — from easiest to hardest to
interpret, forinstance, or from the highest to
the lowest likelihood of lung cancer.

The advantage of adopting Alincrementally
is that radiologists will not have to suddenly
change the way they work. Deep-learning
tools can be incorporated into the existing
computer-aided diagnosis systems, says engi-
neer Andrew Berlin at the Draper Laboratory
in Cambridge, Massachusetts.

As clinicians and engineers feed ever more
lung CT scansinto deep-learning systems, pri-
vacy must remain paramount, says Andrew
Crawford, policy counsel for the Center for
Democracy and Technology in Washington,
DC. “Iam all in favour of using technology
to drive better patient outcomes, as long as
you'redoingitinaway that’s going to engen-
der trust,” he says.

Etemadi points out that Google and many
Al-research institutions already have some
privacy measures in place, such as removing
names from lung-scandataand obscuring the
date each scan was taken.

If developers can navigate the very human
concernsthatgo along with outsourcing some
precisiontasks to Al systems, lung cancer spe-
cialists who try the new tools will not want to
goback, Bagcisays. “Two brains are better than
one. It’s going to make radiologists’ and other
physicians’ jobs easier.”

And that will result in better long-term
outcomes. Using Al to find tumours early can
effectively double the amount of time oncolo-
gistshavetotreatapatient, givingthem much
more opportunity to keep the cancer from
spreading. As Etemadi says: “Most patients
who get lung cancer end up dying. You have
the potential to really change that fraction.”

Elizabeth Svoboda is a science writer in San
Jose, California.
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