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LI CANCER PREVENTION

EARLY DETECTION

Spotting the
first signs

The sooner a cancer is found, the better. New technologies are
pushing thelimits of detection — towardsthefrontier of prevention.

BY NEIL SAVAGE

ne day, a few years hence, a patient hav-
O ing a routine check-up might do little
more than blow into a small machine
at the doctor’s office and, within a couple of
minutes, be told whether there are any early
signs of cancer. For another patient, a routine
blood test to monitor cholesterol might present
an opportunity to check for stray cells from
tumours too small to spot. A dermatologist,
instead of eying a mole and perhaps slicing it
off to biopsy, could instead peer at it through
amachine to instantly tell whether it is malig-
nant or benign.
These, at least, are the visions of researchers
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developing technologies to detect the early
signs of cancer. Better screening — looking for
signs of cancer in people with no symptoms,
as opposed to diagnosing suspected cancer
— increases the odds that doctors will find
cancer at its earliest stages when chances of a
cure are higher. Screening has already reduced
cancer deaths: the US National Cancer Insti-
tute (NCI) estimates that colonoscopies can
lower mortality from colorectal cancer by at
least 60%, and the National Lung Screening
Trial recently found that computed tomog-
raphy scans of heavy smokers could cut lung
cancer deaths by as much as 20%. Researchers
are exploring a new suite of potential screen-
ing methods that could one day join or even

supplant today’s colonoscopies, mammograms g
and pap smears. If some of these approaches
can be shown to prevent cancer deaths and cut
costs, they stand a good chance of becoming
part of regular patient care.

LIGHT PROBES

Many researchers are trying to improve on
existing techniques such as endoscopy, deliv-
ering images from inside the body through
fiber optics. Engineers at Duke University,
North Carolina, for instance, have designed
an optical system to search for premalignant
changes in patients with Barrett’s esophagus,
in which stomach acid alters the cells lining the
esophagus. The condition more than doubles
the risk of esophageal cancer. Unlike conven-
tional endoscopy, the Duke technique, called
angle-resolved low-coherence interferometry,
images structures beneath the surface of a cell
for a sort of optical biopsy. Adam Wax, one of
the Duke engineers, says looking at the basal
layer of the epithelium, about 300 micrometers
beneath the surface, seems most diagnostically
useful. The system splits infrared light into two
beams, and compares how far each travels to
determine how deep it penetrates into the cell.
Measuring the angle at which light bounces off
cellular structures reveals the size of structures
at increasing depth. The resolution is high
enough to distinguish a normal-sized nucleus,
about 10 micrometers in diameter, and alarger,
precancerous one at least 13 micrometers.

‘Wax says his enhanced endoscopy could
provide better targets for biopsies — and, even-
tually replace biopsies altogether. According
to the NCI, esophageal cancer causes nearly
15,000 deaths in the United States each year.
“We hope that by contributing this tool we'll
be able to shift that number downwards — the
way it’s gone with colonoscopy;” says Wax, who
has launched a company, Oncoscope, to raise
funds for clinical trials.

A similar light-based technique, optical
coherence tomography (OCT) — could detect
non-melanoma skin cancer below the surface
of the skin, where standard visual exams can’t
see. Where Wax aims to get a precise measure-
ment of cell structures, OCT provides images
that doctors can examine. OCT — already
used by ophthalmologists to examine the
inside of the eye, also uses interferometry to
image intracellular structures so doctors can
see if they’re abnormal. A British company,
Michelson Diagnostics, is developing a hand-
held OCT scanner to detect non-melanoma
skin cancer below the surface of the skin,

“We're very good at seeing where the lesion
is,” says biomedical engineer Gordon McKen-
zie, Michelson’s medical applications direc-
tor. “What we're doing now is gathering the
evidence of whether we're seeing a cancer or
aprecancer.” He says the machine, VivoSight,
is comparable in both appearance and cost to
the ultrasound machines found in obstetri-
cians’ offices. He hopes that the device, now

ILLUSTRATION BY ALBERTO RUGGI
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She was followed by a woman
In-patient wearing a grey
dressing-gown, with a little
sherical pigmented tumour on
the sole of her foot (... ... ),
she was talking merrily away
to the nurse, little realizing
that this tiny ball, no more
than a centimetre wide was the
very gueen of malignant
tumours : a melanoma
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Cutaneous melanoma

e 1940 : 40% 5 year-survival
e 1971 : 68% 5 year-survival

e 2002 : 92% 10 year-survival

Hu S. et al Arch Dermatol 2009 145, 12 1369-1374
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E paisseur et niveaux d'invasion

Breslow (mm) Clark & Mihm (niveau)

1: couche cornée 3: épiderme 5: hypoderme
2: couche granuleuse 4: plus profonde cellule tumorale
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Pronostic

Survie a 10 ans

Melanome stade local (AJCC I et 1)

Toutes épaisseurs confondues : 191 %
in situ 100%
<0,75mm: 96 %
0,76 - 1,49 mm : 87 %
1,5-2,49 mm: 75 %
2,5 -3,99 mm: 66 %
>4 mm: 47 %

Melanome Stade régional (AJCC 111) : 36a41%

Melanome Stade métastatique (AJCC 1V) : <5 P06 (5 ans)
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Short wait times for patients seeking cosmetic
botulinum toxin appointments with dermatologists

Jack 5. Resneck. Jr. MIL* Shira Lipron, MI." and Mark ], Plercher, MO, MPHT
Seemr Francisco g Los Anpeles, Califormia

Backgronnd: Walt tmes for both rontine and urgent dermatcdogy appoiniments typlcally excesd 5w 4
weeks. Many factors afecting plysiczn seorkforoe adegquacy and patient acoess lave been explored, ba
little is known about the impact of increasing numbsers of dooors offering cosmetic servioes,

CHpjective: We sought 1o evaluate access o dermatologists or patients requesting cosmesic services

fls wene

Metivrals: Seripied pl.l'u*nl |1"||."|'I:'Il:|I'I|." I ter BES dermatologsis n 12 |r|r|r|r_.-rn|il.'|-| areas b
assess walt iimes for an appointment to receive cosmetic botulinom toxin injections. The areas chosen were
surveyed completely, and respondents represented abowt one tenth of prcticing dematologiss in the
Limited States. The methodology was identical to that used in a previons study of wait times for eval
of a changing moke (o pessible indicior of malignancy)

Resuliz: Hall of desmarologist respomdents (455, 50.7%) offered  appointments for bomlinom texin
impections, and the median wait time was § days. Acceptance mates and it fimes vaned greatly by
peographic asea frange of median wai tmes 6.0-32.5 days), with dermatologists in Miami, Fla, and Orange
Coumty, Calibomia, most likely o provide a botlinem toxine appoantment withe o short wait time. Many
dermatologiss (241, 270 employed  physician exenders, and 39% of these exenders also offered
appaintments for Botulinum oxin injections Cmedian wail tine & days) In compariscn with a previous
smely showing median wait times of 26 days For evaluation of a changing male in these commumities, wal
times for cosmetic injections wene signiflcantly shomer (F < 401)













La dermoscopie c’est quol ?







Ce n’est pas ...
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Image clinique dermoscopie













Dermoscopie double mode
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Couleurs naturelles

- Melanine / hemoglobine (séchee)

(Oxy)hémoglobine (intra-cellulaire)

Kératine (non oxydee)

Kératine (oxydée) / sebum / sérum (seche)

Carboxyhéemoglobine









Avec la permission de S. Puig and J. Malvehy







Structures




La dermoscopie reflete I’anatomie

Avec la permission de S. Puig and J. Malvehy









Méthodes




Algorithmes

A=2
B=3

D=4

C=4

SLUE8Ces

TDS=(2x1,3)+(3x0,1) +(4%0,5) +(4x0,5) =6,9




Patrons dermoscopiques




Patron réticulaire




Patron globulaire

(et pavimenteux)




Patron sans structure

(ou homogene)




Patron étoilé




Patron multicompose et asymetrique
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Patron nodulaire




Carcinome basocellulaire




Keratose seborrhéique




Dermatofibrome




Héemangiome thrombose




Complexite




Exceptions topographiques

Cicatrices

Muqueuses




Visage




Paumes et plantes




Ongles




Exceptions semiologiques




Bowen

(carcinome spinocellulaire in situ)




Carcinome spinocellulaire




Meélanome







Dermoscopie dynamigque
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Dermoscopy, a useful tool for general practitioners in

melanoma screening: a nationwide survey*
P. Chappuis,* G. Duru,? O. Marchal,? P. Girier,* S. Dalle#* and L. Thomas*>

‘Depur[mem of General Medicine and LDepar[ment of Mathematics, Claude Bernard Lyon 1 University, 43 Boulevard 11 Novembre, 1918 BP 761, 69622
Villeurbanne CEDEX, France

gLyon University, Institute Camille Jordan, UMR 5208, Université Jean Monnet, Lyon, France

*Dermatology Department, Centre Hospitalier Lyon-Sud, Hospices Civils de Lyon, 69495 Pierre Bénite CEDEX, France

°INSERM U1052, CNRS UMR5286, Lyon Cancer Research Center, Lyon, France

2016; 175:6.

Summary

Background Dermoscopy improves diagnostic accuracy in melanoma, as shown by
Luc Thomas several meta-analyses. Although it is used by general practitioners (GPs) in Aus-
E-mail: Juc.thomas@chu-lyon.fr tralia, Canada and Italy, no published data on this topic are available in France.
Objectives To review the opinions and use of dermoscopy by GPs in France and to
15 February 2016 understand their practice of skin examination.

Methods We designed a descriptive and cross-sectional survey and conducted it

between 26 November and 26 December 2014. An anonymous, multiple-choice
This work was supported in part by grants from questionnaire about the demographic characteristics, skin examination modalities
Lyon 1 University (to L.T.) and the Hospices and use and training in dermoscopy was sent to 4057 GPs in four large regions
Civils de Lyon (to LT.). of France. Pearson, xz, Student, Welch and Fisher tests were used for cross-tabu-
lation statistical analysis.
Results Only 8% of respondents had access to a dermoscope; most were male
practitioners and aged > 50 years. Dermoscopy increased self-confidence in ana-
*Plain language summary available online lysing pigmented lesions (P = 0-004), and dermoscopy users referred fewer

None declared.

patients to dermatologists. The number of biopsies was reduced in the der-
moscopy users group (P = 0-004). In total, 425 questionnaires were returned
and analysed. Dermoscopy users took more time to evaluate a single pigmented
lesion (P = 0-015). Only 16-9% of physicians declared having received some

DOI 10.1111/bjd.14495

training on dermoscopy, yet this number reached 47% for those owning a der-
moscope. Their training was mostly short and recent. Overall 29-2% of the
respondents said the main advantage was to reduce the number of referrals to
the dermatologists (P = 0-004), while its main disadvantage was the necessity of
training (54-6%). Our responders declared they could spend seven working days
on a dermoscopy training course.

Conclusions Our study demonstrates positive opinions regarding dermoscopy,
despite a minority of French GPs using this technique in the areas surveyed. The
need for formal training appears to be the main limitation to wider use. Appro-
priate and specifically designed training programmes should be offered.

What’s already known about this topic?

e National surveys regarding the use of dermoscopy by general practitioners have
been conducted mainly in Australia and Italy.

e The use by French general practitioners has never previously been described,
despite dermoscopy being a useful tool for the diagnosis of melanoma.

744 British Journal of Dermatology (2016) 175, pp744-750 © 2016 British Association of Dermatologists
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Avez-vous eu des difficultés pour utiliser le service de télé-expertise 7

Trés souwvent | 2%
Souwvent - 18 %%
Presgue jamais B 46 %

Jamais | R

Comment jugez-vous 'utilisation du service de télé-expertise ?

Inutilisable | 2 9%
Pas facile & utiliser B 11 9%
Facile & utiliser B o oo
Trés facile & utiliser N 18 %
L'utilisation du service de télé-expertise vous a-t-il permis de dégager du temps ?
Pas du tout B 23 9%
Un peu - 25 %%
Un temps appreéciable B 35 o
Considérablerment 17 9%
L'utilisation du service de télé-expertise a-t-il modifié dans un_sens positif votre pratigue ?
Aucune modification 0 9oy
Maodifié un peu ma pratique B 49 o
Maodifié forternent ma pratique B 41 0
Bouleverse ma pratigue | 2 9%
Comment jugez-vous les délais de réponse du service de télé-expertise ?
Trop long | 2 9%
Long | 2 %

Rapide B -1 0
Trés rapide B 44 %
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Dermatology Practical & Conceptual

Figure 2. Perfect final diagnostic concordance between teledermoscopy expert and final diagnoses (histopathology or reasonable-delay

benign follow-up).




Dermatology Practical & Conceptual

Table 3. Prediagnostic Concordance Between Teledermoscopy Expert and Referring Clinician

All Requests

Nail Requests Pediatric Requests

(N =290) (100%) (n =56) (19.3%) (n =44) (15.2%)

Perfect prediagnostic concordance 116 (40%) 16 (28.6%) 21 (47.7%)
Partial prediagnostic concordance 44 (15.2%) 12 (21.4%) 4 (9.1%)
Disagreement on prediagnosis 130 (44.8%) 19 (43.2%)
No hypothesis from referring clinician 76 (26.2%) 21 (37.5%) 9 (20.5%)
No hypothesis from teledermoscopy expert 11 (3.8%) y 3 (6.8%)

87.5%




Figure 3. A 72-year-old man presented with a pigmented atypical
lesion on the abdomen for 6 months. Expert and clinicians both di-
agnosed a melanoma and suggested excision of the lesion. Histology

found a superficial spreading melanoma 0.35 mm thick.

Figure 4. A 70-year-old woman presented with a pigmented atypical
lesion on the leg. The referring clinician suggested excision for a
possible melanoma. The diagnosis of dermatofibroma, suggested by

the expert, was confirmed by histopathology.
















Y= Machine vision in melanoma
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Man against machine: diagnostic performance of a
deep learning convolutional neural network for
dermoscopic melanoma recognition in comparison
to 58 dermatologists

H. A. Haenssle'™ " C.Fink'", R. Schneiderbauer', F. Toberer!, T. Buhl?, A. Blum?, A. Kalloo,
A. Ben Hadj Hassen®, L. Thomas®, A. Enk' & L. Uhlmann’

'Department of Dermatology, University of Heidelberg, Heidelberg; “Department of Dermatology, University of Géttingen, Géttingen; *Office Based Clinic of
Dermatology, Konstanz, Germany; “Dermatology Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, USA; *Faculty of Computer
Science and Mathematics, University of Passau, Passau, Germany; f’Department of Dermatology, Lyons Cancer Research Center, Lyon 1 University, Lyon, France;
“Institute of Medical Biometry and Informatics, University of Heidelberg, Heidelberg, Germany

*Correspondence to: Prof. Dr med. Holger A. Haenssle, Department of Dermatology, University of Heidelberg, Im Neuenheimer Feld 440, 69120 Heidelberg, Germany.
Tel: 449-6221-56-39555; Fax: +49-6221-56-4996; E-mail: Holger.Haenssle@med.uni-heidelberg.de

"Both authors contributed equally as co-first authors.

Background: Deep learning convolutional neural networks (CNN) may facilitate melanoma detection, but data comparing a
CNN'’s diagnostic performance to larger groups of dermatologists are lacking.

Methods: Google’s Inception v4 CNN architecture was trained and validated using dermoscopic images and corresponding
diagnoses. In a comparative cross-sectional reader study a 100-image test-set was used (level-I: dermoscopy only; level-Il:
dermoscopy plus clinical information and images). Main outcome measures were sensitivity, specificity and area under the
curve (AUQ) of receiver operating characteristics (ROC) for diagnostic classification (dichotomous) of lesions by the CNN versus
an international group of 58 dermatologists during level-l or -Il of the reader study. Secondary end points included the
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Background: Deep learning convolutional neural networks (CNN) may facilitate melanoma detection, but da
CNN's diagnostic performance to larger groups of dermatologists are lacking.

Methods: Google’s Inception v4 CNN architecture was trained and validated using dermoscopic images and
diagnoses. In a comparative cross-sectional reader study a 100-image test-set was used (level-I: dermoscopy only]
dermoscopy plus clinical information and images). Main outcome measures were sensitivity, specificity and area
curve (AUC) of receiver operating characteristics (ROC) for diagnostic classification (dichotomous) of lesions by th
an international group of 58 dermatologists during level-l or -Il of the reader study. Secondary end points include|
dermatologists’ diagnostic performance in their management decisions and differences in the diagnostic perfori
dermatologists during level-l and -l of the reader study. Additionally, the CNN’s performance was compared with|
algorithms of the 2016 International Symposium on Biomedical Imaging (ISBI) challenge.

Results: In level-| dermatologists achieved a mean (*standard deviation) sensitivity and specificity for lesion
86.6% (+9.3%) and 71.3% (*11.2%), respectively. More clinical information (level-Il) improved the sensitivity to 89|
P=10.19) and specificity to 75.7% (%11.7%, P < 0.05). The CNN ROC curve revealed a higher specificity of 82.5% wi
with dermatologists in level- (71.3%, P < 0.01) and level-Il (75.7%, P < 0.01) at their sensitivities of 86.6% and 88.9%
The CNN ROC AUC was greater than the mean ROC area of dermatologists (0.86 versus 0.79, P < 0.01). The CNN s
close to the top three algorithms of the ISBI 2016 challenge.

Conclusions: For the first time we compared a CNN's diagnostic performance with a large internation.
dermatologists, including 30 experts. Most dermatologists were outperformed by the CNN. Irrespective of any ph|
experience, they may benefit from assistance by a CNN's image classification.

Clinical trial number: This study was registered at the German Clinical Trial Register (DRKS-Study-ID: DRKS00!
www.drks.de/drks_web/)

Key words: melanoma, melanocytic nevi, dermoscopy, deep learning convolutional neural network, comp
automated melanoma detection

©The Author(s) 2018 Published by Oxford University Press on behalf of the European Society for Medical Oncology.
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Conclusions 1

La prise en charge du dépistage precoce des cancers de la peau
est I’affaire de tous

LLa dermoscopie renforce I’acuité diagnostique dans le difficile
diagnostic différentiel des lésion pigmentées

Sa pratique pourrait se développer en médecine de proximitée

— Meédecine Générale
— Meédecine du travalil
— Pédiatrie ...




Conclusions 2

o La plupart des tres nombreuses Iésions bénignes de la peau sont
faciles a reconnaitre en dermoscopie ce qui permet de rassurer
Immediatement les patients

o La pratique de la dermoscopie dans certaines topographies
(face, extrémités, muqueuses, cicatrices) et des Iésions non
pigmentées requiert une expertise supplémentaire

o La pratique de la dermoscopie dynamique requiert egalement
une expertise supplémentaire




Conclusions 3

» Des formations de qualité en dermoscopie destinées a la
médecine de proximité sont disponibles

o La pratique de la photodermoscopie est facile, ne requiert pas
d’equipement supplémentaire et permet d’accéder a la
teleexpertise

o Le développement des applications en I.A. permettra
probablement un premier tri des lésions a consideérer toutefois
I’exhaustivité de I’examen cutané et la prise de decision
nécessitera encore longtemps une « intelligence » naturelle...




@ Montpellier
.. @ Marsej}lle-'
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